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ABSTRACT

These volumes contain papers accepted for presentation
at the Sixteenth International Symposium on Remote Sensing
of Environment, originally scheduled to be held from 2 to 9
June 1982, in Buenos Aires, Argentina. The program for this
symposium was organized jointly by the Environmental Research
Institute of Michigan (ERIM) and the Argentine Comision
Nacional de Investigaciones Espaciales (CNIE) as a part of a
continuing series documenting global activities in the field
of remote sensing. These meetings are intended to promote
increased international cooperation in research, development.
and application of this technology, and to stimulate an ex-
change of information on all aspects of this multidisciplinary
field through the presentation of reports on work planned, in
progress, or completed.

Scientific and technical papers contained herein include
those concerned with the development of remote sensing tech-
niques and methodology, as well as those dealing primarily
with the effective utilization of this technology in various
application areas such as agriculture, geology, hydrology,
land and cultural resources, meteorology and oceanography.
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I

EDITORIAL NOTE

The Sixteenth International Symposium on Remote Sensing of Environ-
ment, organized jointly by the Environmental Research Institute of Michigan
(ERIM) and the Argentine Comision Nacional de Investigaciones Espaciales
(CNIE), was originally scheduled to be held from 2 to 9 June 1982 in Buenos
Aires, Argentina. However, due to circumstances beyond the organizers' con-
trol the meeting could not be held on schedule and the comprehensive program,
including some 250 scientific and technical papers on all aspects of remote
sensing technology, was initially postponed and eventually cancelled.

In response to this unfortunate situation the organizers have attempted
to provide for the timely presentation and/or publication of all available
papers initially planned for presentation at the 1982-Sixteenth Symposium by:

(a) scheduling as many as possible for presentation at the subsequent
1983 Seventeenth Symposium, held in Ann Arbor, Michigan from 9 to
13 May; and,

(b) including all manuscripts and/or summaries received in time for
publication within these volumes of "Papers Accepted for Presen-
tation at the Sixteenth International Symposium on Remote Sensing
ofEvironment, Buenos Aires, Argentina."

In general papers contained in these volumes are included in the order
of their proposed presentation in Buenos Aires, while those actually pre-
sented in Ann Arbor are so designated by footnotes on the initial page of
the appropriate manuscript herein. Manuscripts not received in time to meet
publication deadlines are, wherever possible, represented by comprehensive
summaries of the presentation, or proposed presentation. All are reproduced
here exactly as provided by the authors and all material, information, and
conclusions are the responsibility of the specific authors involved and not
of ERIM, CNIE, the Executive Committee, the Program Committee, or the sponsor-
ing organizations.

An author index is included as a supplement to the table of contents.
All illustrative materials have been reproduced in black and white except
where individual authors elected to provide their own color prints and/or
defray the additional cost of color reproduction. Readers are requested to
contact specific authors where color prints of black and white illustra-
tions are desired. Requests for reprints of individual papers should be
directed to the authors, while additional copies of the entire Volumes are
available from:

Remote Sensing Center
ERIM
P.O. Box 8618
Ann Arbor, MI, 48107, USA
(313) 994-1200, extension 290

6Jerald J. Cook
ERIM
Ann Arbor, Michigan
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REMOTE SENSING APPLICATIONS IN MEXICO

cZJos A. Dlez P6rez

Subdirecci6n de Investigaci6n y Tecnologla de Apoyo
Secretaria de Agricultura y Recursos HidrAulicos
Mexico City.

ABSTRACT

Because of the large territory of the country, the applications
of Remote Sensing are of great imprortance in Mexico. The terrestrial -
photogranmstry was establimoed in 1926 in the Irrigation Commssion
(Comisi6n Nacional de Irrigaci6n-): this Agency, for dam location and
irrigation planning, made yetAereal Photography in 1928. In 1932 began
opera i the first commercial company offering photogrammetry.

Modern Remote Sensing began in 1968, when an important pro3ect
was conducted in collaboration with NASA (U.S. National Aeronautics: and
Space Administration). Information was gathered using a multibard aenal
platform.

Through the Outer Space Commission (Comisi6n Nacional del Espaclo
Exterior), research project- were submited to NASA for the ERTS Investigation.
In this field some advances were made demonstrating the utility of Remote
Sensinq in different fields through pilot studies.

Now some projcec' are being made for different institutions,- a
review of them is present d . The advances and setbacks of the application
of Remote Sensing in Mexico are described in this paper, with some insight
in the reason of difficulties and limitations. This experience can be
useful to other developing countries.,

Revising the main problems of the country, the experience of
trained people and other facts, a conclusion it is that there is a future
in the applications of Remote Sensing in Mexico.

I, .. . . ._ . . ... . .. . .. . . . . i i, . ..1
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1. ANTECEDENTS

1. 1 llus tor icai id Gecejraph v-al Scope

'lerrest ri I itOhototrmflimetry was estaibl i.thed in Nklxico as ear ly i.- 192t, it th'e
I ri iqat ion Cortitision (Co)mis iCn Naceional d ie I rr idm iv1n). Aereal ph,0 Oxjrmiphy was es tab) v-hed
in 11).9 in the same~ N-tency , which was in charqe of dam lcat ion and irtictit ion p1 atnninq

duf iiu these years (1).

In 1932 boxjan ofx'rat incl in Nkxico the f irst commerc ialI cottwanv offer inq
tth,)txrarmtrv,,. Thiis cottltany has been joined3 b,, others in an effort to) supFplyino aereadl photos,
and -jrthiqraphjcaI intormat ion to govrnrmnt and priv.ate enterprises for the past 50 years.

Early applications in tk'xico dealt with water reiated works-, this beauise
located between 140 West and 320 North (Fig. No. 1) tmore than 2,3 of the Country ter.,i tory
are drylands (2). De'sert arid 31%, semiarid 36%, humid and subhumid 33%.- Cut rent
pepo ulat ion is iure than 70 mi l Iion Vvople (3) , with a rate of increase neair i'- Annua~l . '1is:
act stresses the investtment to nmintamn the avail abil ity' of adequate' irban sevcsand in

aor icultiire rievelopmvnt that enables treetinq the demaunds of such populat ion inct'irkent.

TIhe use of aereail and spat ial toxhnigties has bmeen and still is very ittxurt ant tot
the country: it has,, a surface near 2,000,000 km

2 and a varieod and rouq1h to)atpy .Tes
character ist ics tmade soon aereal photography of widespread use, as road plann itt
constrniction, mineral and oil qeoclixtical stujdies.

1.2 Cartography

Aereal photoxiraphy was used in the cartcxiraphy of Mexico, publishedx in the tnO's.
'Otis inc luded a projtct by the De'fense Ministry (Socr-etaria de la Lutensi, Nac tonal I to
elaborate topxiraphic'al itimps 1:500 000 and 1:250 000 scailes. At the present 1:100 000 scale
topoqraphical ttmps (41) ot the- ,outhern pxurt ion oft the couttry are be~nco protIuco3.

A recent and ritor 'ottqlote cartogjraphical tas~k bocta in 19n)8 with the ftuniat ion
othe Territory and P1 arnn i S tumdies Cotmuiss ion (Comis m6n de Es tud tes -jel Teirri tot to Nac tonal

y ' an if icac i6n: CETENA) now Dtirect ion of Ge-octraphy (luirecctin General tie tGecxraf ia del
Territorto Nac ional: IIENAIwhich began elakx.ration- 'Topographical , Geological , Land te

"o Taxonotri and Potertial laind tUse tmps, all at 1:50 00o scale. Nk)ust of this work has been
made us inq panchromat Lc photos sca le 1: 20 000 and 1:-70 000. T1he work at 1:50 000 scale
etint imes, it has beven tovered 75% of the territory; also there has bieen comrpleted the
national coveraqv of some~ cartouraphy at 1:1000 000 and 1:250 000 scales.
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2. REMOTE SENSING APPLICATIONS

2.1 Mission 91

Strictly Remote Studies began in Me-xico in 1968, through an International Collabora
tion Agreement signed between our country and USA.

One of the objectives of the Agreement wits the development of the Remote Sensing
technique in Mexico. As a result, the US National Aeronautics Space Administration (NASA),
coordinated by a national institution , the Outer Space Corrnission (Comisi6n Nacional del
Espacio Exterior CONEE), flew in Mexico some Test Sites the same year.

The NASA 91 Mission used and Electra airplane equipped with two cartographic cameras
carrying color and infrarred film, a pack system of six 70 mm cameras, a Side Looking Radar,
an Infrared Radiometer and a Thermal Scanner.

Universities and Government Agencies gathered in a Remote Sensing Commitee proposed
porjects in different sites, throughout the country (Fig. No. 1). The main objectives of the
mission were:

SAssessment and determination of the extension of mineral deposits (5).
Ct:-ological studies relatf] to Geothermal Fields (6).
To obtain the identification of flooded areas
Crop classification and post identification in farmlands
lefinition of pollution sources
.Assessment of soil and water resources

The studies supplied valuable information dealing with the wide potentials of the
new techniques, as well as the strategy of their implementation. The main points in this
reqards were:

1) itefore any Mtssion in run, it is necessary to conduct a previous investigation
about the reliablity of it.

2) A careful programmung of the flight missions has to be done, as well as the
choosing of the instruments to be used, accordingly with the objectives of
the study.

3) An adequate Ground Truth has to be carried out simultanously to the mission.

4) A data extraction, careful task, has to be performed. It must be undestood
that this work differs sometimes from that made by conventional photointerpre-
tat ion.

2.2 Remote Sensing Flights

Since 1970 Remote Sensing flights were made in the Ministry of Water Resources
(Secretaria de Recursos Hlidriulicos: SRH) using small airplanes and a ultiband set of 70 mm
camtras; some studies were conducted on Land Use and Lagoon Cartography (7). In the sane
institution studies were done on desease detection using aerial infrared film.

In 1975, the Outer Space Commission (CONEE) acquired a twi-n engine airplane for
domestic missions. Besides the avionics, the equipment of the airplane had the following
instruentation (8):

3
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* A set of 4 cameras for multiband missions
* A infrared 5 radiometer
• An infrared scanner.

The system was offered, to be shared, in a User Missions System, to the Remote
Sensing Comrmnitee.

Some missions were made; one of these missions was a water pollution study,
conducted in 1975 by SRH over the Acapulco Bay (9). Two flights were performed: at dawn for
infrared data gathering purposes and the other one during the morninq . Were used 70 mm
cameras with black and white, color, color infrared films and the Thermal Scanner: also thermal
infrared measurements were made by the Radiometer. Using the photoqrap,s an identification and
quantification of the oil spots into the Bay could be made.

Infrared film was applied on the citrus inventory in the State of Nuevo Le6n, the main national
oraryjc producer. This task performted in 1976 was made as a Joint pro3ect (10) between the
Nuevo Le6n University, the Citrus Insects Center (CTC) of the U.S. Ministry of Agriculture,
located in Weslaco, Texas, and the Ministry of Water Resources.

The collaboration of the CIC was very valuable again for the country in 1977.
That year a kditerrnean Fly invasion appeared in the border wiu- Guatemala. A Medfly Host
Plants inventory was proporsed in South Mexico, as a project of the Ministry of Agriculture
and Water Resources (Secretaria de Agricultura y Recursos Hidrulicos: SARH), which resulted
from merging both ministries into the mexican goverment in 1977.

Beeing impossible to detect the fly infestation on the tree foliage, a Host Plant
Inventroy was set to locate all fruit orchards and isolated trees between the Guatemala border,
the Mbuntain Range and the ocean (11). Main objective was to gather information to assist
the Direction of Plant Patholoqy (Direcci6 General che Sanidad Vegetal, SARI) to stop the
plague.

Some teaching and research in Remote Sensing applied to water quality pararletroe:
quantification (12), has been made using photographic film in a Laboratory of the Faculty of
Sciences of the University of Mexico (Laboratorio lnterdisciplinario, Facultad de Ciencias,

2.3 Satellite Investigations

The satellite era began in 1971. Using the same US-Mexico A-,r( ment which allowed
the mission 91, NASA made in invitation through the Outer Space Agency (CONEE) to the Commntee
it all concerned Aqencies. The invitation from NASA was to participate as Principal Investi-
gators to detine the utility of the Earth Resources Technological Sateli,'te (ERTS).

Investigators from the Aqencies requested for black and white ERTS images, negati-
vst and transparencies, most of them 1:1000 000 scale. Outstanding pilot studies using
ERTS irmises were for mineral exploration in the center of the country and three Test Sites for
hldrol~xjical studies. The first one was made by the Non Renewal Natural Resources Council
(Consejo Nacional de R-cursos Naturales no Renovables, now Consejo de Recursos Mlnerales), the
Agency dealing with mineral ore detection and quantification, and the other by the H inistry
of Water Hesources (SR) ii M,-xicali, Los Mochis y Papaloapan 'est Sites (13),14), (15).

Besides the familiarization with the new information and development of utilization
technologies, the investigations gave useful data from the different zones, as unnoticed fault
trends in the first Test Site (A) and in the next three (B,C,D): Land Use maps, Structural
Geological maps, a classification of coastal areas for pollution prevention purposes,
Hydrogriphics maps, and mud dispersion patteins in lakes and lagoons. (Fig. No. 1).

In 1974 there was also a national participation, by SRH in the Skylab Principal
Investigation (16), this platform took a lot of information photographies, ultiespectral
images and radiometri, data over Mexico, in its three Missions. The high resolution of the

.. . . ... . . r m - , I I .. .4



Skylab informatioriF-rmat ted the data gathering from seven zones, zminly irrigation districts
aind lakes.

An interesting pilot project was the aissessme~nt of salinity in irrigated lands
(19), made at the Ministry of Water Resources (SR1-il. According to the level of salinity,
the soils were classified in three grouips using a miethodology which consisted inr the initerpre-
tation of IAN'DSAT images from four different seasons throughout the year. Resulting maup was
at a scale 1: 100 000. T1his maup, was finished in two weeks, with low cost and a h igh
real isbil ity it is a demoinstration of the eft i-7iency of '-he satellite Remtote Sen~ingj.

Using Iandsat slide-;, were also drawn maps representing coastal and lagoomn features
by the Minist-ry of Water Resources6 (18). This was performed3 in the Sinaloa State Coast.

In sore Universities has be~en demounstrated interest in research and application in
the field of Rermote Sensing Technoltxty; in the University of Chapingo (19), 1'niv-rsidKi Aut~no-
it' de Nuevo Le~n, which was riuentioned and San Luis Potos! University.

ln the field of oil explorationi, the Petroleum Institute )lnstituto Mexicano delI
:',-tr, looO, in the Prospect inn Division mrade some research using Landsat pAotougraphic irixj"S
iocat inc strulctural traps for Oil acirltin

2.4 Satellite operat ional P'roject:;

l%,o main ter0 rtl -roet ,rq,'A isino ERTS ip+iotocrraphi.: irlkies

In 1973, the Nat ional Hdi, it il- Plin (i'lan 'lacional liidr~iul icu, SPRt) was tet 4)
evlulate and plan the eif tcont use of the ltvdratilIic 1,-sources; in t'kxico. The planl le"iir- d
Knowi.deie of recent laind t;se intortoit ion on a tiat ion wide bosis , lot water and sc-i l

Ion, aloit was evident the needA to :i,-t it in A sho1rt titte.

The Only way', to acgu ire ouch informaution at that pace was uisinoi ERT<itri-

The prcxluctjr ion -h1 I-ilnd I's, maip was coatpleted in less thain two %,eat s ; SVn
mily 1973-1974 !alse, color t-ranspare-ncies by manual interpretations, (2). in sorereioit
-of- spec1iaI inritePres t (-45 m. 11ion h, - tiiet, ) al ]so p t en t ialI Land Use S tud ics wei e p, -r Iorr'd (

Ther-sult of this p-roject was a Land T oqe Nat ionalI Map seal e 1: 1 000 000.

Another projetee was in the Nitistity of kjiclulIture, (Seeretar ia de A~rir t ur a
Cananevrja , SAG). Be tw,-,-n years 1973-1978 tinder the nare of Synoptic Cart ixirapho' (Cart airatiLa
Suin~pt ica I a itore det aii ,d A-ta Iviar I Use rmap of the coun try was rrtkKI(' scales went Iron

:250u 000 to 1:500 0oQ. Interpret at i n-' ssMade Ii:;I innmua Itm-thudls over 1:500t 000f~Is
oolor paper enlargerient.,. The objet tov of this work was to present also areas of the
dif ferent cateciories tc ji%, 100 i il li orntvt ixi fot plainning.

'lb' ht tii Vor-st rv Inventory (it ciO d,.,l Invent ario Nac i oT,, F orot al , SAG),
t-xjin using buesides aereal photos, I,andisat images in their works (21); between 1979-1980

advance wais 723,900 hect ares , cover ina several states of the country.

2.5 Corpiitr Intvrpretat ions,

Of great it-portaCO 11n the Remtolte Si-no i-i applications is the Automatic Interpreta-
tion by mteans of ditnt t a compiuters , t inh Ttavinn, ,litorsolut ion , 11SC eCOtIOn Increase, Ca-
8- obt a ined in regjard.t; th- manual tie thuds4

When FIRTS mag,-s L-. -aii available, d i tal informaktions was regmiested in the
Ministry of Water Resurces (SKII). First tapes were received in 1971. The task began
irnKtedately, trying to read the NASA comatible tapes. As there was no suitable software
package around in those days to meet the needs in the Ministry, it was developed a program,
on their own, first on a CIX? 3 300 and later of a (ryber, both in batch mode. The name
StNllS (Sistema de Interpretac~n Automitiea de lm~inenes de Satilito) was given to this



package (22). Now SIADIS, with som improvements is being used in a DFXC PDP 11-70 computer
of the National Hydraulic Plan (SARH), using a hardware system designed there and composed of
equipment made from different suppliers.

In 1975 was founded by IBM in Mexico City the Scientific Center (Centro para Am6ri
ca Latina; CIBM), as a non-profit organization to make research and development in computer
technics.

In 1975 the IBM Scientific Center began working in agriculture, water resources
and soil erosion projects. qese were carried out by making use of ERIPS (later renaimed
ERMAN II). During the last seven years, the experience acquired has enabled the Scientific
Center to develop more powerful application programs and at the present joint projects
include data bases that overlay IANDSAT and cartographical maps for: Geological exloration,
_,11 types, soil erosion, land productivity and urban studies.

lhe Research Institute on Bic ic Resources (Instituto de Investigaciones sobre
"vcursos bi6ticos: INIRE)B) has been investigating in tropical vegetation inventories Using
Landsat digital information. Work has been done in Veracruz state using SIADIS and ERNAN-Il
(23), (24).

In the University ofMexico, the Applied Mathematics Institute (Instituto de Inves-
ti(aclones en Matenriticas Apltcadas y Sistemas: IIMAS, UNAM) was installed a project to
devlop an interpretations corpit-,- system. his system nanud Repute SensingP.R. project
w.Ls developed in a B-6700 Borrouqhs Computer (25).

The P.R. system was transferred later to a DEC PDP 11-34 computer where a joint
project was performed with the Electrification commission (Comlsi6n F Ural de Electi iciddd) to
identify thermal anomalies in the neighborhood of Cerro Prieto Geothermal Field (26). In the
IIMA has been made also teaching in Remote Sensing computer interpretation data.

Institute of Geophisics of the University of Mxico (Instituto de Geofisica, UNA%1)
installes in 1978 a system for irage processing in a NOVA-3 computer. T his system, REIMEDYS
has been mainly applied to geological and geophysical projects, as to define geothermal fields
(27) ,(28)•

In 1979 was installed in DIGETEAL a computer system designed in NASA namd
SIDAM I. This system is provided with the computer and all peripherals needed for aereal
scanner and satellite digital information processing was followed by another one, SIDAM 2 in
1980 (29). Both systems, with a visual five channels scanner mounted in a twin engirk. jet
dirplare, are a package also used in the anti-drugs policies.

There have been proposed many project<s using the digital systems in Mexico:

Elaboration of an Actual Land Use Map scale 1:250 000 (30)
Classification and quantification of eroded zones (31)
Water quality and Land Use Monitoring (32) (33)
Vegetation Inventory (34), (35), (36)
Forestry Inventory (37), (38)
Ceothermdl Anomalies and lithological detection (26)

Most projects were developed using tandsat information; using the aereal scanner
DIGETENAL has performed in 1981 also Urban Zones Studies (29).

2.6 Recent Developments

The ,i tent ific Center (CCIBM) of IBM providt, with a 370-]58 IBM 'oniutel conti-
ruas working with ivancLI research pro jcC ti; such as:

The instalation of a geographical data base system
An interactive graphics system for analysis of tropical forest dynamics
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New algorithms for analysis manipulation and display of different image types
as Landsat, 3D, medical.

The Petroleum Institute (Instituto del Petr6leo) uses LANDSAT information as input
to tectonic models, in a joint project with CCIBM.

At the University of Mexico UNAM works in the Remote Sensing field continue:

In the Applied Matemathics Institut (IIMAS), besides research in conputer interpretation
research is made in Remote Sensing hardware (40).

The Instituto de Geofisica besides research in gathering for Geological information is
making now investigations in ore and pollutions detections through identification of
soil anomalies.

Work in the Remote Sensing field continues by the Laboratory in the Faculty of Sciences
(LIFC) and now some research is being made in the Instrumentation Center (Centro de
Instrumentos) of the same University.

The Research Institute on biotic Resources (Instituto Nacional de Investigaciones
sobre Pecurs s Bi6ticos) continues researchinq in Vegetation maping: a computer system for
Remote Sensinq ipplications is beinq installed there.

The Direction of GeCography (DIGETENAL) uses the systems (SIDAM 1 and SIDAM 2)in
specific projects, as a Desert pilot st'idy. The same institution is working now in the
elaboration of the cartography for kelp in the Baja California west coast and study of the
Guadalajara and MF4exico City urban zones (39), this one using multi-temporal data.

One of the Institutions working out in the field of Remote Sensing is the Ministry
of Aqriculture and Water Resources (SASH). Following the preliminary research effort,
described before more projects are einq developed at the Min'stry:

The National Inventory of Eroded Zones, one of the main problems encountered in Mexico.
1his ta.sk is pilorrkxl b)' Direction of Conservation of Soil and Water (Direcci6n Gene-
ral dc Conservac16n del Suelo y Agua , at a 1:250 000 Scale (41).

Land use Studies are being made in Hydraulic Plan Comission (Conmisi6n Nacional del Plan
Nacional Hidr~ulico), for specific planning projects in several states of the country.
Sor e projects have been also made in sone Rivar Bassins.

Now in their conputer is the version 4.0 of the SIADIS system, provided with enhancement,
image display and plotting routines(42).

Some research in agroclimatical and Environmental ImTpact applications is being made in
Direction of Water Use and Pollution Control (Direcci6n General de Usos del Agua y Pre-
venc16n de la Contaminaci6n). GOES digital information is also being used there (43),
(44).

A crop Inventory using mixing techniques is been performed by Direction of Agriculture
(Direcci6n Ceneral de Agricultura). The synoptic Cartography continues being made,
using Landsat 1:250 000 photographic images.

In the Forestry Institute (Instituto Nacional de Investigaciones Forestales) the fores-
try inventory task continues and a deforestation detection in tropical zones, made
jointly with CCIBM (45).

After some successful pilot studies in Plant Pathology (11), a Remote Sensing Center
for Desease Prevention is been installed this year in Metapa, State of Chiapas by
Direction of Plant Pathology (Direcci6n General de Sanidad Vegetal) to monitor and
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assess plant pests.

3. MAIN PROBLEMS IN '1T, E LVELOPMENT IN MEXICO

'lb accorllish a Remote Sensing job there is a lot of zequiretrents; that Thios t i,
mret on time so that a project succeeds. Sottetitrxs all these requlrem'nils are tat, I to lull- 2!1
in a developing country, where sot* goods mi be irpot ttW. Thien j ll,5 ton nt.y tail foi
lack of the adequate airplane, spare parts for the photc equip"-nt or diffticul i !t:; in the phol.
graphic proc~essing makterial availability.

Also, there is a difficulty to opt satellite iniormrit iun fxr 'lhe Countly i,ickin1j it-,
own Ground Station. I n ML~xc to lt.L~t -I V' 'IntrAl f,1 J-- A II. t~e. o, oon~
transmitted to the U.S. Ground Stat ions. 11tes ides It de'IA% in rleic itti jita, jpproxuiitely
one tourth of W4xico is; out of direct reach trom those sta t ion-,.

'lis difficulty isqotn.I to be nure J*r it icil wi th the. nevw jeneiaotions oftelI o
as Landsat D, D' which have lower orbits and ainI e ire., -over t.4e. IA.nl-las ting clouatnes~s
pres-ents- addiitional d if ficulIty in the southea; t ol the Couintrt;, witha , :t ranger need for a
continuous data collection.

'To preclude thisL si;tuation, .end I t 'it pn .e, *rt j-- t0 t:uch 't. clop
estimation, andi water quality minitoi-inci, sont 0 !et2'.s hi,11' r%011.'ilt t') I20,11. Gt.'111
Slttion in Nk-xlco. Thie first one was,- t,, the ii ljoi- tiCx k n.xi't-ll. aid uieothie! Ii t to! -, t
Ministry of Agticultiire andi Water Resit . r'11i. 1 o t it 'r t -a- 1-t.1c in I mi h\ the
Nat ional Science Council (orisejo Nlacioti,il , .r:. s'I1 t.'),Ji.ACt Il tl. it-it ltitioil

Proposedh to instail actound Stlt Ion 4ntch we Lt I 1". 2!- 1a m :l A I,' m! A2 Ixt
City 14t61. 'i'ne projoct lncludtixJi a servie et' d .i ,1 orll t i q ~ otw Ptinot2 oi-
Inron It- vantage [xint posi t ion tho stai on, !ho'llt b'. ide f.' the wt~ ~tt 1
Me'xico and a part 11 Jtl )I ent el Ar 1('.

Pi1 -iit,i% !,ePo Wet. 1.Ix'! 'll, 2it t I , ~~tlt,, l>

having a new plojtat' Jl rudeJ, 111A' ol- i-Xi' i'

r Ing envtrontrentil patirttero :t l~-- 11I -2 1 1 21 11,1,1-i 1' .O t

af 4l 1Ica t Ion.

*Uulywe lack 1 ti17 a-tI ;,i'o114 1 2O, ..,O. -- 2-ol 22 -.

oce o and%' 11,1 t I lt_1 .11 t,

Rettill,' Sintu -int it.x 'I:. 1-I )lipp i, 01121. 11.t-l.2. :'

infortrit ion quickly anid economicaLlly Ini-llI - -4*' W wih plobn s"juiii ll lrtt',

Po1liution, the advance 01 Erositi and 'litIita:O

t-stabl ishing post anA plltllu W~aitt temi aVTL nd alo -,oil anitd c in,ttoi to,. ill.'
,iooes1;,1-1iiqt . The FAG [)topoial fat 'h-e ,'sttbl ishint o1 i lhIr Iiac t, rtr11,0 it I,
lnttitlnlu to a;lt(j0VCIrI1Xbuto, in their 'lano lntril'ites a newittiilla t.it

1
tt

d..'opmut



in developing countries food production is a challenge; as stated by FAD (47) in
year 2000 the world population will be 6 billion people, twice the 1%0's. As the growth of
agriculture in developing countries has been inferior than the population growth and un year
2000 90N, of population will be in those countries, then food production shall be one of the
most difficult problers to resolve.

t ut institutions of Third world countries can make the error recently stated by
Ge-orge Zrzycki, president of the American Society of Photsqranmretry: "There is a danger in
applying Technology for Technology's sake". This is very important statement, more important
for developing countri,-,;, where costs and results must be more carefully balanced. It is then
convenient to install an Augency to perform, or at leat coordinate, the national efforts
mTade in the Remote Sensing field. One of the tasks of this agency should be to define the
technology transfer in this field. Technology transfer in general, has not been a sucess:
it has rnot reduced the broad lag between developed and developing countries (48); the
transfer nu.it rather be focused as an exchange of knowledge and not as a exportation of techno-
logy.

In our country, notwithstanding iriendly communication links between '&he
technicians, we lack a National Program. My presentation here is made as the personal opinion
of seomeone who has been in the Remote Sensing field since its early days in Mexico.

'lb ry way of thinking the first step in any country should be the establishment of
a National Program coordinated by a single institution. Then it is important: to define the
objectives of the project and the information needed. To perform the previous analysis: if
the data collection is possible by Remote Sensing and which is the adequate sensor. To
evaluate if the data resolution can be gathered, and compare the costs of the Remote Sensing
approach with those trom convent ional methos.

The performance of our Remote Sensning development has been presented here, from
aereal photography to the establishment of the Remote Sensing project, using airplanes and
satellites.

Dificulties have appeared in our development, such as the overselling of t-he
Remote Sensing possibilities.

A luxing of non technical and political interests have slowed down our Program, one
of the first Latin Aerican Proqrams.

The first proposals of Remote Sensing were received with enthusiasm. The test
site evaluation was made in a very receptive environment and the mission was finally flown.
but what happened concerning to Remote Sensing is that some people expected from the technique

mure than that it could actually give. At the beqinnLng some of the users attributed to the
technique, regarding the results it could deliver, an almost magic pofL,nt il. At an early
stage this caused some expectation among the decision makers in their field of concern, but
when definite results from Remote Sensing could :iot be obtained, a certain mistrust, which las-
ted several years, was developed towards the new technology.

Then in the following years, the goal of the applications in Mexico was, besides
its speci, ic objjectivt,, to convince experts and politicians of the excellency of Remote
Sens.sing.

In Mexico an interesting fact is that, compared to developed countries, all the
kemot,' Sensing work has been effected, and still is by governmental institutions. The priva-
te corpanies have not found a propicious field to develop Remote Sensing branches. This may
be due to lack of information in the technical media about the technique itself or to the fact
that the market is still scarce. The further efforts by private industry are taking color
infrared photography, which has been provided to theu customers for interpretation (49).

Notwithstanding those difficulties, the truth is that we have a lot of experience



and expertise stored in a lot of trained people: this is the main asset we have now at our
disposal in Remote Sensing, and the future of the applications will be in their hands.

In countries which as Mexico have very large territories the satellite information

still supplies low cost information for the development of regional and national pro3ects.
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USE OF LANDSAT IMAGES IN INTEGRATED NATURAL RESOURCE SURVEYS

UIN BOLIVIA

PROGRAMA ERTS/BOLIVIA

0BY: CAP. ENGR. ANTONIO PEREZ V.

1. INTRODUCTION

Bolivia is a mediterranean landlocked country, located in the central

part of Seuth America, with an approximative territorial area of 1.098.000 squa

re kilometers and a sparse population of five million inhabitants.

Similar to the situati6n created in many other undeveloped countries,the

natural resources of Bolivia are not still well-studied in an integrated manner;

because the inter-action of negative factors. Among them we considered the fo-

llows:

a) Tendency of the state-institutions to realize independent studies of

several natural resources at different scales, without any planning, that beco-

mes so difficult to compile in an integrated way for to get an accurate policy,

in order to satisfy the rtional requirements related to the efficient explora-

tion of the land-resources.

b) Lack of coordination in the elaborated survey-works, that were unsui

table for preparation of the systematic mapping of the country, in order to ob-

tain available and integrated data of natural resources and, similary, to prevent

the repetition of some another finished studies.

c) Lack of an accurate application of some techniques and methodology

used for a more fast and effident survey of the national resources, in considera

tion of the great territorial extensi6n of the country, that shows deficienc'es

in its national road-system, and wide-territorial extensi6ns are isolated or inac

cesible for the populated areas.

In 1972 NASA triggered into the sideral-space the ERTS satellite, that

was devoted to the research the natural resources of the Earth. Bolivia tooks

part of this optimistic project invited by NASA to participate, on experimental

way, with applications of ERTS imagery to the systematic study of their natural

resources.
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Since 1973 the ERTS Program-Bolivia works unceasantly in experimental

manner, looking for their potential application in Geology, Geouorphology,Soils

Vegetation and Land-use, obtained to the present their most successful results.

Based on that experience, the ERTS Program decided, in 1977, to study

the renovable natural resources of the country, in an integrated way, taking in

mind the necessity of application of an accurate methodology for make integrated

survey, that had been experimented successfully in other areas of the World.

For such purpose, the ERTS-Program selected the methodology provided by

the Commonwealth Scientific and Industrial Research Organization (CSIRO), that

was suitable and applicahe to the geographical conditions of Bolivia.

2. DESCRIPTION OF THE PHYSIOGRAPHIC REGIONS OF THE BOLIVIAN TERRITORY

Before to discuss the way in which the CSIRO methodology was applied in

Bolivia, in the following lines we will present a general scheme of the main

geographical characteristics of the Bolivian territory:

As it was mentioned above, Bolivia is located in the central part of

South America, and it presents some well-defined geographic units, in to

their geological features, climatic characteristics, soils, vegetation and fo=

rests.

These physiographic units can be clasified in two major units:

a) The Andean Block, that is a high-altitude mountain-range and,

b) The lower plains, warm and tropical

Those major units are sub-divided according to their own characteristics

such as follows:

ANDEAN BLOCK:

a) Western Cordillera, a volcanic range.

b) Altiplano

c) Eastern Cordillera

d) Sub-andean front

LOWER ORIENTAL PLAINS:

e) Humid lower plains, or tropical humid-sabanas

f) Dry-lower plains, or sub-tropical dry-sabanas.

g) Chiquitos mnssif.
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In a summarized form will be present the main characteristics of them:

a) Western volcanic Cordillera

Between the northern coast of Chile and the Bolivian Altiplano, a volca-

nic chain is builted-up from volcanic cones, that are mostly extinguished and

high-platteaus, located among such volcanoes of Cenozoic age. This volcanic ran

ge is formed by a succession of modern lava-flows, tuffs and volcanic activity

is observed, except, perhaps, in late-fumaroles and solfatares (i.e;Ollague vol

cano).

b) Altiplano

Between the main range-slopes of the Cordillera of the Andes is located

a high platteau commonly named: the Bolivian Altiplano, which contains its own

ridges and some isolated hills.

The Altiplano starts in the northern part of the country and it follows

through the peruvian territory towards the Urubamba valley. It reache, an approxi

mative area of 100.000 square kilometers with an average-altitude of 3.500 meters

above sea level.

The Bolivian Altiplano contains its interior lakes: Titicaca and Poop6,

connected themselves through the Desaguadero river, and the salt-lakes of Uyuni

and Coipasa, as the main features.

c) Eastern Cordillera

The Eastern Cordillera of the Andes is a high-mountain complex, located

between the Altiplano westwards, towards the sub-andean front, to the East.

It traverses the Bolivian territory describing an arcuate shape. 4or mo-

re than 800 kilometers in lenght, from the peruvian border to the areentinian

one. The Eastern Cordillera is rise from a thick-sequence of paleozoic and meso

zoic sedimentary rocks, folded and faulted, that could be divided in two-main

segments, from a latitude of 17030 ' S.

The northern segment of the Cordillera posses some granitic masslfs in

its core, that rose as beatiful snow-capped peaks, among the elongated and pj

ralleled ranges of the mountain chain.

The Southern part consists of lower ranges and ignimbritic high-platte-

aus, in which is absent the parallel disposition of the ranges, observed towards

the North of the Rod's line. However, a tectonic control exists into the land-

scape-development of the entire region.

17



d) Sub-andean Front:

This unit is founded between the eastern slopes of the Eastern Cordille

ra and the oriental plains (humid and dry-plains) and it is extendend northern-

wards, from the peruvian border to the argentinian ranges of Salta province, to

wards the South..

The sub-andean front consists of narrow anticlines and broad synclines

of paleozoic to tertiary sedimentary rocks, that conform elongated ranges and

deep valleys, respectively.

In this region, the oil-formations were commonly found, inside the faul

ted anticlines.

e) Lower Humid-plains, or tropical humid-sabanas

At the north of the main chain of the Andes, from the Beni river west-

wards, towards the brazilian border (the Itenez river), is presented a wide -

extended lower plain, that is humid and tropical.

It is a fluviatile plain, consiting of hundreds to thousands of meters

of fine accumulated sediments, of tertiary to quaternary age, that were trans-

ported through many rivers, that Flow from the andean slopes toward the main

tributaries of the Amazonian basin.

The landscape of the plain becomes into a truly tropical sabana, divi-

ded by gallery-woods, that border the main rivers. These sabanas are mottled by

the socalled "islas", that are the higher sites among the plain, where the trees

are concentred to form truly "wood-islands", among the main grass-cover of the

alluvium, located around them.

At Pando region, an undulate and forest-ground exists, because the pre-

sence of outcrops of tertiary sediments slightly folded. This zone is remarkable

by their catt1h ising and forestal industries.

f) Dry lower-plains, or sub-tropical dry-sabanas

The landscape here is characterized by its xerophyllic vegetation, typi-

cal of the dry-regions of South America. Its flora c~nsistes of cactus, acacias,

bombaceas, chessnut trees, carob-trees, quebrachc -ni chaiar-trees, but especia

lly it contains a sparse vegetation cf rickety thorny shrubs and creep-plants,

also thorny.
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also thorny.

The soil of this region is mostly arenaceous and it is unsuitable for

many crops; the underground humidity is sparse and it corresponds to a deep-

freatic level. For that reason, the Agriculture is incipient and scarce.

Towards the south of this lower plain, rise some ridges, oriented E-W

and also isolated hills of scattered distribution.

g) Chiquitos massif

In the eastern region of Bolivia exists a higher zone, compared to the

surrounding humid and dry-lower plains, in which are present some low-mountain

ranges, oriented generally northwest-southeast; that form parallel rows, displa
ced ones against others. The physiographic feature of the chiquitanian chajis

is their morphology of faulted blocks, with a slight slopes southerward, as can

see in the San Jos6 and Santiago ranges.

3. METHODOLOGY

The variety of landscapes, their extension and the necessity of new sur

veys of the existent resources, in a fast and systematic way, of reconaissance

needs a methodology that leds to use all field-data, that must be plotted in

mJps, showing relationships among all factors conforming the landscape, such as:

shape, rocks, soil, vegetion, climate, etc.

The suitable methodology that lets to obtain the mentioned objetives was

started to use by Christian and Stewart, who applied basically the methodology

developed by the Divisi6n of Land-Research and Regional survey within the Corn

monwealth Scientific and Industrial Research Organization (CSIRO)as they state:

A fully integrated resource survey involves an oreanized effort in
which a number of specialist investigators not only collect information in the

same area together but, through common objetives, contribute substantially to

cach other's work and methods during the various processes of data colection

collation, interpretation, assessment, presentation and the preliminary planni;.g

of resource use".

The following aspects are basic in the CSIRO methodology, that were fun

damental for the realized surveys in Bolivia:
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a) To establish 3 units in the landscape sub-division that are: land-

system, land-unit, and site.

b) To divide the area through the land-system, components, which can

be related to the pattern observed in aerial-photos.

c) To realize sampling of the Land-system, in places defined both in

the aerial photography and on the field, according to the integrated-survey

done by the respective pecialists.

To those three aspects ERTS made the following modifications:

- Use of the term: "Land-Complexes" replacing "Land-System", follo-

wing the geographical sense described above.

- For the definition of the "land-complexes", the landsat multi-tem-

poral images were used, at 1:250.000 scale, applying the same methodology used

for the interpretation of aerial-photos.

- For the choice of the samplin -sites were used aerial-photos, at

1:50.000 scle, as complementary work.

- Because the economic situation and the high cost of the projects,

all studies were completed with their own socio-economic analysis.

- Based in the searched objetivs in this type of studies the compo-

nents of the survey were defined as follows:

- Geological - geomorpholoRical studies

- Soil study and their classification

- Vegetation studies and actual use of the land

- Socio-economic study.

Based on these components a multidisciplinary team was formed, that was

integrated by the following specialists:

- Geologist-geomorpholoqist

- Edafologist

- Plant-ecologist

- Geographer

- Hydrologist

- Sociologist

The work was undeitaken through the following stages:
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a) Pre-Field- work: This stage consisted basically in:

To collect all existent data

Preliminarly monoscopic interpretation of the multi-temporal Land-

sat imagery, at 1:250.000 scale, bands 5 and 7, and color images

at the same scale.

Choice of the sampling areas

Photo-aerial interpretation of the sampled areas

Selection of the possible itineraries

b) Field-work: This stage consisted in the sampling on the field and

simultaneous interpretation related to the aerial-photos and LANDSAT images;

recording, interpretation and systematics of the obtained data from the field

bases.

c) Post Field-work: This stage starts with the final interpretation

after the field-work; -7here special importance was paid to the imagery-mosaic

obtained.

All data were transferred to the mosaic and the specialists coordinated

or defined the land-complexes.

d) Preparation of the Final report: The elaboration of the final re-

port is product of both the final results in each discipline, with special im-

portance paid to the data provided by the land-complexes, that summarize the

integrated -survey studies, Moreover, the aditional data can be related to th

Geomorphology, Geologv, soils, vegetation, Hydrology and socio-economic aspects.

4. REALIZED STUDIES

To the integrated survey-study of the natural resources of the Oriente

Boliviano the ERTS Program using the experienced methodology of CSIRO, through

a realized study in the Oruro Department (Which produced good results, that

were benefical and applicable for the regional development of this area), takes

in mind the necessity to promote this kind of studies to another regions of the

country; where the accesibility and lack of information required for a more ob-

jetive knowledge of their natural resources.

For such purpose, in 1977, was signed an agreement with Instituto Nacio

nal de Colonizaci6n (I.N.C.), with which the realization of the integrated sur-

vey of the oriental plains region -described above - was conveniently financed.

This project was named as: "Estudio Integrado de Recursos Naturales del Oriente

Boliviano".
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The studied area has an approximate extension of 612.404 square kilome

ters and it covers the territorial surface of Pando, Beni and Santa Cruz depart

ments.

This survey had as fundamental purpose, to provide the basic in~orma-

tion to the authorities of Instituto Nacional de Colonizaci6n, about the con-

ditions and features of each region, for their late selection, in more accurate

levels, as suitable zones for Colonial settlements.

Integrated -survey of natural resources: Centre-South:

Following the plan preview, to promote the interest of the national
authorities in this kind of studies, in July 1979 was signed an agreement with

the Secretaria Ejecutiva of PL-480, for corporaciones de Desarrollo of Cocha-

bamba, Potosi, Chuquisaca and Tarija departments, with the purpose to make an
integrated survey of the undertaken area of those departments, belonging to

the andean region (Western Cordillera, Altiplano and Eastern Cordillera) were

described above.

This project had as the main objetive to provide the basic information

about the existence of several renovable- natural resources and their possible

future planning or development, in each department of Bolivia.

The area covered into the region is approximately 287.996 square kilome

ters.

5. OBTAINED RESULTS

The final products obtained in both studies (Lower-lands andCentreSouth)

are thematic maps, at 1:250.000 scale, of the following disciplines:

- Geological map

- Soils map

- Map of ground types (Low-lands)

- Geomorphological map (Centre-South)

- Vegetation map and actual Use of the Land

- Land -complexes map.

These thematic maps are accompanied of their own technical reports and

correspondent socio-economic studies.

The obtained results have been limited amount and details of the provi-
ded information, that is represented at different thematic s, because the

greatness of the applied scale (Multi-temporal LANDSAT images at 1:250.000).
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6. CONCLUSIONS

With respect to the Bolivian experience, in the study of the Natural

resource of its territory, appying LANDSAT imagery and CSIRO methodology, sui-

table to the Bolivian geography, we can show the following conclusions:

- The obtained results can be considered sucessfull, because they to

get in April 1982, about 900.400 square kilometers, from a total of 1.098.000

Km2 that Bolivia has, in other words: approximately 82 percent of the national

territory, that leds an accurate settlement, about the potential and distribu-

tion of the renovable - natural resources of the country.

The cost of the two studies: "Oriente Boliviano" and "Centro Sur"

implied an estimate contribution of $us. 792.467, that covers a tentative ex-

tension of 900.400 square kilometers, with an average-cost of $us. 0.88 by --

each square kilometer.

If the use of Landsat imagery was the fundamental tool in these

works, some limitation related to the identification of some characteristic --

features - important in such cases not were observed, because the greatness of

the LANDSAT images used (1:250.000). However, as was quoted above, these limi

tations were improved in those areas of main interest, with the complementary

use of aerial- photos, at 1:50.000 scale, and a more intensive field- sampling.

- This information is the useful-base for further accurate studies,

accomplished through more underwent details.

- The introduction of the socio-economic parameter in this kind of

studies will increased the possibilities of evaluation, clearly, the economic

reality of the country.

- In the study of the integrated-surveys of the Oriente Boliviano

project, had been identified 49 units of Land-complexes, inferred by this way,

towards the relative homogenity of the whole region.

- About the study of the integrated - surveys of the Central and Sou

thern regions of Bolivia, have been identified 120 units of Land-complexes, -

that showed the physiographical complexity of the studied region.
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%IAIN ADVANCES AND NEEDS IN CHILENN REMOTE SENSING PROGRAMS

OI~Matriejo 4rava F.

Chief Fnttgneer , Remote- Sensingp Se ct ion, i part tm.'nt o dIc 6".olog',a v
teoisica, Faciltad (It Cicne ias Ff-icasq % Ma it't-! icas, inive.rsidad
de' chile. I.a'tcliet SM)t, Casil Ia 2777. Satiago, Chile-.
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S import ant r.'s, l ts io Iac i lit at. the op-rat iot 1l Is of rettiot scsen ing t( chl-

nilllq in Chil'-. Ihelserea..iq canl h, classified itt terais of dat a acqttisit ion
(spatial, aer ial an Inli'rrestria ot's -rvat ion live is), dat a pre-processing, (

an l~ogic and dig.it a fac iliit s~ ), dIata itt-erpret at ion ( ana logic and dig-it a
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Fince, 1"77. Itiport attt it~iproveve t intdi iij-ia dat a pncsit/n -ir.tion
act ivit ica will :-'-o-taint (I in t,.. n e xt f ''e! -. B,-Pides, Li'-. n-c sat clit',s

Itnist -D nd SPT ;,il tliilow to ill t-nrsi V<. i.i .5t 'nit -l

ill Chi tt t ni. anks t o, t. comltinel oft cat -IIit. ittage(s andil- i-i 1a
I ll, l lill,', itoOd c C' a.

I. IN iW[ttlt 1(N

~-r- s ta to,' . lo, )tat iot IiaI t,--,t . -'-it-itIi'I,. p r (, Itax- it Ch~i 1 , as in occiit s in oth.-r ILa' in-
%"tricaoi co ritt i aq Ifts--%,,- , th.- cont itt-i ,- of m.T)ttls and .t t or ts dl.-plov, d -l. s, -ral (ii' an
inlst- it :.t ions his ai Iow.-d 0o o!tjtt in 1:Pot tnl~t I a I I ( itt ."sOf ro7f.-Ssional ttainitO antd faci-
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co i-at', is t ha' a e.'ttta I tiat itt)l p ronrtaml to; !.I tace allw I ,I t ce asier and( fist o'r ot'taint ion of
*Ifw infrasti t t- te loo-ta'ional Iv-. this t-cItology, (how',vo't, import ant risks exist hy -isintg

,his wat' !.'cia. it is tatf h.r ''aIsv't o accq iire .-lpip-sl'nt or met totologivs that are- not q it.' cifi-
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2. MAIA ACQUISIIION

[ his proc I em wil I !iv. a1vzod in t c'rrs of t hw spatial, aer-,ial and terrestrial obser vat ion
levels normally Ised inl remoti' sensing techntiquies. ''1w( main advances and needs can bre srrrstarjzed
as follows.

2.1. SPA VIAL rolSERVA nUN LEVEL

L.ow r esolut ion mtiroclo gic.l Iimagj,(S 111\V '- received f rom different satlt lit es since

,eve ral ye-Irs ato ill chile. I he( main oisers have cenhe etorogclService-s of Chil-ai AirI Force and Na v I i e at a I A"T' (!\i nimat ic Pict nre Tranrsmission) svst em willI he improved itt the
next t t 11re, injClr:njr Anit at-ct ic Peninsujla. I hestmae (combhined with ;11rocnnd enfvir-olnmental da-

a.) allow to pr-epare, the daily met,-orolol,,ic forecasts lot- the whole counltry.

Ilr c rsol ;!ion i ae ('atndsat , VIRUS-N, NimbuIs C/CS, sPlIT) canl not hce t eceiVeci Iirect IN' in
Chile. It is itecessaty ito acq !ire t Is p rodI ct s (eatiefilms or ditgital lapes) in fts xist- int.,

eec-,%'icing cent c'rs loca eil ouitside Chile - . 5. A., Bitasi I, Atn-enit na) . Import ant advances have-

icen o,!t ained, sud.t- etqcet iment al !asis, Y~ N.ASA Division, nIisct sidad do, Chile, to f rulisi, 1j.

oxi si ing N.\SA 1 tacking, St at ion itt Chile (about 40 kml Nort h tfrom Sanit iag-o) t o direct lV rc cciv

1,anldsat imaglles. H owev ert, anl off icial1 dec ission has not the-n t akc n ,-v nlow, mainly di; leIo -cocnom ic

ccsrsideTat ions ab)olt the furor,- ope-rational costs of a cl t-c,-ivinj; at at ion. As it is known, 1'
'iain anlvant ages of having, a receiving, st ation arc-: a) s(ec trit in satellite access for e-very dJesi-

tIdal.,n acq risit ion ; bt) fastniess in dat a actl -isition and] processing,. Hlowevet, tiei inst al lat ion

aInd IC tt min 1-i~l, OPet- at ioti cost s and the cl '. d coi O'c -c lit~ W- I is aro I hi- main disadvairt a1 ;,-. -a*Anyway,

it is Iola-cl that t he impcrovedl product s ( itt t -rims oif tc r il re-sol .t ion and spat ial te sol .t ion)

ttcrr-), 5PoT and nr s-f t Tse satel lit cs will al low Io jit lif he- Operat ion of a r~ceiving

I! son i 11 Cile atnd so !o or, An t 1, trraXimIrtm!' 'etti t cc I 01,o t es gh Io viCIIi, 11C0 ion images.

2.2. Nl-RI.\!. 01ASERVUV1tN lEVEl.

M, e cclrottrtr- i ;cr~ico (it- Chilean Ail Foit SAl- (Set-icio AetIofot ogtatr71et iice dc La

I-- cc- I ?a \tcnio lo 1 ~ Cl jlc , S i as. a widecrietArnc itt t la- s- ot "v-sn icia mot c sensols(ato

iclact -ngt atinet tic cat'rrc- as -Iuipped wit h cliffeIt-en ti Iris, a cI as Ii/l , color, Il/W neat- infiated,
cClotO neaIr ittftat .11) indl dclTtitt thn,- last years, '\peltienc, has rc.-'t o~t ained itt the ose, of rrotr

c ,ItI v ofct notta I-eote setlst 0 a: (q ci asI. it It iciatud casmki ap t ha IlI R scarno I, magnet omet et anld otlIatis).

Iioe exist illi, itifras' t ct te, -Il t- cetisilald c-cl Ic-cl . atnd Iliffet c-tl airplanes can 1'e ulsed to

otith ~e itlcci mitot icri, itt icccttdittt; to ihe special tI cci ctc-C-;of-vty ptojecct (i.e. L'ear Jet,

win ct l t tkt, itr andc 01r hrt .it llic-). It 1tir,-, ,c last , 1 1i zci t al prtoject s rav !'(-n tr dc--

loped "Nv singj the-c xist un;, itrft airt I ct ,i, ,. it ;cjl 1c sc- r it Point 6c. This dat a acq isit ion

capae~ilvt N; is also accoscp!is~lccI ccii 1, fti 1p .t c--lcc's andrIlt a mt eltion10 faciii ies.

S evc-t n impt ovc-mltt sat-" platttc'c Oct .ei x(ec r itt, i-v ntow, sp,,cial I., telated withl digital

data ic.l isir lit, Pit oc,,s!itig- attil ijtt7 prt -tnl! ioct ci ivit ies. it is vt-iv irsport iant t o sav t Itit I I his

a l ca palci it I rI 1.s %,-ett .- t cs.-f,, toI fici lit it. tre s,- cr1 sat (,I l it v images icecas so,, d1 o
the spc-cial topol-raphlic cllrtict c-isc isca ocf Chii., it is imtpossi'iic' to itttettd the usc- o1 temot

s-,nsittg tccntiq c-cc tv ott v 'mpIO ccittg sat.li 11 ir dtA a *ii-Sirlea t I h-ic tas atathli- good is ic it;-
fcrrmit iotr in t-, co.,w rc vt Cciftg ctapclrv, land rs.-) ;tiit r etther detiled scab-s ( 1: 50.010 ot rot-c itr

a ''rlsitlcar its1) atril so it wi ttc'cc'sqat iv tic fintti ho- t -ii appilicatiotns ocf st el lit.- iricigcs to

improvc- t ' It-, is ittg' it fct miict. it ij htoped-r hrat t ltie f :tore ,an(Isat -I) andc special Iv SPI pro-

,ct, s will -il low t o itttc-ttsitv tr1 I.131 sO f 1-'tnot c- Sc-trSittg, dl a 'IV cc0rrcittitrg a-i1 ial atrd SPat1 iL ini-
of tsatI i oI I

3 .I Yr-RRFIK- IIA I - 11cliERVN IItON L EVEL

tCOTtc citt I 1 ss~l at ions toc c-at-tif-' clifft'rctt entvitronmtsattl pat-rm.-te ts ate widely spread-cl alotr

ic tW IN, ift I(-c ccc ling Ico tl. cliffeni needs of Chtileatn inst it :t ions. Tro accomnpl ishthis damta

Icq isit icot cilcdcil it % importatnt -xp.'rietrcs ccegant tin Ice d'vvlcrp-d cv 10177 to tecst Satel1lit e lxita
Con I- cr iccrr 5 -ti c-s ( D'S) Ico cccllect e'nvirortn'ntal grouind i to Iit dat a fr-om rt-mote sitecs, in alt ar toc-

-1iC, 'I i-i'1Ic ctld icr let icil W-iv 1cy ;sntg speccial sensing stir ionis callcd Oat a Collect ion Plat -

tl-;z(IllP,) . 1' ,-'.-critc w-T.' 1 cciscil-i, tlianks ti o t he cal Wile cocipet at ion ot '. S. Geolo-

c~icil tv :--v (lI . licirircl1 W. Paiulscn and Rr. Will iats 1). Cat tcr), ''. S. NASA and 11. S. NiiAA. Thel(
l- lii ' IC ipcil icir of NASA Division pc-isonnel C iii vc-sidad de Chrile,) made possible to modifyl
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hi' NASA It tacking St at ion itt Chle I to di re Iv ret' ivt' Lantisat IDCS atnd t;OES/DCXS dal a. 1 ) ring 1977
to 1950 it wals pitsi!1 ito ttpt't'at (. wit h1 ,'atdsa I /DCS and 5 itcf' 1 980/51l it is postt;!Iet to operation-
all s lE/r.' st 'hil', is, s-n 1 it'dv si-vtr -11 Chi IaIn iszri it ot os along the- colnt ry,

inclI'ditt-, 'xp-jI ''i'cc' in tt Tit I cI it- PInins ;Ia ( q, Pointt (6.")

i LAIA PltE-PWHICESSINi;

his prot'li ist 'aid i to hIl jitijiaat i l o f th, dhf e'i'iltt '"sit'- .5't ptg tt'.i t to allow
its atalvisis ,r in jtt t t'i tv itt '.N I . -t K' 'ts . 1i is, Vt'tS i d'' 'dj 1nt iF-i 'It IxS 111alo1'iC Ot

photi ographic Iit'odix't cs andti li a tI o co'Jt t- I'l itl I S

It'- attligij~c oI jihot * kt''ylc II':I si ' ta'i l iti, ''i cal'l coltl ''' d .il'juat IC& f I !

AtIot ),[XIMl I'' ;,. " ii 1 1 xitt \ntit [il I, - ttv''.F i igcit 1 1h ai o op' NaI t tolalt' N. IaCN ad

wo kwi I tI i )oI' ip i n ( o 1 W T' it1 it itl ' It 1its Al 11o1sItl it analysis itt n 1t'iit't it't aiOt

qat i . Htt' I Iit , i''' f kI I i ixtl i 'I!- To, . i a I ifh t] ! a] i i o n 1)11 adt' i' Iave 't. i tai in t Iv is-
stit'.\s t'tt'taljutit a bt, s xi Il t .i( oPista' ttiii iinl, pin!I oit' it at ionj, dexictI,

a'liti ix'i' t t wv 1 iJ ,' 1 tt ' lifil 'ion / t in: o- s dgtl ilitiit Omit:, "I' an - otsltj dal I p

Slit * So"''r stit' Ist I atd 1 lit'l lz it?" adi isv 4 ligaio d i- Rticgfil l spi t is candl
v i- 1 i' i' 

1  
I" i

p! t i o iigi i itt ; tiit I't t Tou captil Z Is tat oh I Il analys'is imot antl 'Impro--Ietens

sit lail It it ''' t ' i lad Itl'. SluT "' ia gi P Ia i 0 1 a i n . ,, it time lt oess in soft ware jw1e ali io aid
-it iiti ipid tha Ilii at tltii ficil it it' e-s 'Ii Chl' si.rt adItte wi iii ohtind I

alI l pit !p xit k l"Ii t'i itt' t oiii aliI oji'tttp't itt sI pht og e itefte o p , id. Ctile a(. S. ,,ae
Ilt l ol Ctd titi ittII Int ii Iti o.it atd tis) t fI zs st t s, 1-NAS madxeson nhavet'sid-nad, de ChIi,

itt ~ ~ ~ I iitt oi li~at itin, itl to ions inK' it' it . ion: tt'ttg at f t' it (AP) il l hot oii:'r i t t itox' t ise
capa'i it C011 :'I C III 'if ot-'''ItI I u -Its?./ii!ii lg t llfiilu(t r nd ot p

litis piTlIti 7TI lt is I ' I i litI It(It attil i a nd it i1 the1-1 fi 1 o te 71-lin1 i -i l o e e seni s !igi

It !Wj ,ist Wit ho'I Of dtil al 1 xii ttp ion cailt I itesntI atorkiti ino tit imoranst impomns
at-.d pit hod t po3152 So ass ri an citi itttn tcnlogy- ta isfiric inedelico tnta Mrit, is Inte

it isil io'- iii t itl 'n il'iii' tiit ita tis of Ceisot t sensi advacies. tpsill e teoti(,.Bo ,
als In:l h it~c ttI aini o' cq t idi'ta antiriit hi ont r1'1" formedl o ac ivis areive U.tS.rA.,

ltanit" it' il ii, raiing wasf-C :1 tceirilx' Ilel id So-, NSi iiin i esdde Chil licts i a e,
hit'tshtitolix'd iml t was 'x lit tt'rIl o )',ar ahV(Tioti i in th s1poecalizdeers lcatd i n o~therh
et h.I C I 's. ille';it rt in is po1ssili tuow\- tool coishea(i ,o(S prepartion i Chi and' : ( o ii the coon-

11,, 'xi si thebI -1 iiti t - ins III hxtg ldI- Vot txtetisnce i, rfmteq sesIn ar develtopif rogramels tor
Ct'l this -- i.hito in i adif11itatscine and alpesone training pesn nel tough i tes acti-

dit ics.tie, sos ftw ii pcil~tid nt i'tnsd (Tthea ithe B'oth'actitiies cae ofery somporsest

t art'tt I' ssn addressed ii itdrent dsci pronessinalso traning torohe ornsms thfs cars
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miany advances are necessary in this sense yet, b, A t he import ant mattecr is that this process can
air eady be performed in Chile.

lb, Fac..itad de Ciencias Ffsicas v Matem~t icas de la stiversidad de Cl ilv (Facuilty of Phy-
szies and Mat hemoitical Sciences, I'niversity of Chile) is a clear example in this sense. Through
(lifteorent expr'ri-ientai projects performed together wit h several nat ional inst it ut ions, the ad-
van!t ages and I Li at ions of remore sensing t echniques have teen v al at ed ir. different discipi ines,
besides the o1? ent ion of t raining for the parr icipat ing personnel. Ibsides in this Fac it y courses
en Remot eSensing t echniqt~es are prepared for st dlent s (eng~ineers and geolog-ists) and professionals

o1 n Ir4  o or her Chi lean inst it t ions. The continuin' knowie dge prlat injg of t he niversit v
professors all lows t o r ecotilsrd h le best choises for opriat ions I projects and special ized t rai ning
o t s ide h i oont rv. Bly now, anr import ant program is beinig prepared ro offer more intens ive co .r ses

o the, ft ire eng ineers and geologists formed in this Fac-ilty (the more impertairt in the co mnt rv
to t app lid, ince 11083. the core ril,it ion of t his Fac .1 r t o t he remot e sensinjog knowl edgement
in Ch~il can -t appre*c iateod in some examples s rirsarize-d in t he next sect ion (Point 0). This con-
I " it iorlas1.1 orT maIilyV p)r fot tied t lao .gh it s Remote Sen' ~intl Sect ion arti NASA Division :nit a.

6. MANIN ASPECt S OF SLIME CHILEAN REMO: E SENSING PROJECTS

thell next exampleOs SUtrmar sze t lie Chilean re mot e sensing act ivir y in diffe rent discipl ines.
P-ct se of :'pace, rest rict ions in t his paper, only t hit mnain asp-ct s of these project s are s ttimar -
ii'' 111l "'Qil1asis has 'en give n ! o) Ilose project s mainly develope-d t-y sing, the nat i nal infra-

r ct t ( t .clinical and s;cient iLie trrsotmel and exist ing e-q ipment ) . Anyway r hese exampIts will
at low ze o,tamn ar idea a'oi t he Chilean advances and ree-ds in remot , sensingj,.

h. 1. \i;RICI IJ RE, FORESIRY AND l.AND ISE

Several proj]ct s have teen developed intt rise disciplines. Thy \ have mainly periformed l
NASA thy ision/ *niv.ersidad de Chle (Enrgs. lbeinz Mart ens and Carl os Parttill o) ; Insr irio d( love~s-
itraciSn doe Ricrsos Nat irales, ILEN (Goologist Arnoldo Ort iz); Dir-ccion i,cerai de Atas, Minis-

eriedo Pas i!l icas; Oficina doc Planificaci6n Agrfcola, ODEPA, d,,l Mirtist erie tie A~ricIt la
(Eng . Rafael Sarroca) ; Servicio AgI-rcola y Ganadero, Divisi6n tie Prott cci~t i-e ic-sos Natulrals,
DI PROREN, dc 1 Minist erie de Agr ic. 1 turta ( Engs. Cast 

6
n Sepal I veta and Rodolf f reres) and( or hr inis-

Tiit iorts -ch as COSERREN , a prtivat e cons . tii ent erprise (Engs. Carles Ese jdire, and G'ile i

Dalannais) . For inst ance, IREN (Geologist -\rnoi do Ort iz) has performed analo, c dat a processing
for a ia! .r at toi rees invent orv in the Nonrlh Zone. of Chile (ale A 250,000 krscale, 1:2s0,000)

and actually thyare- working in the Central Zone of Chile (alo.t 300,000 kin2) byv sinl, coapt el

enhanced Iandsat images, to obitain let ter acc.,r acv. Al11 t he diit al processing, has !en lerfert. ti
ouitside Chile (INPE, irasil; EROS, !.S.A.; M [A, Caniada); NASA Division/1'niversidad die Chile. las
activel part icipat ed in s ver ai joint progtrams. Ino rest ing., res it s have teen obtained !,% now
;t here is a general consensu;s that tantisat -D and SPOT data will 1 b met- sef .1 for r hese sri.-

dies (the, agric At -ral valleys in Chile are, v*et small and nrarrows and a 1Great varier y of crops
are, org~anised in rtrhr reduced surtfaces).

6.2. t;Enr.iX;Y %ND MINERAL RESuIliCES

Several experimental proijects hav been developed by Inst itiito de Rc.rsos Nat ral os, IREN
( l.Arneide Ott is), Servicie tie Minas del Est ado, SERMINE (formerly- Irti it o tic Invest igacie-

nes rGoilgicas, II(;; Geologist Gabriel Perez); Corporaci(tt del Cohbte, CODEt.CO (r;c ologisr Enliq~k
Teidv') ; Di .isi6n NASA/hlniversidad de Chile (Ertgs. Carlos5 Pat till 0 and H ins Martens). For ins-
tanco, IREN has worked in t he North /one of Chile by mainly sing- iLandsat images. It is leped
tbit t hie new improved product s of Lantisar -D and SPOT willI also hel 1T o develop stre acc r ate ex-
periences. the .se of aereal reste sensing has also been experienced (miagnetometeor, mUltiSpec-

ral c&m71eras) for dtirailed stuidies and t he filr r improv ed caail it y will allow to perform very
important experiences in the next fu;ture.

6.3. CARTOg;RAPHY

Trhere are three main institit jions in Chile related to preparation of the nartional carte -
grapfly, at different scales (1s 1.000.000 to Is 50.000 and more) I Inst itirto GeogrAfico Militar,
IGM ;Servicin Aerofotogramrttrico de la Fuerza Aerea tie Chile, SAF (aereal navigation charts main-
I y); Inst it : tt Hidrofgr~fico tie is Armada, IRA

5 
(coastal charts mainly). These act ivit ies are main-
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ly dov~eloped ly using aerial capanilit y. thiis arti ial capability htas toren ext ended iven to Ant -
arct ic Peninsil1a (Since 1980) thanks to a landing, field opetated by Chilean Aii Forc.- in king,
Gerortge Island, So :t h She!ttland Islands. Durin r The last years (since 1980) hei Inst itio! 0 heog! g-
fico Mli tar, IGMI, has been -xper ienc ing the product ion of controllerd charTi !- sing, ilt .1lit,-
!.andsat ) imaigs and ground cont rol point s (gooude! ic point s) do ternsined ihrougb, gI-od.- ic sat oli t S

(Dopple o.ffect ). in this wav, a chart over a sect or in Antarct ic li'-nins .1 a will -r(- ) tlisted soon.
However , there- ate', great expect at ion for t he new SF01 piodcs t 'ocal so t h-it impr oved spat ia I
r''sol ort ion and stereoscopic capahil iry will at low to uist- t his Infot miat ion in s t oal iipot alit
flat iorial prOei 5jc .

(I Is'. iiCFANttGRtAHY IND MFI EOROI8o;Y

Thols. act iv-it tos ate mai i per fo,,m.d ;-v Inst it .t o. Hidt 01 t afico do- !a At nada, It-HA ticlim. la-
1icio Fig I-,r oil) , SorI% icio Met ,-otol5gico I. it a .\riiada (Carl. It- tmin \a aldivi a) , Sotviecio Me.t,t ~I 6-

,,ico dot l a Ftieza Arcr,' di. Cil , . it occ j
6
r do A. -ronaI ici (Com. F-det ico Roll), Ins' it 1,, d ri

CIront o Isilt-o TFiF (Enrtg. Nol atiro K.- l Iy) at. I rt !-t iris it-;. ton S t la rd ; war vi I soutoc.s, s c!
Its Dirocci6ntt eni-ra ito At-, as, lx;-X, del Millis: rio it . W.I as icas (Etij~s. Him!-rtto PFofia %- ta% it
Nar hotia) ant] Erpr eSa Nac ioth! I de El r-ct ric i dad, EN PES.\ (ti . d tis lSit nit ez and EN;. F Fanc i so o
liotttli) . Sit.]]l it' e nt vrtological inai1 'es (At': sN .st --!%), convent iona] 10 ot i t ht dat a, aeroil ph.-
IortapIh soind Sit ,1 lIit t- Pat a CoI to et ion Si -,t ems (, aiotsar arid .OES) at e !-.-ittg -sod t o pot fotr :T -

qt dies. 1I is hop-It to itli -tsilv I!,, 's" or toli * ar-isi:rI; dat a inl rho, Iot fot jr when1 bmpt ."i
a-n. ial capst ili -, k tit-;it a] data aq i;i Iit In/iItt otr' It ion) ol, sat .1 lit dirit a] data inr .'tlea-

ion fac i I i irs> . ivailail.-l. Ii.'silrs, Th ti s so f S Pil data. t o,g-t !,- t wit ,Landsar -D and Niirt' is
rutS tod C il I a Ii lo I to p'.1t-firs --Utk Import I ltr st ido i . !I,, peti at iona I so. of Sat.] itoiti

Dat a Ct>.lrct ion aSst rs for the a!u;ai or !tint ion of elir ollr.r-l 10.t1t tr tl. dat a is hloi;
vat ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ p oto,1''11 rVri ts t itSt1. g~tiO lt1l wit li NASA Division! ixersidad 1.

(Ii ile.

* \N iW IC tiES(mi ' L'C AND E-NVIO N>ILNlA1. CoNDI ltNS

\r1 i--pol r i \rrat or ic fitetot . SetIlsiir;, Pt oilr itt iS.1l ]I, 1 in Antrit el ic F-,nrits ],i %it .

t I,' S;JrliSttS itO' itOf Chll-at \nri tct ic Inst it .tr' tn i' I \'.. art I~ tc Cit, tII, IN-XE]) 'arti Io hr-cOhi-

Oat andt sci -nt ific I-rtiati, of Far it at doI Ciiucas F isica v~' Mta ions, nix r'tsidads,i do Ei.
,,Fri.;. 1. \r it a F, Ci tx.f .f IIt oji rm). this Fto,-ra:-. a is I'' i airii trcrc ivt-st a) t o improve tII,,

kn:owl'-,' ot sn antrt ic tit ra] r-. Si lcoqs;-'' to irinpt (IV. 11, kri it;.f alit urct ic -ivit o,-".-nr al

ci(,it ions. III accoumpl is.ir r6.-s. it JIct iv-s I-i ' osini' t I C1t-ill WS at:. Itt :Sr-i Ind t tr 1 t I

(I-s.' 'at1 ior.I-I (spat ial , ar tia] andl t. V t iil I .! - I -r. cottsidtl,, d1. ti-ca sr nil aria] to-
"'1St IC dapilil ti V was avtil-l J.- :1t il I-1811 (! tIllro-r1 a s ini, t I I.- ii iipritr'-d I'N Etiliai .it tFotc-
int Kirr Oit . Is]and) and~ ITto cap'a-il it .V fot- ii trc, I ...... Tt i~l not' ;aI.I I i!, images in Irn' art-c ic ainti
n-sr rtit ions itt it.tit al tat a it roct'ssinj' 'Sxist rut -,%' I)ln, -"lpllasis .asi tivr-n I o t tie lll']loVMent of

an -so'it'a I rrr' of aIlit oiat ic is 'r olorgjc St it i-Iris (lta* a Col ,'Ct ion Plat forms) t tiat cend 1 1,, it
tl tiirotmetit a i a t .. Siant iitll via Iar anq ani I lIPS sat 'Il it , 5. NIS\ St at irn te ar Sari' ia,0 I t'-. S,

pir oK'i5s..s ant i list. t iu1t .'s t her itIt-%it ion Til INIt .itol niut siitrt Ili ttii (R,-miitr- Sr-tsini. S.-ct ionl).
ti.-rt, rot n,-\! :tr' 11)I2/83 at fa txi it ll isjo p i ' t 5 pti Oct 11 and im a,-,'s will t!- octl iinti ,v,-t

s-I-ct.I (I zon1' in Alittarctic P.-tiits. Is andi sat ('-Ili' -- itti,-'s wit I -'. lso -st in a t. laht Walt\.

Ill. II,~' jovNrnt of rti- .'-s]-rimril atett if ItT's ' -rat, in 1ii75( ant it s opr'rat iontal :So Cc Id
>eritll 'IV nI Iw. MusIo It ,fte pr,.! lr-ms ttia t tsv- l it i~t t,-11ia. , - - r.'I sot Ivr-d and~ act IitalI N, onlIrN sotr

;,I - ms l%;ith. tatI a q, a]I it I ( r.Itat -r d t o s,.ttsots Ili-s igtt S) anid r '-ha' le prnwr - s pplIv ( a rt'tt-in,-d , N-

sinit sitar atnd iwintd r'n-rr,,v, cont to] 1.-it1lv miclro-tisii will - sod) at'. rein,; f inish'. '-i

ftow. FirTMO eltt .l't ailsq on r tr,-sr' St (tIies, ptleas-, s.'- t,fr.'nc.'s 6, 7,8. As a rf'noT'eat Itsill it is

sdq~ -1- t . sav ' Itl act at] IV has tIr on ITi aitti'it a Ciltt iti s op-at iont of t irs,' DCPs alongi t he
idiol -- ~aT- and~ 'I, Is' da .1 a1;t it y is good wheti alit :at, - nqtolrs hay.' -oni -sr't. Fig, re 2 shiows I t r
ac' ait nIt of lx's. * P ring, s nmsor 1QS2/83 I hr final list nt-, J ion toil I ho : Itaso O'Hittitts, Pits.' liv

(W. Iti-l I So-a r'',st) , F'tnl t aStptint; (H'rrtlr'3 ti.) ant Blata SourI h. t his ertciorrtont al intformtal irn

-I Ih- v.'r'' rs'f !I for It.'] pinir; navigat ion in t his atra '-Ca s.' motre ace xte tsrt (-oroIlogc torre-
Casts witlI li tain.'d. \lris, Dli's at-. tat ttd,'' altrtng t hr' '-rar. Flint oq 1 and 2 sthow ttIIr-

tvprica I aspr,-cr of t tiso inst at tat inns . Final I V, Fig, rr' 3 sto..ws rI I' ope'rat io'aal sYstem t o he is'-d

itn in. at-ct ic PInins ;ta to. col tr'cr -rtvit rnnsnt at filt a Via sate'' lit. - t o accomprl isht the informat ittI

co lo ,,t tI liro r.h convent tonat searts. Thei Atit aret it, Regiozial Mreteo olorica1 Cent et Pres.- idrnt (-
Ft -i (Ma~r sh u~)wil I >o al-I. v o list rileS,' t his itfrfitmal ior r o at It li( con t Tries t hat ioi' it

I, is imror t ati, tor sav t litall it ttr'sr inst at ltat ins have !t-e,'n prerformes.d tv chilean tePchnical lot -

s~tt-I DN- i- f. isioti/live-r'ritat rit, Chile has C001-1 'ar ('d V'V Wr] 1). 1 ti , ial tl' cio..'ta ijoin
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of Comando Ant Art ico delI Ej~rcit o (Ant arctic Corp of ChilIean Army) has made poss it)le the difficulIt
oxpedit ions and inst allIat ions of DCPs 1by cross ing huindret hs kilomet ers thro-gh snow to reach Duse
Ray from Ot.Higgins Base. Also, the val, able cooperat ion of Antarctic Corps of Chilean Air Force
and NavY has made possible the inst al 1st ion of the other DCPs.

A.6.* SNOW-WATER RESOIRCES IN 1OS ANDES RANGE, CHILE

Ihs st idv of snow-wat er resources in Los Andes Range, Cent ral Zone of Chile, is very impor-
ant to make the snowmel t r 'noff forecasts because d ring the dry season (October-April) almost

atl t ti availa:ble wat et depends on snowtnelt int;. In t his wav these forecast s are very import ant
for agiIt(,, to-droeloctrnc powe-r getnerat ion, wateor s ppl v (pot able water, recreation, etc.).
thlere are tieo inst it A ions that riainlIy need to 0 ake these st dies: Ditecci6n General de Ag as,
Minist erio d'. Obras Pt ,I'icas (D[;:) and Empresa Nacional de Elet ricidad (ENDESA). DGA needs to
per fotis These at :iiis al oyb; the whole country and ENDESA only in those areas where hydroelectric
lacmq exist . r,, ii se of Satet iite Dat-a Collection Syst em is being foval ated ty bot h instituitions
and FXA has see rat DrPs installed in pilot 'asins in the Central-North and North Zones of Chile
(Ent,,s. Himirt e Peofi and Javier Nart~ona). the use of landsat images is also being evaluated to
at udv glaciers (Photo 3) and to improve st,owmelt ingl ruinoff forecasts. An agreement statulished
ho(tWVVen D(;\ (Engs. Humbert(, P,-tia and Javier Narb~ona) and Remote Sensing Section, Universidad de
Chile (n.M. \rava F.,* Chief of Project, and Eng,. Alejandro Fatfas) will allow to evaluiate the

sof fiIness of tandsat images for improving snowmet t forecasts * Three pilot basins (Elq-ii, Maipo
and N1eR iters) will !e :sod for those p -rposes (Figure 4) and the existing Landsat images data

auk blonging , to fI-,\ will be, emploved (images oltained onceevery month since 1977 to 1980). these
res. Its wil ,e pt 1 ished ',v ending, 11982. Anyway, the improved pirod ct a of Landsat -D and SPOT will
help errT m' ell to these stuIdies, above all the thermal bands of Landsat-D and the high resolt ion
SF! I[ ae that witlI altlow to vetrk at scales 1: 50,000 or more . Blesides, t he lateral view of SPOT
iilat-,i5 Wil 1 at lW to o!taiti -:al atl e, informat ion on,?itit do and it will give notre opport :nit ies to

o'tami rt'tai-i's wit ho :T c I oid coverage,( problems.

6.7. * GE0: tllR ,\l. RESir RCES IN IOS ANDES RANGE, CHILE

Import ant11 advan"ces have be'en obtained in the at dy of geothermal resources in Los Andes Range,
Chile, 'v sing" remote settsini,; t-chniq-ies. These- experiences have been pterformed with the valuable
coouperat ion oif Ser; -icia Aerofot ogram,!Irico do la Fuerza A~rea de Chile, SAF (Con. Hern~n Garcia,
Cots. R,'ti' Fontencau, Corr. Seriei Carrasco, Cnl. Jaime G;onizlez, Cap. Jan Espinoza, Cap. James
J ica, Sr.Cat los Vls-e z, Sg!. 11, ,c; at Garrido); Comit( i(,eote(rmico CORED (Geologist Rayn~indo
Pirac'!s) ; niv.ra-idaid de Chile ( Eng. Ma ricio Arava F., Chie-f of Project; Eng. Mario Pardo , Prof.
Vfct or lit an i) andtihe part ial sponsoring, of Servicio do. Di-sarrollo Cient ffico, -niversidad do
Chil'I. hoseq st dlies have te-n addressed to identification of -ji, oot hernal areas (prospect ion
stap'e) and dot a itl t le of previo;st v ident ified geot hertal fielIdr (exploration stage). Geo-
1itsIal ot gi % is viel ist rib. -tedi along lo0s Andes Range antI it can be -sod for different puirposes

(1 .ct ric lower ge,,nerat ion, I our ian and ot hers). Besides it is possile to int end to0 stabilish
curt at atiota tot w-en retgiiital gout ogy (at r :ct -ml feat urea s- ch as geologic fa it s and 1 inement5),
g,,ott-rsal act i-it y atid regional so isnicit v tv considering t he Plates theory for So!t h America. 1he

ia in i's Itsa olt tittod i,% now can te si nmarizo-d as follows.

El rttio geothermal field (Fig. 5) was selecteoi as a pilot area to evalutite the isefuilness -,f
air~rne reotesenorsin the st ?dy of geothermal fields already identified (exloainstg)

Becaulse this fi Id I ipresetted t he mstot advanced geot hernial project in Chile (a 30 MW power plant
is going, to be, ittstalled), more than 10 years s;tudied, it wo:Ild b)e possible to compare the remote
sensinig dat a with the exist ing, convent ional information, t'his was the first at -dy of geothermal
fields perforneil in Chile h-v sing, remote- sensing techniquevs (Eng. M. Arava and Gool. R . Piracc'a,
Chiefs of Project ) and veryv promising ron lta wire- obtained. A twin Ot ter airplane belonging to
S.A.F. remained abo t one weevk itt the field tunt it all the necessary information was obtained. -A
portatble field phot ographic tat'oratory was installed at Calama Airport, the up-rat ion center.* In
his waV it was possible( to dvelop the phol orraphs and imag~es in almost real time and so any gap

in the- photographic coverage or any specially interest ing detail could be flown again lo obtain
he desired addit ional informat ion. Resides, it was easier to btet ter plan the field verification

act ivit ies. A miiltihand camera (Bandsa AMII-1 o tiltue, 0.4-0.5 3n; AMB-2 or green, 0.5-0.6 is; AMB-3
or rod, 0.6-0.7 -it; AMB-4 or, near infrared, 0.7-0. 9 imi; approx.) and a thermal infrared scanner
(S-12 tan, tFtV' I,5 mihirad, RNS 0.250C) were :sed to make mosaics covering all the pilot zone. Pho-

o -54 shows att example of mtiliihand phot ographs attd Photo 5 shows some typical thermal images . In
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spite of these were analogic prodcts it was possible to obtain enlargements and enhancements (by
,sing color composite techniques and density slicing ones) to obtain results. Anyway, thermal ima-
ges wt're considered key elements for the e studies. Photo 6 shows a reduced thermal mosaic over
El Tatio and Fig :re 6 represents tile main str;ctiral feat .:res obtained mainly from these thermal
images. It was necessary to combine both products becaise thermal images had a deformation (stretch
ed along cross flight direction); besides, m Itiband photographs allowed to obtain color composites
to enhance certain features such as rocks, vegetation, salty soils and others. As a general con-
clussion, aerial tipnote sensing data represents a very val atle auxiliar tool to he used in the
first steps of the st idy of a geothermal field. This infoe'mation would be very usefLl to plan
the field geologic activit ies and important savinigs cold he obtained in terms of money and time.
Besides, thermal images give valiable information that could not be ottained throigh conventional
means. These products were obtaine-d at typical scales is 7,000 to 1: 20,000.

The ust of Landsat mjltisp(,ctral and m Itittemporal images in regional studies (prospection
st ag-e) to identify new geot hermal fi.Ids was s .ccessfiilly essaied in the Central Andes, Chile. A
me.t hodolo gy was det ermined Io ident ifv geothermal areas over snowed zones in los Andes Range,
Central Zone of Chile. the pilot area was selected near L-l Maulh Lagoon (abouit 300 km S-E from
Santiago) and [.a lnvernada lagoon (Fig. 7). Four l.andsat ittag.s, i elunging to different seasons,
wer,, acquitred at INPE, Basil (Sipt. 6, 1977; D c. (), 175; Apr. 19, 1978; Feb. 1, 1979). Color
composites were used for these qtt dies, at scales 1: 250,OOO. These products allowed to obtain
good spatial resolu:tion and good contras' to identify specific feat res over snowed areas (vege-
tation, water bodies, snowaclting; areas, etc.). :his methodololgy is based on the correlation of
permanent feit ;re (ge,,ologic fa,: ts and lin. uent s, volcanic atluct ures, ident ified geothermal fields,
zonnes of hydrot hermal alterat ion, topot;raphy, hydtolog;v) and variat le feat ires (temporal snow dis-
tritu:t ion speciallv near volcanic st rtiCtures, variat ions of water bodies and vegetation over sowed
areas). ile molt it emporal observat ion is very inpor t atit in t his net hodol ogy (Photo 7). Three st eps
n! Ist be foll owe-d t o obtain rest It s . 1) Compil at ion of j-,(ol olic ant tcedent s, t brough the exist ing
information attd also dnt-ii flom Landcat imagees (permanent featuts); 2) Analysis of varia:ile fea-
t :reS, specially near volcaniC areas (for instance, zone.s ihier liq iid water remains abnormally
ttliced diring cold season); 3) Integral analysis of the information obtained in steps I and 2, to
confirm or to discard t he forecasted ateas of pot ential ,giotitmaI activity (sometims it is ne-
cessary to verify in t ertait). It this pilot st ;IV all the foecasted zones were s:ccessfully
confirmed, iv usintg exist ingl data ol !,N terrain act ivit ies. Fig it 8 smmarizes the results ob-
tained in this experietnce. Ilis methodology does not ass a't 100'. rtliabtilitys it mainly allows
to identify water springs near volcanic areas and becatse of theit proximity to volcanic struc-
t-.ies and the- analysis of ot her parametq-s, it is possible t o forecast pot ent ial areas of geo -
thermal activity. Howev r this methodology allows to rt,duc, the area to bc ex)lored with more
detail (tltro. ,h air orne remote sensors). lhis pilot experience and its successf:l results allows
to think in thlie fasil itv to determine a gentoral methodology to 'e applied along the whole con-
try. ! he fut :re improved prod :ct s of Iandsat -D (t lhermal images) and SPOI (very high resolut ion
images) will allow to improve t his met hodology vet.

Based oln t ht posit ive es It s obtaint d ill pilot exper ienc(-s , a general met hodology valid
for t ht whole couint rv will be dttel vttmintd. Fit eot pilot zones (Fig. 9, Photo 8) will be studied
ltnks to the part ial spottsorin of Set viciott do Desar t ol1o Cient 1 fico, niversidad de Chile. lhe
finl ,gin ta I otj(ctiVes of this Irogram are : I) to atallish a permanent surveillance system on
volcini" activit v along Chile; 2) tot ,'lail! a ttatiotial cadaster on geothermal rUsourctis, scale
1: 250,000 (1mnimkim ; 3) to intnd to stablish model s to correlate regional geology (mainly faults
and lin.mtns), volcanism and regional seismicity. Three stages will be followed to accomplish
!hese ojctiv,,s: a) Experimental St ag, or I.andsat 1,2,3 data (1980/82) ; h) Semi-Operational
Stag,, or Landsat-D data (1982184) t ti, rmal images will accomplish the methodology; c) Operational
Stage, or 5Pt and Landsat-D data (sintce 19685) : very high resolution SPOT images will improve tile
met hodology. Besides, it is su-pposed t hat thte aerial capabilit y to acq ire and to process remote
sens in,; dat a wil 1 ie improved wit ti digit al acql;isit ion/processing devices ( t o allow more accuirate
st dies :y using only aerial data or combinat ion of a, rial and satellite prod-ct s).

ei. sam, products tsed in snow-wal er resources and geot hermal act ivit y st adies along Los
Andes Rangev can , used in I he st idy of regional geological feat tres (specially fault s, linement s
,sod volcanic st rict .res) t o stallish correlat iotts with otiher gephysic parameters (sluch as seismic
retgions along Chile). In tie case of Chile, se'ismicityv is mainly related to the tectonic inter-
action letwien Soutih America plate and Nazca plate. Collision of these plates gives origin to a
saitduct ion zone and a deep oceanic t rench parallel to tte Chilean coast (Pacific Ocean). Mountains
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like Los Andes , volcanic st utict !res and regional geology are associated also with this s!adiict ion

zone (Fig. 10). Seismic evidences indicate that the downgoing slab has different inclinations,
which will prodie zones with different seismic and volcanic characteristics. Barazangi and Isacks
(1076), using 1700 seismic events between latit des 09- 450 S and longit'ides between 60'- 85 W,
have delimited three major zones hetween 18*- 45* S for the stilducting plate, having different in-

clinations (Fig. 11). Consec ences of these phenomena are different seismicity and earlhiquake me-
chanisms for dift,-rent regions and no volcanic activity in the zone 26*- 330 S (and also, different

gt-omoi phologv). Seismic and volcanic zonificat ion is very import ant to eval :ate the potential
seismic atid vocanic hazards in every tegion (t his is very sefUl in civil engineering designs).
se of remotre sensing Itechniq-es will to very seful to accomplish this rel,ional zonification ,y

ident ifEying strficial geological paramet ers and trends related to volcanic act ivity and seismic
act i% , faIl i s. A ter r!t tl,-tst anilint-, anoit t ect onics st res- act inj; at t he sltdict ion zone ard

lih. associ tii'l stI.,(Il IlIes it-Itt-lilt -t t v lI!t- col 1 ision of the plat es can be o:,t ained 1v sin rentote
stsint techniqutes. A Iso cot -,lar ions of .art hqtakes and geology wit h volcanic and no-volcanic
zones wil I to t intended in tht. itext years. For more (let ails, please see References 9, 10, 11.

-,.. FNcI RoNEN . POi? "! ION, 'Ill\ !RAFFIC IND OThER PROBLEMS IN IERESIING 'A) CIVIl. EN;INEERIN(;

DES I (;NS

I cooperation a,,' .enrit sra'lished ltetween Servicio Aerofotogramtrico, SAF (Aerophotogram-
-ittric Sl vice of Chilean Air Force) arid Facultad de Ciencias Ftsicas v Matemdt icas, liniversidad
de Chil (RMOi- Setiirig Se lion, Eng. M. Arava, Chief of Project) has allowed to develop several
irlttstirg experitlces r, thuit-t to some important <rhIan protlems in Santiago, Chile. The object ivs
of ,he-it projilct s ,t.-r I -vtwI tip opr-at ienaI met hodologies 1o lie emploved in ft tire project s. The
va I ia-l, i- Ctoperat ion Of SAF (special lv Con. Hernan garca, Coi. Sergio Carrasco, Com. Rcn4 Fonte-

lea , Cril . .aim Gninalzez) lias mad , possille I develop t hse important experiences. Several re-
s-al c!is !rom -nivl, si de Chile also cooperated in r hese experiences (specialI v Eng. Jaiine
Gi: son, T,-.s-rch asssiT ant s Ne-I Iv N ssbais anti ht-drigo Fernandez).

h. ,e {if -I iii t iand camerl a anti I htrsma I infrared scanner, mo lnt ed on a SAF win Or t er air-
lane, has alliwed t " ,t ermitte ,asic plramet ers relat,-d to environmenlt al polllt ion. Potent lial

-, :,s Of 5M5;; (atI it.s i,'i iti' import ance) w-ere clearly identified in Ihermal images. A thermal
-a tiv'T a piltt zont. in -S-1 i ago has 1oon developed allowing for real i pdatied view of the different

let :t rc'-s ani it, r Iat ivi- cont I-ittion to at sospheric pollution. It canl he seen I hat residential
l-as ha':- t\eral sI I I bitt h oulrces (cims, etc.) meanwhile s rhs have a small numhtir of lig hot

cts (intd s ti-;. Poll I ion of wat etr st-1aMs cap also be citarlv ident ified t hrough therral
IKti.; Il dimtt ic i-s-cpllts have been col Iccted ovi' pilot zones in Santialo (Mapocho River). The

l teittolog- has showeid it s potential vali-l to icd, :iif- problems related ,,iding isolation

ld t!It ,lai, pottliti l tnt-jr
t 

sac lit; d :ringt wintr I ine. Photos ) and 10 show some examples of
I, p! ,.nos-trnas. I! hta ialso ti-n let ermined I lie alilit y of near infiar- spectral and (nmlt iband

c-,ia io p nit r tI , I it-!t! ,Oi. itoth 71 It i!and cammera and thirmat infrar, ,r scanner were vory -se-
tul in *!,-. pilot 01 udies. It is hopel that r hiea- f -re SPOT and Landsat-l pi oil cts will al low 1o

,, t,. I n atial Intd spat ial dat a Io perform more operat ional stmiits. Iesides, t he f it :r,-
iMtod t- it tpabtiti itv fur air iaI acj -is it ion/processing of multispecr ral data will also hell) to in-

- ttsl r1 t oS :o -Mot. :t'lsinig technoloytv in thest- st tidies and so to oitain tie best Ise of

- his capa-il i V.

h, se of conventional aerial t/W photographs has allowed to obtain very promising resilts
tin th,- ilnification and (I antifjest ion of irhan traffic flow problems. It has been possilile to
-stav a methodology to ,-aale -ehicle concentration and its temporal and spatial distriition at

peak Ito rs. A pilot circuit (Fit;. 12) in downtowt Santiago was choosen to evalm ate this methodology.
this area is specially congest,'d at the typical peak ho-irs (morning, midday and afternoon). Bea se
of light conditions (S-ptim',r- 1081) flie morning period was selected to perform this experience.
N SA .' [win oftfer airplat,, oltained B/W photographs (scale 1' 2,000 ,it 1: 10,000 comld lie also use-
f I) sine- 7:30 to u14 \. NI. 'he cir cit was repealed every 10-is Min it es and so aho t 8 photo -
gr, aphic stqit-net-s wet- it aineid for i.viry st te in the circii . l'his informat ion was used to 1, ild

T time-space diagra with vehicle isoconcentration curves. Congestion evolition along a specific
stet can lhe eval atd (in time and space) and tot tlenecks coild be clearly identified. Figs. 13a
and IlT show two examples for light vehicles in Avon e Bernardo 0lHiggins (East bound direction and
West loind direction). The vehicle concentration was measured for every block with signalised jinc-

tion. lhie congestion levil is given hy the numlier of vehicles/lane/km . In this way, all the iso-
density c rves having valts moire than 65 veh/km/lane represent abnormally congested levels. The
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tttxim-m congestionllee is represented 6v the isodonsitv curve 200 (that is 200 veb/kinhlane,
a!aout km for vehicl i' ). More sr dies will hie developed to evalluate the real potential of this

eit hodology in uritan Iraft ic problems. However, these preliminar results allow to think in the
au~re opet)' ional :qse of t his t echno~logy for solving dlifferent problems. For more details on

St dies, pleasece Ri fitnce 12.

7. CONCLI SSIONS

Remote sensing- techniques represent a vatluable. auxiliar tool to develop several studies re-
iated to tiffi tert disc iplines in Chile. Spat ial, aerial and( t orie,.trial observation levels are

!eit!); 15.11 !v now. lhi main needs are, Qreprsented !ly more expedite satellite images acquisition
and! improve'd dig.ital de vicesq to ptrocess spat ial and ;leii)al lispeciral data. However, import ant
im1pt ov-is lt at planed itn t his senrs, for 1982. Ae rial obiserva tion level is a key element in Chi-

du" 'o the special Iooaptcconditions of thie count ry. For this reason, the planned improve-
s vil !,( li rv impoirt ant for the int ensive- operat ional use of retmot e sensing technology in

Clhil' 1, ls ies-!, t h~e ne w f uture- itmproved landsat -Dl and SPOTr dat a will1 sat is fY almost all thle needs
for ! Ii tffel t nt Iules int tC h O ct rv. I i. t echniolog, ransforonce to -e performed by Chilean

Unt~tsi'i5 atnd or her tat ioral inst itut ions will also contrilut e to this progress.
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ADEQUATE TECHNOLOGY TRANSFERENCE
PERSSONEL PROPERLY TRAINED

DATA ACQUISITION DATA PRE-PROCESSING DATA INTERPRETATION
FACILIT I ES FAC IL IT I ES i-ACILI TIE S

S P A TIAL A N A LO0G I C ANALOGI C
(photographic laboratories) -- TECHNIQUES

A ER I A L

FIG. 1. Rasic li t in tw se of remot, setnsing, t echniques. Almost all these elements
artwiflng ds~ in Chi lean Remote Setis inr Program and import ant improvements at-are
p1lanned 1 fote endit, V)82.

ADcP 4"

~ ~ DCP 2

FIG. 2. Schetme of DCPs inst tI at ions in P11010 la. I ypical installat ion of DCP
Antarctic Peninsula (1982) . itt Ant arctic Peninsula (DCP 3,3l). rhe

mounting tower is fixed on rocks.
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11-.1pr T b'nal chm to c('11ort nntnt a at a ft-or remrote siti- in Antarctic
P niq Iah ii, Satziii' r Data Cob tion Sixstems (DCS).

)j

PH(TI P 1ic. Ant arctic scn asenfr(tie DC P
Sinstailiat ion ilt [)t( D v Wedel Sea Coast.

(iggins Blase , the exlrtonsatn center,
ir a!,o!,t 70 km 1ehind the moiintains.

PHOt(I 1h. INvpical DCP insta]llat ion in AntarcticPenins .1 a (D,,s- Bay). I it, big solar panels arc
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THE COLOMBIAN REMOTE SENSING PROGRAM

Eng. HERNAN RIVERA ii.

CENTRO INTERAMERICANO DE FOTOINTERPRETACION, CIAF

Bogota, Colombia

SUMMARY

This report describes the remote sensing ac-
tivities in the study and evaluation of natural
resources in Colombia, and at the same time' it
summarizes all the information related to these
activities, their use and development during the
last ten years, indicating the present situation
and placing special emphasis upon short range
plans and projects.

The first part of this report is focused on
making an analysis about the nature of the remote
sensing in Colombia and its use, afterwards the
experiences and accomplishments of CIAF in this
field.are introduced, and then, the relationship
of the Colombian Remote Sensing Program vs. other
national plans for development is described. The
main plans we refer to are: Plan de Integracion
Nacional, "PIN ' , Programs de Desarrollo Rural In-
tegrado, "DRI", Plan Nacional de Alimentacion y
Nutricion "PAN"' and Politica Nacional de Ciencia
y Tecnologia. The goals and organization of the
program are presented in the last part of this
report, together with the description of those
activities deemed necessary for performing them.

1. BACKGROUND OF TIlE PROJECT

1.1 Introducion

As a result of the activities performed by CIAF for the last fifteen years,
in the field of remote sensing training and research, the First Symposium on
Remote Sensing was organized in July, 1981 which objectives are presented on the
following pages.

In several seminars and meetings at international level, it has been con-
cluded that the techniques of the remote perception are useful in the sectorial
and multidisciplinary surveys, and in the monitoring and dynamic processes and
their development. Likewise, the establishment of Latin-American Training
Centers has been recommended, in order that those centers may provide the
double function of advising and promoting information related to the remote
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sensing, strenghtening the present capacity and developing it towards Regional
Training Centers with financial and technological support of international or-
ganizations.

There is also the fact that in all the meetings at a regional level the
common aim to recommend the formulation of national plans of remote sensing
has been evident, basing same on the training of technical personnel, mainly at
those regional centers already in existence and making the Official Entities,
i.e. top executives the National Planning Office, and other Decision Making
people, well aware of the potential remote sensing techniques offer.

CIAF counts with very highly specialized people for the fulfillment of
most of its objectives in the training of personnel at a regional level. This
is the reason why the formulation of a plan at a national and regional level
becomes essential, so policies at a long, medium and short range may be designed
to accomplish program of technical training, advisory and research, hoping
positively that by these means the national and regional shortcomings on remote
perception may be overcomed, and that through the application of its techniqucs,
the solution of some of the problems of the country may be found.

1.2 Application of the Remote Perception Techniques in Colombia

From tie great variety of systems of remote perception existing at present
in the world, Colombia mainly uses aerial photography, radar imagery and Land-
sat imagery. The last two techniques have not obtained in Colombia the usage
and importance received from other Latin-American countries, due to the fol-
lowing reasons:

a. The incidence of tropical conditions of the Colombian territory in regards
to atmospheric limitations, difficults the coverage of this type of
imagery.

h. The limitation in the coverage of the Landsat existing Reception Station.
However the antenna located in Brasil covers the Southeast part of Colom-
bia, while the rest of the country is left within far angles which
handicaps the obtaining of imagery of good quality. This means that if it
is not possible to obtain in real time, imagery of good quality, it could
he obtained from NASA "in deferred".

c. The absence of an agreement with NASA, by means of which it could be
provided that when the Satellite crosses over Colombia it may register the
necessary informaition, forwarding it to the nearest Reception Station.

d. The availability of basic information on natural resources, which could be
compared with that obtainable from the Landsat imagery interpretation, by
simple conventional methods.

e. The absence of the appropriate equipment which permits digital processing
of the imagery in order to derive satisfactory results.

f. The lack of an adequate information at a level of Decision Making Officers
on the possibilities, limitations and the actual potential of remote sen-
sing.

Notwithstanding the foregoing considerations, Colombia has not been behind
on the use and research of this new technology. The scientific interest of a
group of specialized professionals, the large number of Colombian personnel
formed skilfully by ClAF through fourteen years of hard work and the display of
its technological proficiency at a world wide level, have given CIAF the op-
portunity to be asked to take care of some very important jobs of applied
research.
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The technology of the LANDSAT system has generated a lot of interest at a
scientific and technological level due to the most recent and important ap-
plications of its imagery for the evaluation of agriculture crops, monitoring
forestral resources and Wild life, definition of limits among vegetable com-
munities, detection of thermal anomalies, environment protection, marine
resources and seaside engineering, studies of dynamic processes, etc.

With the cooperation of other local organisms, CIAF organized in July 1981,
the First Colombian Symposium on Remote Sensors. The specific objectives of
this Symposium were:

a. To present an up-dated information on remote sensors and their technical
expectations at a short and medium range.

b. To analize at a World-wide level the present and potential status of the
applications of remote sensing.

c. To analize the present status of teaching, research, application and scope
of the renote sensing use in Colombia for the study of the environment and
natural resources.

d. To present criteria for the selection of technical systems of remote sen-
sing for specific iurposes.

e. To suggest integration plans for the interchange of experience and data in
order to establish a National Program of Remote Sensing.

The most outstanding recommendation of this Symposium was the "Establishing
of a Center for the Image Processing", preferrably within the frame of the
cxist inIZ Colombian inst itut ions.

lhe development of Colombia depends on a large scale of its natural resour-
ces development, such as the agriculture, forestry and cattle. In order to
have a better use of these resources, it is necessary to evaluate and to inven-
tory them, and to begin programs for the better handling and use of soils, in
order to finally accomplish an improvement on the present yields.

A systematic reliable and opportune information is necessary to develop
net, resources or to improve the exploitation of those developed at present.
Such an information at its different stages of detail may be obtained esta-
blishing a national information system about the agriculture and cattle resour-
ces. It is very important then, to enforce an intensive use of the different
techniques on remote sensing such as aerial photography, infrared photography,
radar and satellite imagery.

There is a big gap in the use of remote sensing data, due to technological
differences, between the developing countries and developed ones. The formers
need to improve their practical knowledge on the use of remote sensing and to
apply the experiences and research accomplished by the developed countries,
mainly on the surveying of agricultural resources, crop prediction, detection
of plagues and other afflictions of the agriculture, farming census, changes in
the use of soils, etc.

The determination of homogeneous regions would constitute an important
starting point, as it is expected that through the permanent and intensive use
of the information derived from an image of satellite, radar or aerial photo-
graphy, to continue the evaluation of the different resources and their
changes is possible, as well as, to make a nimble and actual planning of cattle
and agriculture, within each one of those regions already delimited and charac-
teri.ed.
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The explosion of world-wide information on remote sensing has led many of-
ficial institutions and private advisors to request concrete information from
CIAF, as to the potential and limitations of the remote sensing on studies of
natural resources. The establishment of a National Program on Remote Sensing
would come as a logical complement to the Post-Graduate Courses in Photo-
interpretation, as at the same time this program is in charge of carrying out
a vigorous research plan as to how to apply remote sensing in different dis-
ciplines. lhe results of the research will serve as the basic material for
courses in the application of high quality remote sensing at a Master's Degree
level, and as a basis to solve inquiries and to make decisions on how to apply
this technology in different projects of data collection or research as to the
nature and type of the environment.

2. ANTILECE[ITNTS OP T Pi INSTITUTION

2.1 legal Background

The Centro Interamericano de Fotointerpretacion, CIAF, was created by
Presidential Decree 1113 on June 10, 1967.

?.2 Nature, Objectives, Functions and Structure

CLA:F is a public right non-profit organization with autonomous legal
solicitorship, administration and budget. A decentralized public institution,
branch of the Ministry of Public Works and Transport, operated under methods of
bus iness administ ration.

he ob iective of ClAF is to carry out plans, programs, academic projects
of research and advisory on photogrammetry, interpretation and use of imagery
of the earth surface, as to the development of natural resources both renewable
and non-renewable and their use in forestry, geology, geography, in the clas-
sification and design of agrictltural soils and design and construction of civil

-ork and other earth sciences.

In order to carry out the objectives mentioned above, CIAF develops the
following functions:

a. To organize and give out courses for graduated personnel, in order to grant
them -post-graduate degrees-.

b. To organize and give out courses for people who due to their work, need to
acquire photogrammetric knowledge, techniques of interpretation of the
earth surface imagery, through the use of both scientific and technological
resources, to be applied to the earth sciences.

c. To organize and give out courses and seminars to update professionals or
intermediate level personnel, in the use of advanced technology in areas
referred to above.

d. To promote and develop, through programs and projects the use and ap-
plication of photogrammetry earth surface imagery interpretation, to the
development of natural resources, both renewable and non-renewable on
behalf of the national economy.

e. lo design and develop research in the aforementioned fields, both for
academic purposes, as well as to take care of legal advisory services for
national and foreign entities.
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f. To promote information on CIAF research accomplishments on soil studies,
and other areas related to its work, to expand cientific service infor-
mation.

g. To procure the increasing of investments from private and public sectors,
or from national or foreign sources, to support the development of
programs and projects of research, academical training, implementation of
services on areas of CIAF concern.

h. To furnish technical assistance to all those research and development
projects requiring the technological and scientific resources of photo-
grammetry and photointerpretation, on behalf of the economy of Colombia.

The following chart shows the Administrative Internal Structural of CIAF.

2.3 Technical Administrative and Supporting Personnel

CIAF staff is compound by 30 specialized professionals distributed among
the Technical Offices and Units, besides those 4 of the Administrative area,
and 34 assistants.

2.4 PhisicaL Resources

ClAF buildings for administration, classrooms library, laboratories,
research and services in general cover an area of 4.000 m2 . In due course an
additional 400 m 2 area will be assigned specifically for digital processing of
imagery and its relative laboratory.

2.4.1 Equipment

CIAF counts with a modern equipment for photogrammetry and interpretation,
in addition to photographic laboratories, however for the National Program on
Remote Sensing, and to improve the teaching facilities, CIAF needs to acquire
an adequate equipment of digital processing imagery, and relative photographic
laboratory. As transportation means CIAF counts with 12 vehicles mostly as-
signed to the field werk of research-experts and students.

2.4.2 Bibliographic Facilities

CIAF Publication and Information Office counts with 15.000 units, formed
by books, magazines, bulletins, maps, summaries, etc.

2.5 Institutional Experience

The Centro Interamericano de Fotointerpretacion, CIAF, was developed due
to the interest of both Dutch and Colombian Governments to establish an ins-
titution that would offer training and advanced courses in the use of aerial
photography on the competitive and comparative basis of that of the Internatio-
nal Institute for Aerial Surveys and Earth Science, ITC, for professionals, in-
vestigators and teachers, working for the development of the Latin American
countries natural resources.

The Dutch Government entrusted ITC for the development and operation of
the CAF Project. Accordingly, towards the end of 1967 arrived in Colombia
Officers and Professors from ITC, to put into execution the courses organi-
zation and the setting up of the technical equipment. During the length of
the project all these people were in charge of the initial phase of the

47



w 
£4

or 0~

I.--

0 
- 1-

2 h

0 t

I

44



academic work, while the Colombian counterpart personnel attended to tile fore-
seen training courses in Holland. Gradually, as the project got on its way,
the Colombian technicians were taking charge of the organization and direction
of courses, as well as of other activities closely related to the objectives
of the programs. Today CIAI counts with lolland financial assistance for
scholarships granted to latin American and Colombian students, and academical
technical assistance of ITC experts for the geology and geomorphology areas.

it is necessary to mention that ITC-CIAF Project did not foresee the es-
tablishment of permanent links between the two institutions, after the com-
pletion of same, however quite a few events have been performed .Jointly. At
present CIAF-ITC are well aware of the need to re-establish a mutual cooper-
ation by means of a new agreement, that will be settled in 1983 and detailed
under numeral 2.7.

It is important to point out that CIAF is accomplishing an important roll
as a regional level institution, and as a link among Latin American countries.
About a o5, of the professionals attending CI.\F cou "-s, come from othel Latin
American countries different from Colombia.

2.5.1 Regular Courses

Since 1908 ClIAF has offered courses on I hotointerpretaion and Remote
Sensing, applied to Forestry, lngineering, (eolocy and Soils, with a length of
nine months. Since 1972 a course in Photogram retry and lhotointerpretation ap-
plied to Civil Engineering has been offered, and since 1981 there is available
a program on Photointerpretation and Remote Sensing for Regional Surveys. Over
600 students from 22 countries have attended to CIA training courses.

2.5.2 Special Courses

(:AI: has short term specialized courses to give inst ruction in the use and
application of remote sens ing to technician; and professionals, , ho due to
their work, need to up-date their knowledge. Such courses last from one to
sixteen weeks and up to nol,, over 1.400 people have attended to them.

[he themes of tile speciali:ed courses refer to the follot,ing applications:
C.adastral Survey, Civil Engineering, Forestry, Geology, Soils, Geomorphology,
Archeologv, Road lesign, -;a I traphy, Radargrametr 
Radar Imagery Interpretation, [hotop rimmctry for lechnicians in tile general use
of information on Remote Sensing. All courses offered by CIAF are full time.

S. Research

Several research johb have been performed to prove the usefulness of
Remote Sensing in studies and surveying of Forestry, Geology, Ilydrology , Phs i 0-
graphy and E.daphology fields. le results of this work have been published
either in Cl1AF magazine, or in internal fu l letins of the institution. Some o.
the research data accomplished have been presented in scientific and profes-
sional congresses.

2.5.4 Consu l tancy

CIAF has been giving technical as-istanice in fields of its specialization,
to different national projects and providing l, ith advisory services to other
Latin-American countries and international organisms. Due to the policy issued
by tihe Ministry of PubliC Wtorks and Transport, from 1981 on, CI.F has increased
considerably its technical assistance, policy that nevertheless is included

49



within its objectives and functions. Some of the most important projects
developed up to now are:

a. Proyecto Radar del Amazonas, PRORADAM, directed to explore mineral and
forestal resources and soils of Colombia Amazonia.

b. For countries members of the PACTO ANDINO, it was developed a methodology
for the Survey of Tropical Rain Forest.

c. Institute Nacional do los Recursos Naturales Renovables y del Anbiente,
INDERENA. The supervision for taking aerial photography of the Magdalena
Valley, to estimate the volumes of floods and to evaluate physical
resources.

d. Ferrocarriles Nacionales do Colombia. Preliminary projects and explo-
ration studies in several railroad lines, through aerial photography.

e. Federacion Nacional do Cafeteros do Colombia. Selection of scales and
films, to carry out the national coffee census.

f. Instituto Colombiano de Ilidrologia, Meteorologia y Adecuacion do Tierras,
HIAT. Several studies for the project "Plan do Regulacion Fluvial y De-
fensa contra las Inundaciones". (Plan of Fluvial Regulation and Defense
Against Floods).

g. Ministerio do Agricultura (Oficina do Plancamiento del Sector Agropecuario).
To characterize homogeneous areas through the use of remote sensing
imagery in order to establish the most adequate methodology for the National
Agriculture-Cattle Census.

h. Ministerio do Obras Publicas y Transporte. Carrying out studies of road
projects, offering advice in the techniques of photogrammetry, photoin-
terpretation and remote sensing.

i. Interconexion Electrica S.A. Consultation on photogrammetry, interpreta-
tion and use of imagery of the earth surface for the different types of
hydrological and energetic development.

j. Corporaciones Regionales del Cauca, de la Sabana do Bogota, y del Tolima.
Physical inventory of the hydrographic basins.

k. Organizacion do los Estados Americanos, OEA. Advisory and technical as-
sistance for soils surveys studies, selection of dam construction sites,
infraestructure studies for carrying out geological-mining inventories.

1. Institute interamericano do Cooperacion para la Agricultura, IICA. An
evaluation of the present condition of the Remote Sensing in Latin
America.

There is at present a cooperation, consulting, technical assistance and
professional help agreement with the Centro do Levantamientos Integrados de
Recursos Naturales per Sonsores Remotos (CL1RSEN) for surveying through radar
imagery in the Republic of Ecuador.

2.5.5 Publications

CIAF has produced about 300 technical documents distributed among books,
technical reports, class notes, summaries, instruction for field work, etc.
Some of the books produced by CIAF are being used as texts in several univer-
sities and technical institutes. CIAF publishes a yearly scientific magazine,
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distributed at a continental level, with articles on remote sensing, photo-
grammetry and photointerpretation, which serves as a means of communication
between CIA: and other Latin American organizations.

2.5.6 Other Activities

CIA1 has cooperated and participated in the organization of seminars and
scientific meetings at a national and international level, such as the fol-
lowing:

1972 - Seminar on Radar Imagery

1978 - Seminar on Remote Sensing and Photointerpretation offered tu Profes-
sors of Colombian Universities.

1979 - 1i International Seminar on Remote Sensing and Decision Making.

1980 - i Seminar on the Quaternary of Colombia

1981 - Meeting of Experts on Erosion Processes of the Northern Andes

1981 - I Colombian Symposium on Remote Sensing.

likewise, several experts from CIAF have attended to national and inter-

national meetings, seminars, presenting and discussing the accomplishments of

CIAF methodology and research work.

2.6 Relation of the Program vs. other National Development Plans

2.o.l Plan de Integrzcion Nacional "PIN"

(National Integration Plan "PIN")

The specific goals of this plan are:

a. Economic decentralization and regional autonomy.

b. rransportation and communication system development.

C. Development of the mining and energetic sector.

d. Development of a new social strategy.

The general aim is to seek a better rationalization in the resources use,
producing favourable conditions for their exploitation by the private sector,
through an integral policy, according to the general social interest, and in-
creasing the State action in areas where the marketing mechanisms do not
produce the best results.

This strategy will be focused on three main points:

a. Forestry development

b. Fishing and agriculture

c. Better use of hydrographic basins.

51



2.6.2 Programa de Desarrollo Rural Integrado "DRI"

(Integrated Rural Development Program "DRI")

The main objectives of this program are the following:

a. Improve agriculture and cattle production, specially in massive consumption
food, increasing productivity in areas being exploited at present.

b. Increase the small farmers income.

c. Create new sources of productive jobs in the agriculture sub-sector.

d. Expedite access to the marketing of products and services, through cons-
truction of roads and improvement of commercial systems.

e. Increase living conditions of small farmers, offering them basic health
services, education, nutrition, drinkable water, housing improvement.

f. Promote the organization and community participation on self sustained
development, crcating users commitees at a level of very small rural com-
munities and towns.

2.6.3 Plan N:tcional de Alimentacion v Nutricion "PAN"

(National Food and Nutrition Plan "PAN")

This plan is considered as a strategy for improving the present food and
nutrition conditions of the Colombian population, specially the most vulnerable
groups, through the coordination of more than 18 State entities, working at
present in this project, closely joined by the private production sector and the
open participation of those communities being favoured with the plan.

The analysis of the food and nutrition situation of the Colombian popul-
ation, reveals three areas requiring particular attention:

a. 1o overcome the so-called "Food Cap" originated by the existing difference
between the availability of food and the consumer's demands, particularly
in the most affected population level.

1. The improvement of health status and environment conditions of rural and
marginal city population, giving particular attention to the children.

c. The permanent and systematic control of food and nutrition situation of
Colombian population, establishing an information system to indentify op-
portunately those situations that might endanger the nutritional con-
dition of the population.

The Plan Nacional de Alimentacion y Nutricion "PAN", which coordination is
under the responsibility of Departamento Nacional do Planeacion, integrates and
organizes all the activities of the different private and public organisms in
those fields identified as of prime importance, in order to fulfill the
proposed objectives.

2.6.4 Technology and Science Policy

The general objective of the scientific and technological development
policy is the application of science and technolegy to the strengthening of
the productive sector entailed with programs of development designed by the
State. Working towards this goal, a solid national investigative capacity will
be sought, stimulating an ample process of technological innovation in Colombia.
To accomplish this objective a strategy has been designed, including the fol-
lowing:
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a. To develop programs directed to the strengthening of the productive sector
capacity to evaluate, select and assimilate the technology demanded by this
sector.

b. To promote the transference and diffusion of technology, from both foreign
and domestic sources, to the productive sector, aiming to expedite the
adequation and adaptation of this technology to the needs of the country.

c. To vinculate the scientific technological development programs with the
sectorial development of the Plan Nacional de Integracion "PIN" such as
the agriculture cattle policy, food system and the energy, education, in-
dustry and natural renewable resources sectors.

d. To develop programs directed towards the selective strengthening of the
national infra-structure in science and technology, through the promotion
of research, the support of institutions that may give a contribution in
this field, and the development and improvement of the human resources the
country needs for these activities.

2.7 Other Foreign Cooperation

2.7.1 Project CI.AF-1IC of Iolland

[he Covernment of the Netherlands, through its Minister of Cooperation for
Development, on quite a fe, occasions has confirmed its decisive support to the
availability of higher education mainly at institutions like CIAF, located within
developing countries. Such a support comes together with a broad transference
of the Dutch highly specialized experience and technology.

CIAF has already pre.:entcd a proposal which perfectly fits within these
guidelines:

a. To support and strengthen CIAF education programs in order to reach a level
of proficiency compared with those of IIC Holland.

b. "o exchange experience not only in the academic aspect but in the criteria
to adopt when identifying the users requirements, and at the same time to
establish a consistent evaluation of academic and research performance in
both institutions. The exchange of experiences should take place as an ex-
tension of the seminar foreseen above, for three days allowing the time
deemed necessary to prepare the relative documents.

c. Fo transfer knowledge and t.'chnology from I]C to CIAF in order to contribute
to the strengthening of ClA]: education program which is closely related to
the development of Colombia.

d. To design and execute joint research CIAF-ITC programs, seeking their im-
proved applicability on further development and accomplishments of both
institutions.

e. Fo sponsor and support with ITC experts, all advisory work undertaken by
CIAF.

f. To reestablish the relationship and cooperation between CIAF-ITC on a per-
manent and well programmed basis.

2.7.2 Project CIAF-INDERENA-0niversity of North Dakota

INDERENA completed very recently, a very important regional study in the
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area of the Magdalena River Delta. A period of five years was necessary to
obtain several forms of thematic data, required for INDERENA program of environ-
mental pursuiting and eco-development monitoring.

The employment of modern techniques such as Remote Sensing and Digital Data
from Satellite, could have reduced time and expenditure in the obtaining of such
data, and even more, the analysis or use of the same could be drastically sim-
plified if this data was introduced to an appropriate Geographic Information
System "GIS".

This proposal gives the development, testing and transference of a computer
software, necessary for the performance of a GIS system, specially adapted to
satisfy INDERENA-CIAF needs. This procedure would include the introduction and
use of all data compiled by INDERENA for the region of the Magdalena River under
study.

Since the (IS has been developed at University of North Dakota Institute
for Remote Sensing, "UNDIRS", the INDERENA thematic data for this study of the
Magdalena River will be introduced to that system where it will be immediately
utilized for the development of the GIS users testing techniques and methodology.

the main objectives of this project are:

a. To determine to which extent the information from the Landsat may provide
thematic data for INDERENA/CIAF.

b. To develop a CIS in order to satisfy INDERENA/CIAF data handling needs such
as storing and updating of environmental economic data analysis.

c. To transfer the required technology to INDERENA/CIAF in Bogota, for future
Use.

2.7.3 Other Projects

Besides the foreign cooperation programs previously described, CIAF main-
tains research and academic support agreements with the Instituto de Investiga-
ciones Geologico-Mineras "INGEOMINAS", Universidad de Los Andes, Universidad
Distrital, Universidad del Cauca and Universidad del Tolima.

3. OBJICTIVIS OF TIlE PROGRAM

The direct objective of the Programa Nacional de Sensores Remotos will be
to improve the CIAF efficiency in the field of remote sensing through the fol-
lowing means:

a. Providing training to all personnel necessary for the development of the
project.

h. Organizing symposiums, congresses, meetings and other activities on remote
sensing.

c. Promoting and developing at a national and international level, short
courses on the principles and applications of the remote sensing techniques
in different disciplines.

d. Designing, promoting and fulfilling advanced courses, at a national and in-
ternational level, granting the title of "Master of Science on Remote Sen-
sing" with emphasis on soils, forestry, geology, civil engineering and
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regional surveying. The agreements "CIAF-National University", "CIAF-
Distrital University", "CIAF-University of North Dakota", will permit the
implementation of this program.

e. Strengthening and mainteining the CIAF educative programs to a level of
quality and proficiency as those from ITC.

f. Establishing agreements with computing centers and faculties of System
Engineering in order to prosecute research and development projects on
processing and digitalization of remote sensed imagery as well as on
design and implementation of georeferenced data base.

g. Investigating technical and economical feasibility for the establishment
of a reception station of remote sensed imagery, placed within a country
of the north area of South America.

h. Establishing and operating an advisory center to perform special works,
studies and research on natural resources, using remote sensing tech-
niques.

The final objectives of the proposed program, which are the results of
conclusions, recommendations, and work experience of this technical cooperation
project are:

a. *ro contribute to the improvement of agriculture production.

b. TD contribute to the improvement of techniques to detect and control
plagues of the crops.

c. To contribute to the development of fishing and aquiculture.

d. To contribute to the urban and regional development.

e. To produce thematic maping for the development of projects of agriculture
sectors, food and natural resources.

f. To develop technological specifications and methodology for analysis, in-
ventories, diagnosis of natural resources renewable and non-renewable.

g. To cooperate with the energy and mining development.

h. To train Colombian and foreign experts and professionals in the basic tech-
niques and methodology for research and evaluation of physical resources
through remote sensing.

i. To train Colombian and foreign experts and professionals in the basic
methodology and techniques of research and evaluation of non-renewable
natural resources.

4. DESCRIPTION OF TlE PROGRAM

4.1 Direct Results

4.1.1 Reports

4.1.2 Cartographic Products

4.1.3 Research

4.1.4 Training
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4. 1.5 Plant Facilities

4.1.6 Bibliographic Resources

4.1.7 Equipment

4.1.8 Materials

4 .2 Activities

4 .3 Time Table

5. PROGRM ORGANIZATION

The setting-up, planning, administration and supervision of the activities
would be under the responsibility of:

CIAF Gencral Iirector

CIAF Technical-Scientific Sub-Director

CI\F Remote Sensing Program Coordinator

BiP Representative in Colombia
Departamento Nacional de Planeacion Representative.

For -he development and fulfillment of the research projects and advisory

on remote sensing, the following executives will be responsible:

'I.%F Remote Sensing Prog ram Coordinator
*.C!F\F Professional lechnicians

CI.AF Photography lechnician

Equipment Operator.

For the agreements of consultation there will also be technical profes-
sionals from the interested parties, who, together with the Coordinator of the
Remote Sensing Program, will be responsible for the fulfillment of the different
stages included in the agreement. They will submit periodical reports about the
project advancement to the General l)irector of CIAF, to the Technical Sub-
Director and to the Representative of the participating firm. The human and
physical resources required for the consultation proiect, available at CIAF but
not attached to the National Remote Sensing Program, will be provided and super-
vised by CIAF own Consultation Office.

Besides the technicians from ClAF, an expert from ITC will participate in
the selection of the image digital processing system, and the photographic
laboratory. This participation of ITC is very important inasmuch as they count
with enough knowledge and experience in this field, while in Colombia a similar
equipment does not exist so far.

In regards to reports, publications, bibliographic resources and related
activities, the CIAF Office for Information and Publishing will take care of
the whole coordination.
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The setting-up, planning, development, administration and supervision of
the "Master of Science in Remote Sensing Program", with the different speciali-
zations, will be under the responsibility of:

The General Director of CIAF

The Technical Scientific Sub-Director of CIAF

*The Coordinator of the Remote Sensing Program

The Coordinator of the Master of Science in Remote Sensing Program

.A Representative from the University or Universities with which the
"Specializatior Agreement" may be established.

A Representative from the Instituto Colombiano para el Fomento de la
hducaci6n Superior "ICFES".

The final report on the scope and performance of the National Program on
Remote Sensing will he introduced to the Departmento Nacional de Planeacion
tlIl), as well as to all other local and foreign institutions participating on it.

BUDGET OF1 Till. PROG;RAM

The total worth of the project is estimated in US$ 5'000,000. It is expected
that the financing of the program may be achieved through international loans,
C[At: os n resources, and additional contribution from the Colombian Government.

8. JUSTIFICATION OF !'!I PROGRAM

through the development of this project CIAF will be able to satisfy the
folloting needs:

a. To have va ilable in a permanent basis a National Program on Remote Sensing,
which oriented appropriately by C I.1F will permit the coordination of all
those activities developed by different national institutions in the field
of remote perception, aoiding in that way, duplication of efforts and
re sourices .

b. lrain:ng and refreshing courses for the CIAFT technical personnel, at dif-
ferent levels and with the participation of all the academical sectors of
the institution.

c. Fraining of foreign and local technicians through a program of studies at
a "Master of Science in Remote Sensing" level.

d. Training to former students of CIAF through intensive courses.

e. Participation of technicians in a great number of international events,
such as conferences, symposiums, forums, etc. which altogether wili allow
them the updating of their knowledge in a very aspect of the remote per-
ception field.

f. The scientific research on food production, agriculture, aquiculture,
renewable and non-renewable resources, which are areas ot essential im-
portance both for Colombia and Latin America.
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g. Multiplication and transference at a Latin American level of the innovation
process and the promotion of techniques related with the remote sensing and
their applications.

h. Integration with different local and foreign entities, allowing the constant
interchange of knowledge and experiences.

i. Updating of the library, acquiring a large supply of specialized magazines,
books, etc. and by the contribution of the reports and publications origi-
nated along the development of the present project.

j. To acquire the appropriate equipment for the processing of imagery and
photography.

k. To entail very highly qualified specialists with the Remote Sensing Program.

CIAF demands the essential cooperation of BID because its own available
physical, economical and human resources are not enough for the fulfillment of
the future needs of the institution and the country in the field of remote
sensing.

On the other hand, CIAF considers that the support of BID is actually an in-
vestment, because while the project is in force (five years) and after its com-
pletion, the multiplicating effects obtained by CIAF at a Latin American level
will reduce the costs, due to the experience and accomplishments of unpredict-
able value, for both Colombia and other countr.ies of the region.
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APPLICATIONS OF SATELLITE REMOTE SENSING FOR
U.S. CROP ACREAGE ESTIMATION, 1980-81 RESULTS

JAMES W. MERGERSON
0GEORGE A. HANUSCHAK

PAUL W. COOK

Remote Sensing Branch
Statistical Research Division
Statistical Reporting Service

U.S. Department of Agriculture
Washiingn, D. C., USA

ABSTRACT

As part of the AgRISTARS (Agriculture and Resources Inventory Surveys through Aerospace Remote
Sensing) DCLC (Domestic Crops and Land Cover) project, the Remote Sensing Branch (RSB) of the
Statistical Reporting Service (SRS) is investigating the operational use of LANDSAT data in an applied
research mode.

Currently, six States (Kansas, Missouri, Oklahoma, f]inois, Colorado,and Iowa) are participating in the
project. The primary objective is to provide timely, more precise crop area estimates for major crops in
selected States. The SRS approach is to use ground gathered June Enumerative Survey (JES) data in
conjunction with LANDSAT data to improve the precision of crop area estimates.

This paper presents an overview of SRS, the SRS Remote Sensing Environment, project
implementation, costs, contributions and project results.,

1. THE SRS STRUCTURE 5/

An agricultural producer today is a combination of highly skilled technician and executive who
frequently must apply corsiderable expertise and make demanding decisions such as a manager of a factory
or other business would have tr) do. To operate efficiently, effectively and profitably, farmers, ranchers,
and others in agriculture require accurate and timely information, and reliable evaluations concerning
production, supplies, prices, exports, weather and other inputs.

SRS provides the channel for the orderly flow of this intelligence about the agricultural economy of
the United States of America (USA). This agency is responsible for the National and State crop area
estimates and other agricultural statistics as well as the coordination and improvement of the United States
Department of Agricultures (USDA's statistics program. SRS is also concerned with statistical research
and methods to improve gathering, evaluating, and processing infccmation.

The agency also performs technical assgnments for other Federal and State agencies in addition to
limited services for agriculturally related private firms on a reimbursable or advance payment basis. The
services provided consist of Surveys and data collection activities. SRS also participates in the Agency for
International Develvpment's (AID) foreign visitor training program and provides technical consultation and
suport to developing countries in implementing agricultural estimating programs.

SRS has served agriculture for over a century under vario s organizational titles. Tasks and
procedures have changed continually over the years to accom modate changing needs. SRS is a broad-based
non-palicymaking organization headquartered in Washingon, DC. The agency conssts of a Crop Reporting
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Board, State Statistical Division, Estimates Division, Survev Division, and Statistical Research Division. An
oraanizational chart is shown in Fiaure 1.

The State Statistical Division consists Of 44 State Statistical Offices (SSO'.4; one office serves the six
New Enrland States (Maine, New Hampshire, Vermont, Massachusetts, Connecticut, and Rhode Island) and
the Maryland Office also serves Delaware. This decentralized approach for makinq estimates is based on
the assumption that statisticians located in the SSO's can best adapt qeneral orocedures to the varied local
circumstances and have a far better orasp of reqional conditions affectino aariculture.

The SSO's are the orimarv data collectina, orocessina, evaluatino, estimatino, and oublishina units of
SRS. Folowinq prescribed procedures, they conduct survevs and recon mend statistical estimates for their
States and counties to the Crcp Reportina Board. These estimates are published after Board review and
adoption. Other ma-or respnsibilities of the SSO's include liaison with the State earicultural sector and
maintenance of a corra of voluntary reporters for survevs and a Dart-time staff of enumerators.

Thbe Crop Reocrtino Bcy'rc reviews and adonts official State ar national estimates for croDs and
livestock as reauired by USDA reaulations. The Board includes a Chairman, the SRS DeputY Administrator,
a Vice Chairman, the Estimates Division Director, a Secretary, and the Chief of Data Services Branch.
Survey Division. In addition to the six permanent members, five or six com moditv s vcialists are selected
by the Chairman from the Fstimates Division and the SSO's to participate in determinina the estimates.

The Fstimates Division is the primary source in SRS for aqricultural statistics. They analv7e and
interpret the various sources of data. Their analysis and interpretations are used by the Crop Revortino
Board in makina estimates and forecasts of the Naticn's ariculture. The Division evaluates cor modit-v
statistics, determines needs, and implements proper statistical clans in suorort of the crop and livestock
reportina oroara.. Estimates Division aLsc ensures that acooorriate methods and procedures are usea in all
phases of the proora m.

The Survey Division is responsible for orearina and establishina procedures used by the SSO's in
collectina data by mail and enumerative survevs, and for carryino out the obiective yield measurement
oroara m. The Division desions and tests survev techniaues includino forrs and cuestionnaires, writes data
collection instructions, and conducts traiino schools for enumerators. The Division orocesses the data and
produces sum maries for use by the SSO's and the Cro Recortina Board in settino official estimates. The
Division also conducts data collection activities for o1her USDA and Federal or State Aoencies on a
reim bursable basis.

The primarv functions of the Statistical Research Division are to develoo new and improved collectina,
estimatina, and forecastinc methcxds for Aaricultural statistics and to encouraae the use of sound statistical
technioues throuchout USDA. The Division devises improved samrolino technioues and methods of controllno
sam plino errors, constructs area and list sam nlina frames, and researches nonsa m olino errors ste m inc from
ouestionnaire wordir, enumerator's interviews, or other causes. New models for asse-sira the vield of field
and fruit crocs are investiasted. The Dotential of remotely sensed data in ccntributino to the SR S DroorTam
is also studied auite extensivelv. The Atvlications Section of the RSP is currently investioatino the
onerational implementation of remote sensira techn]ocv as part of the AaRISTA 

R
S DCVC proiect which is

the focus of this paper.

2. TFF SRS REMOTF SFNcING ENVIRONMFNT

AORISTARS is a -oint research prooram, between USDA, the National Aeronautics and Srace
Administration (NASA), the U.S. Department of Commerce (USDC), the U.S. Department of Interior (USDD,
and AID. AaRISTARS was established to investiaate the use of remote sensino in aoriculture. The Remote
Sensina Branch of SRS has assumed the responsibilitv for imnlementina the DCLC proict.

The DCIC proiect started in 1980. LANDSAT data are combined with conventional around oathered
data to provide timelv, more precise, year-end maior crop area estimates in selected States. Kansas and
Iowa were chosen as the first twoStates in 1980. Missuri and Oklahoma were added in 19P1. Colorado and
Illinois are the new additions for 1082. The rximarv obictive is to obtain ma-or crop area estimates with
reduced samplina errors. Maior crous to be estimated in each State are shown in Table 1.
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Table 1. Major Crops By State

STATE MAJOR CROPS

Kansas Winter Wheat
Oklahoma Winter Wheat
Colorado Winter Wheat
Missouri Corn and Soybeans
llinois Corn and Soybeans
Iowa Corn and Soybeans

Successful completion of the DCLC project requires the cooperation of several U.S. Government
agencies as well as input from a number of divisions within USDA% SRS. The SRS Remote Sensing
environment is illustrated in figure 2. Although the contributions of each Agency are varied, each serves a
vital function in determining the final outcome of each year's project. Besides USDA, the departments
represented are the following; NASA, USDC and USDI. There are also two commercial computer centers
which are used in processing both the ground data and the LANDSAT data. The following will present in
capsule form tasks which each of these governmental and oomm ercial entities perform in providing support
to the DCLC project.

NASA launched the LA N DSAT series of satellites and has four groups which have continued to support
the DCLC project in utilizing the LANDSAT digital data. NASA% Goddard Space Flight Center (GSFC),
located in Greenbelt, Maryland, processes the LAN DSAT data after it is beamed to, Earth. Earth Resxrce's
Laboratory (ERL), located in Bay St. Louis, Mississippi, has assisted with scene registration algorithms and
has developed an automated method for shifting segments using computerized routines. Johnson Space
Center PJSC), located near Houston, Texas, has provided research support on clustering, classification and
estimation procedures. The NASA Ames research complex, located in Callifornia, has provided substantial
computer facilities for full scene claseification. Prior to 1981, the ILLIAC-IV was the main computer,
however, it was replaced by a CDC 7600 during 1981. A CRAY-IS computer, provided by NASA Ames, will
be used for full scene cla-edfication in 1982.

NOAA of the USDC provides satellite imagery from weather satellites. These images aid DCLC
investigators in determining aloud-free dates of imagery within a day of acquisition. This permits early
identification of potentially uieable L NDSAT scenes which are sufficiently cloud-free fot use in analysis.

Three omputer centers arc used in the data processing effort. Two centers are corn mercial facilites.
One center is operated by Bolt, Beranek, and Newman (BBN) in Boston, Massachusetts. Mct O the
computing is performed at BBN. The other commercial center is Martin Marietta Data Services (MMDS)
located in Orlando, Florida. All tie ground data update functions are performed on this system and clean
data tapes for use at BBN are produced. USDA's Washington Computer Center (WCC), located in
Washington, D.C., provides support for reformating LANDSAT computer compatible tapes (CCTs).

USDI provides assistance both through its Earth Resources Observation Service (EROS), located in
Sioux Falls, South Dakota, and through its Branch of Distribution (BOD). EROS provides bot- hard copy
photographic copies of the LANDSAT MSS data in transparency and photo format as well as the uigital data
in the form of CCTs.

A number of divisions within USDA parti-ipate in providing support services to the RSB. Within the
Statistical Research Division, the Sampling Frames and Survey Research Branch updates county maps with
segments rotated into the sample each year and provides framework maps for digitizing strata boundaries on
BBN so that estimates can be made for each land use stratum. The Data Collecti-n Branch and Systems
Branch of the Survey Division provide JES support for the ground data collection effort. Systems Branch
provides program ming support .y creating computer generated questionnaires for an intentions follow-up
survey. The SSOs collect the JES ground data, perform a field level edit and also digitize the segment level
field boundaries. The Estimates Division is represented by both Methods Staff vnd the Crops Branch. The
Methods Staff establish( specifications for the JES design and ensures that special requirements for remote
sensing use are met. Finally, the Crops Branch accepts DCLC input in establishing estimates for the Annual
Crops Sum mary.
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3. BACKGROUND AND OBJECTIVES

LAN DSAT data are combined with ground-gathered strvey data to provide timely, year-end major crop
area estimates in selected states. A regressin estimator as described in Cochran (Section 17.1-7, third
edition) 1 was used. The regression estimator as used by the RSB has been previously described by
Hanuschak and others 2.

In 1980, clustering was performed using the LARSYS 6 clustering algorithm. In 1981 the CLASSY 4

clustering algorithm was used. Clustering is a data analysis technique by which one attempts to determine
the natural or inherent relationship in a set of observations or data points.

A Gaussian Maximum likelihood classifier was used in both years. Clasification is based on
discriminant analyss 2. Discriminant analysis is a process used in attempting to differentiate between two
or more populations of interest based on multiviariate m eaazre ments.

The SRS objective of providing timely, year-end state and sub-state crop area estimates with reduced
sampling errors by using ground gathered data in combination with LANDSAT data, was accomplished in
1981.

In 1981, winter wheat harvested area estimates for Kansas and Oklahoma were provided to the SRS
Crops Branch and the SRS SSO's on October 30, 1981. Corn and soybeans planted area estimates were
provided to the Crops Branch and the SSO's on December 16, 1981, for Iowa and Missouri. For Missouri, rice
and sorghum planted area estimates were also provided to the SSO and the Crops Branch. The data were
reviewed by the Crops Branch and SSO% in their final end of season annual Crops Sum mary.

During 1980, acquisition of quality and timely LAN DSAT data was severely impaired. Satellite and
LAN DSAT preprocesing problems lowered the digital data quality and increased the delivery time necessary
for receiving LANDSAT data products. Many of the LANDSAT data quality and timeliness problems
encountered during 1980 were due to ground handling complexities at NASA Goddard which were fixed pror
tothe 1981 DCLC project.

4. STATE STATISTICAL OFFICE CONTRIBUTION

The SSO's played an integral part in the outcome of the DCLC project Part of their role was to be
the primary ground data colectors. In this role the SSO's provided field boundary, acreage, crop and land
cover type data for the randomly selected SRS area segments. These data were collected during the June
Enumerative Survey JES) and special follow-up surveys in Iowa and Missouri The data were used to
establish training fields for computer clasifi ation of LANDSAT digital data and again for estimation.
After collecting the ground data, an intensive field level edit was made by each state followed by
digitization and plotting of the segment data.

Prior to FY80 these functions were performed by the RSB staff in Washington, D.C. In view of an
expanding program, it was apparent due to efficiency considerations that some tasks would have to be
performed in a decentralized fashion. Thus, the field level edit, digitization and plotting functions were
successfully transferred to each of the four SSO's.

The field level edit is a labor intensive effort that was performed during a two week period following
the JES. Recorded information on photographs, questionnaires and computer records were verified.

Segment digitization is the process of converting segments from fields drawn on aerial photographs or
topographic maps to a computer file of coordinates in a geographic coordinate system. This task was
performed using a tablet digitizer, in conjunction with an interactive software sub-system (EDITOR). After
the segments were digitized, they were plotted and checked for accuracy. In 1981, a much greater amount
of time was required for digitization than in previous years. This was due both to problems with a sudden
change in the Bolt, Beranek and Newman (BBN) data processing facility operating system as requested by
the General Accounting Office (GAO) and to equipment breakdowns in the SSO's and RSB.

The other major role of the SSO's was interpretation of the final state and sub-state level etimates
generated at the end of the project.
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5. LANDSAT DATA ACQUISITION

The following LANDSAI products were used: "1:000,000 scale positive black and white transparencies
(bands 5 and 7), L-250,000 scale paper products (bands 5 and 7) and computer compatible tapes (CCTsI.
Delivery of these products involved two phases. The data were first transmitted from satellite to NASA
Goddard where it was processed and sent via DOMSAT to the EROS Data Center (EDC). EDC in turn
processed the data, filled the data order, and shipped the products to SRS.

In 1981, while data delivery was improved, the 10-14 day requirement for delivery after acquisition
was not met. Delivery times ranged from about 1 week to 20 weeks with an average time of 3 to 4 weeks.
As a result of not obtaining some data in a timely manner, a considerable amount of overtime work had to
be performed to meet timeliness deadlines. This turnaround time must De improved for the continued
expansion of the DCLC program.

6. DATA PROCESSING

Prior to processing the LANDSAT data, analysis districts were determined. Analysis disticts
consisted of counties partially or completely contained in one or more scenes of the same LANDS AT pass.
Areas overlapping two scenes were assigned to a specific scene by looking at cloud cover, data quality,
imagery dates, and each scene's containment relative to the other.

Several data processing centers were used in processing the JES and LANDSAT data to calculate
regression estimates. The Martin Marrietta Data System (MMDS), Bolt Beranek and Newman (BBN),
Washington Computer Center (WCC), and the CDC 7600 computer at NASA Ames were used. The major
software package used was EDITOR 3 . EDITOR is a comprehensive interactive data analysis system for
processing LAN DSAT and JES data. EDITOR runs on a modified DEC System-10 computer and is available
at BBN ir Cambridge, Massachusetts. Some EDITOR programs are also implemented on CDC 7600 and
CRAY-IS computers at NASA Ames. EDITOR was used for digitization, registration and analysis of the JES
and LAN DSAT data.

A d-ta set containing ground data from the JES was created and edited using a set of SAS programs on
the M M ,;. The final edited data set was then transferred to BBN. Boundary information for each field of
crop data was digitized on BBN and converted to a geographic coordinate system by calibrating the segment
photo to U.S. Geological Survey (USGS) maps. The calibration process consisted of locating corresponding
points on both the aerial photograph and the USGS map on which the segment could be located. A regression
routine then converted the digitizer coordinates to map coordinates by using coefficients calculated from
the corresponding points data.

LANDSAT computer compatible data tapes were reformated at WCC and copies of the tapes
containing the reformated data were mailed to BBN and to NASA Ames for processing.

Each selected scene was registered to USGS maps in Washington, DC. This proces called registration
relates LAN DSAT row-column coordinates with USGS map latitude-longitude coordinates by means of third
order bivariate polynomial equations.

A second step of registration followed the initial scene registration. This step consisted of using grey-
scale print-outs and segment plots to shift each segment to a more accurate location based on interpretation
of lightnes*-darkness regions within the print-out.

An EDITOR operation termed "masking" was next used to establish the location of the LANDSAT
pixels for each field. The locations were stored in "segment mask" files which were then used to extract
LANDSAT pixels corresonding o specific crop types or land uses. Criteria that could also be used in
selecting pixels were field boundary information (that is, to include or exclude field boundary pixels, crop
conditions, field codes and field size. This extracting procesa is known as packing and the files are termed
pked" files.

Packed files containing no field boundary pixels were clustered by crop type and land cover. Files
containing more than 5000 pixels were sampled before clustering to save computer cos and reduce
turnaround time. The statistics describing the clusters generated were saved in "statisticif files which were
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combined to form a "combined statistics file which represented al sampled crop and land covers for the
segments represented.

The combined statistics file was then used to classify pixels into a cover type. Counts of the clasfied
pixels were made by cover types within a segment. The classified pixel counts alog with the corresponding
JES data were then used in making sample level estimates Full frame classification, aggregation of pixels
by stratum and large scale estimation were then performed for each analysis district. Full frame
classifications were performed on a CDC 7600 computer at the NASA Ames Research Center in 1981 and on
the ILLIAC-IV in 1980. After the data for each states analysis districts were processed, a state level
estimate for each crop of interest was obtained using an accumulation program. The accumulation program
aggregates all substae estimates to a state total Area estimates for which LAN DSAT data are or aren't
available are included in the state total Direct expansion estimates using only JES segment data were
provided for areas where LAN DSAT data were unavailable.

In 1981 much work had to be performed outside of regular working hours due to problems associated
with the BBN computer system. BBN was forced by an external group to modify their system. This
modification placed severe limits on the percentage of the machine's capacity that we could utilize. This
problem has been corrected.

7. ESTIMATION RESULTS

LANDSAT regression estimates for 1980 and 1981 are in Table 2. State level relative efficiencies
ranged from 1.3 to 1.9 in 1980 and from 1.3 to 2.3 in 1981. Relatives efficiencies at the substate levels
ranged from 1.2 to 6.4 in 1980 and from 1.2 to 15.8 in 1981. Relative efficiency measures the degree of
improved precision obtained from using the LANDSAT data in addition to the ground data. The figure
obtained indicates the factor by which the sample size would have to be increased to equal the precision
obtained uing LANDSAT data in addition to the randomly selected JES segment data. The 1980 and 1981
results were negatively impacted due to misng data in some areas due to clouds, data quality, and failure
to achieve 10 to 14 day delivery of LAN DSAT data to SRS from time of acquisition.

Table 2. 1980 and 1981 State Level Estimates

Year State Crop Estimate (Ha) R.E.

1980 Kansas Winter Wheat 5,052,500 1.31980 Iowa Corn 5,803,200 1.9

1980 Iowa Soybeans 3,291,350 1.5
1981 Kansas Winter Wheat 5,297,900 2.3
1981 Oklahoma Winter Wheat 2,519,600 1.3
1981 Missouri Corn 774,600 2.2
1981 Missouri Soybeans 1,963,700 2.1
1981 Iowa Corn 5,820,200 1.6
1981 Iowa Soybeans 3,275,150 1.6

8. PROGRAM COSTS AND CONTRIBUTIONS

Since the AgRISTARS DCLC program has now expanded to six States, there is a renewed interest in
the relatiorsip between program costs and contributions. Some historical perspective provides insight into
the cost trend associated with SRS's use of LANDSAT data in conjunction with the ground data from the
JES.

The first entire State project was conducted from 1975 to 1977 using 1975 data. The study area was
Illinois. The cost associated with this project included all research and development efforts including a
comprehersve software system (EDITOR). The total project cost was approximately $750,000. The first
timely project for an entire State was conducted in 1978 Using 1978 data from Iowa. Since most of the
methodology and software had already been implemented, the o' t decreased to about $300,000. In 1980,
the AgRISTARS DCLC project csts for Iowa and Kansas were approximately $200,000 per State. In 1981,
the project for Iowa, Kansas, Oklahoma, and Missouri were approximately $180,000 per State. There is
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an obvious downward trend in the LANDSAT project costs that is expected to continue as the move from
research and development to applications continues.

The cost of the JES for the 1981 four State project was approximately $64,000 per State. The
estimated overall cost per State associated with estimates from the JES ground data only, and the JES plus
LANDSAT regression estimates is shown in Table 3. The cost can be ratioed for various relative efficiencies
to determine if the improvement in statistical precision is cost effective relative to the alternative of
increasing the JES sample size.

The use of LANDSAT data in conjunction with JES data is cost effective for all relative efficiencies
with a corresondinq cost ratio less than or eaual to one. Using this criterion a relative efficiency of about
2.5 would be the break even voint. In future years it is expected that the break even point will be lower.
The reason for this expectation is that JES costs per unit probably will rise and JES plus LANDSAT costs per
unit will orobabv decrease. The JES costs Per unit will probably increase due to increases in travel and
interview costs. More efficient computer data processgnq and proration of labor costs over large geographic
areas should result in lower JES plus LAN DSAT costs per State.

Including all full State projects since the first full State project in Illinois in 1975, the majority of
relative efficiencies at the sub-state level have easily passed the cost ratio criterion but results have been
considerably more mixed at the State level State level relative efficiencies vary according to the number
of satellites available, the amount of cloud cover during the optimum window, and the timeliness and quality
of LANDSAT data delivered to SRS.

However, there are several problems associated with the 1981 cost ratio criterion. One problem is
that it does not reflect the benefits associated with keeping a staff trained in the technical knowledge of
new and vastly improvina satellite sensors. Another problem is that it doesn't reflect the benefits to SRS of
the improved precision of major items (other than crop area) on the JES questionnaires that would occur if
the samole size were increased. This second problem is somewhat diminished in that there exists some
serious auestions about whether or not it would be feasible to increase the JES sample size by a factor of 2-
1/2 or more. With current budget restraints and limitations on both full and part-time staff, and the
additional recruitment and training of JES enumerators required to increase the JES sample size, use of
LANDSAT data becomes perhaps the only feasible alternative for future expansion of data collection for
domestic crop area estimation.

9. SUMMARY

The cooperation of several U.S. government agencies (USDA/SRS, USDA/ASCS, NASA/GODDARD,
NASA/ERL, NASA/JSC, NASA/AMES, USDT/BOD, USD/EROS, and USDC/NOAA) was required to
implementthe 1980, 1981 and 1982 AgRISTARS DCLC Program. In 1980, more precise crop area estimates
were provided usinq LANDSAT data in conjunction with ground gathered data for two states. Winter wheat
harvested area estimates were provided for Kansas Corn and soybeans planted area estimates were
provided for Iowa. In 1981, more precise and timely crop area estimates were provided using LANDSAT
data in conjunction with ground gathered data for four States. Winter Wheat harvested area estimates for
Kansas and Oklahoma were provided to the SRS Crops Branch and the SSO's on October 30, 1981. Corn and
Soybeans planted area estimates were provided to the Crops Branch and the SSO's on December 16, 1981, for
Iowa and Missouri.

The SSO's played a key role in both projects. They performed field level edits, digitization, plotting,
and both state and substate evaluation of the regression estimates.

Both projects were hampered due toproblems in acquiring quality and timely LANDSAT data. In 1981,
the project was hampered due to problems with the BBN computer system due to changes in their operating
system as requested by the General Accounting office (GAO).
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TABLE 3. Cost of JES and JES + LANDSAT Comparisons I/ (Dollars)

Relative 1. Cost of 2. Cost of JES Cost Ratio
Efficiency JES 2/ Plus LANDSAT 3/ (2 # 1)

1.0 64,000 180,000 2.81
2.0 146,000 180,000 1.23
2.5 187,000 180,000 0.96
3.0 228,000 180,000 0.79
4.0 320,000 180,000 0.58
5.0 392,000 180,000 0.46

TABLE 4. Major Item Costs JES and JES + LANDSAT 1/ (Dollars)

JES Cost/State JES + LANDSAT Cost (4 States) 3/

SSO 55,000 SSO 50,000
DC Staff 7,000 DC Staff 210,000
MMiS 2,000 ,BN 355,000
Total 64,000 EROS 25,000

NASA (Ames) 25,000
Travel 25,000
Equipment 10,000
Materials 20,000
Total 720,000

Cost/State 180,000

I/ Cost of initial area frame development and current sample size JES dr,.wing
is not included. This cost is approximately $80,000/state (1983 Nebraska cost
projection).

2/ The cost of additional sampling and materials for relative efficiencies
greater than 1.0 is included.

3/ Cost figures represent additional costs.
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TABLE 5. JES and JES + LANDSAT Benefits

JES Costs JES + LANDSAT Costs

$64,000/State and Increasing $180,000 AdditionaI/State and Decreasing

Benefits Benefits

Objective Method Objective Method

National and State Estimates Improved National, State and Sub-state
(Multiple items) Estimates (Major crops only)

Potent-al to do Land Cover No Additional Respondent Burden
area estimates (State Level)

Research and Development and Utilization of
an Improving Technology (Next Generation of
Sate llites)

Public Relations Benefit

Potential to do Land Cover Estimates (State
and Sub-State)

Procedure Uses ALL Crop Area Information
in the JES
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A CROP FORECASTING PROGRAM FOR BRAZIL USING

EARTH OBSERVATION SATELLITE DATA

N.J. Parada
D.C.M. da Silva
F.C. de Almeida
F.R.D. Velasco
M.N. Barbosa
M.R. Dias
R.A. Novaes

Instituto de Pesquisas Espaciais
Conselho Nacional de Desenvolvimento Cientifico e Tecnol6gico

Sdo Jos6 dos Campos, SP, Brazil

SUMMARY

It is well known that most of the developing countries, including
Brazil, are having difficulties meeting their energy and food needs. As an
attempt to deal with such difficulties, Brazil has been making heavy invest-
ments in agriculture. In this context, crop forecasting systems play a major
role as effective tools for agriculture related policy making.

As a result, INPE (Brazilian Institute for Space Research) is engaged in
a program that aims at the development of reliable, accurate and timely fore-
casting systems for several crops, based on satellite data.

With regard to energy, sugar cane has proved to be extremely important
in alcohol production, and that is the reason why INPE has decided to start
its program with the development of a sugar cane crop forecasting system.
INPE's prior experience in estimating sugar cane acreage in the state of
Sao Paulo, through visual interpretation of LANDSAT images, has encouraged
such a decision.

Other crops such as soybeans and corn will be considered in later
developments.

The crop production estimation will be attained through the independent
estimation of acreage and yield. Satellite data will be extensively used in
these systems: LANDSAT (3 and "D") images in the process of estimating crop
acreage and, in addition to that, there exists a research effort to use data
from meteorological satellite images which are relevant for estimating crop
yield.

A description of the system and the results already obtained will be
presented.
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USE OF LANDSAT IMAGERY AND GROUND TRUTH INFORMATION

TO PROVIDE CROP AREA ESTIMATES - THE CANDIAN EXPERIENCE

R.B. Proud

Agriculture Statistics Division
Statistics Canada

Ottawa, Ontario, Canada

SUMMARY

The Agriculture Division of Statistics Canada (Canada's Central Bureau of
Statistics) is charged with the responsibility of providing area estimates of
all crops grown in Canada. Such estimates are made during the growing season
and at harvest time on a national, provincial and sub-provincial basis. These
estimates have been based on the quinquennial census of agriculture with esti-
mates for subsequent years derived from mail and enumerative surveys. To
improve the timeliness and accuracy of crop estimates, the Agriculture Division
in 1976 first examined the possibility of estimating crop areas using satellite
remote sensing techniques. Since then projects have been conducted in co-oper-
ation with the Canada Centre for Remote Sensing and provincial government.
Largely because of the lack of resources initial progress was slow but subsequent
to 1980 an expanded program has lead to considerable success in this area.

It is proposed that an illustrated description of this work be presented at
the poster session portion of the 16th International Symposium of Remote Sensing
of Environment, June 1 - 9, 1982 in Buenos Aires. Th2 subject of the presenta-
tion would be "Use of LANDSAT Imagery and Ground Truthing to Provide Crop Area
Estimates - the Canadian Experience'. The Agriculture Division would be assisted
by the Canada Centre for Remote Sensing in the preparation of this presentation.
Such a display would concentrate on the experience in New Brunswick where the
system is not operational for potato estimates and in British Columbia and
Alberta where estimation of rapeseed, grain and summrerfallow area is at a pre-
liminary stage. Plans for extension of the project to apples in Quebec and
potatoes in Prince Edward Island would also be portrayed.

The main thrust of the presentation would be to demonstrate how ground data
obtained by selecting ground segments from an area frame is used, first to train
the zomputer to recognize individual target fields on the satellite imagery, and
then to modify the first estimates using regression techniques. How area seg-
ments of approximately 700 hectares are outlined on air photographs and the
fields of the target crops and confusion crops are identified by enumerators
would be illustrated. Comparisons of the use of ratio and regression estimates
would be made. Area estimates from remote sensing techniques would be compared
with estimates from more conventional means. The presentation would be illus-
trated by colour photographs, maps and charts and would be in English and French
(a requirement for all presentations by departments of the Government of Canada).
the person from Statistics Canada attending the symposium and the poster session
would be conversant in Spanish.
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SPECTRAL SIGNATURE STUDY

OF TWO SUBTROPICAL CROPS IN ARGENTINA

Dipl. Eng. Marcelo Campi
Ing. Agr. Luis Guillon

Comision Nacional de Investigaciones Espaciales
Buenos Aires, Argentina

SUMMARY

In order to study and differentiate some perennial crops among them (in the
humid subtropical area), a spectral signature study was carried out.

Survey begun by taking aerial photographs at a very representative area, to
use them as ground truth. This step is fairly important when surveying small
farm areas, to avoid limit confusion.

Next step was crop placement in the LANDSAT image. For that purpose the
following steps were carried out:

a) Histogram equalization (contrast stretching) to ease detailed image
recognition.

b) Principal components were very useful when making out main typical
features of the area, which in turn were used as references.

c) By band ratioing, vegetation was clearly distinguished from what is it
not (5/7 band ratio). Even certain degree in vegetation differentiation
was achieved. Likewise 5/6 band ratio turned out to be very useful to
differentiate jungle from other vegetation types.

Next step consisted on specific crop delimitation, particularly for tea and
yerba mate. That goal was achieved by means of clustering, which proved good
accuracy in crop delimitation, as well as by training sets that confirmed
clusters as statistically reliable.

The last step was supervised classification by maximum likelihood method,
which allowed to release the final map at the area, where both crops were separ-
ated between them, and also from other classes (jungle, pasture lands, roads,
etc.).

This procedure let us know that regarding crop delimitation, computer
usually makes out more than one crop class within the same crop (according to
different crop stages), which turns the survey more time consuming, but releasing
a more accurate output.
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RESEARCH IN SATELLITE-AIDED CROP FORECASTING

J. D. Erickson, J. L. Dragg, R. M. Bizzell, and M. C. Trichel

NASA Johnson Space Center/SH
iHouston, Texas 77058, USA

ABSTRACT

Developments of efficient and accurate automated
procedures for analysis of multitemporal Landsat
multispectral scanner data to extract information on crop
area and production can provide a greatly improved
capability for practical and affordable use, on a global
basis, without requiring ground observations. Evalua-
tions of procedures developed specifically to estimate

non-U.S. spring small grains area show accuracies of less
than 10 percent relative difference to U. S. Department
of Agriculture reference statistics for North Dakota in
1978 and good comparison with 9000 square miles of
observations over four states (Montana, North Dakota,
South Dakota, and Minnesota) and Saskatchewan, Canada
during years (1976-79). Processing a 5x6-nautical-mile
sample site requires a few minutes manual time and a few
minutes central processing unit time on an AS-3000
computer. Evaluations of summer crop, corn, and soybeans
area estimates show unbiased summer crops estimates in
the U.S. central corn belt but significant bias in I of 2
years for area estimates of corn and soybeans. We
expect, based on results to date, to achieve a highly
automated corn/sorghum/soybean area estimation procedure
that is applicable to Argentina.

1. INTRODUCTION

With the launch of Thematic Mapper only I month away, research in satellite-aided inventory
and monitoring of global crop production continues to improve in current procedures and to make
advances toward practical, viable systems capabilities. These capabilities, when added to
current agricultural information systems, are expected to provide more timely and accurate
non-U.S. crop information than is now available. Argentina is believed to be interested in such
capability for its own crop information systems.

While the overall objective of this research[IJ is to develop technology for extracting
agricultural information of various kinds, the focus is on improved production forecast
technology for assessing non-U.S. areas. The new technology will be evaluated by the U.S.
Department of Agriculture (USDA) for possible integration into its information systems. More
specifically, our objective is to devel)p procedures for using aerospace remote sensing and
related technology at several times during the growing season to provide more objective and
reliable crop area forecasts, with improved peharvest production estimates for selected
countries and crops. This paper is a summary paper for others in these proceedings which give
additional detail on selected topics.

We have adopted four criteria that reflect key characteristics of the technology and guide
us in the research. These are timeliness, affordability, general applicability, and accuracy.
Timeliness emphasizes the quick extraction of information. Timeliness is associated with early
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season estimates, as well as with estimates made throughout the season. Affordability reflects
efficiency and inexpensiveness. General applicability includes having suitable techniques in
non-U.S. crop regions, as well as having objective and improvable procedures. Accuracy reflects
the degree of bias and variance over time and responsiveness to factors affecting departures
from average.

2. TECHNICAL APPROACH

The technical approach is to provide satellite-based, objective estimates of area, yield,
and production as a set of inputs into a comprehensive, multidata source information system.
The conceptual framework involves estimating crop area and yield for specified regions and
mnultiplying the two to obtain production at the regional level. Automatic data processing
approaches are considered necessary to provide objective, timely, and reliable estimates. Our
research has been focused on the area estimation component; hence, further discussion will be
oriented primarily to that component. Our estimation approaches are an extension of previous
development[2]. Area estimates for regions are derived by processing Statistical samples
(called segments) of satellite digital image data (Landsat MSS). The desire is to estimate crop
area periodically throughout the season from the time of planting through harvest.

Current approaches in crop area estimation utilize statistical sample survey methodology.
_,anling methodology allows reliable estimates to be made by processing only a very smadl
portion of the data. The efficiency of sampling is a function primarily of the variability in
the feature to be sampled. Expansion of the sample estimaltes to a regional estimate is referred
to as aggregation and is a statistical process made more complex by missed acquisitions, called
non-response (generally because of intervening cloud cover) and partial response (generally when
cloud cover only partially limits the level of information obtained).

Since non-U.S. ground data may be available in limited quantities for research studies but
would not be available to support an operational system, and because of efficiency and
timeliness considerations, our approach to non-U.S. crop forecasting does not require ground
observations.

The variability in the crop scene environment among crop regions and countries is quite
large. It is also strongly desirable to mimnimize human interaction for reasons of objectivity,
repeatability, and efficiency. Hence, recent approaches have concentrated on the development of
robust procedures that are largely self-adaptive in terms of recognizing crops based on their
spectral signatures over time and distance. Some adaptation to specific crop regions is still
necessary. The foremost challenge in satellite-oriented global crop forecasting is crop
estimation without the ground obs', ations that serve to train (adapt) remote sensing procedures
which use them.

Technology development has been based on the use of extensive ground observations obtained
in the United States where the reliability of the observations is understood. Regions in the
United States that are similar to foreign crop regions of interest have been selected as study
areas. Since true analogue regions do not exist, these foreign similarity regions in the United
States are not completely suitable. Incremental testing over domains of greater variability of
independent data sets is required. Even so, testing on such data sets is limited to the
variability of available characteristics. However, by using the available data to establish the
sensitivity of the methodology to these parameters, simulation techniques can be employed to
establish the performance over a wider variety of conditions.

3. DESCRIPTION OF EXPERIMENTS

The objective in our research experiments has been to develop and evaluate state-of-the-art
technologies for estimating area of spring small grains, summer crops, corn, and soybeans, in
order to obtain an understanding of the limitations in performance so that R&D efforts may be
focused on them. These experiments represent the first "independent" subsystem-level
sensitivity tests against the adopted performance criteria of timeliness, affordability,
applicability, and accuracy.
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The technology that we developed for crop area estimation of spring small grains and that
for summer crops, corn, and soybeans were at two different stages of maturity. For spring small
grains, a technical breakthrough has been achieved (figure 1). A highly efficient state, from a
man/machine systems point of view, has been attained by modeling the interpretive intelligence
of skilled and expert image analysts in an automated and objective form- simple, artifical
intelligence. Area estimation technology for the summer crops, corn, and soybeans, being 4
years later in initiation, was in a less mature stage of development and was less efficient.
Thus, cwo separate experiments (one for spring small grains and one for summer crops, corn, and
soybeans) were designed to optimize the evaluations of these technologies.

3.1 SPRING SMALL GRAINS

Area estimation technology available for evaluation produced regional aggregations as well
as component crop area proportion estimates within sample segments.

The segment proportion estimation component was represented by two different technical
approaches to the same basic identification scheme of determining different spectral crop
appearance development over time. Both approaches exhibit an efficiency improvement, through
automation, of an order of magnitude when compared to previous analyst intensive procedures
(figure 2). The first procedure (SSG3C) is a completely automated modeling[3] of the previous
manually intensive, skilled or expe't analyst interpretative procedure. The basic functions
are: acquisition selection based on meteorological variables and anticipated Landsat spectral
responses for spring small grains; a transform of Landsat data to a level of greenness observed;
an automatic, multiteiporal, pixel-lableing logic based on a hierarchical process; and a
proportion estimator based on a systematic sample of the labeled pixels. SSG3B (same technical
approach as SSG3C) which allows an analyst override of the automatic acquisition-selection was
also developed[3] and evaluated in this experiment.

The second proportion estimation approach (SSG4) was also completely automatic.[3) The
basic functional differences between this approach and that of the SSG3 were: the Landsat data
were transformed by a mode which "normalizes" color; a "field" finding algorigthm groups the
individual pixels into quasi-fields; the quasi-fields were labeled by a multitemporal logic of
"green/not-green" sequence; and the proportion estimate was derived from an enumeration of the
labeled fields plus an adjustment for estimated omission rates.

A major objective of the experiment was to ascertain if the cost benefits of procedure
automation could be achieved with accuracy comparable to that of the analyst-intensive
procedures. Historical, analyst-intensive, sample-segment proportion-estimation procedures in
the U.S. spring small grain region were traditionally biased (large mean error, generally
negative) yet relatively consistent (small variance). It was anticipated that these automatic
procedures in their attempt to capture a significant portion of the crop scene variability
within the model (i.e., be unbiased estimators) would probably exhibit a larger variance.

The Landsat data used for the small grains experiment consisted of 300 sample segments
collected over a 4-year period (1Q76-1979) covering the U.S. Northern Great Plains (North
Dakota, South Dakota, Montana, an" Minnesota) and Saskatchewan, Canada. There were 63 segments
from 1976, 91 from 1977, 85 from 1978, and 61 from 1979. Only segments that had ground
observations for evaluation were analyzed, with the exception of an additional 65 samples from
1978 of North Dakota in which all allocated Landsat segments were included to support
aggregation studies.

The 1976 crop year in this region was warmer than average. The crop season was earlier
than average, as was the case in 1977, even though the temperature was near average. The 1978
crop year was cooler than average, which gave normal-to-late plonting dates. Late planting was
experienced in 1979 as well.

Ideally, the data set for this experiment would be completely representative of non-U.S.
crop regions. While it is not, it is the most extensive data set ever used in this type of
testing, including about 9,000 square miles of ground observations spread through four states
and one province over 4 crop years.
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3.2 SUMMER CROPS

The level of evaluation of summer crops, corn, and soybeans technology was more limited in
both scope and purpose due to its less mature state. The results of this experiment would
provide identification and quantification of the major subcomponent contributors to the
proportion estimation error for future developmental modification prior to the development of an
automatic processing approach.

The summer crops, corn, and soybeans proportion estimation technology (called CS-i)

performed functions similar to the small grains procedures, such as: Larmdsat data
transtoriation and feature extraction, target definition and stratification, labeling, within-
segment sampling, and proportion estimation. However, the design of the experimental procedure
was analyst intensive and structured to allow the tabulation of results at each detailed
procedural step for subsequent evaluation and perforidmance analyses.

The Landsat data for the summer crops, corn, and soybeans experiment consisted of 18 sample
segmerts from the 1978 crop year and 10 sample segments fromi the 1979 crop year. A large data
base for evaluation, such as was available for small grains, does not yet exist for corn and
soybeans. These segments were drawn from the U.S. Central Corn Belt states of Iowa, Illinois,
Indiana, and Missouri.

4. RESULTS

4.1 SPRING SMALL GRAINS EXPERIMENT[4]

4.1.1 North Dakota Aggregations.

The accuracy of these procedures developed specifically to estimate non-U.S. sprinq small
grains area, was performed with data for areas in the United States and Canada (where reliable
reference data were available) before attempting adaptation. The results of North Dakota
aggregatlons for 1978 data are (percent relative error and coefficient of variation); +3.5
(C.V. - 4.4), .6.9 (C.V. - 4.3), and -9.2 (C.V. - 4.6) for SSG3B, SSG3C and SSG4 respectively.

The accuracy is expressed relative to the published USDA estimate of the spring small
grains acres harvested in North Dakota during 1978 (13.12 million acres).

4.1.2 Subsystem Level Resul ts.

The sample segment proportion estimation accuracy performances are shown in figure 3. The
results shown include all segment analyses including machine errors, clerical errors, and
otherwise outliers. (These unedited results are also included in the aggregations.) The intent
was to identify and quantify all potential contributions to error without regard to producing
the best estimate. By not thresholding seemingly obvious outliers, we optimize the probability
of isolating the major suhcoinponent error contributors. Even with this, it was somewhat
encouraging that the mean absolute error in most cases was less than 10 percent. Also, the
results, when compared to the more labor-intensive historical procedures, verify what was
expected, i.e., (generally comparable with lower bias and somewhat larger variance.

An indication of the possible performance of the technologly for a key foreign region was
shown for segrments within a previously determined USSR Foreign Similarity Region (FSR) where
similar performance to the above was obtained. (See figure 4.)

In general, the automatic procedures currently provide estimates for fewer segments (50
percent to 65 percent processability of total allocated) compared to the historical manual
procedures (15 percent).

In terms of the other performance criteria, figure 2 shows a summary of key efficiency
parameters related to affordability. Although neither the historical nor the current automated
technologies were engineered nor implemented for an operational environment (substantial
overhead is necessary in an experimental node for recording of intermediate output), the
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relative improvements exhibited by the automated technologies is obvious. The timeliness in the
growing season is some 30 days prior to harvest.

In summary, this first-time evaluation of highly automated, spring-small-grains area-
estimation technologies was very encouraging. There was definite improvement in the
near-harvest estimation efficiency with modest losses in accuracy as compared to best previous
analyst-intensive approaches. For the 1-year, one-state (1978 N.D.) aggregation, no glaring
deficiencies were noted. The attractive characteristics of low processing cost, objectivity,
repeatability, modularity, and adaptability packaged within an automated framework make the
outlook for meaningful advancements very optimistic.

4.2 SUMMER CROPS, CORN, AND SOYBEANS EXPERIMENT[5]

This experiment in summer crops, corn and soybeans proportion estimation technology
represents our first attempt to take advantage of an improved systems approach to research. It
allowed the effective utilization of the experimental environment for more iterations of
development, testing, and feedback to research than heretofore achievable in a given time (such
as 6 months).

Figure 5 shows our accuracy results (in terms of mean error and 90-percent confidence
limits) for the previously described for crop years 1978 and 1979.

The following are some additional observations:

1. There is a very accurate estimate of crop group (summer crops) with relative mean error
(RME) less than 2 percent in both years.

2. For crop type (corn and soybeans) there was a significant bias (corn RME 15 percent,
soybeans RME -19 percent) in one of the years (1978).

3. The crop type bias for the other year (1979) was not significant (corn RME 6 percent,
soybeans RME 3 percent)

4. The direction of the bias for crop type appears to be consistent between years (corn tends
to be overestimated, soybeans tends to be underestimated.

5. The standard deviations for all estimates are relatively consistent and comparable to those
achieved in previous "best" spring small grains technologies.

6. Compared to a previous procedure for the 1978 crop years, CS-i exhibited a significantly
lower bias in estimating crop group (summer crop RME -1.5 vs. -16.4 percent) with lower standard
deviations for both crop groups and crop types.

In terms of the other preformance criteria the following was observed:

1. Timeliness - processing to crop type is achievable after corn tasseling, which is 30-45 days
prior to harvest. This is about the middle of August in the U.S. Corn Belt.

2. The rate of processability of allocated segments with the CS-i technology was quite high,
typically 50 percent to 75 percent.

Quick identification of subcomporent error contributors was achieved. These specific
results have led to the earlier-than-planned development of a more-automated summer crop, corn,
and soybeans proportion estimation procedure. The process of making the developmental
modifications for a new version (CS-iA), conducting a verification test, then designing and
implementing a semiautomatic version (CS-lB) has already been accomplished. Results of early
verification testing over a sample (10 segments) of the 1978-79 data set show excellent summer
crop accuracy[6] and corn and soybeans accuracy of about 10 percent RME and standard deviations
of 4 to 6 percent.
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The results of this experiment are very encouraging because the developmental time frame
(including procedure development, testing, identification of limitations, and procedure
improvement) was accomplished in about one-fifth the time of previous research in this area.
Additional improvements are expected in this technology.

5. TECHNOLOGY FOR THE ARGENTINE CROP REGION[7]

Significant differences exist between the Argentina Indicator Region[8] (see figure 6) and
the U.S. Corn Belt. These differences affect the subcomponents of the technology in such a way
as to require adaptation to achieve adequate performance. A milder climate, a more varied crop
mix, and distinctly different agronomic practices differentiate the Argentina Indicator Region
from the U.S. Corn Belt. The agronomic differences typically include much lower levels of
fertilizer consumption and less agricultural mechanization in ArgenJna.

The following factors have important implications for area estimation techniques as they
relate to Argentia:

(a) Planting and harvesting dates can vary considerably. This is due to episodal events such
as heavy rains, drought, or a longer growing season.

(b) The area planted to corn in marginally dry areas can be radically affected from year to
year. as well as through the season, due to drought. Conversely, soybeans in more humid areas
are subject to water stress during and immediately following periods of heavy rains. In the
case of both crops, the area harvested can therefore be substantially lower than the area
planted, as a result of these events.

(c) Agricultural land-use shifts may be large and made on a real-time basis by farmers, due to
sudden changes in market prices.

(d) Sorghum can be a confusion crop for corn, and to a lesser extent, peanuts and soybeans
could be confusion crops. The percentage of land devoted to beef cattle pasture, even in the
most intensively cultivated areas, is much higher than in the U.S. Corn Belt.

(e) Weed-infested corn and sorghum fields are cormmon. To a lesser degree this is also true of
soybeans.

Corn and soybean production is expected to remain a key factor in the Argentine
agricultural economy along with wheat and sorghum production. Corn and soybeans continue to be
in demand in the world marketplace and Argentina's recently concluded bilateral trade agreements
with the Soviet Union, the People's Republic of China, and Mexico, along with export
coermittments to other countries, would seem to guarantee foreign sales of Argentine crops in the
foreseeable future. However, inflation, high production costs, and changing market prices must

-*also be faced by Argentine farmers. These factors will ultimately influence the area planted in
corn and soybeans, as will environmental -onditions.

Such factors must be taken into account in adapting procedures to estimate
corn/sorghum/soybeans areas in Argentina.

6. SIGNIFICANCE OF RESULTS

The significance of the present results is threefold:

1. we are able to adequately model the subjective human analyst with an objective process and
achieve reasonable accuracies.

2. We were thereby able to develop an information extraction technology which was not
prohibitively costly either in terms of manual effort or computational resources. It is
affordable within a reasonable standard.
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3. If the results reported here could be achieved for foreign regions, substantial improvements
in global crop information would result.

This should not suggest that the non-U.S. crop forecasting problem is solved, as several
key research problems remain. Briefly, the most critical of these are:

1. Improving the automated selection of acquisitions.

2. Finding methods to estimate crop areas much earlier in the season.

3. Early quantification of the benefits of improved performance of this technology due to the
features offered by the Thematic Mapper.

4. Adapting these objective analysis methods to other crops and regions without requiring
information which is not available in non-U.S. situations.

5. Finding information extraction methodologies which reduce the quantiuy and quality of the

data required, thus reducing data costs.

6. Doing adequate testing and evaluation to understand the technology performance.

We feel that the present results represent a real break-through both in approach and
practicality. We expect, based on results to date, to achieve in the future a highly automated
corn/sorghum/soybeans area estimation procedure applicable to Argentina.
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ARGENTINE CROP ESTIMATION PROGRAM

Francisco V. Redondo

Comisi6n Nacional de Investigaciones Espaciales
Buenos Aires, Argentina

SUMMARY

The feasibility of Landsat data analysis for agricultural studies and
crop recognition are well known, so crop forecasting can be objective,
reliable, time oportune and economic when satellite information is used in
conjunction with ground data.

The present official production forecast procedures in Argentina can
be improved in some of those characteristics using satellite information.
The Argentine crop est.mation program using remote sensing techniques was
initiated in 1980 with the support of P.N.U.D. and the cooperation of the
Secretary of Agriculture and Livestock.

The Pradera Pampeana (the major agricultural area of about half million
km-) was chosen for the development and the implementation of the methodology.
Crop production forecast is made by multiplying area estimation times yield
prediction.

- Area estimation subsystem: Visual analysis of historical series and
present data of Landsat imagery were used for the stratification of the
Pradera Pampeana in land use homogeneous areas. A sampling design was done
in order to work within homogeneous strata. Digital analysis was carried
out on administrative defined pilot areas. Aerial 7hotographs (B&W and CIR)
were taken and several field trips took place. Wheat (the main crop) and
small grains were studied and area estimated during the crop years 80/81 and
81/82. Summer crops kcorn, sunflower and soybean) were analyzed during the
last year.

Yield prediction subsystem: Agrometeorological models were used for
yield prediction of the most important crop. A data bank was created with
historical meteorological and crop statistic data. The approach included
wheat, corn and soybean in the project pilot areas. Several programs were
implemented in order to calculate agroclimatic index for crop monitoring.
With the same objective satellite information (meteorological and Landsat) is
going to be studied to join the present approach in precipitation, cloud cover
and growing conditions analysis.

The results are satisfactory; area estimation in pilot areas gave
reliable and oportune information compared with final official figures. The
agrometeorological models are going to be used in this crop year.
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ABSTRACT

Soil loss due to erosion from rainfall was accurately
predicted for the Santa Paula 7.5 minute quadrangle, Ventura
County, California, utilizing the VICAR/IBIS image processing
and geographic information system to simulate the Universal
Soil Loss Equation (USLE). This work was part of a NASA
funded research project investigating methods of incorporating
collateral information in Landsat classification and modelling
procedures (NSG-2377), performed at the University of Califor-
nia, Santa Barbara. Representing the rainfall, soil erodabil-
itv, length of slope, slope gradient, crop management and
soil loss tolerance coefficients of the USLE were data planes
generated from digital Landsat data, USGS Digital Elevation
Model topographic data, a digitized NOAA isopluvial map and
dig;itized USDA soil conservation service soil maps. The
Pearson product moment correlation coefficient, R, of soil
loss predicted from the developed geobased model to a sample
of manually derived soil losses was .91 after a log trans-
form, significant to the .0001 level. Estimates of accuracy
for the intermediate data planes representing the rainfall,

soil erodability, length of slope, slope gradient, crop
management and soil loss tolerance ranged from a correlation
coefficient, R, of .81 for the length of slope to 100 percent
for the rainfall coefficient. The soil loss information
system accurately targeted soil loss problem areas for sub-
sequent analysis by Soil Conservation Service personnel.

1. INTRODUCTION

Soil loss due to erosion from rainfall is a serious problem in the United
States and the world. The Pacific Southwest Inter-Agency Committee estimated
in 1971 that sixty-five percent of the agricultural regions in the United States

*Presented at the Seventeenth International Symposium on Remote Sensing
of Environment, Ann Arbor, Michigan, May 9-13, 1983.
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require some form of erosion control. The purpose of this paper is to demon-
strate the potential of Landsat multispectral scanner data, digitized United
States Department of Agriculture Soil Conservation Service (USDA SCS) soil maps,
digitized National Oceanic and Atmospheric Administration (NOAA) precipitation-
frequency maps, and United States Geological Survey (USGS) Digital Elevation
Model (DEM) topographic data in a geogrzphic information system to simulate the
Universal Soil Loss Equation.

The Universal Soil Loss Equation, developed by the USDA Soil Conservation
Service, predicts sheet and rill erosion due to rainfall in agricultural
regions (Wischmeier and Smith, 1965). Variables of the Universal Soil Loss
Equation are coefficients of rainfall, soil erodability, length of slope,
slope gradient, crop management and conservation practice. The collection of
the variables to the USLE is accomplished by Soil Conservation Service personnel
on a per site basis. From tables and charts (USDA Science and Education Admin-
istration, 1978), as well as measurements obtained in the field, a prediction
of soil loss is calculated for an area in terms of tons of soil lost per acre
per year. Sites may range from one to ten acres in extent, depending on thehomogeneity of the location.

Input of the Universal Soil Loss Equation to the Video Image Communication
and Retrieval Image Based Information System (VICAR/IBIS), allowed a more
extensive area to be assessed for erosion potential by representing each site
on a georeferenced grid. Variables from the USLE for the Santa Paula 7.5 minute
quadrangle in southern Ventura County, California (figure 1), were input to
VICAR/IBIS; deriving a prediction of soil loss in tons per acre per year for
this mixed agricultural and rangeland location.

2. BACKGROUND

The Santa Paula 7.5 minute quadrangle is located in the northeastern portion
of the Oxnard Plain, a fertile region of prime agricultural land. Approximately
one-half of the quadrangle is composed of the relatively flat Las Posas Valley
and Santa Clara River floodplains. Lemon, orange and avocado orchards as well
as row crops such as lettuce and celery predominate on the rich soils of the
lowlands. The other half of the quadrangle consists of the marine sedimentary
sequences of South Mountain. Slopes here exceed 100 percent in some locations.
Vegetation on South Mountain is mainly Mediterranean annual grasses and chap-
arral, with a small oak woodland community.

Increasing accumulations of sediment are being deposited in the drainage
ditches, and ultimately in Mugu Lagoon, a terminus of drainage for this water-
shed. The siltation of Mugu Lagoon is largely due to the poor soil conservation
practices, sparse grass cover and frequent fire in the upper portion of the
watershed. New avocado orchards are being introduced in the canyons extending
into the steeper mountainous areas. The sparse ground cover provided by the
immature avocados in conjunction with steeper slopes, have created a potential
soil loss problem. Overgrazed Mediterranean annual grasses in the foothills
inadequately protect the soil from rainfall induced erosion. Three fires have
occurred in the South Mountain area since 1980, removing the natural vegetative
cover, and resulting in increased soil erosion rates.

Major planning and construction efforts are necessary to accomodate the
increased sediment load. The USDA Soil Conservation Service in Somis, Califor-
nia, as well as the U.S. Army Corps of Engineers, the Ventura County Water Agency
and the California Coastal Commission are actively pursuing solutions for the
problem of soil loss within the Oxnard Plain drainage. These agencies are
concerned with sediment loss reducing crop productivity, as well as the problem
of sediment accumulation in the upper watershed and in Mugu Lagoon. A pre-
diction of erosion rates for the watershed will allow the Soil Conservation
Service to delineate problem areas and implement appropriate conservation
practice techniques.
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3. SOIL LOSS PREDICTION

A number of models have been developed to predict erosion and sediment
yield, and with few exceptions these models are based on soil, geologic,
climatic, topographic, vegetative and land use/land cover information.
Musgrave (1947) presented a first quantitative evaluation of factors in sheet
erosion, based on soil, crop cover, degree of slope, length of slope and pre-
cipitation information. Meeuwig (1971) developed a model that predicted soil
stability on high elevation rangeland using soil, vegetative cover, slope and
organic matter parameters. Foster and Meyer (1971) developed a mathematical
relationship for the continuity-of-mass transport, and an equation relating
detachment of sediment by runoff and sediment load. For known soil, precip-
itation and topographic characteristics, the erosion pattern along a slope was
predicted. A practical model for predicting mass wasting events was presented
by Swanston et al. (1980) based on a general evaluation of the stability of an
area using climatic, topographic, vegetative, geologic and soil characteristics
from aerial photographs, maps, field observations and a limited strength-
stress analysis. The models described above are not suitable for soil loss
prediction within a geographic information system for one or more of the
following reasons:

(1) Inappropriate for generating image datasets (Meeuwig, 1971, Foster and
Meyer, 1972);

(2) Limited applicability to a mixed agricultural and rangeland region
(Meeuwig, 1971, Swanston et al., 1980); and,

(3) Insufficient quantitative verification of the model (Musgrave, 1947,
Swanston et al., 1980).

Universal Soil Loss Equation

The Universal Soil Loss Equation developed by the United States Depart-
ment of Agriculture Soil Conservation Service is appropriate with respect to
the three categories previously discussed for geographic information system
soil loss modeling. The USLE predicts sheet and rill erosion due to rainfall
for agricultural regions in terms of tons of soil loss per acre per year. The
Universal Soil Loss Equation was originally developed from 10,000 plot years of
runoff and soil loss data collected from forty-seven research stations in
twentv-four states. Studies were undertaken which measured the contribution
of rainfall, soil properties, slope angle, length of slope, crop management
and conservation practice to the loss of soil (Wischmeier and Smith, 1965). A
prediction of soil loss was obtained for regions east of the Rocky Mountains.
Recent work has extended the USLE to the entire United States, including range
and forest lands (USDA Science and Education Administration, 1978).

The basic soil loss equation is:

A = R * K * L * S * C * P

where:

A = Predicted soil loss in tons/acre/year,
R = Rainfall Factor,
K = Soil Erodability Factor in tons/acre/year,
L = Length of slope Factor,
S = Slope Gradient Factor,
C = Crop Management Factor,
P = Conservation Practice Factor.

R, L, S, C and P are dimensionless coefficients. The product of R, K, L,
S, C and P provides an estimate of soil loss measured in tons per acre per year.
A soil loss tolerance has also been calculated; the maximum permissible annual
soil loss, ranging from one to five tons per acre per year (USDA Agricultural
Research Service, 1961). A site has a potential soil loss problem if the
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the predicted A value exceeds the T value for that location.

Soil Loss Information System Models

Remotely sensed data have been used to derive specific coefficients of the
Universal Soil Loss Equation. Morgan et al. (1979) used color and color
infrared 70 mm photography at a scale of 1:60,000 to calculate the crop
management (C) factor of the USLE. In a later study, Morgan et al. (1980)
used the same imagery to determine the conservation practice (P) factor.
Stephens and Cihlar (1981) calculated the correlation between the ratio of
the near infrared/red reflectance to the C coefficient of the USLE using
simulated SPOT 1, Landsat D and Landsat 1 data in a region composed of pasture.
forest and cropland.

Past implementation of the USLE into geographic infornat on systems for
soil loss prediction have been subject to the reliance on manual derivation
of topographic data and/or varying sources of crop management information.
Singer et al. (1976) developed a co:mputer simulation of soil loss using the
Universal Soil Loss Equation in which vegetation maps provided the crop
management factor and the topographic data were manually derived from topo-
graphic sheets for a rangeland site in northern California. Patterson and -c-
Adams (1980) input the USLE to a geographic information system to produce ero-
sion hazard potential maps using Landsat MSS data for the image base and soil
maps to derive the slope and length of slope information. Berger and Jensen
(1980) modelled flood potential due to urbanization in a humid subtropical
southeastern environment. Large scale, 1:6,000 color and black and white photo-
graphs provided land cover information; slope and slope length data were
obtained from the photographs in conjunction with 7.5 minute topographic maps.
An automated data base approach for prediction of deforestation induced mass
wassting was accomplished by Logan (1981) through a modification of the Swanston
et al. model using Landsat and Defense Mapping Agency (DMA) Digital Terrain
Tapes. However, this model is best suited for a forested watershed; it's
applicability to a mixed agricultural and rangeland location is questionable.
The need exits for development of an automated GIS for soil loss prediction in
an agricultural region. The following sections describe such a system.

4. APPROACH

Digital image processing for this soil erosion study was performed on the
Video Image Communication and Retrieval Image Based Info'mation System
(VICAR/IBIS). Originally created to process image data from planetary ex-
ploration programs, VICAR has been expanded to include applications in earth
resources, land use, biomedicine and astronomy. IBIS is a geographic informa-
tion svstem which allows the conversion of georeferenced data to an image format
for use with remotely sensed data. IBIS was built upon VICAR, permitting image
to image registration; whereby images of different scale from any number of
datasets can be superimposed, allowing corresponding pixels to represent the
same geographic location (Bryant and Zobrist, 1976).

Geobased Data

The isopluvial map for the Ventura County area, obtained from the NOAA
Precipitation-Frequency Atlas of the Western United St.-tes (Millet et al.,
1973), was the source of the rainfall coefficient. USDA Soil Conservation Ser-
vice soil maps at a scale of 1:24,000 and corresponding to the USGS 7.5 minute
quadrangle provided the soil erodability and soil loss tolerance information.
Digital Elevation Model topographic data obtained from the National Cartographic
Information Center provided the slope and length of slope coefficients. DEM
are processed to yield one Digital Elevation Model for each 7.5 minute quad-
rangle, with a spatial resolution of thirty meters and a root mean square (RS)
elevation error of seven meters. DEM are a vast improvement over Defense
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Mapping Agency (DMA) Digital Terrain Tapes, which are generated from 1:250,000
scale topographic maps and are sampled to a 225 foot horizontal grid. Digital
Landsat Multispectral Scanner (MSS) data from Landsat 2 collected on June 14,
1978 for the Santa Paula area were used to calculate the crop management factor.

Registration of Data Planes

Variables of the Universal Soil Loss Equation were transformed into
georeferenced digital data planes generated from these data sources using
VICAR/IBIS (figure 2). The raw Landsat data were registered to the Santa
Paula 7.5 minute topographic quadrangle through the use of ground control
points and a rubber sheeting algorithm. A bilinear resampling of the Landsat
data to sixty meter square pixels (0.9 acre), generated a 231 line by 192
sample image. Sixty meter square pixels served as the basic resolution unit
for this study because sixty meters is an even multiple of the thirty meter
Digital Elevation Model. The rainfall, soil erodabilitv and soil loss tolerance
images were generated and registered to the sixty meter square, 231 line by 192
sample grid by IBIS and supplemental digital processing routines which converted
digitized vector map boundaries to raster data planes. DEM, the source for the
slope and length of slope coefficients was registered to the grid using ground
control points and a rubber sheeting algorithm with nearest neighbor resam-
pling. The 231 line by 192 sample sixty meter square grid was outlined on the
Santa Paula topographic sheet, facilitating registration and accuracy assess-
ments. Sub-pixel registration accuracy was accomplished for all data planes.

Intermediate Data Plane Processing

Rainfall (R) coefficients were derived from SCS curves relating two-year
six-hour precipitation to the rainfall factor (USDA Soil Conservation Service,
Davis, 1977). Isopluvials from the NOAA Precipitation-Frequency Atlas were
transferred to the Santa Paula 7.5 minute quadrangle, digitized, and then
converted to a raster dataset of isopluvial borders. Next, the ispoluvial
borders were converted to an image with a unique digital number (DN) assigned
to each polygonal rainfall region. Finally, an R coefficient was assigned to
each polygon.

The SCS have developed soil erodabilitv (K) coefficients for the soil
series and soil phases found in Ventura County (USDA Soil Conservation Service,
Ventura County, 1969). Soil boundaries corresponding to the series and phases
from the SCS soil maps were digitally encoded and converted to a raster data
set. The raster image of soil polygon borders was transformed to an image in
which each polygon was represented by a unique DN. Final editing assigned a K
coefficient to each of the rasterized polygons.

The length of slope (L) variable is defined by the SCS (Zingg, 1940), as
the distance from a point in a watershed to the source of runoff for that point,
generally a ridge or a hilltop. An algorithm was developed to compute length of
slope from Digital Elevation Model topographic data. The algorithm creates a
three by three moving window which follows the direction of steepest slope. The
Pythagorean distaice between the center cell and the steepest cell surrounding
it is calculated, and the cell representing the steepest slope then becomes
the origin for the next move of the three by three kernal. The steepest slope
from the new origin is determined and the Pythagorean distance is again cal-
culated. This cell becomes the new origin. The window continues its movement
until the slope drops off in all directions, indicating that the source of
runoff for the initial cell has been located. The sum of the distances for all
the previous moves is determined and tallied to the initial cell. Movement of
the window is limited to fortv-five degrees from the previous move to more
closely simulate real runoff conditions. The slope length for each cell was
then converted to the L coefficient using the relation: L = ('%/72.6) ' , where
equals the slope length in feet, as defined by the SCS (Wischmeier et al. 1958)
(figure 3).
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Slope gradient (S) was calculated from the Digital Elevation Model by
determining the gradient of a plane tangent to the centerpoint of a three by
three window of the DEM. The four nearest nf hbors of each cell were used
to calculate the slope gradient of the plane in radians, and then converted
to percent slope to correspond to the SCS slope factor. For slopes less than
nine percent, the relation: (0.43 + 0.30S + .043S2) / 6.617, where S equals
percent slope was used to translate the slope gradient to the S factor.
For slopes exceeding nine percent, (S/9)'3 defined the S coefficient (USDA
Soil Conservation Service, Davis, 1977). By applying thp appropriate equation
an S value was assigned to each cell.

The crop management (C) factor is based on the type of crop or vegetative
cover in a specific area, and the protection it provides against erosion
(Wischmeier, 1960). An unsupervised clustering algorithm was applied to the
registered raw Landsat data to derive crop management classes. After
spectral editing, 100 clusters were retained for input to a multispectral
classifier which combined paralellepiped and Bayesian maximum liklihood
techniques. A CRT display of the 100 classes in conjunction with 1:32,000

scale color infrared (CIR) photographs, the 7.5 minute quadrangle and field
inspection were used to label the classified clusters to their proper crop
management class. Ten classes were developed to distinguish the different
effects crop management practices have on erosion potential: mature orchard,
immature orchard, row crop, river, urban, dense sod, chaparral, grass, oak
woodland and barren.

Unfortunately, Landsat spectral data did not provide sufficient informa-
tion to allow accurate discrimination between orchards and natural vegetation.
From examination of the 7.5 minute quadrangle, field inspection and air photo
interpretation, it was apparent that few orchards existed above 800 feet or on
slopes exceeding ten degrees. Therefore, a binary mask was created using
the DEM elevation and slope information identifying all elements greater than
800 feet in elevation and all slopes greater than ten degrees. Cells less than
800 feet in elevation and with a gradient of less than ten degrees retained
cluster numbers 1-100. Cells with an elevation exceeding 800 feet and/or
with a gradient exceeding ten degrees were renumbered 101-200. The 200
classes were then labelled into the ten crop management classes (figure 4).
The stratification accurately separated orchards from natural vegetation. C
coefficients were assigned to each of the crop management cover classes
according to guidelines set by the SCS.

Conservation practices (P) are defined by the SCS (USDA Science and Edu-
cation Administration, 1978), as techniques which decrease the loss of soil
by reducing the effective slope length, These techniques include such practices
as contouring, contour stripcropping and terracing. These practices, however,
are not resolvable on Landsat, nor available as collateral data; therefore, the
P coefficient was not applied in this experiment. The conservation practice
factor was set to one, indicating a lack of erosion control techniques. Soil
conservation measures are not prevalent in the Santa Paula area, however,
locations where erosion reducing techniques are applied will have lower erosion
rates than those predicted here.

The Soil Conservation Service have developed soil loss tolerance (T) coef-
ficients for the soil series and phases in Ventura County. The soil loss toler-
ance image was generated from the same vector dataset that produced the soil
erodability image. The only difference arose in the final labelling of the
soil mapping units to soil loss tolerances instead of soil erodabilities. Soil
loss tolerances ranged from one to five tons per acre per year.

Predicted Soil Loss

The five data planes representing the R, K, L, S and C coefficients were
multiplied together based on the USLE to derive the A coefficient. A predicted
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soil loss in tons per acre per year was calculated for each sixty meter square
cell in the 231 line by 192 sample grid for the Santa Paula quadrangle
(figure 5). The final step was the subtraction of the predicted soil loss image
from the soil loss tolerance image. The resultant film writer image displays
locations where predicted soil erosion exceeded soil loss tolerances (figure 6)..

5. ACCURACY AND ANALYSIS

Accuracy assessments were made for each data plane, and the predicted
soil loss from the digital model was tested against the manually derived
USLE prediction for a stratified random sample of sites (table 1). Twenty-
five random samples from each of the ten classes were obtained from field
inspection and air photo analysis from 1:32,000 scale CIR imagery for ground
truth to test the classification. From the stratified random sample, 84.3
percent of the pixels were correctly classified; by weighting each class by
it representative area, 87.2 percent of tho quadrangle was correctly classified.
Most of the confusion in the classification was between classes with relatively
similar C coefficients, which agrees with Stephens and Cihlar's work relating
vegetative cover to the C coefficient of the USLE.

Accuracy assessments for the collateral data were obtained from ten random
samples of the original twenty-five samples for each class, excluding the river
and urban class. The SCS does not provide guidelines for the calculation of
river or urban classes. Therefore, these regions were excluded from further
study, comprising approximately fifteen percent of the study area. A subsample
of eighty sites remained, ten sites for each of the eight classes of interest.
The rainfall, soil erodabilitv and soil loss tolerance images are discrete data-
sets. Thus, a standard accuracy percentage scheme was devised for accuracy
assessment. The slope and length of slope images are continuous datasets,
therefore, a Pearson product moment correlation coefficient was calculated to
test the topographic variables.

The eighty sites on the digital rainfall image were tested against the
isopluvial polygons drawn on the Santa Paula quadrangle. Accuracy of the digi-
tal rainfall image was 100 percent. Accuracies of the digital soil erodability
and soil loss tolerance images were evaluated against the SCS soil maps util-
izing the same eighty site random sample. The accuracy for both the soil loss
tolerance and soil erodability images was 96.25 percent. From the 7.5 minute
topographic sheet, the slope and length of slope were manually calculated for
the eighty site sample. These values were tested against the automated slope
and length of slope calculations. The Pearson product moment correlation
coefficient, R, for the manual versus digital slope calculation was .93,
significant to the .0001 level. The R coefficient for the manual versus
digital calculation of slope length was .81, also significant to the .0001
level.

The predicted soil loss calculated by the geobased soil loss model was
tested against the manually derived coefficients of the USLE using the same
random sample. Coefficients for the manual USLE were obtained from the rainfall
map, the SCS soil maps, slope and length of slope from the topographic sheet.
and ground truth and air photo analysis of the study area. These coefficients
were multiplied together based on the USLE yielding an A value. The geobased
derived coefficients were also multiplied together yielding an A value. Because
the USLE is a multiplicative function, it is appropriate to transform the
geobased and manually based values to their natural logarithms before cal-
culating a correlation coefficient (Li, 1964). The Pearson product moment
correlation coefficient, R, of the log transformed A prediction was .91, sig-
nificant to the .0001 level.

An informal sensitivity analysis performed on the effects of the five
coefficients of the final predicted soil loss is presented in table 2. The
greatest variability was obtained from the slope and crop management coeffic-
ients. The misclassification of chaparral (C = .01) a; barren (C = .75) created
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an error in the A factor of 7500 percent. However, this error occurred onl
once in the sample analyzed. Slope is a very sensitive coefficient of the
USLE, however, the slope factor depicted by the DEM is fairly accurate, and
error within this calculation is unlikely to extend the full range of the S
value. The soil and rainfall images are accurate and do not account for much
error in the A calculation. Length of slope is the least accurate of the
datasets. Fortunately, it has the second lowest sensitivity of the five
coefficients, reducing the impact of miscalculation of the L factor on 'he
predicted soil loss.

Several trends are apparent from analysis of the predicted soil Loss
image:

(1) Soil loss is not a problem on the floodplains and valleys, except for
row crops on soils with low soil loss tolerances or on steeper slopes;

(2) Immature avocado orchards display high predicted soil losses in the
canyon sites, however, the problem is not extensive; and,

(3) The steeper mountainous areas have serious soil loss proble~ns, especially
sites exhibiting a grass canopy.

The predicted soil loss image clearly indicates that sites with steeper
slopes and a grass canopy are the major contributing areas for soil lost within
the Santa Paula quadrangle. Predicted erosion rates for the grass class exceeds
thirty tons per acre per year, and in some locations ranges as high as 200
tons per acre per year for extremely erodable areas. The Soil Conservation
Service can implement this information by introducing a more protective plant
cover such as chaparral or sod forming grasses on the sensitive sites.

6. CONCLUSION

A geographic information svstem including Landsat and collateral data can
accurately map soil loss using the Universal Soil Loss Equation. This system
can inventory large areas for predicted soil loss with a savings in time and
mone' over conventional ground sampling (Hanuschak, 1979). It i.; best applied
as a prescreening mechanism to identify major areas of soil loss, in which a
user is concerned with relative amounts and the spatial extent of soil erosion.
Prediction of soil erosion for a small site is useful, but the ability to
project this prediction to a larger area provides a much greater perspective
of soil loss problems to resource managers. This geobased soil loss infor-
mation system accurately depicted the Universal Soil Loss Enuation for a
7.5 minute quadrangle, an agricultural and rangeland region of nearly 100 square
miles. The strength of a geographic information system lies in the accuracy
of the input data, and the ability of the sytem to process and display the
data in a suitable fashion for resource analysis. We believe that the
geographic information system soil loss model presented herein succeeded
on all counts.

7. REFERENCES

Berger, Z. and J.R. Jensen, 1980, "Modelling Soil Loss and Flood Potential Due
to Urbanization in Humid Subtropical Southeastern Environments," Proceed-
ings of the Fourteenth International Symposium on Remote Sensing of Envi-
ronment, pp. 1057-1068.

Bryant, N.A. and A.A. Zobrist, 1976, "IBIS: A Geographic Information System
Based on Digital Image Processing and Image Raster Datatype," Second
Annual Symposium on Machine Processing of Remotely Sensed DataLabo-ratorv
for Applications of Remote Sensing, Purdue University, pp. IAI-IA7.

Foster, G.R. and L.D Meyer, 1972, "Transport of Soil Particles by Shallow Flow."
Transactions American Society of Agricultural Engineers, Vol. 15. No.1,
pp. 9q-1-2.

96



Hanuschak, G., R. Sigman, M. Craig, M. Ozga, R. Luebbe, P. Cook, D. Kleweno and
C. Miller, 1979, "Crop-Area Estimates from Landsat: Transition From
Research and Development to Timely Results," Fifth Annual Symposium
on Machine Processing of Remotely Sensed Data: Laboratory for Applications
of Remote Sensing, Purdue University, pp. 86-94.

Li, C.C., 1964, Introduction to Experimental Statistics, McGraw-Hill Book
Company, 460 pp.

Logan, T.L., 1981. "A Data Base Approach For Prediction of Deforestation-
Induced Mass Wasting Events," Proceedings American Society of Photo-
,rammetrv, pp. 197-211.

Meeuwi4, R.O., 1971, "Soil Stability on High Elevation Rangeland in the Inter-
mountain Area," U.S. Department of Agriculture, Forest Service Research
Paper INT-94.

Miller, FJ.. R.H. Frederick and R.J. Tracey, 1973, Precipitation-Frequency
Atlas of the Western United States, National Oceanic and Atmospheric
Ad m ristration, 71 pp.

..or, an KU., D.R. Morris-Jones, G.B. Lee, and R.W. Kiefer, 1979, "Cropping
Uanacvment Using Color and Color Infrared Aerial Photographs," Photo-
:rammetric Engine and Remote Sensing, Vol. 45. No. 6, pp. 7T-774

Y!or-an, K ..,. D.R. Morris-Jones, G.B. Lee and R.W. Kiefer, 1980, "Airphoto
Analysis of Erosion Control Practices," Photogrammetric Engineering and
Remote Sensing, Vol. 46, No. 5, pp. 637-642.

Muso'.rave, ;. W., 1947, "The Quantitative Evaluation of Factors in Water Erosion,
A First Approximation," Journal of Soil and Water Conservation, Vol. 2,
No. 3, pp. 133-138.

Pacific Southwest Inter-Ag;ency Committee, 1971, Comprehensive Framework Study,
California Re',ion Watershed Management, Water Resources Council, Appendix
rIIT, F- -_pp.

Patterson, F.A. and .",cAdams, 1980, The Use of Landsat MSS Data to Pro-
duce Erosion Hazard Potential Maps, NASA Nation- Space Technology
Labo-rator1es ,_19 PP._

Sinier, M.J, C.L. Huntington and H.R. Sketchley, 1976, "Erosion Prediction on
California Rangeland: Research Developments and Needs." Soil Erosion
Prediction and Control, Proceedings Soil Conservation Society of
America, pp. T, Y.

Spanner, .A. , 1982 Soil Loss Prediction in a Geographic Information System
Format, Master's T-heis, Department of Geography, University of Cali-
f'ormia, Santa Barbara 97 pp.

Stevens, P.R. and J. Cihlar, 1981, "The Potential of Remote Sensing for Monit-
oring, Soil Erosion on Cropland," Proceedings of the Fifteenth Inter-
national Symposium on Remote Sensing of Environment, (in press).

Strahler, A.H., i.E. Estes, P.F. Maynard, F.C. Mertz and D.A. Stow, 1980,
"Incorporating Collateral Data in Landsat Classification and Modelling
Procedures," Proceedings of the Fourteenth International Symposium on
Remote Sensing of Environment, pp. 1009-1026.

Swanston, D.N., F.J. Swanson and D Rosgen, 1980, "Soil Mass Movement,"
An Approach to Water Resources Evaluation Non-Point Sources: Silvicul-
ture. USDA/EPA Environmental Research Laboratories, Athens, Georgia.

97



USDA Agricultural Research Service, 1961, "A Universal Equation for Predicting
Rainfall-Erosion Losses," ARS 22-66.

USDA Science and Education Administration, 1978, "Predicting Rainfall Erosion
Losses: A Guide to Conservation Planning," Agricultural Handbook #537,
58 pp.

USDA Soil Conservation Service, Davis, California, 1977, Guides for Erosion and
Sediment Control, United States Department of Agriculture, 32 pp.

USDA Soil Conservation Service, Ventura County, 1969, Summary of Soil Charac-
teristics and Qualities, Ventura Area, California, United States Depart-
ment of Agriculture 104 pp.

Wischmeier, W.H., D.D. Smith and R.E. Uhland, 1958, "Evaluation of Factors in
the Soil Loss Equation," Agricultural Engineering, Vol. 39, no. 8,
pp. 458-462.

Wischmeier, W.H. and D.D. Smith, 1965, "Predicting Rainfall Erosion Losses
From Cropland East of the Rocky Mountains," U.S.D.A. Agricultural Research
Service, 45 pp.

Zingg, A.W., 1940, "Degree and Length of Slope as it Affects Soil Loss in
Runoff," Agricultural Engineering, Vol. 21, No. 2, pp. 59-64.

TABLE I. COLLATERAL AND PREDICTED SOIL LOSS DATA PLANE ACCURACIES

Dataset Accuracy

Rainfall 100.00 Percent

Soil Erodability 96.25 Percent

Length of Slope .81 Correlation

Slope Gradient .93 Correlation

Crop Management 84.30 Percent

Soil Loss Tolerance 96.25 Percent

Predicted Soil Loss .91 Correlation

TABLE 2. SENSITIVITY ANALYSIS

Coefficient Range Percent Change

R .50 - .70 140

K .15 - .43 286

L 1.35 - 2.92 221

S 1.00 -34.10 3412

C .01 - .75 7500
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GENERALIZED PROCESSING FLOW
Soil Length of Slope Crop Soil Loss

Rainfall CR) Er~dabillty (K) Slope (L) Gradient (S) Management (C) Tolerance (T)

Figure 2. Generalized processing, flow for the soil loss information
svs tern.
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OPERATIONAL USE OF SATELLITE DATA
IN CROP CONDITION ASSESSMENT

B. E. Spiers

Foreign Agricultural Service
U.S. Department of Agriculture

Houston, Texas, U.S.A.

ABSTRACT

0The purpose of this paper is to describe
how the Foreign Agricultural Service (FAS) of
the USDA utilizes remotely sensed satellite
data in the assessment of crop conditions for
selected crops in some areas of the world.
The Foreign Crop Condition Assessment Division
(FCCAD) is part of the Office of International
Agricultural Statistics which has the respon-
sibility within USDA for producing foreign
crop production estimates. After five years
of developmental work with other government
agencies, the FCCAD was established in 1978
to provide FAS with assessments of conditions
over selected areas using remotely sensed data
as its prime source of data. The FCCAD does
not make final production estimates as an end
product, but provides reports of assessment
that are used as an additional source of
information by those that make production
estimates.

The Foreign Agricultural Service (FAS) of the United States Department of
Agriculture (USDA) maintains a worldwide agricultural intelligence and reporting
system to: (1) provide farmers, agribusiness and policy makers with up-to-date
information on worldwide agricultural production and trade and (2) support the
development and expansion of foreign markets for U.S. farm products. The
Foreign Crop Condition Assessment Division (FCCAD) is part of the Office of
International Agricultural Statistics (IAS) which has the responsibility within
FAS for making foreign crop estimates. The FCCAD does not make final crop
production estimates, but provides reports of assessments and conditions to
other divisions within IAS that have the responsibility for crop production
estimates. The reporting divisions use the FCCAD reports as an additional
source of information to be analyzed in making crop production reports.

The FCCAD was established in 1978 after five years of development work with
other U.S. governmental agencies. Its charter is to provide assessments of crop
conditions in major crop growing areas of selected countries through the use of
satellite remotely sensed data, meteorological data and agricultural data.

The FAS established a computer center in Houston, Texas, near the Johnson
Space Center to share LANDSAT data and data handling cost and to take advantage
of USDA personnel/experiencq gained while working on the Large Area Crop
Inventory Experiment (LACIE).
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The FCCAD computer hardware consists of three systems in Houston, Texas,
and one system in Washington, D.C. Due to fiscal and policy constraints the
equipment for this operation was purchased over a three year period, 1976-1979,
with some additional capabilities added since 1979. Management decided to
implement the desired capabilities on minicomputers, using competitive bidding
for off-the-shelf components. The center currently has (1) a system to extract
digital image data from high density "A" or "P" tapes and from 1600 BPI tapes
from the National Oceanic and Atmospheric Administration's (NOAA) 6 and 7
satellites, (2) a system that contains a gridded data base with meteorological
data, vegetative indices and model results, and (3) a system that drives three
analyst stations with digital data manipulation capabilities. The FAS facility
in Houston has a fourth system located in Washington, D.C., at FAS headquarters.
A direct communications link between the Washington, D.C., system and the data
base system was installed for data transmission between the two sites, report-
ing, and data base query by headquarters analyst.

The FCCAD uses digital data from two series of satellites - MSS data from
LANDSAT and Advanced Very High Resolution Radiometer (AVHRR) data from the NOAA.
Due to manpower and resource limitations, the 700 plus scenes of LANDSAT data
taken during an 18 day period have to be screened and/or processed in such a
manner that six or seven analysts could extract the most useful information
possible in the shortest amount of time. We found that by sampling the full
frames and retaining subscenes of every fifth pixel on every fifth line that we
got a representative image containing sufficient data to monitor crop condi-
tions. When an in-depth analysis is needed, full resolution images are
extracted in varying sizes up to 90 x 90 kilometers.

During 1981 we added NOAA's AVHRR data to supplement the LANDSAT data.
Channels one and two of the AVHRR data are somewhat spectrally similar to bfnds
five and seven of the LANDSAT MSS. We have developed a software package to
extract and frame these data in 1020 pixels by 510 lines L.,at cover approxi-
mately 500 by 1000 kilometers. AVHRR satellite coverage is received every five
to nine days compared to 18 days for LANDSAT. These data are highly complimen-
tary to the LANDSAT. The area covered by the 700 plus LANDSAT scenes can be
covered by less than 100 AVHRR frames. The data received from these two
satellite series are extracted and loaded onto imagery packs by country or
regional designations for analysis by the designated country analyst.

One of the unique features of the FCCAD operational system is the User
Information System (UIS) Data Base. The data base is designed around the
one-fourth mesh 1,J grid with point locations for meteorological stations. A
geographical hierachical structure is used to store and retrieve data elements.
The data base has been designed to accept the following data elements at the
cell quardant level - hierachy, soils, agrophysical unit and cropland intensity.
At the cell and/or station level, historical norms for temperature and precipi-
tation, daily minimum and maximum temperatures, daily precipitation, snow cover,
and evapotranspiration (ETP) are stored. As the gridded or station meteorologi-
cal data are being loaded, several models are run and the results of these
models are al o stored in the 5 grid cell o station record. These consist 7 0
soil moisture, crop calendar, winterkill, and crop stress model results.

As the digital data are loaded to the imagery packs for the analyst, several
vegetative index numbers are calculated on both MSS and AVHRR data for the grid
cells and loaded to the data base. We also store historical area, yield, and
production data for each country being worked at the smallest political level
available.

The Analyst Terminal System (ATS) consists of three analysts stations using
operational software designed by the Ford Aerospace Corporation in 1977. The
Integrated Multivariate Data Analysis and Classification System (IMDACS) is a
highly versatile interactive software system used for analysis of digital image-
ry. The IMDACS is installed on a DEC PDP-11/70 and uses image dispyy and
manipulation systems manufactured by the International Imagery Systems (I S) of
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Stanford Technology Corporation. The software system has several processors
that assist an analyst or researcher in displaying digital iLagery, both satel-
lite and aircraft, on video monitors. Image data in the I S refresh memories
can be redisplayed by using breakpoint mapping of intensity pairs or by using
the interactive trackball controlled cursor.

The IMDACS has the capability to cluster and classify9 digital data into
specially meaningful groups of pixels. Both interactive and adaptive clustering
can be used for this purpose in both a sux rvised and unsupervised mode.
Statistics from clustering or training fields can be used for maximum likelihood
classification.

Both clustering and classification use a Floating Point AP-120B array
processor to rapidly segment the digital data. Another IMDACS processor allows
the analyst to interrogate cluster/classification maps for crop or signature
identification and labeling. Other processors provide cartographic and manual
image registration functions.

Since the initial IMDACS several major capabilities have been added to
enhance its operational system.

10
* Rapid Image Display - to reduce the amount of console interaction when

displaying images.

Vegetative Index Processor - to calculate the intensity and dispersion
of green vegetation at the grid cell or scene level of masked or un-
masked areas.

* Grid Cell Overlay 12  to superimpose the I,J grid over an image with
annotatiofn -I,J identification at selected junctures.

13* Image Transfer System - to reformat eight byte data into four byte
data and transmit color infrared images to Washington, D.C., over
communication lines for joint analysis with FAS analysts.

The Terminal Support System (TSS) is located in the Washington, D.C.,
office of FAS and serves as a link between the two locations. This system is
used to query data from the UIS in Houston and as a communications link to
transfer meteorological data to Houston and imagery data to Washington, D.C. In
addition, the TSS is pare of a worldwide network that allows Agricultural
Officers in some foreign post to issue abnormal event alerts or queries to FCCAD
and have FCCAD generate crop condition assessment reports in response.

The key ingredient to the FCCAD crop condition assessment activities is the
country analyst. The analysts are assigned to specific countries or areas of
the world for which crop assessments are to be made. The crop analysts are
country experts as well as knowledgeable remote sensing analysts. They must
have detailed knowledge about all aspects of agriculture in their assigned area.

These include cultural practices, cropping areas, soils, historical production,
agricultural trends, government agricultural policy, transportation networks,
export/import facilities and capabilities, and the interrelationship of the
agricultural economv as it relates to the overall economy. The backgrounds of
our current analysts consist of formal education in economics, soils science,
agronomy or geography as well as being trained in remote sensing. One common
element of all our analysts is a rural or farm background.

The following two scenarios are fairly representative of the operational
capabilities of the FCCAD. The data base for all countries is at different
levels of completeness depending on how many years we have worked the country.
The discussion that follows is not applicable on a worldwide basis.
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Scenario I

The analyst follows crops throughout the year as they are planted, mature
and harvested using visual inspection of the imagery as well as results from the
data base. Our current technique consists of determining the condition of the
current year's crops in comparison with a, ase or past year. He/she reviews the
data that are available for his/her area; i.e. , vegetative indices at the cell
level, soil moisture model calculations, winterkill model results, daily station
and/or grid precipitation and temperature in conjunction with the visual analy-
sis of the IANDSAT and NOAA imagery. The analyst then makes a determination on
the condition of the crop by comparing the available data against data from the
base year or against data acquired earlier in the crop year. Using this method
he/she makes conclusions - the crop is better or worse than Lhe base year, the
crop is suffering from abnormal moisture or temperature stress, the area devoted
to a group of crops is more than or less than the base year, or the crop is
ahead or behind the normal season. Depending on the experience of the analyst
and the country being worked, it is possible to determine a percentage range for
the in~rease or decrease of area or production with a modest degree of accuracy.
Quantifiable estimates for these factors are pending development of acceptable
yield models and area change determination schemes.

Scenario II

The Division receives an alert from our Agriculture officer at a foreign
post. He/she reports the possible shortage of water for irrigation due to a
period of drought and the location of 12 of 15 key reservoirs that he/she would
like for us to monitor. LANDSAT imagery for these areas is extracted from
historical data as well as current data, and the surface area of the lakes is
determined with our IMDACS classification capability. The results for each pass
are compared to determine if the available water is Increasing or decreasing.
The analyst determines the crop area being irrigated by each reservoir and
assesses the crop condition with the same tools discussed in Scenario 1.
Reports are furnished back to the foreign post, as well as to the Washington,
D.C. , office.

The ECCAD does not make crop condition or proluction reports for
publication. All the reports made by the Division are made to the Office of
International Agricultural Statistics at FAS headquarters which uses the infor-
mation as an additional source of data to be combined with its other information
in making USDA foreign crop production estimates.

The capabilities discussed in this paper and other capabilities currently
being used by the Division fall short of our desired goals. in order to reach
our long range goals of a complete crop production estimation system new models,
data handling techniques, etc., being developed and tested by the research and
development community which are applicable to FAS requirements will be imple-
mented on our systems as resources are made available.
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LANDSAT AND SPACE RADAR CONTRIBUTIONS TO THE

U.S. JUNE ENUMERATIVE SURVEY OF AGRICULTURE:

ATMOSPHERIC EFFECTS ON THE PRECISION OF ESTIMATES

David S. Simonett
Edward M. Irvin
Lee F. Johnson

University of California
Santa Barbara, California

SUNMARY

The U.S. Department of Agriculture (USDA) conducts a series of annual
surveys to estimate crop acreage, yield, production, and numerous other facets
of the agricultural economy. This information helps the U.S. agricltural
community operate efficiently and profitably.

The USDA uses probability surveys based upon area frame sampling to prepare

crop estimates. The 48 conterminous States are stratified according to agri-
cultural intensity, and the strata are further subdivided into discrete land
segments. Crop enumerators visit a stratified random sample of segments, and
completely account for the land use in each. Unbiased direct expansion State
and national crop estimates are made by multiplying each segment total by the
reciprocal of the probability of sample selection, and summing over all strata.

The June Enumerative Survey (JES) is the major acreage survey for spring-
planted crops. It is based on a sample of about 16,000 segments throughout the
46 states. Acreage estimates usually remain unchanged during the growing
season, and form- the basis for ensuing crop production forecasts.

Commodity information serves to lessen market fluctuations by improving
inventory adjustments, production schedules, and resource planning and
allocation decisions. Thus, it is imperative to explore methods of reducing
the error of crop estimates. W'e intend to assess the abilities of LANDSAT and
a hypothetical active microwave sensor to provide timely data for inclusion in
the June Enumerative Survey.

Recent studies show improved precision of crop acreage estimates by using
LANDSAT together with JES field statistics to derive a regression estimator.
It is possible to enlarge the effective sample size by using classified LANDSAT
data with a known relationship to field data. However, information loss due
to cloud cover limits the value of the LANDSAT contribution to USDA forecasts.

An orbital radar sensor would avoid the cloud cover constraint placed
upon optical systems. The only real source of atmospheric degradation of radar
imagery is precipitation intensity on the order of .5 centimeters per hour.

We estimated a data base of LANDSAT image cloud cover statistics and
ground-observed precipitation statistics to assess the probability of obtaining
single- and multi-date coverage in the month preceding the JES. LANDSAT has
mean probabilities of .68, .48, and .35 of acquiring 1, 2, and 3 images of

a path-row position, respectively, with less than 30 percent cloud cover. In
contrast, radar would be able to provide 1, 2, or 3 non-degraded images with
probabilities very near 1.0. We found expected cloud degradation of a given
LANDSAT image between 40 and 50 percent in major grain-producing regions. By
comparison, the exected degradation of a given radar image is only about I
percent.
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We used a computer simulation which considered cloud amount, size, and
spatial distribution in calculating the proportion of crop area imaged at least
once during the month preceding the June Enumerative Survey. Results showed
approximately 80 percent of a crop area will be imaged at least once after
three looks at all path-row locations with the state.

Ground-based and airborne radar studies have provided positive indications
of radar's crop identification ability. Further research is needed to clearly
define the agricultural moniLorin , potential of an orbital system.

Following this, thorough consideration of satellitc input to crop surveys
must be undertaken. The figures presented formulate expectations regarding the
data delivery capabilities of the two systems, operating within the time con-
straints of an operational crop monitoring project. The imaging time available
to radar far exceeds that available to LANDSAT.

A complementary LAINDSAT and radar system would be a powerful data collection
tool. Radar might play an auxiliary role in arid climates, increasing the
dimensionality of the orbital data seL. In more humid climates, radar would
assume primary importance, with LANDSAT providing supplemental coverage when
available. An all-weather radar system may be a highly effective sensor in
the context of a well-designed agricultural sampling frame, simply because
it is able to image the target area independently of cloud cover conditions.
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S RIC PILCOMAYO-BA:ADO LA ESTRELLA (ARGENTINA): LANDSAT TEMPORAL
ANALYSIS OF A RIVERINE ENVIRONMENT

C ) Alberto B. Viola and Carlos M. Viola Binaghi
Aeroterra S.A., Buenos Aires, Argentina

and

William G. Brooner and Donald Garofalo
Earth Satellite Corporation, Chevy Chase, Maryland, USA

ABSTRACT

The Rio Pilcomayo-Ba:.ado La Estrella project focused on areas in Argentina and Paraguay
where the Rio Pilcomayo is actively depositing sediments, frequently in excess of 100 million
tons annually. Interventions in the river's course, through both mechanized channelization,
and by seasonal overbank flow and varying depositional processes, continually alter the
landscape.

The principal objective of the project was to study temporal hydrological changes,
physiography and land cover in the project area using multi-date digitally processed Landsat
data, as well as climatoloqical, hydrological and ground collected data.

Multidate Landsat images were useful for identifying and mappinq surface hydrological
features, their spatial distribution, and river chan'el changes resulting from both normal
flow processes as well as artificial diversions.

A Landsat multispectral classification involving a combined unsupervised/supervised
technique was used to "map" twelve (12) land cover categories in an area of 1,531,360 hectares.
A digital temporal change analysis provided quantitative data of different surface hydrology
conditions over three Landsat image dates, 1972-1978-1980.

1. INTRODUCTION

The Rio Pilcomayo flows out of the Bolivian Andes across the Gran Chaco of Argentina and
Paraguay. In northwestern Formosa Province (Argentina), the river forms part of the inter-
national boundary between Argentina and Paraguay.

Ba:,ado La Estrella lies south of the Rio Pilcomayo channel and is approximately 400 km
northwest of the provincial capital city of Formosa (Argentina) and 450 km west of Asuncion
(Paraguay).

The physiographic and hydrological characteristics of the Bav'iado La Estrella result from
the dynamics of the Rio Pilcomayo. Water in the Bafado La Estrella results from overland and
shallow channel flow of seasonal floodwaters originating from the Rio Pilcomayo. During the
past decade additional waters, fed into the Baado through several canals connected to the
river channel, have both expanded the areal extent of inundation in the Ba.ado and lengthened
the period of inundation.

In the present studies, Landsat digitally enhanced imagery, along with climatological
and hydrological records and field survey data, were used to prepare a series of map products
and analyses on the land cover, surface hydrology, temporal hydrologic dynamics, and physio-
graphy for a 17,000 km2 area centered on the Rio Pilcomayo and adjacent Bafado La Estrella.
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2. OBJECTIVES

The principal objective of the project was to study temporal hydrological changes,
physiography and land cover in the project area using multi-date digitally processed Landsat
data, as well as climatological, hydrological, and ground collected data. A series of
Landsat overlay map products were prepared at 1:100,000 scale to illustiate these changes and
features. Specific analyses and resulting products include:

A color Landsat photomap series at 1:100,000 scale showing the Rio Pilcomayo-Ba,ado
La Estrella and adjacent regions, covering an area of approximately 38,000 km2 .

Analyses and maps of temporal dynamics of the surface hydroloqy, and changes
occurring between 1972-1981 in the proect area comprising 17,500 kill2.

Analyses and maps of phvsiographic features were prepared at 1:100,000 scale for
the project area.

Landsat multispectral classification procedures were used in the GEOPIC Interact
System to produce a land cover analysis using the November 1980 Landsat scene. The
classification used a unique approach involving combined unsupervised and supervised
techniques to "map" twelve (12) categories in an area of 1,531,360 hectares. These
land cover categories relate to ecological environments, incorporating soils, land-
form and climatic variations. Result, were shown both cartographically (1:l00,OOC
scale) and in tabular format.

3. STUDY AREA

The Rio Pilcomayo-Ba:ado La Estrella study area contains approximately 38,000 km2 which
includes a portion of the Pilcomayo River and its adjacent areas. Located within this zone
of influence is the Ba ado La Estrella, south of the main river channel. Landsat images were
processed to provide complete coverage of the 38,000 k,12 area. Analyses of the land cover,
surface hydroloqy and physiography were conducted for a 17,000 km2 area centered in the
region of the river channel and adjacent Ba:ado La Estrella.

The study area consists of portions of four Landsat image locations, defined bv the
following path/row identifiers: 244/77, 245/76, 245/77 and 246/76. The processing of indi-
vidual scenes at 1:100,000 scale, and the temporal hydrology, physioqraphy and land cover
analyses, were conducted for a study area of approximately 17,000 kni-, defined by the lower
one-half of the Landsat images for Path 245/Row 76. In addition, selected image products
were prepared at 1:100,000 scale for the northeast quadrangle for Landsat image Path 246/
Row 76.

Formosa Province lies between approximately 22.50 and 27' south latitude and 57.5' west
longitude. The capital of the Province is the city of Formosa located in the easternmost
part of the Province. The northern border of the Province is also the international boundary
between Argentina and Paraguay. The eastern border of the Province is the Paraguay River,
also an international border between Argentina and Paraguay. The Province is bordered in the
south by Chaco Province and in the west by Salta Province.

The study area is rural and sparsely settled. Just south of the Rio Pilcomayo are
scattered agricultural fields and pastures of 4 to 10 km2 in area, surrounding small settle-
ments.

The climate is semiarid, and vegetation is characterized by two main types: xerophilic
in areas not subject to regular flooding, and hydrophilic in areas flooded yearly the Rio
Pilcomayo system. Past and present floodplains, built by sedimentation over the past two to
three million years, dominate the landsape.

Rio Pilcomayo flows northwest to southeast, over a slight gradient of about 0.2 meters/km.
It is actively depositing sediments, frequently in excess of 100 million tons annually.
Interventions in the river's course, through both mechanized channelizatinn, and by seasonal
overbank flow and varying depositional processes, continually alter the landscape.
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Precipitation decreases from east to west in the Province of Formosa. The wettest
months of the year within the project area are October through May with monthly rainfall
ranging between 30 and 135 mm; in the dry season, June to September, monthly rainfall ranges
between 5 and 30 mm. This is in contrast with the eastern part of the Province which has
monthly rainfall for the wet months ranging between 115 and 165 mm, and for the dry months
between 40 and 80 mm. Average annual precipitation in Formosa is 1,370 mm, while the project
area has 500-700 mm of annual rainfall. Estimated potential annual evaporation from the
region is on the order of 2,000 mm.

4. RECONNAISSANCE FIELD SURVEYS

Collection of field data, or "ground truth" on soils, vegetation, landforms, cultural
features, etc., is commonly imperative to extraction of accurate information from Landsat
imagery. Preliminary interpretation of Landsat images without benefit of ground truth
information normally results in generation of many questions regarding the natural and man-
made features within a project area. Further, the value of Landsat as a tool in planning
field surveys cannot be overstated. Even an experienced image interpreter who has some
knowledge of the area is certain to identify on Landsat images, features and/or subtle tonal
differences whose significance must be resolved by an on-the-qround visit or low-altitude
aircraft overflight of the area in question.

After preparation of GEOPIC enhanced Landsat images, Aeroterra/EarthSat conducted field
surveys in the area in June 1981. These surveys included correlation of field observations
with Landsat GEOPIC images and documentation of field characteristics relevant to the analyses

for: temporal hydrological changes, physiographic study and land cover classification.

Tonal and texture changes on the Landsat scenes, suggestive of differing land use/land

cover types along a transect, were selected as field check sites.

Upon completion of the reconnaissance ground and aerial surveys, all collected field and
office data (including hydrological and climatological records) were synthesized and orga-
nized to facilitate correlation with data acquired during the subsequent Landsat analyses.

5. SELECTION AND PREPARATION OF LANDSAT DATA

Fourteen (14) Landsat scenes were selected and actuired, of which ten (10) were digi-
tally processed in FarthSat's iEOPIC system and used in the study. Seven (7) of these
Landsat GEOPIC images covet- the pri, iary Rio Pilcomavo-Ba ado La Estrella study area (Path
245/Row 76). These images covet- the period between September 1972 and March 1981, involved
three Landsat satellites (Landsats 1, 2 and 3) and three ground receiving stations: NASA
GSFC (USA), CNIE (Argentina), and INP[ (Brazil). GEOPIC images were produced for analysis at
1:250,000 and 1:100,000 scale.

6. PREPARATION OF LANDSAT PHOTOMAPS

Landsat 0EOPI ilales were oosaicked to prepare a color Landsat photomap series at
I:100,00n scale, (coverinq an area of approximately 38,000 km2 including the Rio Pilcomavo-
Ba ado La Estrella study area and adjacent areas.

The Landsat photomaps provide a broad geographical overview of the physical resources
and infrastructure of northwest Fnrmosa Province for regional mapping, geographical and
natural resource studies, planning and multiple resource applications. The Landsat ohotoman

series consisted of four (4) Landsat map sheets, compiled from portions of four digitally
processed Landsat imaqes.

The Landsat photomap task involved the following activities:

I. Selection and acquisition of Landsat digital tapes.

2. Digital image processinq of each Landsat scene.

3. Mosaicking of four images, best fit to available cartographic
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controls and adjacent images.

4. Cartographic compilation of four map sections covering the
project area at 1:100,000 scale.

7. TEMPORAL ANALYSIS OF SURFACE HYDROLOGY 1972-1980

Significant hydrologic features found in the Rio Pilcomayo-Bafado La Estrella study area
include: the active channel of the Rio Pilcomayo; through-flowing water in sheets in "bafados"
during flood periods; semipermanent lakes with open water in oxbows and in depressions;
"esteros" depressions which temporarily hold shallow water bodies; unfilled (dry) segments of
linear channels; and "ca'.adas", ancient sediment-filled channels, serpentine in outline. The
only through-flowing stream in the study area is the Rio Pilcomayo, and Permanently flowing
tributaries to the Pilcomayo River occur in the segment studied. Within the river's flood-
plain, two important hydrologic features are "esteros" and "ba!.ados".

Esteros are areas of shallow depression with no external drainage, and with little or no
arboreal vegetation, containing standing water for prolonged periods, and slow vertical
accretion. They may show open water, be covered by floating acquatic vegetation, or have
lesser or greater amounts of hydrofillic sedges and reeds. Water in esteros may be derived
either from precipitation or from overflow of the river; in the latter case the estero may
become temporarily part of a larger ba~ado. However, when the through-flow stops as the
flood recedes, the estero still holds water subject to evaporation processes.

Ra.ados are depression areas containing overflow with external drainage downstream.
Water in a ba ado is primarily derived from rivers, not local precipitation.

Features found on the upper surfaces include abandoned channels and ca.adas. Water flow
and ponding follow and outline subtle variations in relief which are in many instances imper-
ceptible to an observer in the field. The differential distribution of water during the
rainy season still reflects the original landscape and enhances the inherited subtle relief,
causing the formation of bands of soil with different moisture content and pedologic develop-
ment. These variations in turn, control the relative vigor and even the species of plants
which prow on these features. Within the limits of the study area, gross variations in
veqetation appear to be related more closely to the yearly range in near surface moisture
content than to the texture or age of the soils.

The changes in hydrologic features of the floodplain which occurred between 1972 and
1980 were presented in colors corresponding to dates of interpreted Landsat GEOPIC images
acquired iii September 1972, March 1976, February 1978, and November 1980, ever a background
of the November 1980, MSS-7 image. Upstream the river has shifted its channel in places by
normal down-valley sweep and migration of meanders and bends. The length of the Pilcomayo
River within the Landsat scene was approximately 184 km in 1972, but only 76 km in 1980 as a
result of diversions of its discharge into Argentina and Paraguay.

8. ANALYSES OF SEASONAL WATER LEVEL CHANGES

Repetitive satellite-gathered information is uniquely suited to monitoring temporal
changes in surface phenomena, such as floGds and land cover or land use variations. A
demonstration of digital analyses of Landsat temporal data for evaluating variations in
hvdrologic features was conducted by comparing September 1, 1972, February 11, 1978 and
November 15, 1980 images. The development of theso digital processing techniques for mapping
land cover and landscape changes has greatly increased the value of :andsat's temporal
characteristics for many land planning and resource management applications.

The objectives of the Temporal Analysis of Water Level Change were to analyze different
surface hydrology conditions using Landsat data. A variety of data combinations were con-
sidered, including high and low water level differences, but the available data were inade-
quate for such investigation.

The most significant event occurring within the project study area during the eight-year

period (1972-1980) was the construction of canals to divert flow from the Rio Pilcomayo into
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the Banado La Estrella upstream from normal overflow points. These canals were constructed
in the mid-1970's. Available Landsat imagery clearly shows the pre-canal hydrological pattern
(1972 scene) and the post-canal hydrological pattern (1980 scene), contrasted over a period
of eight years.

Hence, the resulting objective of the Landsat temporal change analysis was to analyzp
different surface hydrology conditioned resulting from the construction of diversion canals.
Spatial impacts of cultural diversions to the Rio Pilcomayo leading to extensive changes in
the Bav.ado La Estrella system were documented on a color multi-temporal image at 1:100,000
scale.

Digital processing for temporal surface hydrology analyzed from multi-date Landsat
images in the Rio Pilcomayo-Ba.ado La Estrella project consisted of the following steps:

1. Dgital processing of the three Landsat scenes.

2. Visual evaluation of Landsat scenes.

3. Classification of surface hydrology features on each of
the three Landsat scenes.

4. Multi-date image registration.

5. Differencing of the registered classification features.

6. Conversion of digital data to film and film processing.

7. Evaluation and analysis of temporal change results.

Surface hydrology features considered in this analysis include both open water and
inundated marshes or areas of aquatic vegetation. Both of these features included a variety
of spectral signatures on the Landsat images.

Each of these temporal landscape features were assigned discrete colors by the computer,
and combined with band 5 of the 1980 Landsat scene which provided spatial orientation to the
displayed data.

The November 15, 1980 Landsat image shows less surface water than the September 1, 1972
Landsat image, in addition to changes in the location of flow resulting from diversion struc-
tures. The total 1980 area was 30,612 hectares, in 1978, 34,960 hectares, and the total 1972
was 41,507 hectares, within a total area of analysis of 1,306,160 hectares.

The approximate area of the present floodplains and seasonal inundation zones was shown
b combining the riverine vegetation class and the 1980 surface hydrilogy features. This
,rea is approximately 157,149.4 hectares.

9. LAND'AT ANAL(SIS OF LAND COVER FEATURES

Another objective of the Fio Pilcorayo-Ba.ado La Estrella project was to conduct a
Landsat classification to provde cartographic and quantitative data on the distribution of
land cover types, including veigetation, water and bare soil features, in the Ba-.ado La Estrella
Lo,*e.

To achieve this objectve, information obtained during field surveys, and analyses of
aerial and ground photos were used and correlated with analyses of the November 15, 1980
scene.

Procedures of classification used in this project consisted in a combination of supervised
and non-supervised classification techniques. A non-aligned non-supervised euclidean distance
algorithm was used in order to make the initial pixel arrays within the training area. The
result of this array was used for "training" a maximum likelihood classification.
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A maximum likelihood algorithm used training area statistics to estimate the multi-
variable probability densities of each spectral class. The euclidean distance classification
generated 30 spectral classes which were used to define the 30 maximum likelihood classes
which were then extrapolated over the complete study area.

The spectral classes were grouped in twelve (12) categories of land cover based on the
training area data derived from field surveys and collateral data sources. Results included
both cartographic and tabular statistical products.

The land cover classification map covers an area of approximately 85 km X 180 km (total-
ing 1,531,360 hectares) at 1:100,000 scale. The twelve (12) categories, each color coded,
included the following types and areal extent.

Color Land Cover Category Hectares

Blue Clear water 977.6 0.0
Light Blue Turbid water 7,268.8 0.5
Tan Bare so I (dry) 19,928.8 1.3
Gray Moist/wet soil 161,630.8 10.5
Yellow Grasses, sparse 278,758.0 18.2
Cyan Marsh/swamp 81,808.8 5.3
Green Forest-low open 199,706.0 13.0
Dark Green Forest-Goen nw/high 125,536.8 8.2

Orange Forest-closed high 28,863.2 1.9
Dark Red Forest-closed *ow/hiqh 420,677.6 27.5
Red Forest-riverine, dense 128,551.6 8.4
White Unclassified 70,012.0 5.1

Total 1,531,360.0 99.9

10. CONCLUSIMNS NNO RECOMMENDATIONS

The Present investigations focused on demonstrating applications of modern satellite
imaging technologies to analyzing the Rio Pilcomayo-Ba ado La Estrella area landscape and its
temporal dynamics The investigations included original and unique applications of Landsat
imaqerv, and successfully met the specified objectives.

The present investigations were the first application of temporal Landsat data to the
synoptic analysis of the Rio Pilcomayo-Ba, ado La Estrella area. All of the Landsat images
were processed in the GEOPIC system.

The Landsat photomaps of the project area provide a broad geographical overview of the
physical resources and infrastructure of northwest Formosa Province for regional mapping,
qeographical and naturl studies, planning and multiple resource applications.

Reconnaissance field surveys acquired data on land cover, soils, climate, geomorphic
processes and recent hydrology which enabled project scientists to correlate features on the
Landsat imagery with the characteristics and distribution of landscape features observed in
the field. The reconnaissance field surveys were an essential element to the successful
completion of the study and results obtained.

Changes observed on multi-date Landsat imagery included normal processes such as river
channel shifts and changes due to artificial diversions. A map produced at 1:100,000 scale
shows flow and channel features interpreted from sequential Landsat images for 1972, 1976,
1978, and 1980; data for each year is shown in distinct colors over a background of the
November 1980, MSS-7 image.

A digital temporal change study provided a quantitative analysis of different surface
hydrology conditions over three Landsat image dates, 1972-1978-1980. The spatial extent of
surface water in each period (or combination of periods) was classified and color coded over
a background of the 1980 image. In 1972, water covered 41,507 hectares; in 1978, 34,960
hectares; and in 1980, 30,612 hectares within a total area of 1,306,160 hectares. The
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ABST RACT

Researchers from INPLt and USP have been working in monitoring urban S5o
Paul lo for some time. The main projects involve the monitoring the urban growth
and the study of the urban heat island of metropolitan Sto Paulo. In this paper
we are going to describe the two projects without going into details, which
can be gotten in two other papers incl uded in these proceedings. These papers
are "The Use of landsat Data to Monitor the Urban (Growth of Sao Paulo Metropo-
litan Area- by Niero et al. and 'lse of Infrared Images in the Delimitation of
Sao Paulo's fieat Islancl- by Lombardo et al.

1. USE OF NIL F'LROL)GI(. S.\IL IAIES IN LiI1 STUDY 01F SAO PAUIL'S 1HEAT ISLAND

It is important to try to understand the relationship between the type
of urban land uise ai the urban heat island as well as between the heat island
and pollution. The understanding of these relationship could lead to a better
control of urban land use and, in consequence, to better urban climates and
quality of life. It could also lead to better proijcts of artificial towns,
which are so common in fast groi, ing countries like Brazil. Of course, to
understand the relat ioship between the heat island and land use, it is
necessary to study the physics of the heat island. It is also necessary to
study the heat island in places where it exists; this kind of study could
help the meteorologists in construct ing better models of the island and pin-
point ini its causes. [his was the reason for starting the heat island project
in INPI.

In the study\ of the heat island, meteorological measurements mae le
taken in situ. 1his kind of in situ measurements has been performed by many
researchers in the Northern Ilemisphere. It is possible to refer, among others,
to Chandler (CHtANDI.EiR, 1905) and Shitara (SlITARA, 1961).

The in situ measurements can become very expensive and time consuming in
tle case of monitoring the heat island for long periods of time or in large
areas. This was probably the reason which lead some researchers to use air-
planes and satellites in this kind of monitoring. A paper about the use of
satellites is that of Matson et al. (MIAI'SON et al., 19 81. The satellite
image s overcome some of the limitations of in situ measurements since they are
widely available, inexpensive and are taken during all the year. Of course
they have their own limitations; the values of temperatures obtained are less
precise due to atmospheric effects and to the difficulties of determining
certain parameters like emissivity; atmospheric effects, in particular, can,
under certain conditions, make it absolutely impossible to get any usefull
information from infrared images alone.
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S the beginning of the project A dy o Paulo's heat island, the

researchers involed t oin asurements. Afterwards it was
decided to switch to satellite images due to the difficulties enumerated
above, In the present study it was used as much ground truth as possible. The
satellite radiometers, for example, are calibrated using surface reference
temperatures ( instead of the on board references). The reference temperatures
are chosen in areas easily identifiable in the images and where the tmperatures
are homogeneous. Besides the reference temperatures, other temperatures
measured in sity are used to check whether the results are good or not. The
correction of atmospheric effects is made with the help of radiosondes. The
general procedure to get a temperature image is similar to the one given by
Chahine tilHAbINE, 1980P) and is decribed in Lombardo et al. in these
proceedings.

Fo perform stud ies of heat island one must first obtain temperature
images from the count images received from the satellite. Putting these
images in a graphical terminal and positioning the cursmor in a point of the
image, one can get the temperature of the point with a certain precision
t0.59 C). In the delimitation of the heat island, we also use images of
intervals of 19 C.

The result of our study is that there is a big heat island in 'he center
of the city and smaller islands in industrial areas and secondary centers. It
was noticed that the land use characteristis of the secondary centers are
similar to the characterist ics of the main center. The difference between
the temperatures in the heat island and in the skirts of the city is of about
59 C. The temperature of urban parks is lower than in the areas surrounding
the park. For more details, the reader is refered to Lombardo et al. in these
proceed ings.

2. 'ONIORING OF IIR\N GROWTII I N METROPO.ITAN SNO PAIL1O

Yhe nonitoring of urban growth in SWo Paulo presents problems which are
similar to the ones presented by the study of the urban heat island. One can
rmake the monitoring by in situ observations, but these observations are
expensive and time consuming. For this reason, researchers in INPE decided
to stu~dy he, good IANIS" images are to monitor urban growth in So Paulo.
beir results are encouraging anld are presented by Niero et aI. in theseproceedings. The greatest problem found by Niero et al. was to separate urban

from rural areas in the rural-urban fringe. This problem can be solved by
studying many images at different periods, bearing in mind that rural areas
present greater temporal variation than urban areas.

3. CONC LSI ON

It is hoped that both the heat island and the urban growth projects
associ ated with studies of urban land use will be uiseful to urban planners
,orking with metropolitan Sdo Paulo. The study of urban growth in a city like
S5o Paulo is i:nportant, for example, to help in the control of growth toward
protected areas (like parks, sanctuaries, reservoirs, etc.). The heat island
project may be useful in allocation of urban space, specially if associated
with studies of pollution.
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Keenan Lee
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ABSTRACT

Vegetation spectral information from LANDSAT and SLAR images, combined
with landform analysis have been successfully applied to the detection of
diamond-bearing placers in the junqle-covered mid-section of the Caroni River,
Venezuela. Six targets were selected for exploration from the photogeologic
interpreLation; three out of four field-checked targets have proved to be
diamondiferous. The remaining are also alluvial areas, but their diamond
potentials await for exploration. Photogeologic maps from these images
satisfactorily correspond with the regional geologic features in the area.
Mapping and statistical analysis of over 9,000 linear features from SLAR and
LANDSAT images show that illumination direction affects the data to the point
of rendering it almost useless if not corrected for such effects. We have
developed mathematical functions to correct for these illumination direction
effects in SLAR and LANDSAT linear feature data.

1. INTRODUCTION

In the present study, photogeologic interpretation of the mid-section of
the Caroni River basin, Venezuela (Fig. 1), was performed as the initial stage
of a larger program for diamond placer exploration for the Ministry of Energy
and Mines of Venezuela. The most outstanding obstacles facing the program
were, among others, remoteness of the area, lack of access, thick jungle
cover, extremely humid climate and poorly known geology. LANDSAT image No.
"-21446-13324 and SLAR photomosaics No. NB-20-7, 8, 11 and 12 (Catogafia
Nacional de Venezuela), and black-and-white aerial photography were selected
for a systematic photogeologic analysis encompassing drainage maps, photo-
geologic maps, lineament maps, and finally, placer target selection. Thick
and continuous vegetation cover, usually considered a constraint for geologic
mapping with remote sensors, was used as the main source of data for the
interpretation. The underlying rationale is that spatial changes in the
spectral domain can be considered as a function of changes in vegetation type,
density, stress, etc., which are functions of the soil physicochemical
properties. The latter, in turn, are dependent upon the rock types from which
the soil was develr ed. In short, the vegetation cover reflects the under-
lying bedrock. This simplistic approach, combined with landform analysis gave
satisfactory results.

Mapping and statistical analysis of over 9,000 linear features from
LANDSAT and SLAR iTmages show that illumination direction (either sun azimuth
or antenna look direction) affects the data so strongly, that it renders such
uncorrected data almost useless for tectonic interpretation. During the
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lineament analysis staqe of this study, we have developed Modulation Transfer
Functions (1MTF) for LANDSAT and SLAR to correct for these illumination
direction effects.

2. IANDSAT

lour typos of LANDSAT imaces at 1 :250,000 scale were used in this study,
(1) black-and-white MSS-7 standard product from 1,pOS; (2) false color
composite (FCC) from MSS-4 (blue) , MSS-C (qreen) and MSS-7 (red) ; (3) color
ratio compos:to (CRC) from MSS-4/MSS-5 (red) , MSS-4/MSS-6 (blue) and MSS-6/
.SS-7 (qreen) ; and (4) color ratio ii a,ie (5/6 R) f rom three di! ferent
stretchinc s el the 5.55-S,/M)S-f relation, as describkd y Painos and others
(19?9). The color imales wore kindly processed at the U.S. ].S. R emote Sensin.:
Branch at Denver by Don Sawatskv' and Dan Knepper.

2. 1 GeomorpholoLy

The geomorpholoc;ica] analysis be,;an with the delineation of drainage
patterns, for which IAN[SAT ASS-7 (Fic. 2) Drove,) to be the best choice.
Drainaqe mappino at a scale o, 1 :250,000 hm,.hllhts the anomalous patterns of
the Caroni River and its tributaries by showinq abundant barbed junctions,
rapids and deran,:ed areas (Fi). 3) . These features suoqest captures and
channel diversions in recent times. The works of van der lHammen (1972),
Barbosa an,) Ramos (1961) , and Garner (19671 , indicatinq that climatic changes
in the last few thousand years have porodicallv stripped the juncTle cover in
the Am.iazcn reciion, parti,,lly explain these drainage anomalies. Field obser-
vations r in i this study have detected the existence of a thin veneer of
fine-to-very- ine cra ned sands carpetinc most of the erosional surface at
400 n'a.s.l.; furthermore, old dunes covered with bushy vec etation have been
located west of Canaira (Pi ;. 1) . These features indicate a dry period when
wind-blown sed:iments were spread over the rca ion. Padiocarbon datin: of
fluvial sediment immediately underlying; these fine sediments lave an aqe o
8,030 - 110 years B.P.; the fine qrained sediments, of probable eolian origin,
show a depositional break at their mid-s-ction that has been dated as 6,470
(40 years B.P. Prom these zoomorpholociical and radiocarbon datinc1 data, we
postulate that the climate in the reqion chanqed from very humid (woodland
forest) to dry (open savanna) about 8,000 years ac;o, and the dry period
extended until about 6,000 years a,:o, when humid conditions resumed. A
second climatic cycle seems to ollow, with a period of aridity precedina the
piesent conditions of humid ncle.

A feature common to both the Caroni and Paracua rivers, is the presence
of wide valleys west of their narrow, structurally controlled channels. These
wide valleys seem to be the natural ccurses of the proto-Caroni and proto-
Paraqua rivers; furthermore, the Caroni in its mid-section is an "overfit
stream", meaninq that it carries too much water for such a narrow valley.
These evidences point toward a northeast tiltinq of the northern part of the
Guayana Shield during the dolocene, causing the river channels to miorate
eastward and to lean alainst the east marqin of their proto-valleys.

Pour major planation surfaces have been documented: (1) the top of the
Auyantepuy, lying at about 2,J00 m.a.s.l., characterized bv an unique example
of karst topography developed on silicified sandstones, correlated with the
Pakaraima Surface of Guyana (McConnell, 1969); (2) the continuation of the
Gran Sabana Surface at about 1,200 m.a.s.l. south of the Auyantepuy plateau;
(3) scattered renments of a planation surface at 500-600 m.a.s.l. that may be
correlated with the Kopinano Surface of Surinam and Brazil of Late Cretaceous
to early Tertiary are (McConnell, 1969): and (4) the floor of the central
valley at about 400 m.a.s.l. , which probably correlates with the Kaieteur
Surface o

t 
mid Tertiary a, e (McConnell, 1969).
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The three lower planation surfaces are covered with persistent ]aterite
profiles. The 400 m surface is of special importance in the present study
because the major diamond placers in the region occur on it, or in topographic
lows developed by erosion of the laterite.

2.2 Rock-unit real

By mappini on MSS-7 (Fiq. 2), combining spectral and landform data, we
have obtained a land cover map that closely resembles the geographical
distribution of the lithologic units (Fig. 4). The major rock units in the
area, the Cuchivero Group metamorphic rocks, the Roraima Group sedimentary
rocks an,! a suite of intrusives have been accurately delineated. Although
only subdivision at the formation level are presented in this paper, a more
detailed subdivision, down to member rank, has been performed in the study.

The cuchivero metamorphic rocks occupy the central and south parts of the
area, and display minor topoaraphic relief as rollini hills and scattered
mountains above the level of the flat central valley (Figs. 3, 4). The low
relief areas correspon,) to the location of the metavolcanic and metasedimentary
rocks (11" 1.. 1 coVere( with the thickest ve etation, and the hiaher mountains
in the soi' h ,rn part ol the central valley are developed on massive and
lesistant inits ot probable intrusive or iu in (P4'c) , supporting lighter
veu;etat ion

Thezoraima sedimentary rocks (P*' ) and associated diabase sills are
easily inteipieCte', by their laye-ed appearance and cliff-forming nature. These
se imentar iocks, exce~t for the shales, support less vegetation than the
Cuchivero rock s. The diabases support very lush vegetation except at the
mounain tois where lateritic profiles are thick. In the northern part of the
central valley is a section of sedimentary rocks (1P' s), which underlies the
Poraima G n, 'n has not b,,en previoisly described in the literature.

Final1,, the, a11arentrlv unmetamorp:hosCd intrusive rocks () P4) crop out
south { : th oo (ui inima Plateau as massive, circular, high relief features

above the l ara ua River valley. They are covered with vegetation as dense as
that on the cuchi .ro metamorphosed intriisives, and with similar spectral
propertits, su T:estin,: similar intermediate-to-felsic composition.

3. 3IAP AND AERIAL 1PFIOTOGCAPHIY

$IAP photomosal cs were used for lineament mappinoi and for gatherinq
textural an ! topo ;ra thic information to complement the LANDSAT interpretation.
The combination of the hi,:h spatial resolution of SLAR (14 m) and the spectral
information from ,ANDSAT proved to be complementary for mappinq in this
environment. Textural differences on the veqetation seen in SLAR are
;enerally expressed as either tonal or color differences in IANDSAT images.

Black-and-white aerial photo(raphy at scales ranging from 1:120,000 to
1:25,000 were used at the end of the interpretation stage to map structural
details not observable in the LANDSAT and SLAR imanes. The full potential of
these photographs has not been exploited.

4. LINFAM NT ANAILYSIS

The approach taken to lineament mapping in the present study was a
slightly selective one, in which all linear features were mapped except
beddino planes, obvious cultural features, or sensor artifacts. Linear feature
maps were interpreted from I,ANDSAT black-and-white MSS-7 and from SLAR mosaics,
both at a scale ol 1:250,000.
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A total of 9,478 linear features were mapped; 4,349 were LANDSAT linear
features and 5,125 SLAR linear features. Serious discrepancies are observed
between LANDSAT and SLAR distribution and even bstween SLAR distributions
mapped in the Roraima Group north and south of 6 North Latitude (Fig. 5).
These discrepancies arise because the area north of 6 North Latitude (Area A)
was imaged with SLAR under illumination from the east, the area to the south
(Area B) under illumination from the north, and finally, the sun azimuth for
LANDSAT was 126 degrees.

The works of Wise (1969), Sawatsky and Lee (1974) and Eppes and Rouse
(1974) have shown that the detectability of any given linear feature is a
function, among other factors, of the deviation angle (,I) and the relationship
between the depression angle (or solar angle) and the slope angle. For an
actual distribution of linear features (X ) in a given area, the relationship
with the observed (mapped) distribution 8f linear features (X ) is as follows:

X = X * MTF (1)o a
where MTF is the Modulation Transfer Function for the sensor system applied
(e.g., MTF is the MTF for SLAR).

s

4.1 SLAR Modulation Transfer Function

Considerinq the Roraima Group SLAR distributions in areas A and B,

Xo,A = xa,A * MTFS,A and Xo, B = Xa,B * MTFS,B (2)

and MTFSA = (MTFs B )_ (3)

where equation (3) should hold becaus8 the same sensor (SLAR) was used, but the
illumination direction differed by 90 . Also, because the areas A and B have
about the same linear feature distributions as seen from LANDSAT data (Fig.
5c, d), then,

XaA xa,B (4)

From equations (2), (3) and (4), the actual frequency of linear features in the
overall area (A + B), is obtained,

X, * (5)
a,(A+B) o,A 'o,B

and for each azimuth direction ., the relationship is:

x , = o'  •
Xa,(A+B), 0,A, Xo,B,2 (6)

finally, the amplitude of the MTS at each azimuth direction is given by,s

Amp. MTF = X /x (7)OB,>xo, A, P

The discrete nature of the linear feature distributions complicates the
derivation of the MTF with equation (7), so computer modelling of the MTF was
carried out using non-recursive filters. The best result was obtained wit9 a
function similar to the one suggested by Eppes and others (1974). The function
is shown in Fig. 6, and has the form of,

Amp. MTFs, = NIL Cos 2 . + .1511 (8)

where = deviation angle (angle between the illumination direction and the
linear feature). This function is graphically shown in Fig. 6

The RoraimaIGroup SLAR data from areas A and B were ci cted with their
respective MTF and the average of these two corrected distributions was
calculated to represent the corrected frequency distribution in the overall
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area. This average distribution is plotted in Fig. 7, together with the
distribution obtained from equation (6). The high correlation between these
two distributions indicates that either is representative of the actual
frequency distribution of linear features in the Roraima Group rocks, and
furthermore, it confirms the assumption that there is no significant difference
in tectonic style between the north and south areas (areas A and B).

4.2 LANDSAT Modulation Transfer Function

Once the actual distribution of lineaments in the Roraima was obtained,
the derivation of the MTF for LANDSAT was tackled, and so far, the best
approximation has the fbllowing form,

1.03 - cos 2 (9Amp. MTFL, 9.21 - 7. cos 2

This function is shown graphically in Fig. 8.

4.3 Significant trends in linear features

The siuinificant maxima and minima (Knepper, 1974) were calculated for each
corrected linear feature distribution and are shown in Fig. 9. They are very
similar for the Cuchivero Group and the Roraima Group, but the intrusive rocks
show low correlation between sensors, perhaps due to the small sample
population considered. Tn the Cuchivero Group the NW linear feature trends are
related mostly to foliation, althouqh some faulting and jointing of secondary
importance occur. The NE linear features represent fracturino, either along
ri,"ht-lateral shear zones of considerable extent (tens of kilometers) or
joints. In the Roraima Group rocks, the NW trend represents joints and normal
faultin, associated with the gentle foldina of the sedimentary section.
Maior faults (tens of km) parallel the fold axial planes in many instances.
The NF lineament trends in the Roraima are associated with faults (some up to
80 km lonu) , dikes, and joints. The intrusives show a persistent NE trend of
lonq fractures (tens of km) , probably faults, and north-trending linear
features of secondary importance. The NW trend is due mostly to joints.

Finally, the frequency distributions for each rock groups were compared by
usindj ternary diaqrams (Fig. 10). In these diag;rams, the azimuth axis is
perpendicular to the plane of the triancile, and a qiven point in the plot
represents the relationship among the frequencies of linear features in the
three rock types, at a specific azimuth direction. As an example, for a given
azimuth direction , the Roraima coordinate (R ) is obtained as follows:

c

c (xp< / (x P I + +xCRc  (x , / X , : + C, + i, )) * 100.

where,

X P, frequency of linear features in Roraima rocks at azimuth

X frequency ot linear features in Cuchivero rocks at azimuth

xl, frequency of linear features in Intrusive rocks at azimuth

A large subset of data falls along the Cuchivero-Poraima axis, denoting
linear (,1t ur'es common to these two rock groups and suguoesting that the
emplacement of the intrusives postdates maior fracturing] of the Roraima Group
rocks. Because the Roraima has been dated as 1.8 b.y. old (Snelling and
McConnell, 1969) , the intrusives probably belong to the widely documented
thermal event that took place 1.5 b.y. ago.
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5. EXPLORATION TARGET SELECTION

The most important criteria used for selecting potential diamond bearing
placers are:

I -Geographic-geomorphic criteria
1.-Large, structureless (flat) areas at about 400 m.a.s.l.;
2.-Close spatial association to the Lower Roraima rocks, believed

to be the immediate source of diamonds;
3.-Areas located along the postulated proto-Caroni valley;
4.-Areas lacking the linear features prevailing: in the surroundinn

rocks; and
5.-Elongated areas whose general pattern is unrelated to the local

trend of the rock units.

II-Spectral criteria
I.-Uniform tone ot medium-to-dark gray in the NSS-7 imale;
2.-park reddish-orav color in the FCC image; and
3.-I,ioht blue areas in the 5'6 R image.

Results

By using these criteria, six major targets were selected (Fig. 4) for
further exploration. Four targets have been field-checked at the time of this
writing, and three of them were diamond-bearing placers. The remaining targets
also are alluvial areas, but assessment of their diamond potential awaits
exploration.

6. CONCLUSIONS

The conclusions of our work can be summarized as follows:

1. The use of vegetation as the primary source of spectral data, combined
with landform analysis, for discrimination of oeologic units is a
powerful tool for reglional oeoloqic mapping in tropical junglle.

2. Drastic climatic changes, toglether with northwastward tilting of the
northern part of the Guayana Shield, have developed the abnormal drainage
pattern of the Caroni River basin.

3. Linear feature data, interpreted from a single imace from either LANDSAT
or SLAR, are NOT representative of the linear feature population in the
imaged area. If only one illumination-source imaoc is used for inter-
pretaion of linear features, it MU1ST be corrected tor illumination
direction effects before any *:olonic interpretation from these features
is performed. The inverse of the ,1TF's prese;td here (Figs. 6 and 8)
are suegested corrections.
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ABSTRACT

Color and color infrared aerial
photography and imagery acquired from a
Daedalus DEI-1260 multispectral airborne
scanner were employed in an investigation
to discriminate ultramafic rock types in a
test site in southwest Oregon. An analysis
of the relationships between vegetation
characteristics and parent materials was
performed using a vegetation classification
and map developed for the project, litholo-
gic information derived from published

geologic maps of the region, and terrain
information gathered in the field.

Several analytical methods including
visual image analysis, band ratioing,
principal components analysis, and contrast
enhancement and subsequent color composite
generation were used in the investigation.
There was a close correspondence between
vegetation types and major rock types.
These were readily discriminated by the
remote sensing techniques. It was found
that ultramafic rock types were separable
from non-ultramafic rock types and serpen-
tine was distinguishable from non-serpen-
tinized peridotite. Further investigations
involving spectroradiometric and digital
classification techniques are being performed
to further identify rock types and to
discriminate chromium and nickel-bearing
rock types.

1. INTRODUCTION

Most techniques for rock type discrimination involve a direct analysis of

qnmp qpt or sets of attributes or characteristics of the rock types themselves.

*Presented at the Seventeenth International Symposium on Remote Sensing

of Environment, Ann Arbor, Michigan, May 9-13, 1983.
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Remote sensing techniques for rock type discriminacion are highly oriented
toward the surface materials. Most systems in use are oriented toward these
same surface materials. As such, remote sensing-based strategies in areas of
high vegetation cover are precluded from making direct observations of the
soil and rock surface. The use of remote sensing in these areas is often
restricted to structural analysis; vegetation is frequently ignored. That 1 2
vegetation is often associated with geologic parameters has long been known.
These references report on research showing close correlations among vegetation
characteristics and geological parameters. Those vegetation characteristics
can be used to derive geologic information and to discriminate parent materials.
This strategy forms the basis of geobotany.

Remote sensing-based geobotanical investigations center on the manner in
which vc-getation parameters interact with electromagnetic radiation and fre-
quently include ancillary information such as terrain factors. That inter-
action is used to describe differences in the geologic landscape. The remote
sensing techniques rely upon a careful consideration of those vegetation
parameters which correlate with parent materials and which can also be readily
detectable.

2. STUDY AREA

A study area was selected in southwestern Oregon within the Siskiyou
Mountains (Figure 1). This region is known for its unique vegetation and
geology. A wide diversity of vegetation types has been recognized as occurring
in relation to the steep climatic gradients and diverse parent materials of
the area.

A test site of approximately 25 square kilometers was selected from within
the larger study area in order to establish vegetation-parent material rela-
tionships and to develop and test remote sensing techniques for discriminating
the geobotanical associations. The test site is representative of the larger
area in that it traverses a diverse assemblage of rock types (including ultra-
mafics) and vegetation. It is located in southwest Josephine County (Figure 1)
and is charactcrized by rugged topography with elevations ranging from
approximately 400 meters along the Illinois River to nearly 1500 meters near
Fiddler Mountain. Cave Junction, with a population oF approximately 1.000,
is located eight kilometers to the south.

The location of tl.e study area dictates a wide range of climatic condi-
tions dependent upon elevation, aspect, and position. The climate adjacent to
and west of the study area is strongly influenced by maritime air from the
Pacific Ocean. Summers are mild, with mean temperatures of 20 degrees C.,
and precipitation is scant. Winters are cool with mean temperatures averaging
near 5 degrees C., and precipitation is heavy. Most of the precipitation
occurs during the late Fall, Winter, and early Spring and usually exceeds
200 cm. Further east, the maritime influence decreases. Fog and humidity
are decreased and tEmperatures are a bit more extreme than on the west side
of the ranges. Precipitation is also less, averaging between 100 and 200 cm.
Within the study area, snow rarely exceeds one meter below an elevation of
1,000 meters (climate data is from Meyer and Amaranthus ). As might be ex-
pected, both temperature and snow accumulation are greatly affected by
elevation as well as by aspect. The effect on the vegetation is often dramatic.

3. GEOLOGY AND VEGETATION

3.1 GEOLOGY

The study area occurs within the Klamath Mountains geomorphic province
of northern California and southwestern Oregon. These mountains consis of
four north-trending arcuate belts of rocks which are convex to the west . The
two western belts, the Western Paleozoic and Triassic Belt and the Western
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Jurassic Belt go through Josephine County. The study area occurs primarily
within the Western Jurassic which includes the Galice and Rogue Formations
and associated ultramafic rocks. The rock units dip steeply to the east and
include several thrust faults.

The Galice Formotion consists primarily of metasedimentary and meta-
volcanic rocks. The former include slaty shales and slaty siltstones along
with poorly sorted shale, siltstones, and sandstones of mixed origin. The
metavolcanics consist primarily of thick breccias and tuffs as well as andesitic
flow rocks.

Ultramafic rocks, apparently injected into the metavolcanics and metasedi-
ments in a solid mass, occur as narrow lenses and stringers within the Galice
and Rogue Formations. They also occur as massive plates or sheets, one of
which extends through the test site. The ultramafic rock types include
peridotite, serpentinite, and serpentinized peridotiteF varying in composition
from dunite to pyroxenite. Some of these rock types (e.g. dunite) are almost
emtirely olivine (Mg, Fe) 2 SiO 4 ) and, as such, may have extremely low calcium/
magnesium (Ca/Mg) ratios. This chemical composition may have profound
implications for the associated vegetation assemblages which occur within the
region.

3.2 VEGETATION

The vegetation of the study area region is one which combines elements
of the California, coastal Oregon and eastern Oregon floras 6with a large number
of species indigenous only to the Klamath Mountains region. It results from
a complex interaction of cultural, climatic, geologic, and topographic factors.

The study area region's vegetation follows thg distribution of vegetation
zones as described by Franklin and Dyrness (1973). The zonal outline follows:

Zone Dominant species or genera

Interior Valley Zone Pine, Oak, Douglas fir

Mixed - Evergreen Zone Douglas fir - Sclerophyll shrubs

Mixed Conifer Zone Douglas fir, Pine, license cedar

White fir Zone White fir

These types are greatly modified by fire and logging practices. Whittaker
described changes in vegetation according to a variety of environ ental
gradients (primarily aspect, elevation, moisture, and rock type).T He
described the vegetation for three representative rock types: diorite, gabbro,
and serpentine. Low elevation diorite vegetation gradates from Port Orford
cedar - Douglas fir forests in mesic sites through Douglas fir forests with
sclerophyll trees in intermediate sites, to sclerophyll forest with scattered
Douglas fir in xeric sites. Low elevation gabbro vegetation gradates from
more open Port Orford cedar - Douglas fir stands, through more open sclero-
phyll - Douglas fir stands, to open, xeric pine - Douglas fir - oak - manzanita
stands. Low elevation serpentine vegetation gradates from still more open
Port Orford cedar - western white pine - Douglas fir mesic stands, through
very distinctive forest-shrub stands with several conifers and two-phase
undergrowth of sclerophyll shrubs and grasses, to Jeffrey pine woodlands.
Toward higher elevations on diorite, the forests of Douglas fir and sclero-
phylls gradate into montane forests dominated by Douglas fir and white fir
above 1200 m. Higher elevation vegetation on gabbro and on serpentine consists
of an expansion of the types mentioned for their lower elevation counterparts
with the mesic types expanding toward the xeric sites. The higher elevation
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vegetation on gabbro is also characterized by an increasing abundance of true
firs (Abies spp.) and by the presence of Brewer's spruce (Picea brewerana).

4. METHODS

Methods were developed to correlate vegetation factors with lithologic
and terrain factors and then to discriminate those relevant vegetation
parameters with the use of remote sensing techniques.

A preliminary vegetation classification was developed for the test site
and was subsequently used to correlate that vegetation with topographic and
lithologic factors. The test site was first stratified by general rock type

7

and then by homogeneous image type as interpreted from the analysis of available
color and color infrared photography at several scales (1:15,840, 1:24,000,
1:48,000, and 1:130,000). Sample sites were randomly selected within the
constraints of access to transportation routes. During the Fall of 1981, data
were collected on species composition (of the tree and shrub layers), species
dominance and cover, total vegetation cover, slope angle, aspect, elevation,
and rock type. The field vegetation information was combined with published
and unpublished research on the Siskiyou Mountains vegetation in order to
provide a vegetation classification framework within which the types of the
test site could be placed. Table 1 illustrates the preliminary hierarchical
physiognomic vegetation classification developed for the project. Those types
which occur within the test site are marked by an asterisk (*),

The vegetation information was integrated with the lithologic and terrain
information on an ESL Interactive Digital Image Manipulation System (IDIMS)
by recording values of those parameters to areas covered by pixels acquired
from two overflights of the study area with a U-2 aircraft carrying a Daedalus
DEI-1260 airborne scanner. Imagery was acquired on September 11, 1981 and on
July 15, 1982. The 1.25mrad IFOV resulted in a spatial resolution of approxi-
mately 25m over the study area region. Each flight had a somewhat different
spectral configuration (Table 2).

Both sets of imagery were first processed to simulate color infrared
phctography. A false color composite (FCC) was generated from channels 7, 5,
and 3 (red, green, and blue were assigned to those channels, respectively) of
the July 1982 imagery. A subsequent composite from the same imagery was
generated from the ratios of channels 7:5, 5:3, and 10:9 (red, green, and
blue were assigned to those ratios, respectively). Along with similar compo-
sites from the previous data set, these were the primary images used in
subsequent analyses. Channel 10 of the September 1981 imagery (2.05 - 2.35um)
was contrast enhanced for use in direct rock type discrimination. A principal
components analysis (A Karhunen-Loeve transformation) was performed on both
sets of imagery (figure 2). Landsat MSS FCC imagery from September 11, 1979
(scene id. # 21693-18111) was acquired for subsequent analysis.

5.0 RESULTS

Ground information collected from the field sites was used to correlate
landscape attributes and to identify and evaluate the spectral data sets.
Contingency tables comparing the ground information with the landscape attri-
butes were computed to correlate vegetation types with parent materials and
soils. These tables were analyzed to determine significant vegetation-terrain
relationships. This analysis provided the basis for a statistical description
of the distribution of each vegetation type in terms of the other landscape
variables. This same ground information was also compared with the digital
information to identify spectral classes. Results from those two sets of
contingency tables were then used in a comparative evaluation of the various
data sets generated in the analysis.

A number of results can be extracted from the contingency tables which
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were generated with an IDIMS software package:

1. Several vegetation types occur on ultramafic parent materials and are
completely absent on non-ultramafic parent materials. Included are
both of the Jeffrey pine dominated conifer forest types (Do and Dc in
the classification), the open Douglas fir - mixed oak forest type
(Lo), the open Douglas fir - tanoak type (No), the open shrubby
California laurel type (So), and the open grass type (Uo).

2. Two types occurred only on metavolcanic and/or on metasedimentary
rock types. These were the closed Douglas fir - tanoak forest type
(Nc) and the open manzanita - ceanothus type (Po).

3. The remaining types occurred on several rock types.

4. The near IR to red (channels 7 and 5: July 1982 imagery) ratio was
able to separate these groups. The other ratios wcre less successful

The Landsat >SS FCC imagery was poorly suited for separa ing: the rock
types on account of poor scale (resolution) and poor color differentiation
The principal components analysis showed that the first componen , probably
related to brightness, was poorly suited for separatin) the rock types, while
the second component, probably related to greenness, was more successful. This
would seem to indicate the importance of vegetation information in separating
rock types in this region. The third principal component was complettly
speckled and was probably due to poor data acquired for two of the channels.
The fourth component appeared to be related to terrain texture and was not
directly useful in the geobotanical analysis although it may prove useful for
providing information on rock structure. Figure 2 illustrates principal
components 1, 2, and 4 for most of the test site. The enhanced channel 10
appeared to be highly useful in separating areas of serpentine. Both the
color and color infrared aerial photography were useful for identifyin, the
general vegetation types which were correlated with the rock types.

6. DISCUSSION

Relationships between vegetation characteristics and rock type in the
Siskiyou Mountains have been lescribed by several researchers. This study
substantiatos a number of their hypotheses and suggests areas for continued
study especially with the use of remote sensing techniques.

Vegetation on ultramafic rock types is much more open and the tree laver
is much sparser than on neighboring non-ultramafic rock types having similar
environmental characteristics (Figure 3). Ultramafic rock types are character-
ized by a much greater percentage of conifer species in the tree canopy -han
do non-ultramafic rock types. everal broadleaf species which occur on non-
ultramafic rock types in the tree form are very common, and often dominate,
in ultramafic rock types in a shrubby form (these include California laurel,
canyon live oak, tanoak, and chinkapin). This study not only shows that
vegetation type differs with rock type, but also that vegetation density
changes as well.

One hypothesis suggests that ultramafic rock types result in early seral
vegetation types. Whittaker8 suggests the following evidence to refute this
theory: seedling data show that the dominant trees are reproducing: soil data
show that serpentine soils are just as mature as diorite soils; islands of
ultramafic rock types within non-ultramafic rock types have the same kinds of
vegetation which occur in much larger areas of ultramafics. While fire is
of major influence, it probably does not differentially affect ultramafic rock
types.
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Whittaker 3 ,8 , White 9 , and Kruckeberg'0 show that low calcium levels and a
low Ca/Mg ratio result in calcium nutrient deficiencies in some instances and
magnesium toxicity in other cases. Whittaker3 ,6 further adds that xerom~rphism
is a characteristic effect of serpentine soils on the vegetation. WhiteJ has
discussed the toxicity of chromium, nickel, and cobalt.

Thus the vegetation which develops in the region is one which is differ-
entially affected by xericity, nutrient, deficiencies, magnesium and possibly
chromium, nickel, and cobalt toxicity. The ,sponse in the vegetation is
dramatic.

Remote sensing techniques which can discriminate the resultant differences
in vegetation type and density can be used to separate rock type. Differentia-
tion of rock types within ultramafic units and isolation of anomalous deposits
of several minerals (including Cr, Ni, and Co) may further affect floristic
and physiopnomic characteristics of the vegetation and may affect their spect-
ral distribution.

7. CONCLUSIONS

The following conclusions ire drawn from the results of this on-going
investigation:

I. There exists a number of close relationships between vegetation
characteristics and lithologic factors in areas containing ultramafic rock
types in southweast Oregon.

2. Vegetation type and density is often quite different on ultramafic
rock tvpes as compared with non-ultramafic rock types. These can often be
used to discriminate those rock types.

3. linage processing of airborne multispectral scanner d.ta can be used to
differentiate those vegetation factors which correlate with ultramafic rock
type.

I. ltramafic rock types can be differentiated from other rock types
by the use of these techniques.
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Figure 2. Karhunen-Loeve Transformations components 1, 2. and 4. Eight Dollar
Mountain is at the right edge of each image. (Imagery of 9/11/81)

Figure 3. Vegetation on ultramafic rock type (rigit) and non-ultramafic rock
type (left). The ultramafic vegetaticn is characterized by an open
California laurel, California coffeeberry, box-leaved garrya shrub
type (So in classification) with sparse Jeffrey pine and scattered
grass understorv while the non-ultramafic vegetation is character-
ized by a closed Douglas fir - tanoak mixed conifer broadleaf
forest (Nc).
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Table 1.

Preliminary Classification of Vegetation Cover for the Central Siskivou

Mountains (vegetation classification produced by R. Frenkel and C. Kiilsgaard,

Oregon State University, 1982)

Symbol

open closed

Douglas fir Ao* Ac*

true fir, mtn. hemlock Bo Bc
knobcone pine Co Cc

Conifer -------- Jeffrey and ponderosa pine,
incense cedar, Douglas fir Do* Dc*

Douglas fir, western hemlock.
Port Orford cedar Eo Ec

Doulas fir, white and sugar
pine Fo Fc

Forest --- Broadleaf Evergreen- chinkapin, tanoak. madrone
canyon live oak Co* Gc*

Broadleaf Deciduous- Oregon white oak, Calif. black
oak Ho* Hc*

[bigIeaf maple, red alder Jo Jc*

Douwlas fir, chii kapin
tanoak, madrone Ko* Kc*

Mixed Conifer Douglas fir. canyon live oak,
L e B odleafe ----- Oregon white oak, Calif.

Broadleaf black oak Lo* Lc*

(greater :han 15 Douglas fir, tanoak No* Nc*

tree cover Douglas fir, canyon live oak Oo Oc

Green Man.anita. ceanothus Po* Pc*

Tanoak. blackberrv, vine m:,ple,
canyon live oak (ser.I) Ro* Rc*

Shrub ------------------------- Calif. laurel, Calit coffee-
berry, box-leaved garrya So* Sc*

(less than 15' tree cover, rhododendron, azalea,

over 15' shrub cover) L kalmiopsis To Tc

Graminoid --------------------- grasses (fescue, brome, etc.) Co Uc
beargrass Vo Vc

*occurs within test site
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Table I.

Spectral Characteristics of the Daedalus DEI-1260 Scanner

Configuration A Confi,uration B

Channel o Bandwidth Channel v Bandwidth

-* 0.38 - 0.4
2
um 1 0.42 - 0.45um

1 0.42 - 0.45um 2** 0,45 - 0.52um

2 0.45 - 050um 3** 0 52 - 0.60um

3 0.50 - 0.55um 4 0.60 - 0.62um

4 0.55 - 0.60um 5** 0.63 - 0.69um

5 0.60 - 0.65um 6 0.68 - 0.75um

6 0.65 - 0.69um 7** 0.76 - 0.90um

7 0.70 - 0.79um 8 0.91 - 105um

8 0.80 - 0.89um 9** 1.55 - 1.75um

9 0.90 - 1.10um 10** 2.08 - 2.35um

2.05 - 2.35um ii** 10.40 - 12.50um

ImagLrfV acquired on 9/11/81 Imagery acquired on 7/15/82

0 not recordAed ** these channels approximate
the characteristics of the

Thematic Mapper sensor

on Landsat 4.
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and
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ABSTRACT

The spectral reflectance of vegetation over the Caldera of Los Hlumeros is
usea to locate potential geothermal areas. The ratio of Landsat band 7 to

Land 5 is found to be an excelent discriminant between anomalous and back-

ground trees. A maximum likelihood classification outlines the anomalous

vegetation. This is coupled with a criterion to account for bare spot, mud
ponds, fumaroles and other surface manifestatiohs. The result is an outline
of the area with highest level of geothermal activity.

I. INTRODUCTION

The Mexican Volcanic Belt (MVB) covers an extension of 176,000 Km2 , crossing
the central part of Mexico from the Pacific Ocean to the Gulf of Mexico.
There are hundreds of zones within this belt which present favorable characte
ristics for the existance of geothermal areas. These characteristics are
recent vulcanism, high density of faulting and appropiate drainage. A
methodology has been developed for a first selection of the most promisinq
zones. This methodology is described in detail elsewhere (Del Rio, 1982,a,b,)
Essentially the method consists of a statistical analysis of maps, Landsat
images and aerial photograph interpretation carried out in two stages.

S•o o '12 o•
First, a window of 6 be 6 (approximately 100,000 Km ) at 20 N, was interpre
ted on Iandsat images and divided into zones of .5 by .50; each covering
approximately 1,400 Km2 . Some of the most important parameters considered for
each zone are: density and principal directions of faults, density, dimensions
anu alignment of eruption centers, lithology, topoqraphic emplacement,
hidrology and soil alteration. These data are the elements of a small
population nearly normally distributed. The analysis consists of determining
mean and standard deviation for each parameter and selecting for the next
step only those zones with favorable characteristics; that is, parameter
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values greater than the mean plus standard deviation.

The final stage is an extension of the same algorithm but applied to a 2
selected area at a greater scale. The end product consists of areas, 75 Km2

whose characteristics are the most favorable over the whole region. Since
toe number of these smaller areas is still considerable another criterion
for discrimination is needed.

With more than 70% of the MVB covered with moderate to heavy vegetation,
geobotany should offer further diqcrimination criteria. Although it has
been known for several hundred yuu~rs that plants serve as indicators of
the presence of certain minerals, in the last 15 years an intensive effort by
several researchers (Canney, 1969; Yost and Wenderoth, 1971; Howard et al,
1971; Press, 1974) has established that anomalies in soil chemistry are
highly correlated with vegetation changes in spectral reflectance, density
and morphology. Unfortunately there is very little else which may be said
conclusively regarding trends. The only conclussions that can be gathered
are that chlorophyll content is best seen in the 500-600 nm region exhibiting
a higher reflectance for a higher content of chlorophyll and that the relative
vegetation cover vs soil is shown by the IR (700-1100 nim) reflectance.
Whether the IR reflectance for anomalous trees is higher or lower than for
background trees, depends on the degree to which trees have been affected
and on the relative IR reflectance of the soil with respect to the trees. In
spite of the complexities involved in the relationship between vegetation
and soil, the cumulative results obtained indicate that the anomalous tree-
soil unit has a different reflectance compared to a background tree-soil
unit. One of the goals of this work has been to evaluate the discriminability
of tree-soil units present in a geothermal area from their background counter
part.

2. BACKGROUND

it has now been accepted that the effect of an anomalously mineralized soil
on the vegetation which grows over it can be of three types.

1) The area may have absence of non-stress tolerant vegetation or the
presence of stress tolerant plants.

2) The vegetation on the anomalous area may have a different morphology
clue to giantism, dwarfism or orientation of branches and leaves.

3) In the spectral region covered by Landsat, reflectance is determined
primarily by chlorophyll pigmentation (500-700 nm) , and by cell
structure and internal refractive index discontinuities due to water
content in the leaves (700-1100 rn).

All of these are altered when the nutrient uptake of the plant is modified
by thermal fluids that carry altered minerals. The fluids work their way
up through the faults, where minerals are deposited on the surface along the

* faults. Through a process of erosion, the minerals are transported to cover
a much larger area. Rain water then carries them to horizon A and horizon B
where they are absorbed by the roots.

While isolating the contributions of each effect on the spectral signature
of the combination trees-plus-soil is a complex task, this spectral signature
of the combination can be analyzed throughout the target area for
heterogeneities. The search would then be for areas in which the vegetation,
regardless of cause (bare spots, reflectance or morphology), has a different
signature than that in its surroundings. The validity of this approach
is based on the fact that the target area has already been singled out as
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having a high probability for geothermal presence. Then any subarea for
which its vegetation indicates an anomalously mineralized soil has a higher
probabilitiy of being a potential geothermal zone.

3. DESCRIPTION OF HliE CAlDERA LOS IUMEROS

Dinc Caldera Los flumeros is situated on the eastern end of the MVB, figures I
and 2. In this region the MVB overlaps the Sierra Madre Oriental. The calde
ra is a truncated cone with a base radius of 12 ± 2 Km, a height of 400 m
and a crater radius of 6 kin; its volume is 110 ± 22 km2 while its extension
is 500 km2 . The top of the structure has an altitude of 2,850 M. The mean
annual temperature of the caldera is 10oC and its mean annual precipitation,
averaged over the area, is 650 mm. The climate is temperate, isothermal with
a long cool and rainy summer; its temperature changes are of the ganges kind.

Because of its geographic emplacement, the Caldera is a barrier to the wind.
The predominant winds blow from the Gulf of Mexico with a N and NE direction.
These winds have a high moisture content which condenses and precipitates on
the N and NE flanks of the structure. In this region (Tepoztlan) the mean
annual temperature is 15.8°C and the mean annual precipitation is 1763 mm
while on the S and SW flanks (Caltona, the precolombian city of the sun) they
are 17.uOC and 577 mm respectively.

On the N, NE side these conditions produced a mixed woodland under a frequently
covered sky. Pine, grass and yuccai grow on top of the Caldera while on the
S, SW portion of it, only grass, yucca and nopal grow.

The Caldera Los lumeros rests over 3.5 to 5 My rhyolites; it is made up of
basalts, andesites and rhyolites with predominance of the second. The crater
is filled with a 70 m pumice bed. The youngest flow found in this area is
less than I My old.

This volcanic structure is dissected by three main faults: Monte Nuevo, N650 E:
wnich is the youngest; Zaragoza, N35 0W, and Los flumeros, NS, the oldest of the
system.

Within 3 Km from the rim there are 86 small volcanic buildings. Those volcanos
are clustered in aligmments and distributed on a 6 Km radius ring; the
alignments point to the center of the crater. It can be said that this vol-
canism followed the radial and concentric faults produced by the development
of the structure.

Although the volcanic centers on the Caldera are aligned mainly in the direct-
ion of tie youngest fault system, N650 E, the geothermal alteration and manifes
tations are along the oldest system, Los lumeros Fault.

There are four mayor plant communities inside the Caldera; grass, crops, izotal
and woodlands. Only the dominant species of each community were classified.

The crops are mainly Bideus sa and Argemiore a and are limited to the flat
lands where they are found on altered soil as well a on normal soil.
Secondary vegetation is found everywhere throughout the caldera. Grasslands
are communities of vegetation that grow after natural vegetation has been
striped or where crops have been cut; dominant spp are Pea villaroel and
Stipa ieha. Woodlands are pine-oak forests and are well--delimited, they are
usually on badlands. Izotal includes communities with predominance of Nolina
and Yucca. The last community is tile only one that shows a dominance graulent
with the grasses. The changes are well delimited since these communities
develop on hills where, according to the dominant wind, they present or lack
predominance.
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4. IMAGE ANALYSIS AND PROCESSING

The Landsat image used corresponds to the month of May 1976. This image is
of good quality and cloud free over the Caldera although band 7 presents
stripping. For the purpose of this study, the area was limited to the
Caldera and its immediate surroundings. This area was chosen because of the
prior knowledge of the existance of a thermal reservoir within the Caldera
which was reached by an exploratory well. Four other wells have been
drilled since, each reaching the reservoir at an approximate depth of
1700 m. The temperature of the dry steam of these wells is around 2600C.
Also, from the first area selection criterion outlined previously, three of
the 75 km

2 
circles, fell partly inside and partly outside the Caldera. The

wells mentioned are located within these circles, (see figure 1).

If the target area happens to be a geothermal area, as is the case, then it
will have a number of surface manifestations such as bare spots, kaolin
aeposits, fumaroles, mud ponds etc. All of these manifestations are too
small (tens of square meters at most) to be "seen" by Landsat. However,
their combined effect is to make the area different from its surroundings
by giving it a "patchy" appearance, as seen for instance in aerial
photography. In order to use this fact as additional information, a concept
af "disimilarity of the area" was developed. This involved a quick
comparison of I km2 squares, each, with its eight neighbors, to determine
those which are most disimilar to the rest.

To this end, the study area in the image was subdivided into seven parallel
strips alligned with Los Ilumeros fault. Each strip is 1 Km wide by 13 Km
long and partitioned into I Km2 squares. The third strip contains a high
uensity of surface manifestations. The strips on each side help to account
for variations in the reflectance of vegetation due to its topographic
emplacement.

The similarity of a square with respect to its neighbors was tested using an
algorithm whose logic consists of:

1) Calculation of mean and standard deviation, for each Landsat band, of
the pixels corresponding to each area (square).

2) calculating the average of the eight means of the surrounding areas
and subtracting it from the central mean.

3) The magnitude of this difference vector is subtracted from the
magnitude of the central standard deviation.

4) The sign and magnitude of this residue is an indirect measure of the
similarity of the central area with respect to its neighbors; if the
residue is positive then it indicates that the central area is different,
by more than one standard deviation, from its neighbors.

The results were scaled and normalized for display on a color monitor. Each
square was labeled with a number (0-15) resulting from the analysis. The
higher values correspond to the areas which are most disimilar to their

neighbors.

Training fields for a maximum likelihood classification were chosen based
on extensive ground truth coverage of the Caldera. Nine different vegetation
classes were assigned, covering dense (6.7 per 100 m

2
) pine trees located far,

(more than 4 Km) away from the known geothermal area and dense pine trees
located close (one, two and three Km) to the manifestations. The fields
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represented sparse coverage (1.2 per 100 m
2
) located both far and close

as well as trees growing on basalt flows and soil of pumice origin. other
training fields, such as bare soil, agricultural etc, were also given to
improve the quality of the overall classification.

iaLlu I shows mean and standard deviation for each of the nine classes
of vegetation training fields. The symbol next to the class represents the
anomalous (A) or background (B) category dependinq on their nearness to
hyvrot nCrmally altered soil. Figure 3 snows the relative brightness value
0:eac of the four bands for the training statistics corresponding to two
anomalous and two background fields. The fifth band shown corresponds to
,nc - j ratio for the nine vegetation classes. The outstanding result is
that the anomalous vegetation has a distinauishably lower R ,R!D (7,5)
Iat ii. A similar behavior had been obse-rved on the geothe rmal field of

S, AzuIres, Michoacan (Del rio et. al, 1980).

1 igur, shows tie result of a maximum likelihood classification performed
on the image. Vegetation was classified as either backqround or anomalous;
tne latter is shown in two colors (tones). The superimpcsed grid shows the
1 Km- squares which were analyzed for disimilarity. Figure 5 shows the clas-
6itcation ksmoothed with a 5 x I window) with an overlay of the most disimi-
lar squares. A contour _.dicates the vegetation with an anomalous spectral
signaturv. 'I'he impacted vegetati n is located S, SW of los Humeros fault and
is containud within two of the circles shown in figure 1. 'The union of the
areas of anomalous ve, <tatlon with the most disimilar squares then outlines
the area of potential geothermal activity as manifosted on the surface. The
intersection of the two criteria should outline those areas of hiqiest inte-
rest for conventional geophysical prospecting.

5. CONCLUSSIONS

When this work started, only one exploratory well had been drilled. Parallel
to this study, the rest of the wells shown were drilled. All five wells are
located within the two circles of hiihest probability as is the anomalous
vegetation found from the classification procedure. The disimilar squares
have a marked NS trend aligned with Los Hlumeros fault and the bulk of surface
manifestations. When integrated, all this information gives a good indication
of the limits of the area which should first be explored on the ground. In
t e future, geochemical analysis should be done to quantify the degree to
wnich tile vegetation reflects the altered soil. Also, the disimilar-square
test should be extended to cover the entire study area.
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Table I: Training fields statistics for anomalous (A) and
background (B) Vegetation.

B4 B5 B6 B7 B7/5

F i elas

PM8 (A) 29.83/1.65 26.75/1.57 32.02/1.57 31.84/1.70 22.77/3.23

PM7 (A) 30.63/2.21 27.62/2.28 30.63/1.26 30.88/2.16 19.83/3.76

PA3 (A) 32.91/2.89 33.25/4.51 40.14/3.76 41.92/3.40 26.76/4.51

PM] (A) 28.53/1.17 25.15/1.61 30.26/1.16 30.38/1.80 23.50/3.57

PM9 (A) 27.93/1.13 24.34/1.63 29.61/1.25 30.42,11.96 25.24/4.65

PB1 (B) 25.92/.98 21.60/1.06 31.35/1.32 34.48/1.66 40.30/4.58

PDI (B) 24.85/2.13 20.20/2.96 34.48/3.26 39.42/4.34 56.74/9.48

PI4 (B) 25.88/1.81 22.44/2.39 35.21/2.14 39.98/3.02 49.57/10.67

PR2 (B) 24.38/1.77 20.03/2.22 32.11/2.01 37.08/2.84 52.38/11.29

1'igure 1: LOs llumcros Caldera, (Lines are principal faults, dots
are wells, circles 1 and 2 are the most favorable areas)
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Eiqurc 2- Ilos Humercs Caldera as seen on band 5 (50-600 nm)
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Figure 3: Relative brightness of altered and backqround vegetation
(mean/standard deviation)
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FigIure 4. Maximumr likelihood classifi~cation

claurssifie iman with "most disirnilar" square,.



0INTEGRATED REMOTE SENSING, GEOLOGICAL AND GEOPHYSICAL
DATA PROCESSING AND ANALYSIS FOR HYDROCARBON PROSPECTION

IN THE PARAN. BASIN, BRAZIL (*)

G. Amaral

INSTITUTO DE GEOCIENCIAS - UNIVERSIDADE DE SAO PAULO
Consultant to THEMAG ENGENHARIA LTDA.

Sao Paulo - SP, brazil

A. Paiva Filho and A. P. Crosta

TIIEMAG ENGENHARIA LTDA.
.Ao Paulo - SP, Brazil

ABSTRACT

The extensive basaltic lava flows of
the Serra Geral Formation (Lower Cretaceous),
n the upper portions of the Parana
..dimentary basin, are a severe obstacle for
nydrocarbon prospection. Its thickness and
physical characteristics makes difficult the
general application of conventional
geophysical methods. In order to overcome
this problem a research program was developed
for PETROBRAS in order to obtain the maximum
geological information from remote sensing
data and integrate it with field and
geophysical data. Automatic analysis of
LANDSAT data with visual inspection of
LANDSAT and SLAR imagery resulted in a large
amount of lithological and structural
information, which were integrated with
geological and geophysical data for the
selection of target areas for future
investioation.

1. INTRODUCTION

This report is part of a larger program with the objective to test
the performance of remote sensing data for PETROBRAS hydroca-hon exploration
activities at the Parana basin.

The author's (AMARAL et al., 1981) presented a preliminary report
dealing with the data processing aspects of the above mentioned program.

Figure 1 shows schematically the location and geological setting of
the Parana basin, and the boundaries of the studied area. This basin is

This paper reports some results obtained from a program carried out

for PETROBRAS - Petr6leo Brasileiro S.A., which authorized its divulgation.
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about 2000 km long in the north-south direction and 1000 km wide, covering
an area of 1.6 million sq. km. It is filled with up to 5000 of Paleozoic and
Mesozoic sediments which are covered by the volcanic rocks of the Serra
Geral Formation of Lower Cretaceous Age (Q 120 m.y. after AMARAL et al.,
1966). This unit covers an area of about 1.4 million sq. km and has an
average thickness of 400 m kreaching 1700 m in the Parana river valley) . Its
physical characteristics (magnetic, gravity, electrical and mechanical) are
a severe constraint for the general application of conventional geophysical
exploration techniques )TESSIS, 1979)

Since the oil and gas exploratory targets are located mainly within
the Paleozoic sequence tSCHNEIDER, 1979), the Serra Geral Formation is the
most important obstacle for the prospection activities. Due to that they
were concentrated at the basin'; borders where the basalt influence is less
important. However, a large number of reports (ALMEIDA, 1981; HAMZA et al.,
1978; MEISTER, 1973; OLIVEIRA, 1971; SCHNEIDER, 1979, among others) indicate
that better conditions for hydrocarbon generation and accumulation should
exist at the central portions of this basin. Owing to that, a number of
exploratory wells were drilled more or less randomly to obtain geological
information in such areas. Moreover, similar basins in the Siberian Platform
)MURATOV, 1974; SOKOLOV and MAZOR, .980) present oil and gas deposits
associated with reactivated basement structures and developed in association
with higher thermal flow during basaltic activity.

[or those motives our study was conducted in order to obtain the
maximum possible amount of information for a better well location. The main
objective was the identification of positive structures and its
corresponding lows. As secondary objective an attempt was made for the
identification and mapping of lithological differentiations within the Serra
Gwral Formation. The studied area was about 70000 sq. km, corresponding to
two LANDSAT frames (WRS path 238, rows 78 and 79), enclosinq portions of
ParanA, Santa Catarina and Rio Grande do Sul states.

METHODOLOGICAL APPROACH

Fijure 2 shows, as a flow diagram, the methodology employed in the
present work. Post of the data was extracted from LAINDSAT and SLAP imagery.
LANDSAT photographic products were excellent for visual discrimination of
homologous zones (zones of similar texture pattern) corresponding to
litholonical differences. Band 7 images enhanced topographical features and,
consequent 1y, structural features. However, due to solar ilumination azimuth
(57° ), lines around this direction were not enhanced. SLAR images were
excellent for structural analysis, but very poor for lithological
discrimination. The viewing angle (E-W eliminated all lines in that
direction, it is important to point out here that also N-S lines were not
enhanced contrary to expectations, a fact which are being observed in other
programs in our country. Circular histograms for lineaments extracted from
both types of image show clearly those differences (Figure 3). Comparison
with field data indicated, however, that LANDSAT images yielded two of the
three main directions and SLAR mosaics disclosed only one.

An experiment was made for the digital filtering of LANDSAT data
iollowing the methodology proposed by PARADELLA and DUTRA (1980), in order
to enhance lineaments. The results were excellent but the treatment was
restricted for a small area.

As a result of the visual analysis of LANDSAT and SLAR images, three
maps were obtained:

- integrated photogeoloqic map (structure and lithology) (Figue 4);
- LANDSAT lineament map;
- ;LAR lineament map.
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An arbitrary coordinate system was attributed to the last two maps and
the lineaments were digitalized and processed in order to obtain circular
histograms, mean azimuth over a uniform grid, dispersion from mean azimuth

LANDSAT CCT were analysis at the Brazilian Space Research Institute
(INPE) , using the Image-100 system. 'wo kinds of processing were performed:

- Image enhancement - noise removal, correction of atmospheric effects, edge
enhancement, enlargement and color composition;

- image, classification - using the unsupervised K-means algorithm (HARTIGAN,
1975) on the corrected data for discrimination of spectral classes (Figure

.urface and subsurface data wore used for construction of isopach and
structural contour maps. Acromagnetic data were processed in order to
remove reg ional radients and produce residual maps.

3. RESULTS

Application of the above discussed methodology resulted in the most
detailed geologiical map availaLle for the region. Acidic differentiates
rhvodacite and granophyre) within the Serra Geral Formation were mapped and

used as ,uide-horizons for thL ::t u-tural analysis of the region.

Tic qeolooical map of Fioure 4 sumarizcs these results which, in
conjuct ion with regional studies (ALMEIDA, 1981; FERREIRA et al., 1981;
,ARALYI, 1981; REDMOND, 1979), allowed a new interpretation for the
stiuctural dcvelopment of the area. According to this interpretation, the
region was subject to compressional stress associated to the uplift of the
Rio Grande do Sul and Ponta Grossa archs, with the resulting development of
large flexures. After the volcanic events, the region was submitted to
tensional stress which reactivated older fractures and resulted in normal
faultinq and block Lilting. As a result, several favourable structures for
hydrocarbon traping developed. oreover, the acidic differentiates are
associated with crustal contamination (CORDANI et al, 1980) indicating
periods of hiqher thermal flow. Due to that, the conditions and timing of
hydrocarbon generation were controlled by the volcanic activity in a manner
very similar to that of the Tunguska basin in the Siberian Platform,
reported by SOKOLOV and MAZOR (1980).

4. CONCLUSION

The achievements of the present program are stronly suggestive for the
application of similar approaches for other portions of the Paran5 basin,
and even for other basins with similar problems
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Figure 5i A cidic rocks classified by the K-means algorithm.

(original figure in color)
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INTEGRATION OF GEOPHYSICAL DATA

WITH REMOTE SENSING IMAGES IN GEOLOGY

G. Rochon

Department of Photogrammetry

Laval University
Quebec, Canada

D. Brisebois

Department of Energy and Resources

Province of Quebec

SUMMARY

Even if the techniques associated with geophysical surveys are quite
similar in approaches with those used in remote sensing, the data gathered
from both sources are very rarely mixed or analyzed simultaneously by a
compute r.

This study shows that by combining satellite images with topographic
data and geophysical data, the resulting images give to the photo-interpreter,
a much better perception of the information contained in each of those
sources individually. For example, contour lines of magnetic maps (total
magnetic field, near surface magnetic component, regional magnetic compo-
nent, and downward continue] regional magnetic component) are digitally
processed to create images of those parameters by linear interpolation of
the contour lines on a 50 meter UTM grid. A DEM (digital elevation model)
was also produced with the same technique and linked to a geometrically
corrected Landsat image.

The images of the various magnetic fields, and of the topography, were
then transformed as if they were artificially illuminated by a point source,
according to the following simple relation:

A = k A i cos:

where A. is the input value of the parameter for a given pixel

ic the angle between the normal of each pixel, if the
image was to be seen as the surface of the earth, and
the simulated incident illumination

and - are the constants, positive or negative

A is the output value of the same parameter

Each new image was then combined with the Landsat image and transformed
through a Hotelling (or K-L) algorithm. The first three components were
finally colour enhanced. This procedure has the advantage of giving a total
perception of all the input data, even if some confusion exist on the origin
of the "anomalies" or structures seen on the screen. When located these
features may be seen individually or in combination for each parameter, on
the video display.
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This procedure as applied to an area covering a full 1:50,000 topographic
map, lead to a much better understanding of the geologic structure of the area
under study, as compared to the usual interpretation of the various sources of
data.

Other sources of data, including electromagnetic and gravimetric surveys,
are presently analyzed with the previous data. The preliminary results will
be presented at the symposium.
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GLOBAL SATELLITE REMOTE SENSING FOR

ENERGY, MINERALS AND OTHER RESOURCES

Frederick B. Henderson III

The Geosat Committee
San Francisco, California

SUMMARY

During the 1970's, the development of civilian satellite remote sensing
began on a global scale with the introduction of the U.S. Landsat satellites
in 1972. These satellites were designed principally for agriculture, hydro-
logy and land use planning. Applications have demonstrated the value of
synoptic perspective, global satellite coverage, and increased efficiency of
reconnaissance geology in mapping from space to the energy and mineral re-
source industries.

The international industrial geological community represented by the Geo-
sat Committee has worked with NASA, JPL and others to demonstrate the potential
benefits of the Landsat system and additional satellite capabilities to be
realized in the 1980's to the energy and mineral exploration community. Capa-
bilities added to current Landsat systems should include fixed and pointable
stereoscopic coverage, increased resolution (to 10 meters IFOV), additional
rock/soil sensitive bands, Synthetic Aperture Radar (SAR), and corresponding
ground segment systems for digital data processing and applications. The ex-
ploration and engineering value of these capabilities have been demonstrated
in the joint Geosat-NASA/JPL Test Case Program for oil/gas, uranium, and
copper deposits.

Several international satellite systems in various stages of proposal/
development may include the U.S. LANDSAT D and D', with both the 4-band multi-
spectral scanner and the 7-band Thematic Mapper scanner. In France, there is
the SPOT system (1985); in Japan, MOS (Marine Observation Satellite, mid-80's)
and ERS (Earth Resources Satellite, 1987). The European Space Agency (ESA)
proposes a marine/land observation system (ERS) late in the 1980's. All these
developing satellite systems recognize the necessity of international co-
operation, primarily because of the commonly held view of preserving the
"Open Skies" policy (mutual accessibility and availability of data) in
civilian satellite remote sensing.

The success of the various national developing civilian satellite remote
sensing systems will in large measure depend on international cooperation and
exchange of data, which will inherently lead to the eventual industrialization
of these operational systems. Such industrialization will occur in those
areas where industry can more efficiently supply the user community with the
required data than can government agencies.

Because of the high cost of obtaining, processing, distributing and pre-
serving the data produced by these future civilian satellite remote sensing
systems and because of the high potential value in future exploration and
development of non-renewable resources utilizing the satellite data, all
national systems are encouraged to move towards internationalization and
industrialization of complementary and compatible systems in the 1980's for
the benefit of all mankind.
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APPLICATION OF LANDSAT DIGITAL ANALYSIS TO MINERAL

EXPLORATION IN A FORESTED GRANITIC ENVIRONMENT

B. Bruce

Canada Centre for Remote Sensing
Ottawa, Ontario, Canada

G. Stevens

Acadia University

Wolfville, Nova Scotia, Canada

V. Singhroy

Ontario Centre for Remote Sensing
Toronto, Ontario, Canada

SUMMARY

An active geologic exploration program is vital to any nation which is
reliant on revenues from primary resource development. Exploration programs
are, however, capital intensive. They are thus often difficult to support
under current economic conditions. Any sources of information which can aid
in the timely and efficien: assessment, planning and management of explora-
tion projects must therefore be seri.ously considered.

The geologic value of the LANDSAT data source has been well documented
under arid and semi-arid conditions. Many areas of current exploration
interest are more heavily vegetated, however. This problem has been the
subject of several cooperative studies between the Canada Centre for Remote
Sensing and the Canadian mining and exploration industry. This paper pre-
sents specific results from one such exploration study in a forested granitic
region of Eastern Canada.

The study demonstrates methods which have permitted LANDSAT analysis to
make a significant contribution to the geologic understanding of the region
and to the development of an appropriate exploration strategy. A methodology
is outlined in which LANDSAT image analysis facilitates the interpretation of
geochemical, geophysical and ground-based geologic observations in a forested
region of Devonian granitic intrusions. This case study confirms the clear,
critical and continuing role of the experienced geologist in the successful
integration of LANDSAT technology in mineral exploration programs.
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GEOLINEAMENTS AS A TOOL FOR ZONE DIFFERENTIATION

IN REGIONAL GEOLOGICAL STUDIES

THE APPLICATION OF LANDSAT IMAGE ANALYSIS

IN SIERRAS DE CORDOBA, ARGENTINA

Jorge F. Kimsa
Ernesto G. Abril

Comision Nacional de Investigacionos Espaciales

San Miguel, Buenos Aires, Argentina

SU$ZMARY

This paper presents a method for the study of large areas, especially
those that have not been the subject of a thorough geological study. It
enables the differentiation of potentially interesting areas to begin a
regional survey.

It is based on the nature of the relationship structure deposit, be it
genetic or conditioning of mineralization.

Geolineaments are detected in satellite images; they can thus be grouped
in smaller areas which show zones whose characteristics differentiate them
from their regional context, and subsequently studies. The stages leading

to this typification are:

(a) Identification of geolineaments; it is performed
visually from Landsat images, using bands 4, 5, 6
and 7 and standard false color composites of
periods when thLe solar angle and the state of
vegtation enable a better definition of geoline-
aments. In the 1:1,000,000 scale remarkable
features a-e located and the 1:250,000 scale
is useful for detailed analysis, each interpreta-
tion is given in 1:500,000.

(b) Determination of the main bearings.

(c) Distribution depending on longitude.

(d) Determination of the minimum surfaces for
identification of anomalies: the region under
study is divided with a grill of minimum-side
squares in relation to the total work area, its
characteristics and the number of geo]ineaments
detected. In order to get more data for
statistical analysis, the grill is overlaped
with successive sfLifts.

(e) Obtaining data on each "minimum surface":
iiumber of geolineaments included in each
grid square, their bearings, the sum of their

longit':des, the number of times they intersect,
intersetion angle and bearing of its bisector.
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In addition, the mean longitude is computed as
well as the ratio "number of intersections/
numbers of geolineaments".

(f) Statistical analysis: the values obtained are
considered sampling data; individual distribu-
tions and existing correlations between data
pairs aze analyzed.

(g) Plotting of results: in the center of each
square of the grid with which the region under
study has been subdivided, each one of the data
is plotted according to the statistical fit
previously performed, and the corresponding
1:500.000 scale maps showing the differentiated
areas are obtained.

(h) Evaluation: each one of the maps is analyzed
individually and later grouped into one repre-
senting the most repeatedly differentiated areas.
And this is then compaired to the lithological,
morphological data as well as to any other data
that may be obtained from the images and the
pre-existing sLudies of the region. In this hay,
the differentiated areas are characterized
primarily.

The method is applied to the Sierras de Cordoba, Argentina, a region
situated in the "Sierras Pampeanas" geological province.
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DEVELOPMENT OF A DIGITAL IMAGE PROCESSING MICROSYSTEN

Carlos Ilarregui
Serverino Fernandez

Marcelo Campi

Comision Nacional De Investigaciones Espaciales
Buenos Aires, Argentina

S USPIARY

The Digital Image Processing Microsystem is being developed at CNIE for
users with small budgets and low throughput requirements.

Its based on a low-cost home microcomputer with standard printer and mini-
floppy disk drive.

In order to visualize image data, a special board with the display subsys-
tem, currently being constructed, is required to be connected to a standard
color TV set.

This board has dynamic RAM refresh memory, display timing controller and
serial 1/") port, with electronic pencil as interactive input.

The screen has a resolution of 128 pixel per line, 128 lines, with four

imaces in memory.

ser can select video output in b-w 256 levels or color in 8-8-4 levels.

In a second stage, a 256 x 256 video board will be developed.

For mass data storage, the user can select three different media:

linifloppv; 8 video screen areas each
- Audio Cassette; half Landsat scene, low cost, low sped
- Video Cassette; high speed, high capacity

For the last two media, special interface will be designed and constructed.

Using the printer as a hardcopy output element, image print -ati are avail-
able in true graphics gray scale characters.

The systemr will not allow either high-speed Or sophist icated ::rce;n.
Software is being implemented in conversational form, for simplc use and
training, as the nonspecialized user needs.

Processing programs will be a restricted subset of PI Processing System,
developed by CNIE.

The aim of this work is to develop a highly portable and extremely low cost
system, accessible to a broad range of users with limited resources.
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STATUS OF U.S. REMOTE SENSING OCEANOLOGY

John W. Sherman, III

National Earth Satellite Service
National Oceanic & Atmospheric Administration

Washington, DC

SUMMARY

The major developments in remote sensing applications to oceanography
stem from the 1978 launches of Seasat, TIROS-N, and Nimbus-7. Each of these
NASA satellites provided unique observational techniques to advance both
oceanic science and marine operations. The demonstration of concept, or
improvements in existing techniques for the remote measurement of surface
winds, temperature, waves, ice, ocean color, currents, circulation, have

been accomplished in the ensuing years.

Presently, the NOAA satellites now provide global sea surface tempera-
tures with a bias of 0.02'C and an rms accuracy of 0.75°C. In 1984, the
U.S. Department of Defense will launch a satellite designated GEOSAT, with
the potential to provide global waves and windspeed. Later this year
Landsat-D with an improved multi-spectral scanner will enhance bathymetric
observations from space.

This review paper summarizes the results of the 1978 oceanic sensors
developments which have subsequently evolved.
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0EL NINO OBSERVATIONS BY REMOTE SENSING*

0Alan E. Strong

iNOAA, National Environmental Satellite,

Data, and Information Service
Suitland, Maryland 20233, USA

A13S T NACT

Several excellent NOAA-7 images have enabled delineation of surface

thermal patterns off the South American coast. Comparison with drifting buoys
on an interactive processing system show excellent agreement with the new
multichannel sea surface temperature (MCSST) algorithms now being used oper-

ationally by NOAA. Compositing data over several days allows one to further

remove clouds bringing out SST structure over large areas revealing major

features in both the Peru Current and the eastern South Equatorial Current

of the Pacific Ocean.

1. INTRODUCTION

New spaceborne sensors and improved technology have made it possible to

monitor more adequately the region of the South Pacific Ocean influenced by the

Peru Current. This upwelling, nutrient-rich current system is believed to be
an extremely important oceoi variable, one that is directly related to, if not

responsible for, many of the variations in the entire air-sea climate system.

The most noteworthy extreme of the Peru Current is commonly referred to as the
"El Ni~o" condition. This phenomenon is the result of weakened coastal upwell-

ing and invasion of warmer equatorial waters from the north into the coastal

region, upsetting not only normal physical conditions but their biological

counterparts as well.

During 1981 NOAA's National Environmental Satellite, Data, and Information
Service (NESDIS) drastically revised the method used to calculate sea surface

temperatures (SST) from NOAA satellite data (McClain et. al., 1983). The new

technique was implemented in November 1981. It uses multichannel Advanced Very

Nigh Resolution Radiometer (AVHRR) data to derive atmosphere-corrected SSTs.
The correction for atmospheric attenuation by moisture can be applied on a

pixel-by pixel basis. Statistics using fixed buoys and drifting buoys have

been showing excellent results (Strong and McClain, 1983). The best of

these comparisons is coming from drifting buoys. One array of drifting
buoys was in the Peru Current during March 1982, being part of the Equatorial

Pacific Ocean Climate Study (EPOCS). Results from these buoy/satellite

comparisons are presented in this paper.

2. MONITORING EL NINO

During the ten years prior to the introduction of the multichannel SST
(MCSST) procedure, satellite-derived SSTs typically have been sparse off South

American in the Peru Current area. Stratus cloud cover typically obsures this
cool upwelling current. Even those scattered retrievals that did managed to

survive all the cloud checks had a tendency to be biased slightly negatively,

indicating clouds coul,! still be contaminating the field of view.

Presented at the Seventeenth International Symposium on Remote Sensing of

Environment, Ann Arbor, Michigan, May 9-13, 1983.
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With MCSST procedures becoming operational in late 1981 the Peru coast
was selected as a priority area for conducting extensive validations; quality

"surface truth" from EPOCS being available for comparison there. February and
March 1982 were selected as candidate monitoring months; cloud cover

historically being least during that period. Although no "El Ni~o" had visited
the region since 1976, sea surface conditions were still slightly warmer than
normal (0.5*C), having never quite returned to normal since 1976. The 1982/83
"El Nigo" began developing over the Central Equatorial Pacific during June and

July 1982, but did not reach the South Ameri a coast until September 1982. Our
March 1982 measurements were taken immediately prior to the onset of this El

Ni~o - which has become one of the best developed warm water episodes of modern

record.

3. THE MARCH 1982 FIELD STUDY

During February 1982 several cloud-free satellite scenes along the Peruvian
coast showed numerous thermal features. Fig. 1 is an example of such detail on

February 8, 1982. A special sampling of full resolution AVHRR (Large Area
Coverage--LAC) was initiated. A week-long period of clear or nearly cloud-free

scenes in middle and late March was selected for further processing on NASA

image processing equipment at the Goddard Space Flight Center. Although LAC
data at 1-km resolution was not available on all days, coarser 4-km resolution
data (Global Area Coverage--GAC) was obtained from NESDIS for a compositing

experiment.

The March 22 data, shown in Figure 2 (a-d), shows a black and white version
of the color image used in the poster session and is derived from the LAC
daytime pass on that day (approx. 1430 local time). Channel 2 (Fig. 2a) (0.725-
1.1,m) illustrates how the sunglint contaminates much of the western portion of the

scene, while Channels 4 and 5 (10.3-11.3l.m and II.5-12.5im, respectively) are

unaffected by the glint and reveal some evidence of a coastal thermal pattern.
After correction for atmospheric water vapor (Figure 2d) these features

sharpen noticeably. Areas of the image where Channel 2 reflectances exceed 15%
are not processed (displayed as black), as they represent obvious clouds or

land targets.

Imbedded in the image of Fig. 2 are the locations of seven (7) small drifting
buoys equipped with SST probes. Information from these drifters were supplied
by NOAA's AOML (Hansen, 1982) from an EPOCS data set with assistance from

Peru's Marine Institute (IMARPE). Table I shows satellite/buoy comparisons and

location of these drifters on March 22. The outlier (#2197) is the buoy farthest
south where the cloud filtering was evidently ineffective. The other drifters
tend to show a slightly negative satellite bias but all are within 0.6-C.

On the HP-1000 Interactive System at NASA/GSFC it was possible

to composite an entire week of GAC AVHRR from NOAA-7 after the SST daytime
algorithm had been run and the data mapped. In forming the composite SST field

over this seven day period (19-25 March), wherever more than one SST accumulated
at any pinel the highest value was selected for the final composite image.
Taking the highest SST, rather than the mean value, helps remove residual

cloud contamination.

Figure 3 is the final product, March 19-25. Again, this version is a

black and white rendition of the color poster illustration. Buoy locations

are included on this Fiqur- for most days and indicate current movement at
each drifter location. Structure along the Peru-Ecuador coastline is well
portrayed, as is the cooler water of the Equatorial Current through the
Galapagos Islands. The wave-like form of the Pacific Equatorial Current
front shows up dramatically as three cusp-like features. They are a portion

of a series of equatorial long-waves extending westward along on the north side
of this cool upwelling current (Legeckis et. al. 1983). These waves typically

progress westward with a phase velocity of nearly one wavelength per month.
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4. THE 1982/83 EL N190

Data from satellites, buoys, and ships have been used jointly in

defining the evolution of the strong 1982/83 El Ni;o. Figure 4 shows the

SST anomalies for June 1982 (a), September 1982(b), December, 1982(c)

and March 1983(d) as derived by satellite. Although some str, tospheric aerosol

from El Chich6n (see earlier paper in these proceedings: Strong, et. al, 1983)

removed a degree or two from the associated anomaly pattern, the feature and its

evolutuion are well defined from satellite data alone.

5. CONCLUSIONS

Several excellent NOAA-7 AVHRR images have enabled delineation of

surface thermal patterns off the South American coast. Comparisons with buoys
showed excellent agreement, illustrating how well the new MCSST algorithms are

working. Compositing data over several days allows one to further remove clouds

and bring out SST structure over large areas, revealing major current features.

The reglon of Peru Current is an important oceanographic and climatic
area. The El Nino of 1982/83 is being monitored by satellites, buoys, and

ships more successfully than any previous El Ni7o, and it appears that this

El Ni~o may be the most significant of the century.
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THE ERS- I PROGRAZWfE OF THiE EUROPEAN SPACE AGENCY:

ITS APPLICATIONSTO_MINERALAND _N'ARINERESOURKCES

METEOROLOGY, CLINIATOLOG Y, AND OCEANOGRAPHY

0by C. HNAL
European Space Agency

Directorate of Applications Prograrinies

18, avenue L. Bel in, 310)55 TOULOUSE Cedlex. Fraince

ABSTRACT

in- IlOctober, 1()81 , the Member States ot the L1.ropeari Spaice Agjency
Vc kdoLVd to"I[ nit IatI, thIe f irs t LSA Remout e Senis inrg Sa t e I itec

ILRS I I Proq raiiie . The f ir st riti s s ionl t o r ienlted t ov.,iri 1sI c e anI d
0C Cirl mll i tii rg and( fil( te miaini m is s i on objectiyes i re o I bo th1

enlt It I t c 101W ec0Iin C 11.) tre;

to i nc-re a sc tie scie n t if ic undert-sta)nd ing o f :oa stalI zoris anld
ocean ri cebi

-to dle elop aid( promotec ecorioii i pp) t cat i oils rel ated to o
bt ttr know) edge of ocean parrmotcrs and sea-staite

The payl oad of ERS- t is opie f

- an A( I ive .\ti crowaive InsiLt oeo tadtionl (N1 1,t I ciiiiny fil te
fiW( ti il1l;o a Syntheti 1--Apu-r ture Radair tSAR), i 4ave
,cittvroct or- and a Wind Scajt terniiieter, primari ly for the

doesiier~ont of wind f i i (I ind( wajVO- spcctr~ ratid( for
,a I I-i.%ithor I iaqgii

a Radarf Alt imet I ) c pir ivai i I y filr tiClledSIiieaslicrleit (If
s I~lI fI int wayv, '.igilts iiod if riiajor, oc(ean currents;

, If) idd i t iiori)iI irtst rrnio t ti o so 01 Ic tell a s a r sl I o 0f al1

Antiiiniic ien t o f Oppor t Ln)i t y I SLied Iitl t Ile S( I11 OiIf I C
coiluliu I t ty ( the pi t i CiL palt IIN9 StatIe>.

The pamper presents tire differeit paraieters to1 be extt racd fr on
thle systeml arid tlile i r pilteilt i .1 cont r iut ions1 to tlile e ffect yve
Llt I I I sa t I Oi 0of renio t e s ell s i rlg t cc till i qu s ill) tile I i e Id(s o f
poCt ro0 iii eL 111an in i nera I iesour cos . meteoirologiy, c Ii ma tology.
oic ,iinog rip[fly an it]rmar Itnle r es ources,.,

1. INTRODUCTION

S inrce tlie ea rlIy 1 9 70 ' s a nu1Lmb er o f reno tec senis ing satellites have been
lanlirficifd, mainly by the UISA, and a large TILimber of experimnrts carried out
toi asses tlile valIue o f tIti s new spa ce t echlio Iogy for a wide r inge (If

appli catlilons. Since 1976 t he Lu ropea ii Spaic e Agency , atssis5t ed by va r Ious
(rorps ofI Eu ropean Exper t s, has S StuLd Ied thle nOi s s ionl oil cct y e s wt.h a v iew
to den(Itt I fyI ig Euiropeain needs anid evert taU I ciiiit r ibLut ion 01 llt remote sells irig
siJ telI I I toe prig ranlnes
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These activities resulted in a recoinemndation for the development of two
satellite systems: one oriented towards the monitoring of coastal zones and
open oceans, and the other oriented towards land applications. A further
recorirmendat ion was to consider not only the opt ical instruments for the
payloads, but also microwave imagying sensors, e.g. Synthetic Aperture Radar
tSAR) providing an al I-weather capabil ity. In early 1980, the ESA Member
States decided that the-f-ir-s-'t -priority should be given to an oceanic mission
which could also perform the moni toring of polar regions. The following
sections provide a brief description of the parameters measured by ERS-I,
and of their use for scientific and application objectives.

2. THE ERS-I SATELLITE

The pr ior i ty iIn the payload has been given to aI compreheis ive set of act ive
rmlicrowave instruIlients able to observe as completely as possible the surface
aid wave structure iver the oceans. The set of instrulents consists of a
Wind Scatterometer , the SAR employed as a Wave Scat terometer, and the Radar
Alt ieter. Results from SEASAT have demionstrated the abi I i ty of the Wind
Scatterometer to provide wind speeds to an accuracy of 10-2

0
f, and wind

direct ions to wi thin about 20- , and of the Radar AlI tirrieter to provide
s gni ficant wave heights to about 10 accuracy. Further, tie SAR oni SEASAT
As suc cessul In imaging waves y e Iedilg, Ii most cases, the d irect is and
w'rvelengths oh the doiiinant waves and potent ial ly the full two-dimensional
wive rqy spec t run.

In the >elected ERS-I confIgurat ion, SAR small -sceie wave images wi I be
In terleved wi titr scrt terometer data of the same microwave wavelength in a
g I oba I sairipl rig scheme . thereby enabl iu rii the deve I lopment of a Igor i thins

Sl tiding the importait coupl rig betweenl the wind . tire short back-scattering
r lip Iles aid tire I oniger niiodulr ti rig waves. Tire s im ItIIaneouS global samipl IIg of

'i .1 and wave f i e I ds wi I I titrterriore errab I e the p3l I cat i on of 111u tu a1 1 y
support ive obj ect ive anaI lys is schemes in win iCh tIe wind aitd wave fields ,ire
est lia ted rIorit ly through the appl i cat i oil of a dynarmi c wave Miode I

For ERS-I , tire Vind Scat terurmeter , have Scat terirometer , and SAR wi I I be

coiblined as arr Active Microwave IIs trumentit i oiAMlI I. Tii s approach I cads
t 1r a redUC t i 0ii o1 t lie reqU i red rimss , VO I JIlle ad (irs t by sha r i rig coriiroii

lii r(wi re .

To SUritar rze, therefore, the ERS- I base I lie pay load r I Il cons i st o f the

to I I ow 1 r i s trurie 1tS

'1i1 Act ive Micriwave InistruLi. 'titioi (AM IlI operat ing dt C-band 15.3 Gli),
comb ing r4- tTlie TLilc I iis ii a Synt liet ic Aper ture Radar I SAR) , a have

Scatteromieter arid a VVirrd Scat terormeter, prirari ly for the Measuremer t of
wind fields and wave i nage spectrum, arrd for high-resol tion a II-weather.

im,rilig over coastal zonres, ice areas aind fair(].

a Ku-band ( 13..56 Oliz I Radar Alt imeter ItRA) for t a Ieasurement oif
s lgni ficant wave heights ard oif-rajor currents over oceans, ard of ice

profr les.

- n Aong-Track Scanning Rad rrmee or (ATSR), as a result of an Announcemenrt
rif Opporturir ty (AOP) issued by ESA wi tin i tire sc i ent if i c crorum r i ty of tie
particirIpat 1i1g States. Tins is .r 3-channr el irrfrra-red radioneter, priimari ly
for accurate measurerment I f sea stir face terirpe rat lre. Tire poss hr I i t / is
be ing studried oI coripl etI rg tie AFISR wi th a 2- f requency i crowave nad i r
SOUnde r fur measurerenrt of wi ter vapour content iii support of tire Radar
AI t imeter.

- a Precise Range & Range Rate Exper imcnt I PRAREI a s a result of thte
same AOP.

- Laser Retroreflectors to provide accurate tracking capabili ty.
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4. 2 1 Is t ruitent Dut yCyc I Cs and Da ta Tr ansim ss i on

H-fg-B ht Ro te- Mode

b~ecause ot the high bit raite (100 Atbps), on-hoard recordiiig Lalnlot tajke
plac ardd therefore dat a acquisi tion is, only possiblIe froli areas if the
koverange o I ova IIablIe s t It I orn- . The SAk w I I I ope ra to e i 1 ILI t~ y C I V 01
ab~OU t 10 0

Low h i t Kate Mode

Du -rig ttice low b it raIt e miode , t le f o ILiow Ii s etbs r s ope r It cw"Ith1 a duty
C y LIe 0ot 4 0 to 10 0 ?:

AlI t ioet er 1 0 1Kbps
hi nd Sci I tter ome t er I 1Kbps
AAII hadve Mode 600 1Kbps
ATSRk 1 00 Kbps.

Comb I [led- Mtode

The t oI0 ow i ig ti IV I t IlC, b al C 1 take p)1a Ioe i 1 1 I N l~l o 1111311) nii3e III
reoalI- t I ie trallsrissioll plus Ireal -In t raI inPICsii t Ilw h it raIt e da t
PIS pI ybaclx ofllo WIi t ra te (adoIa

4.3 roeasunreieirt s

The ia n pilysica I ~ p aome t ers S li W h C w I I I bie iiiit dI iI( 1 1 1 -lC ',,Uiiihdr IS Cd III tile
a t taelc he Tabl 1e I

5.TIlL LRS- 1 GRGULNLI SLU.ILNT

Thle problIem oif rneo te sons ig da ta aCqU Is bit l ol.f),process Fl andid d I sseij11it i oil
has been ident i f ed as a key aspect Mhen i n tile ne~ar future both Luropeomn
anid Ioll-EboropeanI spacecraft wi I Ibe III orbit. and generat ingl very high data
r ateQs I rI exper-imlen~talI aind opera t I Mido I Users. I n tlie p,,r t i Co U dr CadS e 0f
0 kcanI II c m Iu s ionIIs f or t IIe 111011I I tor Ill g ofI ra p idlIy cL )a In i 19 d yIianri i c ph ell)on ila
reqLI Irelit s a re spec iall Iy scve'-e anrd delI very oIf thfe Inifo ria t I Oil t o enld
users MU 5st he pe r fo rmed w i th)i n a few hou r s. A I Igore of 3-b fours i S
Curreint I y ,idmi t ted. Ill add i t ion. rnmany of tilhe po t eilt i a I app) I ca t i oiis, ofI da ta
c oini 119i f rom ERS - I ,wfl Il ahdre a t presel t conls i dered exf)O r i men t a I , w i I I ill1

f ac t becomle nea rlIy ope ra t ional a t tlile I e of thtle IIlI 55 s(s1o and coul ho pubeIMt
init o quas i -operat iOla I use after launchl, provided foc i I i t ios toi process 119i
and d i is t r i hut I onl Of dat a ill near iea I - t 1110 are ill pl ace

f ~Thlerefiire , vwfi en des I1 119 fl the ERS- I Grounld S eynie Iit , i t i s esseillt I 'I I t o
coins ie r thle compIe t e end- t o-end da Iai sys tem i r respec t i ye o f wl i cn elil t It I ies
will be ill charge (of somie parts oit tiis systemi. Tile enld- to-end data systeri
In( lides IlI I oct ivi ties 1,bo tti so ftwoare andIL ha rdware)I st a rt 11i t om t lie
Sc qu is bi t I ilil a nd re c or d ig o f tile raw da ta a t tile ground s ta t Ioil ulnt II
dielI ivory o f tlile reqUe S teCd I if formatI i on /da ta to0 tlile en~d-use r s. Th is i iwvo y e s
nlumbher of ac tivities or functions such as:

-recordin o1( (f raw da ta.
-da ta preprilce ss il i hid proc es s iiig ( i tic I udi ig a I go r i t iil dove I opleilt 1

s st orage /a rch iv infg and handlI Ing uif a rch ives ,
-softiiig up of catalogues anid hanlI fig.

- genlera t io ofoI produc ts ,
- da tai/productsb t ransmiss ioil , d ist r ibut ion and qualIi ty cottrolI
- ll ss I oil coiit mu I and mianagement .
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For this purpose, the ERS-I Ground Segment will include:

- the mission management and control fac ities located at ESOC (Darmstadt,
Germany), and combined in tire tWSCC (Mission Management & Control Centre).

- one station located in Kiruna (Sweden) for coverage reasons, for:
* acquisition of all payload data (DAF, Data Acquisition Facility),

telemetry, telecoinand arid tracking,
* provision of near real-time products (RTPF, Real-Time Processing
Facility) of a global nature.

For the distribution ot the near real-time data to Users, two possibilit ies
will be investigated:

transmission via land lines to regional hubs (WWU solut ion),
- transmission via satellites such as SIRIO-2/MDLb or ECI/-SS.

The inclusion of the Fucino (Italy) and Maspaloma I Canary Islands) stations
for acquis'tion and quick-look processing of SAR data will be studied during
the deta i led Def nit ion Phase. Other facilities of regional interest,
rea I - t i me data acqu i bi t ion facilit i es. and process i ny and archiving
fac I iies, which are riot necessari ly ERS-I dedicated, but participate in
the end- to-end data system, should be el Iements o the Lartlhnet Prograrmme or
nat ional fac i I it i es coordinated by the Ea-rthne t Prograrire Office.

6. OVLRALL MISSION c APALILITILS

The ma i i capabi I it i es are of both sc ient i tic and economic nature arid aim at:

increasing the bcIent i fic understanding of coastal zones and global ocean
processes which, together wi th the mioni toring of polar regions, wi I 
provide a ma I or contribut ion to the borld CI imate lesearch Progranine.
ERS data used a I oiie, or more coriorl I y used in conjunct ion wi th
conip I emen t ia ry data from buoys, radio-sorides, research vessels, other
tear-surface plt frirms and other satellites iin pre-arranged global or
regional experiments, wi I I enable signi fi cant advaiices to be made in
physical oceanography, glac iology and c I matology;

- developing and promot ing ecoiomic/cor.vierc ia I appl icat ions related to a
better knowledge of ocean parameters and sea-state conditions.

This is of importaince in view of the incre asing development of coastal arid
offshore activities and the adoption by more and more countries of the 200
nautical mile economic zone. In addition, ionitoring of sea-ice and icebergs
will be of importance for industrial 6ctivities perforried at high latitudes.

7. APPLICATIONS OF ERS-1

berefi ts to be expecied from a mission such as [_S-I resul t essentially from
the possibi I i ty of genera t i rig short - terni arid med ium- term forecasts of
wea thur and ocean cond i t i ons on a local or g I oba I bdsis for the contiriunuous
arid rel fable moni toring of the ocean surface. It should be borne in mind
that as niost of tie appI icat ions envisaged require that the data be

processed and del ivered to the end-users within a few hours, the ground
segment should be sized accordingly.

The major I imitation of current ocean arid atmospheric forecasts is the lack
of data over the open ocean. Numerical experiments in the USA using SEASAT
data, arid in Europe by the European Centre for Medium Range Forecasts, have
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shown1 that thle iIcIlISiol Of suICh data in the models provides more accurate
forecasts, valIid for Ilonger per iodls of time. Thre inain inputs requi rod are
Surface wind field [Iea suremen t s, Supplemented by measurements of thle Surface
wave energy spec trum~ and by direc t meaisuremren ts of wave height,. a I I these
parameters being Measured by ERS-1 with the neccssary accuraicy.

Al I thi s i uforia t i on Canl be used inI marine Inustries to improve wea ther or
sea-state dependent operat tons, to Supply bet ter warning of severe wind and
wave condi tions, to prov ide a way to improve and( manage the resource yie ld,
to permit a bet ter understanding of the ocean anid i ts dynamics.

7. 1 Apl ca t ionsb t o InI inera I aond ma~jr ie re SOUr cecs

The i nic rca bed -ocean- f oreca st a -c c ur i cy w I I Ihaive a s t rung i nl f I uenic e on

-x IX o nra t in operatIions such as S C Si c (Surveys , f r i I I sh ips., t OwouLt
ope rait i ons ;

o of f sho re o i anOd ga s p rodcILt in opera t ion
*crew schedulIinrg .10(d1) 1pat fo rm sa fet y
*i ns t I I a It i oni of pi l p I i tics onl sea bed;

-develIopmen t o f pla 1t f orms: waive [lica S~renien ts w Il fftie Altimeter will he
used for opt ii sat inn of p 1,1t form design cr iI ler1 a;

- (feel) oc earl 111 mig noe ra t ionls ;

- liarinc f isheries: by inicreasinig the ef ficiency of cearch efforl and geair
opera ion an 01, d t[le safety oIf the crew and vessel . Se'a snr fadCe terlper~il(Jre'
(lelerlliiitin is of pr imari- nimportince ior ti ~~iISpec ie, fisheries;

- ltr 11C ille mci,itSolirellieiit s , lijket I to ((irilli niIt I ,:I oi Ilhl ir n leiiro log i c I
i if oirillit I oil , w ill 1 privi de mlile I I npilts f or 1)iredfi Lt ig thle t rje c tory onf
po I i lt1ta Is aid lt hie i r po ten t iI aI t hreci t t o senis I t i ye sliiire ireilS

7 . 2 App) I i ca t i oris t oi %1f r i til Transpor t at i on

The Same ica suremen I s w i I I op tI i ll ze sill roili I i ij by

-reduc rig thle t Til oi I ride rotest CS iHd c0IIsequcil ly rec(ingC Iiilt~i I fuelI
colisumpt i on. Rela jble sen- State arilys is ornl predfiction can refu(t, trans i
tI file by Y UpJ, t0 1 0 ;

-imlproivi ng thle saIfelty by r('i( t I iOl Ii h I I 1ifiria g e , cairgii damlage, m ra i tinc
irisiraiice co)sts. (itistrilio ship losss etc.

I n a dd it I i o , fmllii I iitor i not oi f Ser - i ce w i Ifi thle h igh- reo SO L t i 'in1 a I I -wea tli h r
radi r i mage ry wi I I be i ff i rcec t interest t o shr p rou t i rig in1 high Ia t i loUde
ireis Such as thle Go If if lhiliii , Arti c reg ion, Green land waiterr, ,id Callaifar

7. f App I i (aIt i oil s t o 0( ceoiiinrilpfy

L- s tib I i s limen It (o fMli*k I

Phelolnerlur I hgi I L- I Inld f I lyt I Cdi I t echoM cLues arnd mode I s plIay i nipor t anl rolIes
Iin prov i o ilg dcso. r i 1 i ilis ., iriI ,r I so represent a1 hi1ghlIY use fo I and vii I I d
I pp r iich to it t le pifys I (a . 1Under starmd irig o f mai iry Irlipo r t I I t oco:eani)Ic
proicesses . Numner i ca I moilde Is of vir I ous types ,ire becoming a powerful toolI
by whi i h diverse orbservartionri, of the ocean i re t i ed together fio form ai
cohrerent pi ctu re oif thre stIte of tile liccai aind tfhe processes at wiork.

For genreral I rculI at i oil modelIs , tire surfarce stress measured by the Wind
Sci tteromet er is .r s igriif i cant iipo)t .suIch ,is ti me-averaiged Sur face
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temperatures provided by tile ATSR.

ERS- I measurements made cont inuouslIy over severalt years wil IISupply a
great part of the coherent data sets needed for many research problems and
for test anid tuning of models. Such data sets, if cont inued operationally,
for thle bas is of extraction o f i nd ices for l ong-te rml mon itor inrg o f
var iabilIi ty. The exi stence of such data sets i s of paramount i mpor tance
for a tmosphier ic anid ocean ic resea rch , in particular fur modellIing of thle
sea sonalI anid i nterannualI va r iat ionls i n thle ocean c ircuIa t i on.

- Nesoscale variability

The mos t energe t ic mesocalIe ocean ic edd ies a re formed ini thle v ic in it y o f
strong currenits. Recent studies have concluded that these eddies could be
attributed to direct forcing by variable winds. Scatteroreter, Altimeter
and ATSR data will provide data in order to verify thle assumpt ions.

- Storm Surge and wave forecasts

These oceanic features are locally related to tile wind(, anid work will be
needed in this area to make cffect ive use of Scat teromneter and Altimreter
dia ta.

- Oceanl Sur face var iabhili ty

The ma in cont r ibut ion to tile study of this phienomenon is prov idted by tire
Al ti meter, wh ich i s able to proiIde important and relIi able iif orura t inn onl
thle stat ist ics of ocean wajves, in) part icu Ior the signii icanit wave heigirt
If 113. Tiiis ocean sur face var iabIe is very importanrt for nmarinue olperat ions
anid also for tire study of tire develIopmernt , propragat iour, arrd efftects, of
sucfr oceanr everrts as major stormu surges. In order to take as iTrucir beiiefit
aS p s s i blIe o f tire c apab i ) i t i e s o f tfI)i s i Yirs t rumieI , the Agenc y i s
conIrterrrpI i rig tire po ss hr) I i t y , as mneir t i oied above , o f L ia urg Irig tlie
alIt i tude Oif the niuinitiraI orb it fromni I 7 5  kri to 777 kill, inr order to dot re,ise

thle drag effect arid perfrm a track repletit li ty Oir tile grocrird het ter than1
I km., conrdi ti on for tire prov i sio o u rsefIul iit orii ion oilii i,, or CUrrelr ts
airid ecldi os ind il i toporirpfry of tire groat ccrirtrrert,rIl ice streets, suchir s
GreenlIarid anrd Anirint ica

N - rintoriral waves

SAR tIadge ry f rorn SLASAT demnris t ratori t irat tire innrmges c~rrr proivide inntor tart
iifoiriat i on ir such anr lrce,nrl ic featuro . Highr resoI Ut ionl by SAR
obso rva t i rs lrriiv i~ frd y ERS- I coirn be apliied t o s tud i es oif stir face
curren t arid chens r t y s t rLCc toLre , wil I Cr Woul Id be inrferred frorm observart l olls
o f siie,i r I irs t abI i I I ty anrd iiit erira I wit ve pa ck et s palc i rrcj . In Lr cer t ai i i
* i rcums tarrces ,SAR itmages ire we I I cuurre I r ted wi t Ir bort tonl topoigraphy down
to warter depthis oif 301 toi 40 iii.

4. Criiit ri hot i is toiiM 0 teorolongy orrd Cliira to logy

Fo Fr riumr iL- oaI we,r ttirer ;re i c t i orr, tlire surface wind irs pnrvided by thle
Sc,, t teomy ir wi I I lie if pr irmary irmportanrce.

-Tile sea surfacie temper,rture provided wi fi ar very high aiccuracy by tile
Along-Track Scarnnirrg Racdionreter i s o rue of tule i nipor t anit pry s ica I factors
t ha t d et eriri1nr1o tire e xciraorig e oif heir t energy between thle a tnosphe re anid
oceanr . PRi t t erus o f seai sitr f ace t enpe ra toure d i stI r i brt i rio arre ve ry use frlI to0
studily t ie t me .111d spaMCeo variabi lily of nmany fea tcires mnui fested by
toniperattire gr~idierts. The mricrowave charnie Is wiii chiirre l ikely tou be added
oin tue ATSR wil jI ermnu t tire of ininat ion of the water vapour 1irif Ilce .
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The mapping of pol ar ice caps and riorri toring of sea- ice boundaries by the
SAR and thle AIt ime ter contr ibutes alIso to research i n clIimadtolIogy.

B. PROGRAA~iE DEVELOPMENT

Most of tire appi icat ions based oo) the data provided by LRS-1 are stil II In
builIding stage arnd a l ot of preparatory work, bo th1 t heore t ical aIId
e xpe r iment alI, i s stillI necessary. This will require a niumiber of activities
before arnd after launch whichr are very important for the success of thte
iSssi or), such a S:

- s imu I at i on arid opt mri sat i or) of senisor per forrmances (aI i rborrre test inrg),

- deve I opierit anid test inrg of a I go r i thirns and miode I s,

- set t Irig Up arid test irig of data aurd products ,

- clef I IIr t ioin of di st r ibUt I or) networks to rmret user reqor rerierits,

- devC I opeor 1f pi lo0t -o li Cc t S Isnia I I s calIe)I arid demns t ra t i on in Is s I onis
(large scale).

- Coillt I 111.1dt I oil o i re sea r-ch arnd (love l opierit tio op t Iirni se t ire use arid vr I te o f
tie da ta pro. I aed by thle s,r toe I I I toe bys t min.

I n o rde r t o rs s st t hQ oiin Sparce Agency I n t hese arct Iv i tIe s , teCams o f
ex t e rro I expe r ts (AM I tearn. AlI t irire t er t ean, Da ta tecarrI have boon Se t Up.

In c1rl o1C s I unI, thte expe r i rirortit I / pre -ope rat I ona I phrase ilow proplosed fu r ERS- I
ShLIo I( ho ueLsed t o ov,r I Lid toe tIre Mrearns oi f reach i rig a Ifu I I y ope ra tI onia I by st emi.
Ini thins context, . urope wil I le prepared to coritr ibute to a molt i-satellite
sys tern for glob,, I iirrr i or inrg.

Re ferernces

t)OC iri[Ws , VolIume 2 4. Nuirbe r 3 , Fa II 1 911
NIIAR/TN-185, Novormber 1981
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REMOTE SENSING INPUT AND FEEDBACK

OFOR HYDROLOGIC FORECASTING AND SIMULATION MODELS

E. T. Engman
U.S. Department of Agriculture

ARS-Hydrology Laboratory
Beltsville, Maryland, U.S.A.

ABSTRACT

New methods of remote sensing, such as microwave and thermal infrared,
can give us information on the moisture status and temperature of the earth's
surface. With the present technology available to us, this type of new
information cannot be used effectively for hydrologic forecasting. However,
it appears that, coupled with adequate simulation models, these remote sensing
data have the potential to greatly improve hydrologic forecasting and
simulation accuracies. This paper discusses different forms of remote sensing,
the status of current models to use these data, and what changes must be made
to incorporate this promising new form of data.

I. INTRODUCTION

Remote sensing technology is advancing very rapidly. In doing so it is
beginning to provide information from data that has the potential for a break-
through in applied hydrology. Infrared and microwave remote sensing provides
more than 'air photo' types of cartographic information. Information from
these longer wavelengths can tell us a great deal about the state of the
watershed: i.e., how wet or dry and how cold or hot it is. This information,
coupled with adequate simulation models, should improve forecasting and
simulation accuracies. This paper addresses the potential for ,'ling these
remote sensing data, with an emphasis on soil moisture, and identifies areas
where research and development must be done.

2. CURRENT USE OF REMOTE SENSING IN HYDROLOGIC MODELS

Remote sensing is beginning to be used in hydrologic models but, for the
most part, these applications are cartographic in nature. About the only
areas that remote sensing has made an impact on hydrologic modeling has been
in the areas of land use (including impervious area) and snow cover area.

2.2 LAND USE

Jackson et al. (1977) demonstrated that land cover (particularly percent
imperviousness) could be used effectively in the STORM model (USACE, 1976).
Slack and Welch (1980) demonstrated that Soil Conservation Service (SCS) Runoff
Curve Numbers (RCN) could be developed in a cost effective manner for an
agricultural watershed in Georgia. Ragan and Jackson (1980) modified the land
cover requirements for the SCS procedure for suburban areas so that Landsat
data could be used. The RCN's developed from the Landsat data closely matched
those obtained from a conventional approach based on air photo analysis.
Synthetic flood frequencies developed from the two procedures are essentially
identical. The Hydrologic Engineering Center of the Corps of Engineers
(USACE, 1979) also had very good results from developing synthetic flood
frequency curves from Landsat. Bondelid et al. (1981) developed a software
package and users manual to efficiently estimate RCN's from Landsat data.
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2. 3 SNOW

A NASA Applications Systems Verification and Transfer (ASVT) project on
the Operational Applications of Satellite Snow Cover Observations (Rango, 1981)
was begun in 1975 and completed in 1979 in cooperation with nine operational
water management agencies. Both Landsat and NOAA satellite data were supplied
to these agencies for use in improving snowmelt runoff forecasts. When satel-
lite snow cover data were tested in both empirical seasonal runoff estimation
and short-term modeling approaches, a definite potential for reducing forecast
error was demonstrated. The snow mapping ASVT has proven that satellite snow
cover data can be used to reduce snowmelt runoff forecast error in a cost
effective manner once all operational satellite data are available within 72
hours after acquisition.

3. REMOTE SENSING METHODS

Remote sensing methods take advantage of specific characteristics or
responseg from regions of the electromagnetic spectrum. Initially, remote
sensing concentrated on areal photography and the visible region of the
spectrum. More recently, remote sensing has begun to work with regions of the
spectrum with both longer and shorter wave lengths. The following reviews the
status of research in some regions outside of the visible spectrum and
discusses their potential for applied hydrology.

3.2 MULTISPECTRAL REMOTE SENSING

A long period of experience with Landsat and other multispectral scanner
data, which generally includes the visible and near infrared regions of the
spectrum, has helped develop user capability. These types of data can be used
for estimating land use, snow cover, and vegetation biomass. Current uses
have been discussed under the previous section addressing current use of
remote sensing in hydrologic models.

3.3 MICROWAVE REMOTE SENSING

Microwave technology is one form of remote sensing that currently shows
great promise in providing new information to the hydrologist. The strong
dependence of the dielectric properties of the earth's surface layer, soil or
snow, on their moisture content at the microwave wavelengths affects the
refleclivity and emissivity. These quantities can be remotely sensed with
active microwave (radar) and passive microwave (radiometry) systems. In
addition to being able to measure the state of the surface through its
dielectric constant, microwave systems are not affected by cloud cover and
thus, are all-weather instruments.

Microwave technology is useful for measuring near-surface soil moisture.
The soil moisture content has a direct effect on the dielectric constant,
which can be measured by microwave technology (Schmugge et al. 1980). These
systems measure the average soil moisture directly and can be implemented on
an airborne platform for rapid large area coverage, thus alleviating the
problems of direct measurement encountered using conventional techn~iques.
Microwave approaches also have the capability of sensing the soil through a
moderate amount of vegetative cover (Jackson et al. 1981), which extends their
utility. Numerous experiments have shown the responses of these sensors to be
stronigly correlated with the moisture in a layer about 5 cm thick.

Microwave remote sensing can differentiate between frozen and unfrozen
soils. For a given soil moisture, the dielectric constant will change
considerably when soil water changes from a frozen to a liquid state. Thus
there is the potential for remotely determining whether a soil is frozen or
unfrozen. This should greatly benefit those people responsible for flood
forecasting, particularly in the upper midwestern United States.
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Successful applications of satellite observations of snow cover area for
snowmelt and water supply forecasting were discussed in the previous section.
Although promising, there are also limitations to the snow cover area approach.
These include lack of direct information on depth, water equivalent, ripeness,
and other fundamental snow pack properties. However, like soil moisture and
other hydrologic applications, the microwave region of the spectrum offers the
snow hydrologist a potentially powerful tool. Not only would a microwave
sensor be an all-weather instrument because it can penetrate cloud cover, but
it can also penetrate the snow pack which presents one with the opportunity of
inferring many of the properties of the snow pack. These include depth and
water content as well as the dlegree of ripeness, crystal size, and the presence
of liquid water in a melting snow pack. Experimental work done at the
University of Kansas has shown how the microwave response varies with snow
water content (Ulaby and Stiles. 1979) and snow wetness (Ulaby et al. , 1978).

3.4 THERMAL INFRARED REMOTE SENSING

in a way analogous to the microwave technology, thermal infrared remote
sensing also can measure a state of the earth's surface. In this case the
state variable is temperature. According to Price (1981), analysis of satel-
l ite acquired thermal infrared data illustrates the feasibil1ity of developing
maips of environmental conditions at the earth's surface. These maps would des-
cribe the interaction between conventionally mapped surface quantities (e.g.,
topography, surface cover, -oil and rock type) and climatological variables
(e.g., air temperature and windspeed) which are presently inferred only through
temporal averaging and spatial interpolation of meteorological observations.

Most hydrologic models use point ground level meteorological measurements
to determine inputs of precipitation and potential evapotranspiration. Remote
ssing observations of surface temperature may represent h culsaeo

the watershed surface better than the meteorological measurement of air
temperature at a point and which can vary dramatically over short distances.
Remotely sensed data can also be used as an aid to interpolate between point
measurements and to describe environmental variables in a spatial format. This
type of information should provide better data for hydrologic models than is
currently used. However, the models must be modified to use these data if
they are to be effective.

1.5 GAM'MA RADIATION REMOTE SENSING

Since 1918 the National Weather Service has been using an airborne gamma
raidiation snow survey program to gather snow water equivalent data for their
river forecast centers (Carroll., 1981). This technique relies on the
attenuation of natural gamma radiation from the soil as; a measure of the snow
water content. The gamma radiation attenuation technique can be used to make
airborne soil moisture measurements for the upper eight inches. The National
Weather Service program has demonstrated that remotely sensed soil moisture and
snow water content are useful for hydrologic forecasting. However, because of
atmospheric attenuation of the natural gamma energy, this procedure is limited
to relatively low level flights (about 300 in).

4. HYDROLOGIC MODELS

4.2 HYDROLOGIC FORECASTING

Several governmental agencies require timely and reliable hydrologic
forecasts to perform their emergency operations functions during times of
potential. or actual flooding, and for effective water resource management.
These forecasts include prediction and assessment of hydrologic drought
conditions. The current hydrologic forecast models use as inputs only rainfall
(or snow melt) and, in some cases, an estimate of potential evapotranspiration.
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Most of the comprehensive hydrologic models have a computation step that
involves soil moisture. This value or system state must be initiated and then,
timewise, it is constantly recomputed, increased according to added rainfall
or decreased by evapotranspiration or drainage. Soil moisture controls the
infiltration computation in that it regulates the partition between infiltrated
water and storm runoff. Studies by Wilkening (1981) have shown that antecedent
soil moisture is a very sensitive variable for calculating infiltration
(Figure 1). The success of the prediction (overprediction, underprediction,
or an accurate prediction) depends to some extent on the soil moisture state
that the hydrologic model is working with.

Since the hydrologic models are designed and calibrated for point
me~su.-ements, actual measure of the "true" areal values of soil moisture have
had only very limited value. The state of moisture conditions conceptually
indicated by the models may not relate to the actual field conditions. Thus,
with present models, improved measurement of actual conditions may provide very
little improvement in the accuracy of timeliness of the hydrologic forecasts.
In order to use measurements of soil moisture for forecasts, the models will
have to be modified or new models developed to use soil moisture as input data
and as feedback to check on predictions.

4.3 SUITABILITY FOR REMOTE SENSING DATA

Peck et al. (1981) conducted a detailed study on the suitability of
hydrologic forecasting and simulation models to use remote sensing data.
Seven hydrologic models were reviewed. In general, they concluded that remote
sensing has limited usefulness for these models in their present form. Their
study evaluated possible remote sensing capabilities in addition to land use
and snow cover area. These included soil moisture, frozen ground, and snow
water content. These three characteristics are currently not used as input
data to any of the models studied. However, because of their importance in
determining runoff rates and volumes, it appears that demonstrable improvements
in forecast accuracy may be achieved if these quantities could be measured for
input data.

Two common forecasting models will be discussed in the following sections.
In general, the comments made regarding these models will be applicable to most
comprehensive hydrologic models.

4.4 NATIONAL WEATHER SERVICE RIVER FORECAST SYSTEM MODEL

The National Weather Service River Forecast System (NWSRFS) is a
comprehensive hydrologic model for predicting flood flows and stream flow.
The NWSRFS is a modification of the Stanford Watershed Nodel IV. The soil
moisture accounting procedure proposed by Burnash et al. (1973) has replaced
the Stanford procedures. A schematic of this model is shown in Figure 2.
Inputs to the model are precipitation and potential evapotranspiration.

Six system states were identified by Peck et al. (1981); five of these
are related to soil moisture and the sixth to impervious surface area. Soil
moisture is treated in upper and lower zones and soil moisture is defined as
being either tension water or free water in each zone. Water accretion in the
lower zone occurs through percolation from the upper zone. Sixteen parameters
are used in the soil moisture accounting portion of the model. These must be
determined by calibration with a historical climatological and streamflow data
set. These parameters have little or no relationships to soils or the soil
water characteristics. Independent measurement of these parameters is not
possible. Remotely sensed soil moisture could be used to update and calibrate
some of the soil moisture related parameters (Peck el al. 1981) with only a
minor modification or adaptation of the model. However, the model would need
to be significantly modified to use soil moisture as input data.
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4.5 STREAMFLOW SYNTHESIS AND RESERVOIR REGULATION MODEL

The North Pacific Division of the Corps of Engineers has developed the
Streamnflow Synthesis and Reservoir Regulation (SSARR) model for design,
planning, and regulation of water control works. The SSARR model has three
basic parts: (1) a reservoir regulation model, (2) a river routing model, and
(3) a watershed model. The watershed model, which simulates runoff, will be
the focus of discussion in this paper. A schematic of the SSARR model is
shown in Figure 3.

Like the NWSFS, the SSARR model has an upper zone and a lower zone to
account for soil moisture. A percolation procedure connects the two. There are
five model states, four of which are related to runoff (surface and subsurface)
and a soil moisture index. The quantity of soil moisture in the upper zone is
determined by the soil moisture index. The soil moisture index is adjusted by
a seasonal curve or by daily observed pan evaporation. The SSARR model has 13
parameters, most of which deal with the runoff portions of the model. The soil
moisture index is affected directly by two parameters and indirectly by one.

5. REVISION OF MODELS

None of the models reviewed by Peck et al. (1981) can use remotely sensed
soil moisture input data without major modification to the models. Most could
use soil moisture for updating the state or parameters and for calibrating
parameters with minor modifications to the model. In general, the models have
represented the soil in a way to make the model work and have not considered
the possibility of independent determination of soil moisture or soil
parameters. For the most part, this approach is justified because soil
moisture data would not be available and hydrologists have not been able to
handle the spatial variability of soils.

The possibility of using soil moisture as input data would allow the
hydrologists to redesign the models so that the soil zone, subsurface flow to
groundwater interfiow or baseflow, can be conceptualized in a more physically
realistic manner. The determination of surface runoff could be accomplished
with an infiltration approach whose parameters could be determined independ-
ently or could be calibrated. Likewise, subsurface water transport -ould be
modeled using procedures based on our knowledge of flow in porous meoia.

Figures 4 and 5 illuscrate one possible approach to modifying the NWASRFS
and SSARR models. In both these cases, soil moisture is treated as input to
the model and it affects only the upper zone of soil moisture. Major
modifications would be necessary to adapt the models to separatc the rainfall
input into runoff, percolation, and stored water. It would appear that some
form of infiltration approach dependent upon soil moisture would be feasible.
The schematics shown in Figures 4 and 5 show this approach. It would be hoped
that this type of modification could be made with no affects on the rest of
the model. In many cases, interdependency among model parameters that is not
fully understood prevents one from a simple replacement of model components,
as shown in the schematics.

5.2 FEEDBACK FOR SIMULATION MODELS

Hydrologists have built a large number and variety of continuous
simulation models. Most are mass balance-type models, taking rainfall (or
snowmelt) as input and routing it to stream flow; often a por'ion is temporar-
ily stored. The stored water defines the state of the system and, as such,
controls the rate of sequential processes and events. Errors in the predicted
output often get larger with time, since each successive computation is based
on the previous state of the system. How well could we improve our prediction
if we could check our system periodically and update our predictions? Repeti-
tive measures of soil moisture used as feedback to the model could do this.
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A recent study by Jackson et al. (1980) demonstrated how possible
applications of repetitive, remotely measured soil moisture might be used.
They discussed how these areal data may be used to calibrate soil and
vegetation parameters and to correct errors resulting from point measurements
of precipitation. In the study they demonstrated how soil moisture
observations are useful in calibration and updating the state of the system.
However, it was also pointed out that the model structure itself may preclude
a valid analysis of the value of soil moisture measurements or the frequency
needed to improve the simulations. If some of the parameters in the model
were related and the measured soil moisture and computations were based on
soil moisture data as input, a feedback loop would be built into the model to
periodically update the moisture state. Figure 6 is a sketch that shows how
soil moisture updating could result in improved forecasts and how, without it,
progressively larger errors could result.

6. AIRCRAFT EXPERIMENTS

An experiment is underway to test the applicability of soil moisture
measurements for hydrologic forecasting. Remotely measured data will be taken
in an area where conventional forecasting is now used. Forecasts made with the
addition of soil moisture data either as input or feedback will be compared to
forecasts with conventional techniques.

Flightlines will be established to sample the major physiographic and land
uses of the test basin. Flights will also be made at several elevations to
obtain data with varying spatial resolutions. The plan will be to collect data
before and after several runoff producing storms and during at least one drying
period. The drying period flights will consist of several flights 3 to 5 days
apart during a period when the soil will be drying and streamflow will be all
base flow. A major need anticipated for these application experiments is a
long time series of soil moisture measurements over the same flight lines.
These types of data have not been available previously. We anticipate that the
frequent, repetitive measurements will enable us to minimize the effects of
surface roughness, vegetation, slopes, and other target characteristics on the
measurements. They will also help us infer deeper soil moisture conditions
than those that can be measured directly.

7. SUMMiARY

This paper has discussed the current status of remote sensing in hydrology
and the potential for using thermal infrared, microwave and gamma remote sens-
ing for future applications. Two commonly used forecast models are discussed
and examples proposed as to how they may be changed to use remotely sensed soil
moisture for input data. The use and benefits of using remotely sensed soil
moisture as feedback is also discussed. Although the emphasis of this paper is
on use of soil moisture, other forms of remote sensing also have the potential
for significantly improving forecast models. This information that describes
the state of the basin and the spatial variability of moisture and temperature
within it has the potential for a breakthrough in applied hydrology.
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Figure 4. Schematic of NWSRFS Model illustrating hou soil moisture input could
be used to modify model without changing other parts of the system.

Compare this to Figure 2.
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Figure 5. Schematic of SSARR model illustrating how soil moisture input could
be used to modify the model without changing other parts of the system.

Compare this to Figure 3.
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DESERTIFICATION: CAUSES, EFFECTS AND TREND DETERMINATION

J. Eleonora Sabadell

McLean, Virginia

SUMMARY

The definition of desertification adopted by the U.S. National Assess-
ment conducted by the Department of the Interior from 1979 to 1981 was the
following:

"The sustained decline and/or destruction of the biological productivity
of arid and semiarid lands caused by man-made stresses sometimes in con-
junction with extreme events. Such stresses, if continued or unchecked, over
the long term may lead to ecological degradation and ultimately to desert-
like conditions."

Land uses per se are not causative of desertification, but maximized
single or multiple use of the natural resources may produce it. Dry and
irrigated farming, grazing, mining, industrialization, urbanization, re-
creation can initiate and sustain the desertification processes. These pro-
cesses are manifested by the loss of vegetation and of plant variety; by
brush invasion; by the loss of native or introduced animal population; by
water and wind erosion, the loss of soil nutrients, the compaction and
crusting, and salinization of soils, and the loss/reduction of permeability;
and by the water resources salinity builtup and increased sediment load.
The dynamics of the processes and the feed-back mechanisms will be illustrated
by presenting some case-studies.

The changes in the quality of the resource base due to natural and human-
induced causes can be observed, measured, and assessed. To this end base-
line data is necessary by which the description and evaluation of the re-
sources and the characteristics of the area in question are known before any
major change occurs. This must be followed by monitoring the environmental
alterations, if any, and the trends of increased or decreased biological
productivity. Remote sensing and rapid data management make possible repeti-
tive surveillance of drylands in a cost-effective manner. A comprehensive
system of inventoring and monitoring will enhance development planning and
will help in avoiding unanticipated or unwanted consequences of land uses
and resources management.
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RECENT ADVANCES AND FUTURE PROSPECTS
FOR WEATHER, CLIMATE, AND OCEAN

SPACE OBSERVATIONS

0William R. Bandeen and David Atlas

Laboratory for Atmospheric Sciences
NASA/Goddard Space Flight Center

Greenbelt, Maryland, USA

_ABSTRACT

Recently. significant advances have been made in the
application of space observations to weather, climate, and
ocean phenomena. Initial results from the Global Weather
Experiment indicate a positive satellite impact on
synoptic-scale forecast skill. New atmospheric and
surface parameters have been retrieved from the TIROS-N
sounding system in addition to profiles of temperature and
moisture. At the scales of regional and mesoscale
weather, new developments have included stereo topography,
using observations from two geostationary satellites, and
high temporal resolution sounding and imaging of
atmospheric temperature and moisture structure from recent
Geostationary Operational Environmental Satellites (GOES).
Some exciting General Circulation Model (GCM) experiments
have indicated roles of sea surface temperature and soil
moisture anomalies in controlling monthly-to seasonal
climate. In oceanography, a method has been developed to

,estimate ocean-atmosphere heat fluxes from satellites, and
marked progress has been made in developing techniques for
the remote sensing of directional ocean wave spectra.
Seasat radar altimeter data have revealed new information
on the dynamic topography of the oceans, and Seasat
scatterometer winds have been shown to enhance forecast
skill. Future prospects include continued improvements in
these areas of research and emphasis on the development of
active optical (lidar) and microwave (radar) systems for
the remote sensing of the atmosphere and oceans.

1. INTRODUCTION

This paper presents some highlights of recent advances in the realms of
global weather, mesometeorology and severe storms, climate, and oceanography
with the aid of space observations. While the examples are drawn largely from
the work of the Goddard Laboratory for Atmospheric Sciences, they are
representative of progress being made on the national and international
scenes.

2. GLOBAL WEATHER

The Global Weather Experiment

Recent Global Weather research has focussed on the extent to which the
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global observing system of the GWE2 has improved the inference of the
horizontal and vertical structure of the mass and motion fields in the
tropical and extratropical data-sparse regions. Related to this question is
whether more accurate atmospheric states in these regions can result in
improved medium-range weather forecasts and thereby extend the limits of
useful predictability, a major objective of GARP. The Global Observing System
during GARIP is depicted in Fig. 1. In addition to conventional observations,
this system provided more than 7000 satellite temperature soundings and 6000
cloud-trucked winds daily.

A series of data assimilation experiments was performed with the GLAS
analysis/forecast system (Halem et al., 1982) to assess the influence of the
FGGE satellite observing system Ti-rT E SOP-I . Three different configurations
of the FGGE observing system were analyzed: (a) the full FGGE system, (b) a
non-satellite observing system that utilized only the conventional surface
data, rawinsondes, pilot balloons, and aircraft, and (c) a surface, aircraft,
and satellite-only upper-air system without rawinsondes and pilot balloons.
The acronymo for these configurations are FGGE, NOSAT, and NORAOB,
res pect ively.

A series of five-day forecasts was made from initial conditions taken
every fourth day from 9 January through 2 March 1979 from each of the three
inalysis cycles. Figs. "a and 2b show the 3 skill score impact results of
three-day forecasts evaluated relative to the NMC analysis over North Americ-,
Europo, and] Australia for the sea level pressure and 500 mb geopotential
height fields, respectively. The improvement over Australia with the FGGE
datta is more consistent and significant in the sea level pressure and 500 mb
'lenPotontial height than over the Northern Hemisphere. A smaller positive
-ipact occurs over Europe. The sea level pressure impact over North Aerica
i., netligible, while at 500 mb the impact is less consistent than over Europe
but ,till positive. The dotted curve in Fig. 2 represents the S1 skill score
-'r tii, forecasts from the NORAOB experiment. Over Australia, the accuracy of

the three-day NORAOB forecast is better than that of the NOSAT system at both
sea lovel and 500 mb. Over Europe and North America, the NORAOB forecasts
are, n general, poorer by about 24 hours.

3a and 3b present the ensemble forecast skill as a function of
foroci-'t day. The forecasts from the FGGE and NOSAT systems are verified
-ep-r.itely over North America and Europe. The forecasts are considered to be
lifteront if the S, scores differ by more than 2 points, and only those cases
for which at least one of the two forecasts retains useful skill (defined as

S 80 for sea level pressure and <60 for 500 mb geopotential height) are
1untd. Forecasts having the same skill indicate no influence of the

satellit ~data. The results show that tho dependence of the forecast skill on
atel ite data inoreases wits the lengt the the forecast luring the first four

)r five days. After one day, most of the FGGE and NOLJAT forecasts have the
alme skill, whereas beyond three days there is a large number of forecasts

whose skill hat be en increased by tile use of satellite data. Only 5 of the 14
forecasts still show significant skill at the end of five days over North
America. Of these, the most skillful are from initial conditions provided by
th- FOS? 'naly: is on January 29 and February 10, 199. Fsr this reason, and
in view of the significant errors that the coarse 4 by 51 resolution can
introduce uf.er five days, it was decided to perform a 10-day integration with
the 2.5 lat i tude by 3o longitude ,LAS model. Both of these forecas+s show
remarkable skill over North America during the first eight days of the
forecast. Figs. 4a and 4b illustrate the eight-day sea level pressure
forecast from 0000 GMT 29 January for the western half of the n,,rthern
hemisph ,re and the verifying FGGE sea level pressure analysis for 0000 GMT 6

A Ii ot f icrnymo is given at the end of the paper.
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February, respectively. The position and intensity of most of the weather
features have been accurately forecast.

Retrieval of Various Parameters from the TIROS-N Sounder

GLAS has developed a method of analysis of HIRS2/MSU sounding data on
TIROS-N to produce not only atmospheric temperature profiles, but also sea or
land surface temperature, fractional cloud cover, cloud top temperature, and
surface emissivity at 51.3 GHz from which estimates of sea-ice and snow cover
over land can be obtained (Susskind and Rosenfield, 1980; Susskind et a!.,
1982). "he method involves direct physical inversion of the multispectral
radiative transfer equations represented by the HIR82/MSU observations. .o
regression is used in the analysis. Global retrievals have been run for the
period January 5-February 24, 1979 at a resolutien of 125 KM.

Fig. 5 shows monthly mean sea surface temperatures derived from an
analysis of the HIRS2/MSU system. The main information comes from channels 18
and 19 on HIRS2 at 4.0 and 

3
.7p m, respectively. Although at least partially

clear fields of view are needed, completely clear spots are not necessary and
clouds are accounted for as part of the processing system. Retrievals are
done during both day and night; otherwise the retrievals shown have been
averaged in a 4

o 
x 5 r id but hive not been smoothed.

Fig. shows the ;,;e-surface temper: ture anomaly field as determined by
tne h'2/ : retrievals. :he anomalies are between 0 and 2o and show a
coierent pattern. Also shown in the figire is the anomaly field obtained from
hips and buoy measurements during the same period. The main features of both

fiolds show excellent agreement, especially in the ',ortnern Hemisphere where
the ship and buoy measurements are well di stributed. The H,1S difference of
tne two fields is 0.4

0
C in the North Atlantic Ocean and 0.50 in the North

P-I, ific.

Fig. 7 shows sea ice extent as determined from the GLA' retrieval for
January 1979 and from SMMH on the Nimbus-7 satellite. The sea ice line in the
GA. retrievals is taken as the 0.7 emissivity contour. Surfa q emissivity is
obtained primarily from the 50., MHz channel on MSU. The surface emissivity

1:also indicative of snow cover over land and is a measure of boundary layer
win! speed over the ocean.

3. MESOMETEOROLOGY AND SEVERE ST. ES

Satellite Stereo Topography

A dramatic recent development in this realm is rapid repeat -ycl
stereography from two geosynchronous satellites; developed by liasler (1981) and
his colleagues. Fig. 8 shows a stereographically produced contour map of a
line of tornado producing storms on 3 May 1979. The tallest turret (16.8 kin)
corresponds to the Mulnall, Iklahoma, tornado. Associated studies show that
the severity of a- storm and its3 probability of producing a tornado -re related
t) its rate, of rise and its depth of penetration into the stratosphere (Adler
and Fenn, 1979). H{asler (1981 has also stereo mapped the topography of
hurricanes with dramatic results. Satellite stereography has a variety of
important other applications throughout weather and climate, most notably for

correctly assigning th true heights of cloud track winds for use in both GCM
and mesoocale models, and for developing a -a-dimensional global cloud
climatology, since the effects which clouds have on the radiation balance is
sen itive to their height.

VISSR Atmospheric Sounder on GOES

Another exciting new development in this area permits- the soundin and
imaging of atmospheric temperature and moisture structure from the VAS
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instruments on GOES-4 and GOES-5 launched in late 1980 and early 1981. These
instruments greatly expand the capabilities of previous geosynchronous
satellites. As with the former satellites, visible pictures of cloud cover
over a constant geographical area are taken during daylight hours over the
west and east coasts of North and South America. However, unlike sensors on
previous geosynchronous satellites, the VAS includes eleven new infrared
detectors (totalling twelve including the original window channel) designed
specifically to determine the temperature and moisture content of the
atmosphere. The modifications to the earlier GOES, which carried only the
VISSR, are shown in Fig. 9.

The use of the VAS data has been described by Petersen et al. (1982),
Uccellini et al. (1982), Chesters et al. (1982), and Smith, eT =. (1981).
These observations can be used by meteorologists in many ways. For example,
images of water vapor content observed by one of the new detectors can provide
a view of atmospheric motion in cloud-free regions. In addition, the location
of the jet stream can be related to regions of low and mid-level moisture
content, and severe thunderstorms have been observed to form along boundaries
of moist and dry air in the middle atmosphere. A combination of two low-level
sensing channels can also be used to obtain pictoral representations of the
amount of water vapor present near the earth's surface, another factor
important to the development of severe thunderstorms.

A depiction of low level moisture (e.g., from the surface to
approximately 850 mb) inferred from an analysis of multispectral radiation in
the 11-13 i'm window is shown in Fig. 10. The method of analysis described by
Chesters et al. (1982) utilizes two "split-window" channels, with one centered
at 11.2 Lm (a clean window) and the other centered at 12.7 1m (a "dirty"
window, with moderate absorption due to water vapor). Solid black areas are
regions of obvious cloud cover which have been eliminated. Dry areas are
shaded dark and moist areas are bright. The histogram (white) at the bottom
indicates the frequency of occurrence of precipitable water amounts in the
total measurement population. Fig. 11 is an imogo of radiation received by
the 6.8 cm channel and, because of the strong water vapor absorption at this
wavelength, depicts mid-level moisture (e.g., approximately 300 to 600 mb)
with dark areas indicating dryness and bright areas indicating moisture.
White areas are cloud covered. A band of very dry air, poleward of the jet
stream, is observed north of the Great Lakes.

The ability to monitor situations where narrow bands of dry air are
detected above regions of low-level moisture, thus indicating the potential
for convective instaibility, should provide an important tool to operational
forecasters. Such a possibility is illustrated in Figs. 10 and 11 where low
lvel moisture in eastern Iowa (Fig. 10, bright) coupled with mid-level
dryness (Fig. 11, dark) preceded severe thunderstorms with 16.8 km tops which
developed in less than two hours in an area devoid of any particularly strong
dynamical forcing.

The soundings derived from the combined measurements of temperature and
moisture throughout the atmosphere obtained from all 12 infrared detectors,in
addition to the winds and cloud heights noted earlier, have the potential to
revolutionize a meteorologist's ability to forecast severe thunderstorms and
tornadoes. Although most severe weather events occur between 2:00 p.m. and
5:00 p.m. local time, the previous data base has been limited to conventional
balloon observations of temperature, moisture, and winds taken at only about
70 locations over the US and only at 7:00 a.m. and 7:00 p.m. EST.
Measurements from VAS taken in the time/space gaps between the conventional
soundings hold great promise for more timely and accurate storm warnings and
predictions. In particular, the incorporation of such high temporal and
spatial resolution temperature, moisture, and wind soundings into numerical
models should advance significantly our knowledge of mesoscale phenomena.
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Research is now under way to develop variationaL analysis techniques to

analyze VAS data sets and insert the data into mesoscale models.

4. CLIMATE

The boundary forcings due to anomalies of sea surface temperature (SST),
soil moisture, sea ice, and snow change slowly compared to the atmospheric
anomalies, and, therefore, they ,an be potential predictors for monthly and
seasonal mean climate. There are several observational and numerical studies
which support this hypothesis. Changes in the boundary forcings produce
changes in the location an! intensity of diabatic heat sources which can
produce changes in large scale atmospheric circulation (the 11adley, Walker,
and monsoon circulations in the tropics, and quasi-stationary planetary waves
in the middle latitudes). Here we describe brietly the results of two
numerical experiments with the GLAO climate model to study the sensitivity of
sea oairface temperature and so il moisture.

Sea Surface Temperature Experiment

Moura and Thukla 198!) have2 conducted a numerical experiment with the
GLA. climate model which shows that a possible mechanism for the occurrence of
severe droughts over northeai:stern Brazil i. toe northward displacement of the
ITCZ associated with anomalously wars . n..T is the ";. Atlantic and/or
anomalously cold SST's in the S. Atlantic. Secause of the persistence of such
anomalies, the find ings have predictive value. In the experiment the model
was first integrated for 90 days with climatological 'S's (control run), and
then integrated again for 90 days after introducing tihe SOT anomalies shown in
Fig. 12. Fig. 15 shows 15-day running mean time series of daily rainfall
aiveraged over the areas A and B of Fig. 12 for control and anomaly runs. The

results of the anomaly run show that a drought has- occurred in area B
including northeastern Brazil) whereas higher-than-average precipitation has

occurred in area A.

Soil Moisture Experiment

Global ly and annually averaged run-off 266 mm) from the continents is
nly about 354 of annual mean precipitation (764 mm) over the continents and,

therefore, annual evaporation from the global land surfaces is about 60-701 of
tne rainfall over the global land surfaces. For certain regions and seasons,
the mean evaporation from the land is greater than precipitation because water
stored in the root zone is evaporated by radiation energy. This would suggest
that the evapration from the land must be one of the important components of
tne global hydr)logical cycle. The amount of soil moisture influences the
hydrological cycle and atmospheric circulation in two ways. Firstly, it
influences the rate of evaporation and therefore determines the available
moisture for convection and precipitation. Secondly, it determines the
partition of incoming net radiative energy into sensible heat and latent heat

omponents. If the land surface is wet, most of the energy (net short wave
and long wave radiation) is utilized for evaporating water, whereas if the
land suirface Lo dry, mo:t )f the energy goes into sensible heating of the
atmosphre. Thi., in turn, can produce low pressure areas and large scale
convergence. The effects of persistent anomalies of soil moisture will,
therefore, also depend upon the geographical location with respect te oceans,
the prevailing motion field, and the nature of the boundary layer and
convection in the area.

:;hukla and Mintz (1982) have conducted two numerical experiments with the
GLA2 climate model: (A) no evaporation from the land surfaces (dry-soil
case), and (B) potential evapotranspiration from the land surfaces (wet-soil
case). The ocean SST is identical in both numerical experiments. Fig. 14

(a), (b), and (ci) shows the difference map (A-B) for ground temperature, sea
level prtsure, and rainfall, respectively. In the dry-soil case, the land
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surface is hotter by 20-30 ° , the sea level pressure over land is lower by
15-20 mb, and the oceanic high pressure centers are stronger. The resulting
flow field is very different, and the rainfall over most of the land surfaces
reduces by 40-50% with a remarkable exception of three monsoonal areas. For
example, over the Indian monsoon regions, the absence of evaporation from the
land is more than compensated by the enhanced moisture flux convergence from
the surrounding oceans, which is due to a more intense monsoon low over India.

This idealized experiment suggests that persistent anomalies of soil
moisture can be one of the important determinants of monthly and seasonal
atmospheric anomalies, especially in summer months. More observational and
numerical studies are needed to understand the role of these physical
processes quantitatively. These results also suggest that the effects of
large scale modifications of land surfaces (viz. deforestation, aforestation,
large scale irrigation, Ptc.) strongly depend upon the geographical location
of the area and the prevailing dynamical circulation of the atmosphere.

The above experiments also provide insight into the nature and accuracy
of observations required from space. The need for measurements of SST and
soil moisture is evident.

5. OCEANOGRAPHY

Estimating Ocean-Atmosphere Heat Fluxes During Cold Outbreaks

A method has been developed to estimate ocean-atmosphere heat fluxes
during cold outbreaks over the eastern boundary currents (Chou and Atlas,
1981; Atlas and Chou, 1982). Mean sensible heating of the cloud-free region
is related to the difference between surface land air and sea temperatures and
the distance from shore to the edge of the cloud streets. Mean latent heating
is related to the difference between surface land air and sea specific
humidities and the distance from shore to the edge of the cloud streets.

omograms of mean column heating due to these two fluxes have been developed.

Radar Ocean Wave Directional Spectrometer

Marked progress has been made in developing techniques for the remote
sensing of directional ocean wave spectra. A microwave radar technique for
measuring the vector wavenumber spectrum of the ocean surface has been
validated at 10 km aircraft altitudes where excellent agreement between buoy
and radar-inferred absolute wave height spectra was found (Jackson, 1981;
Jackson et al., 1981). The technique is suitable for satellite application,
and we are pursuing an orbital test of such a radar on a future space shuttle
mission. One possible satellite configuration is shown in Fig. 15. An
example of a directional modulation spectrum P m(K,) obtained from an aircraft
experiment is shown in Fig. 16 where K is wavenumber and I is azimuth. The
corresponding nondirectional spectrum (obtained by integrating
P (K,,) over all azimuths) appears in Fig. 17 showing excellent agreement with
a colocated buoy.

3easat Radar Altimeter

Much progress has also been made in the analysis of Seasat radar
altimeter data to show the relationship of the dynamic height of the ocean (of
about 10 cm accuracy) to the speed of the Gulf Stream and in detecting the
40-ts-60 cm deep, 200-to-300 km wide cold core eddies (Cheney and Marsh, 1981;
Cheney et al., 1982). Fig. 18 shows all available oceanographic observations
obtained during a 2-week period. Heavy dashed and solid lines represent
frontal boundaries of the Gulf Stream observed in NOAA-5 infrared imagery
during the first and second weeks, respectively. Dots are XBT's converted to
dynamic height (0/3000 dbar) and contoured at 10-cm intervals. Concurrent
o',easat tracks from which altimeter data are available are superimposed. Fig.
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19 shows altimeter residuals for eight collinear passes obtained over a 3-week
period. Cold ring 4 was centered 20 km west of the ground track on September
17 but by October 8 had moved further westward from the track (see Fig. 18).
Hence, its sea surface height shrinks correspondingly.

A global mesoscale sea height variability map was produced from altimeter
measurements made during the last 25 days of the Seasat mission, 15 September-
10 October 1978 (Fig. 20). This map was constructed from 125,000 globally
distributed variability values determined every 7 km along the ground track.
Maximum values of 20-40 cm M7 variability are generates by meanders and
eddies of five major current systems: the Gulf Stream, 'uroshio, Agulhas,
Antarctic Circumpolar, and Falkland/Brazil confluence. This map reveals a
strikingly realistic view of the mesoscale energetics of the oceans.

Jeasat Scatterometer

Another instrument flown on :easat was a scatterometer for determining
surface wind speeds. I ea-it scatterometer winds have been found to be
accurate to '2 msec (Lame and Born, 1982). An objective method which
exploits atmospiheric 3CM's has been developed to eliminate directional
ambiguities. GCM prediction simulations show the great value of scatterometer
winds in enha'ncing forecast skill. Ocean model studies show tat both the
surface wind stress and the ocean topography are needed to define the ocean
circulatior adejuately -ane et al., 1981).

6. PjUTJh P' u :£ :

rutr, pr p e noie contnuo inprovement Vn the aforementioned
areas ra'-ear and empha on the development of active optical (lidar)
and mlcrow iv- r',J ir' system; f'or th' remote sensing* of toe aitmosphere and toe

in.urr ,nt <t dieo inijte tmit lidur tochniques iAre feasible for tiie
rem-)t.3en s inet from sp-mce, wit ig tnficant improvement= 4n uccuracies, of
such key -. eor,±oc cl parameters as profires )f temp, rature, pressure,
*nIr- m, wid, o al t' le ght o)f the pluitiry bouniry layer. A dual
tr. fferent Ab orption :idier A sbent 1velopel for

'We 'r'i'| i~h nd differential r'ne ing meaireanent. , K)rb et al., 1979;
t nI rb 19. I . n,. frequncy i ihs on a portion of the resonant

-,., rit i)n fh.ture t t o t- measured , .e., on-!ine] . A second nearby
wo uffere minimal res-onant absorp

t
ion but which has nearly

I ri. nU r do e I- v ri . ot,.rin; tin
t , lntinuum aibsorption

pre, u. I % ' o d r t r rence. 'ime rat c )f t.e signal returns from a
-, n - * . , n-lin l :,n i rip lon' -,3 " be formulated to yield

* 'e, tr , ipt- ,1 It ''i AL ippro-,-i n<iy a'mu., for pressure,

"mprr'tre, .nd mf iure prof'i.*, -. Frm a pserat a' Z00 km altitude,
re ' o n it I km w rti 'l rv'",Iution i . ex'stod t,) be accurat, to

iboat +.u ri t- rt it t m w. n ntir l r-,solution of ,C k'm.
'ep- td oir'tci for n rture >-n-g a, ipr xitely _+IoC +1 OC !t . km
vr tisa re-soution through mh, tropoijn're wi!' the .ime horizontal
resolution. Water vipor profiln, ii,- xpecte.i to provide measurements with
better thi'tn '0 i ciur'iy through tilt troj-ip.uler,. 'mTrove] accuracies in
these m .uourement:; would permit a more 'isrte -peciic'tion of the it'n]
-tat- parameter or li r r '- r p i more ascorale, and
extended weather predictions.

Similarly, radar systems, in conjunction with pssive microwave,
infrared, and visible radiometers, aippear to hold the key to improvements in
the remote sensing of such key parameters as prec ipitation, soil moisture, and
cirface windsz over the ocean, in addition t) thi directional wave spectra
previously mentioned.

:nitial results from the VAS in ,trum-nt; on the spin-stabilized GOES1,
exciting as they are, point up the ciibstantial improvements that could be
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provided by a 3-axis-stabilized platform in a geosynchronous orbit carrying a
multispectral visible/infrared imager, a separate infrared sounder, and a
microwave sounder/imager. A radiometer with a 1-meter diameter optic appears
feasible and would provide a resolution of I km at 11 k m, a dramatic
improvement over the current 7 km resclution of the GOE,

" 
imager. An

interferometric infrared sounder is being studied for a 3-axis-stalbilized
geosynchronous satellite. The instrument would be capable of measuring
vertical temperature and moisture profiles with increased accuracies and
spatial and temporal resolutions required for substantial improvements in
mesocalp applications to severe weather problems. A microwave sounder
employing a real antenna aperture sf 4 meters has been studied for a
geosynchronous platform. ')perating in the oxygen absorption band at 118 OHz,
thi. instrument coulI sound at a1 resolution of 50 km in cloudy areas where
infraird techniques atre ineffective. An advanced concept currently under
study for microwave sounding,, and imagfzing from a geosynchronous platiorm would
employ an aperture synthesi aipproach. lnitial results indicate that tiis
ippro!ich is promising.

tie r,: 9 of data continuously transmitted by sattellites has often
1v< rwitlmed the capability of grond processing facilities to keep up with the
flow. With modern advances in microprocessor technology, the possibilities of
Sxtio ive on-board data processing now are becoming very aittractive.
Alesrithms for extracting desired parameters could be invoked on the

0tli te, thus speeding up the dat'a handling process aind reducing the flood
of data currently reaihing the. ground. An interactive ,oe permitting
reprogramming of the satellite from the ground would provide the necessary
flexibility f)r optmiced daitai handling.

7any important advainces have been made in recent years in our ability to
*Wtserve the atmosphere and oceans from sp-ace. The pro.pects for new advqnces
in the future are ch;llenging, but promising, and should lead to an improved
understanding of our environment a-nd an ability to predict changes, due to
-ithor natural or man-made causes. The prospects t monitor hth the small
and l~g~e-scale charaicteristics i of the atmosphere and ie oueans to detect
-in.1 wirn -f ,lanterous local and tropical storms and wive conditions-, and
ir* Ii t their occurrence n advatnce through the combination of models atnd

observar ons, to enharce the skill and range of global weather
reu.a .. and to provide the beginnings of useful climate predictions are all

-x?t inc atnd shiould contr ibute greatly to the safety and comfort in which man
-in i ve and copo with his naturarl su irround ings.
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GLOBAL OBSERVING SYSTEM

POLAR-SAI ELLITES GEOSYNCHRONOUS (G)

[Ct VOKT¢N 0+Lr' 0 *. ;NC 0*0} " , COuI, -ION,

A A- , ' ON RA) R , C 1 0

%S A. 5\ PUL

!I . Sehe-21tc c L he Global Observing Sy' stem. (P) refers to polar and (G)
to ;eos tationarv satellites. Other svmbols are: T - air temperature, P -
pressure, w-water vapor, Z - geometric height, V - wind vector, T s - sur-
face temperature, T c - c loud top temperature, and Ps -surface pressure.
Constant density balloons are used only for special observations.

I A I

Fii. 2. S1 skill scores of three-day forecasts evaluated relative to the NMC
anpltsio for (a) sea level pres s u re and (b) 500 mb.
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THE IMPROVEMENT IN FORECASTING SKILL FROM FGGE SATELLITE DATA

a] b
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Fig. 4. (a) Eight-da sea level

pressure forecast day

from 0000 =M' 29 .January ov.,7/ i
1979; V '(b) Verifying FGGE sea level pr-
analysis for 0000 GMT0
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MONTHLY MEAN SST JAN 1979 FROM HIRS2/MSU
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HIRS2/MSU ICE EXTENT JAN 1979 125 KM SMMR ICE EXTENT JAN 1979 25 KM

Fig. 7. HIRS2/MSl sea ice extent (left) vs. Nimbus-7 SMMR ice extent (right),
January 1979 (ice is stippled).

STEREO CLOUD TOP HEIGHTS FOR TORNADIC THUNDERSTORMS
ON MAY 3. 1979 (KM ABOVE SEA LEVEL)

STORMS SCANNED BY GOES EAST AT 0051 22
AND GOES WEST AT 0051 15 GMT

15ON

99OW*W 0

Fig. 8. Stereo cloud top height contour analysis (kilometers above sea level)
made from a stereo image pair of an Oklahoma tornadic thunderstorm complex
at 0051 GITf 3 May 1979. The tall tropopause-penetrating tops near 16.8 km
(arrow) are coincident with a tornado that occurred in the town of Mulhall
at nearly the same time.
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VAS: VISSR ATMOSPHERIC SOUNDER

0 MODIFICATION OF THE OPERATIONAL GOES
Fig. 9. VAS modifica- 1 1 ADDITIONAL CHANNELS

tion of the opera-
t ional GOES. 7 CO2 CHANNELS FOR TEMPERATURE

3 H20 CHANNELS FOR MOISTURE

I WINDOW CHANNEL

2 tWO MODES OF OPERATION IMAGERY SOUNDING

31 INTERACTIVE SA-ELLITE CONTROL SELECT (WHERE. WHEN. HOW?
FOR SOUNDING OR IMAGING MODES

Fig. 10. GOES-5 VAS 11.2/12.7 .nm
split window" low level moisture

i estimates, 2300 CMT, 23 July 1981.

Fi;'. 11. GOES-5 VAS 6.8 n.m.
mid-level moisture, 2300
GCIT, 13 .July 1981.
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202A

Fig. 12. SST anomaly ('C) for the anomaly run. Thick lines enclose area A
(upper) and arca B (lower).

UPPER AREA

4

- A~NOMALY ---

;a - CONTROL-

LOWER AREA

ANOMALY --

20 20 40 so 60 1.0 6

OAT

Fig. 13. 15-day running mean of daily rainfall (mm dav 1) for upper (A) and
lower (B) areas in Fig. 12.

222



Fig. 14. (RIGHT) Differ-
ences (dry-soil caseminus wet-soil case) be-

tween two model simula-
tions for (a) ground
temperature (oC), (b) sea
level pressure (mb), and
(c) rainfall (mm/day).

(b)

Fig. 15. (BELOW) Radar
Ocean Wave Directional
Spectrometer:
(a) satellite measure-
ment geometry; (b) scan

pattern on ocean sur-
face for 700 km ailti-rude, -. = 10", and(c

3 rpm scan rate,

22 o
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Fig. 16. Example of directional Fig. 17. Comparison of radar-
modulation spectrum Pm(K, :). inferred (solid line) and buoy
Wavenumber rings are spaced (circles) high frequency spectra
at 0.005 cpm (200, 100, 67 in absolute units. The arrow
meters) and contours are indicates the cut-off frequency in
equally spaced. order to avoid effects of the

antenna pattern at low frequencies.
This nondirectional spectrum
corresponds to the directional
spectrum in Fig. 16.

28SEP 11OCT78

,- ,*. -,; .. A I' ,

Fig. 19. Oceanographic observations obtained during 2-week period. Heavy
dashed and solid lines represent frontal boundaries observed in NOAA-5
satellite infrared imagery during the first and second weeks, respectively.
Dots are XBT's converted to dynamic height (0/3000 dbar) and contoured at
10-cm intervals. Concurrent Seasat tracks from which altimeter data are
available are superimposed.
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GULF STREAM COLD
RING 4

t 5c

923

40

Fig. 19. Altimeter resi- 1920
duals for eight colli- 36

near paisses obtained 3

over a 3-week period. 14Z - -

Col d r ing '4i is moving
out trom beneath the N 13

Seasat t rack during this IQ
period (cf. Fig. I,) s

4W AU3

1 1 M NO SEASAT
COLLINEAR PASSES

3mPI 3 7 35 33 31 21101
71JrW ~ LATITUDE (U .r

SEASAT ALIiMETERf MESOSCALE VARIABIUTY

Fig. 20. Global mesoscale sea height variability measured by the Seasat
altimeter, 15 September to 10 October 1978. Maxima due to five major
current systems are seen: the Gulf Stream, Kuroshio, Agulhas, Antarctic
Circumpolar, and Falkland/Brazil confluence.
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CLIMATE APPLICATIONS OF SATELLITE REMOTE SENSING

OEdward S. Epstein

O Earth Sciences Laboratory, National Earth Satellite Service, NOAA
Washington, D.C. U.S.A.

ABSTRACT

Meteorological satellites provide a wide range
of valuable climate information. Applications range
from systematic monitoring of the earth's radiation
budget -- measuring the energy differences that are
controlling factors for the global climate systems --
to studying specifics of the local surface climatol-
ogy. Examples are presented of the use of remotely-
sensed data to provide important insights into the
validation of climate theories and the factors that
influence climage change. Other interpretations of
the data allow us to deduce details of local surface
climate differences and the seasonal progression of
climatic elements, like precipitation and tempera-
ture, that are particularly to agriculture.

To some the term climatology implies some system of classification of the collective wea-
ther a location experiences over extended periods of time. To others, particularly research
scientists, climate is a subject that involves the physical basis of the earth's average wea-
ther and models, whether relatively simple or highly complex, that can account for climate as
we know it and as it might vary in the response to changes, say, in solar illumination, or
volcanic dust, or atmospheric composition. Climate prediction means monthly outlooks to some,
and to others it means concern about the next decade or the next millenium. Climate also con-
jures up the set of local climatic variables, like the accumulation of insolation or precipi-
tation, or the chances of freezes, that are of such crucial importance to agriculture but have
many other industrial and other economic applications.

We will not try here to settle on any single definition of climate, but will just note
that they all refer to useful and significant aspects of collective weather events. As
diverse as these different implications of the term climate may be, moreover, satellite remote
sensing has been proven to have something to offer in all these contexts. The satellite
enables us to measure and monitor some of the most salient parameters of the climate system,
some that help us to understand how the system works, and some that help us to detect the
effects of climate. There are many parameters we would like to be able to measure more
accurately and more regularly than we are now able to do, parameters like insolation, soil
moisture, precipitation, even cloudiness -- but considerable progress has been made. It is
this progress -- what we are not able to do -- that I will try to describe. It is remark-
able progress, I believe, when one realizes that none of the satellite instruments whose uses
I will describe were designed to meet climate needs. Most were designed to provide meteorolo-
gical data, and this is not quite the same thing.

The climate system is driven by radiation from the sun. The earth reradiates to space an
equal amount of energy, to maintain its thermal balance over long periods of time, but the
geographical and temporal distribution of the reradiated energy is distinctly different from
that of the incoming solar energy. The satellite makes it possible to measure the various
components of the earth's radiation budget. Some very critical assumptions are needed to infer
the radiation budget from available operational measurements, but to all appearance, these
assumptions have been wisely chosen.
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One important aspect of the radiation budget is the albedo, or the reflectivity. The
visible channels, first of the Scanning Radiometers (SR), and more recently of the A.IRR
instruments on the NOAA polar orbiting satellites, allow us to mea .ure, with reasonably good
relative accuracy, the solar energy returned in a relatively narrow portion of the visible
spectrum and in the specific direction of the satellite, over all parts of the earth at approx-
imately the same local time. One would prefer to make reliable absolute measurements, over
the entire spectrum, of the integrated energy scattered in all directions, and to be able to
average these over all hours of the day. In fact the results which I am about to illustrate
assume a constant solar constant (whose value and variations we are only now measuring with
sufficient accuracy as the result of instruments on the NIMBUS-6 and -7 and SMM research
satellites), ignore diurnal variations, make somewhat faulty assumptions concerning the angular
distribution of scattered light, and use an approximate statistical relationship to estimate
the broad-band flux from the narrow-band measurements. In all of these aspects of the measure-
ments, carefully designed experiments on the NIMBUS-6 and NIMBUS-7 satellites and a forth-
coming Earth Radiation Budget Experiment are providing the needed data to test and evaluate the
various assumptions, and to make improvement to the operationally produced radiation budget
estimates. Evidence to date is that the modifications to the data reduction procedures need
only be relatively minor, and the extensive data that has been accumulated (Winston et a].,
1979; Gruber and Winston, 1978) are a very valuable and useful set. I have mentioned these
details to illustrate the problems that are associated with trying to obtain valid climatolog-
ical data from measurements designed for other purposes.

Figure la is the multi-year mean albedo, taken from Winston et a). (1979), for the summer
in the Northern Hemisphere and winter in the Southern Hemisphere. Relatively high albedos can
tKc associated . th arias Of pcrbi~ttnt cloudiness in somr. storniy hiddle latitudl arsas, in
the vicinity of the intertropical convergence zone, or in areas of persistent low stratus
clouds such as off the west coast of Peru), persistent ice and snow cover, or arid zones like
the Sahara. The lowest albedos are associated with persistently clear oceanic regions,
especially in the subtropics. In such regions a great deal of solar energy is absorhed by the
oceans.

A second component of the radiation budget is the emitted terrestrial radiation, also
measured by the SR and AVHRR instruments. Figure IB shows the mean emitted radiation corre-
sponding to Figure Ia. Some of the areas of high albedo, like the belts of tropical cloudiness,
are areas of minimum emitted energy. On the other hand, the areas of low clouds off Peru and
California have high albedos but also emit large amounts of energy.

Multiplying the albedo by the appropriate value for the solar intensity as a function of
latitude and time of year (which also includes the effects of variations in the earth-sun
distance) gives the absorbed solar radiation. Subtracting from this the emitted radiation
gives the net radiation, as shown in Figure !c for the mean Southern Hemisphere winter. The
pattern is largely zonal, with deficits occurring in the high latitudes of the winter hemi-
sphere and surpluses in the summer hemisphere except quite close to the pole. But there are
significant departures from the symmetry, especially in the Northern Hemisphere, where radia-
tion net deficits occur in the subtropics.

Charts similar to these d ,repared monthly and various summary statistics are regularly
computed. There are of cours, -nificant differences from year to year and from month to
month, many of which are of particular interest to those who attempt to make predictions of
the climate of subsequent months. Although the normal behavior of the radiation budget is
dominated by geographically fixed and se ,sonally oriented patterns such as the ones we have
pointed out, it may well be the departures from these normal patterns that warrant attention.
As yet, however, with so few years of record, it is still difficult to distinguish the import-
ant anomaly from the normal signal.

The statistics of the globally averaged, seasonally varying cycles if 'he various compon-
ents of the radiation budget are stable and, for the most part, unders n d,hle. Figure 2
shows the annual cycles of albedo, outgoing longwave, ab-orbed solar, and net radiation for
the 45-month period of the atlas of Winston et al. The albedo has a di~tinct annual cycle,
with a maximum in the Northern Hemisphere winter (Southern summer), refluer ig primarily a
pattern of the Northern Hemisphere. Because of its continentality, the Northern Hemisphere
exhibits much more seasonality than the Southern Hemisphere, and the albed .irt ition is
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is related to the greater storminess, and clouds in winter, and the significant increase in
ice and snow cover.

The annual variation in absorbed solar radiation shows less of a seasonal change than
would be implied by the albedo cycle. This is because the earth is farthest from the sun in
July and the slightly less intense (3.4') solar radiation almost compensates for the smaller
global albedo at this time of year.

The outgoing longwave radiation is out of phase with the absorbed solar radiation, and
has a larger amplitude, reaching its maximum in the Northern Hemisphere summer. The greater
cloudiness in the winter, and the large seasonal temperature range of the continental
Northern Hemisphere combine to produce this effect. The net radiation responds largely to the
pattern of the larger amplitude outgoing radiation cycle, implying that the earth as a whole
gains energy during the Southern Hemisphere summer, when the earth is furthest from the sun,
and loses it in the period surrounding perihelion.

Figure 2 shows the net radiation negative in all months. This, of course, cannot be the
case in the long-term mean, and is probably not the cast in any given year. The specific
cause of this deficiency is not known, although it is not surprising that one occurs. There
is no absolute calibration of the visible channels of the radiometer, and many assumptions
are involved in the calculations. Likely, part of the discrepancy is due to the value assumed
for the solar constant; part may be a bias in the determination of the longwave fluxes.

The data on the earth's radiation budget has several important applications. It is being
used in diagnostic studies of the initiation and evolution of short-term anomalies. It is
ieing used to evaluate critical parameters theoretica:IV related to the sensitivity of the
climate system to changes imposed from outside the system as by solar variations or changes
in atmospheric composition. It is being used to validate climate models. I also can be used
to represent the way in which the annual march of local climates may be viewed from space. I
will illustrate, very briefly, each of these applications.

Figure 3 is an example of the importance of the radiat'on components ;n the diagnosis of
climate. It illustrates how well the emitted longwave raation over a small section of the
tropical Pacific mimics one of the principle indices of the Southern Oscillation. The lower
curve is a good index of the fluctuations of the South Pacific Cnvergence Zone and the
Equatorial Pacific dry zone. When the index is high the. dr, zone extends well west of the
dateline and the South Pacific Convergence is located to the south o' New Guinea. When the
index is low the dry zone has receded to the cast and the South Pacific convergence is located
northeast of its normal position. In recent years this verv large scale atmospheric vasci1la-
tion has been shown to have a larqe coherent pattern of behavior that relates to seasonal wea-
ther anomalies over larqe portions of the qloh -- includinq for example the Ind'an monsoon
and winter temperatures over North America. It also involves ocean currents and temperatures
-- the El Nine -- off the northwest coast of South America .ith profound effects on fisheries'
resources.

The response of the climate system to external influences (changes in solar output. C02 ,
volcanoes) depends strongly, according to most models and theoretical studies, on the way in
which cloudiness will change and alter either the albedo (generally a negative feedback), or
the emitted radiation (generally a positive feedback, or both. Ohring et al. (1981) have
tried to estimate these cloudiness effects by analyzing satellite radiation budget data.
Figure 4 is the result of one of their calculations, showing much more of a negative feedback
than many others have supposed. This result warrants further searching because it has pro-
found implications for our ideas about climate sensitivity.

Obring and his collaborators have also applied the radiation budget data to the valida-
tion of a model Ohring and Adler (1978) developed for describing the seasonal march of
climate. In Figure 5 is a comparison of observed and model-generated longwave fluxes. In
this case the biases are not very large, but the pattern of the differences helps us to judge
the adequacy of the model and to ;nterpret its output.

Figures 6, 7, and 8 from Ohring and Gruher (1982) are 'space climatographs", satellite-
derived analogs of more conventional presentations of the radiation budget at the ground for
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specific locations. Each shows the seasonal progression of the several components that contri-
bute to the radiation budget over a particular location. Shown in the figures are charts for

two equatorial locations (one in South America and one in Southeast Asia) and one middle lati-

tude Asiatic site. The insolation, which has two maxima during the year at low latitudes, ;s
of course a major factor, but the influence of cloudiness, which has stronq regional varia-

tions, is also very significant. Note that cloudiness does not bear a unique relationship to
either albedo or the emitted radiation, but it strongly influences both. The nature and

extent of the cloudiness, for a given latitude, are major determinants of the climate.

Most of our interest in climate arises from concern for conditions at or near the surface.
For applications to agriculture and energy, for example, the solar radiation reaching the
ground is of great interest. The satellite does not allow us to observe that directly -- hut

it does allow us to infer the insolation (Tarpley, 1981 (Figure 9) within limits that, for some

applications, are quite satisfactory.

We also have not yet learned how to monitor precipitation from space, especially over

land. But the clouds that produce the rain can be observed, and by observing their character-

istics and following their development useful inferences can be made about precipitation.

Figure 12 (Scofield, 1981) is a map of 24-hour precipitation estimates over a portion of Texas

derived from satellite 'mages. These methods are still crude and of limited accuracy, but

are particularly valuable when results are aggregated over some periods of time.

Precipitation also falls in the form of snow. Snow is of interest on the one hand

because of its importance to water resources through spring melt and runoff, and on the other
hand because its high albedo is an important factor in tne overall radiation balance. Weekly

snow-cover data for the Northern Hemisphere have been analyzed and processed for the last 15

years, allowing one to discern both seasonal trends and large interannual variations. Figure

13 represents the snow cover over North America for a single month of last winter.

One of the basic meteorological applications of satellite data is the estimation of

atmospheric temperatures. Satellite soundings are used routinely for meteorological forecasts

around the world. For climate applications, however, it is the surface temperature that is

generally of primary interest, and determination of accurate surface temperatures is compli-

cated by atmospheric absorption and emission, by cloudiness, and by variations in the surface

characteristics. Over oceans good surface temperatures are attainable (McClair,, 1981), but
success has been more limited over land. One very practical use of geostationary satellite
imagers for surface temperature measurements has been the work of Ellen Chen (1982) in

examining the development of freezing conditions over the Florida peninsula. Dr. Chen was not
only able to trace the evolution of the freeze conditions on individual nights, but she was
also able to identify small scale thermal patterns that persisted from night to night and to a

significant extent from year to y(ar. Differences were largely due to surface conditions

(soil, soil drainage class, soil thermal properties, land use) and sometimes exceeded 30C.
Thus the geostationary satellite data can be used both to improve prediction of freezing condi-

tions and to differentiate amoung otherwise very similar climate zones.

I will address one final agriclimatological use of the polar orbiting meteorological

satellite. In this application the meteorological satellite plays the role of an earth
resources satellite. The AVHRR on the NOAA satellites, like the LANDSAT. MIS, is a mult-

spectral imager, although the resolution of the NOAA satellite cannot compare to that of
LANDSAT. The two shortwave channels on the NOAA satellite both view the earth in reflected

sunlight, but one, in the visible, sees the surface in wavelengths in which vegetation
absorbs the solar radiation, while the other, in the near infrared, uses wavelengths in which

vegetation does not strongly absorb. Thus a comparison of the apparent brightness of the sur-
face in the two channels is an indicator of the extent of vegetative cover -- a vegetative
index. Figures 14 and 15 illustrate such a sahelian vegetative index from AVHRR Channels 1

and 2 [(2) - (])]/[(2) + (I)] over West Africa approximately one month apart -- Sept. 3 and
Sept. 30, 1981. The area of blue hues show minimal vegetative growth ranging to bare ground.
Green and reds are quite vigorous grass cover, shading into the lavender that indicates much

more lush vegetation. Note the marked changes that accompanied seasonal rains, especially

in Mauritania and Senegal, on either side of the Senegal River, within the first 200 km or so

of the coast.
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Operational satellites are thus providing now a wealth of climate information, with both
research and practical implications, that we are only beginning to explore. Undoubtedly new
instruments yet to be flown will provide data of more specific climatological value, but
climatologists can be kept well occupied extracting and applying information from current

operational satellites. The World Climate Program, with the leadership of the World
Meteorological Organization, and also the various national and private efforts to extract

climate information, are able to move ahead dramatically because of the meteorological

Satellites.
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Figure 12

Voyetative index based on NOAA AVHRR, over Sahelian W'est Africa, for Sept. 3, 1981. (Courtesyof C.P. Tucker, .ASA/Goddard Space Flight Center).

Figure 13

Same as Figure 14, but for Sept. 30, 1981. (Also courtesy C.P. Tucker).

Orikginal figures in color
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ABSTRACT

In order to harness the marine pollution
and make a research on the principles and
methods for monitoring the marine pollution
by airborne remote sensing techniques, some
comprehensive tests of airborne remote sen-
sing, involving monitoring marine oil pol-
lution, were performed respectively at several
bay areas of China. This paper presents some
typical results of monitoring marine oil pol-
lution. The features associated with the EM
spectrum (visible, thermal infrared, -ind
microw',ve) response of marine oil spills is
briefly analysed. It has been verified that
the airborne oil surveillance systems rani-
fested their advantages for monitoring the
oil pollution of bay environment.

1. INTODUCTIuN

Over the past three decades, a preat quantity of sewage, wqste materials,
Petroleu- and oisonous substances hive got into the ocean, which go beyond the
self-nurification capability of the ocean. Of all of the marine pollutions, the
oil occupies a first position. More than ten million tons of petroleum 'ot into
the sea per annum in 1970's because of the human's activities. (Report of the
Secretary-General.) In general, the oil pollution of bay environment becomes
even more serious due to increase of cities, ports and industrial areas. There-
fore the oil pollution of bay environment ought to be controlled and tackled in
the first place and, without a doubt, it should be attached primary importance
to establish effective systems for monitoring marine oil pollution. The tradi-
tional surveillance technicues for marine oil pollution have undergone a essen-
tial revolution because of the application of remote sensing. A vast amount of
researches have been carried out so far for monitoring marine oil pollution by
remote sensing techniques (Johe E. Estes, 1q72), and more than 60 papers were
oublished up to the 13th International Symposium on Remote Sensing of Environ-
mnt. Since the beginning of 1970's, as a powerful tool for monitoring marine
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oil pollution, the airborne remote sensing systems have come into operation, a
typical example of which is the Airborne Oil Surveillance Systems of U.2. Coast
Guard (Maurer A.T., 1q77). At present, the airborne remote sensing techniques
and Landsat data are used in a lot of countries, with the aim of monitoring and
analysing the dynamic variations of marine pollution.

The coastal areas of China also suffered from pollution in varying degrees.
As a result of the rapid development of indust-ies and sea transportqtions,
rather serious pollution occured in the bay areas adjacent to some industrial
cities. Since 1()?, a large-scale comprehensive investigation on the marine
pollution has been cnrrying out from the north to south China. A belt-shaoe
area of pollution along the coastal sea of China has been found out and the
marine oil pollution has taken a turn for the better through tackling in a
comprehensive way since 1q76. In order to develop an advanced techniques of
monitoring the marine oil pollution, in the past four years, some flight tests
of airborne remote sensing were performed successively in Jiaozhou bay, Dalian
Bay, Bohai Bay and Hangzhou Bay. At the same time, the investigations of sea
surface truth were conducted. The results indicate that the airborne remote
sensing systems are caoable of monitoring marine oil nollution within a wide
scope and have the advantages of maneuverability, high-speed and synchronism.
The data obtained from the new systems, combined with that from the traditional
surveillance techniques, can provide a scientific basis for the quality assis-
sment of marine environment, so as to bring the marine oil pollution under
control in a comprehensive way.

2. J E TY+ICAL TmST REULT2 AND ANALYSIS

The first test of airborne remo+e sensing over the coastal sea areas was
conducted in September, 1979, at Jiaozhou Bay, Qingdao. organized by the First
Institute of Oceanography, National Bureau of Oceanography. The main purpose
was, on the basis of laboratory and ground experiments, to research the res-
Ponse of several sensors to marine oil spills, and to test the methods and
effectiveness of recording, measuring and monitoring by means of the available
sensors, so as to accumulate some practical experience for est.blishinv the
marine oil surveillance systes. The subjects above-mentioned were further
continued in the next year in an other test located at bohai Bay near by Tian-
jin.

a). Observations of the oil slick spreading

The major coroonents of oil pollutants in the bay areas are crude oil and
bunker fuel oil. 4e first observed the rule of spreading and the rate of
drifting of different kind of slicks so as to determine the pollution sources
and to distinguish the composition of oil in terms of the remote sensing data.

In situ observations showed that the oil spills float on water and spread
into smooth slick as soon as they are emptied into the sea. The rate of sprea-
ding, the range of expanding and the thickness of slick depend on the property
of oil, the temperature of seawater, the sea conditions and the physicochemical
property of seawater such as surface tension. In general cases, the oil slick
originally is fairly thick and appears a dark brown or black, but it readily
spreads into a thin flim and turns to bright colors as like the rainbow tones.
As the slick gets even more thinner, the rate of spreading slows down and
appears silvery white up to beyond recognition. The spreading rate of crude
slick is measured as shown in Fig. 1, on the order of 20O m/h.

In terms of the drifting direction, shape, grey level of marine oil slick
combined with the ambient informatiors and hydro-meteorologic materials, the
pollution sources can be determinated. The drifting rate and directions depend
on the effects of bolh tidal current and wind. It is stated that the slick
drifts ?.9 to 4.? , as fast as the wind speeds, in case of no effect of the

240



I

currents (A.N. Smith, 1970). With a wind speed of 4.3 m/s, we found at Jiaozhou
Bay that the drifting rate of oil slick is of 6he order of 0.3 m/s, involving
the effect of the currents. The slicks may exist as films of large areas, spots
or strips, depending upon the kind of oil and the environmental factors. To the
accompaniment of oil spreading, the phenomena of volatilization, dissolution,
oxidation, emulsification and sediment occur continuously.

b). The reflectance spectral characteristics of the oil slick

There exist different reflectance spectral characteristics between the sea
surface covered with oil spills and that which is clean. Fig. 2 shows three
curves of the reflectance spectral characteristics measured in a water tank of
laboratory. It is clear that the reflectivity of oil slick is higher than that
of seawater. In the near infrared portion of the spectrum, the reflectivity is
lower, and in the blue-green portion of the visible spectrum, however, it is
relatively higher. As reported by most researchers, the blue-green bands is
entirely satisfactory for the imaging of slick areas.

The density difference on the multispectral films, belween the oil slick
and the background seawater, have been measured using a densimeter. It is also
evidence that the reflectance spectral characteristics of oil slick vary with
the bands. So:.e values of the density difference are listed in table I.

Table I. The Density Difference Between the vil Slick and the

Background Seawater on the Films.

blue green red

Heavy diesel oil ).12 0.02 0.01

Crude oil 0.15 0.04 0.03

c). Multispectral remote sensinp for marine oil spills

As is well known, the remote sensing of the marine oil spills depends on
the sensor's capacities of recording, displayinp and measuring the electro-
magnetic energy emitted, reflected and scatterred by marine oil spills. In
view of the highest resolution, the multispectral photographic techniques were
first to monitor the actual oil pollution of the bay environment after the
simulating tests. The results showed that either the crude oil slick or the
heavy diesel oil slick, formed not long after, was able to be imaged in various
bands at the low light level, while the ultraviolet-blue bands were best for
the formation of distinct images. On the other hand, the thin film regions
within both kinds of the oil slick were able to be detected only by relying on
the ultraviolet-blue bands. So it can be found that the contrast of tones
between the thin film and the thicker one is different owing to the fact that
the bands adopted are not alike. For concreteness, the highest contrast is
yielded in the blue bands, the less high in the green bands and the least high
in the red bands. However, the red bands are most sensitive to reflectance of
suspended sediments in water and the wakes.

Fig. 3 shows that two multispectral Photographs of different bands, taken
in the Bohai Bay near the Hqihe River mouth from an altitude of 1,1OOm, were
obtained by a multibands camera made by our own institute. In blue bands (0.40
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to 0.484m), the imagery of the oil slick of which appears as a continuous strip
is more distinct, while in red bands (0.60 to 0.704m), that of the turbid
water bodies can be seen in addition. The oil slick can be confirmed through
comparison. A color photograph taken synchronously yields additional informa-
tions: the central region of the slick appears light yellow, the boundary is
surrounded with interference rings of all the colors of rainbow. In situ in-
vestigation indicated that this slick was bunker fuel oil. Fig. 4 gives a
colored density segmental image made from a multispectral photograph taken at
the outlet of a port in Qingdao. In the colored image, the thick oil slick
appears brown, and the thin one appears pink. The ground truth showed that the
pollution regions were covered with a great deal of mixed waste oil discarded
by vessels. The oil spills were drifting to depart from the port, being effec-
ted of the ebb tide and the wind. The case of unlawful oil drainage by vessels
have been monitored as shown in Fig. 5(a), taken in the Bohai Bay. Fig. 5(b) is
colored density segmental image of Fig. 5(a), where the light violet shows the
major parts of oil spills. It is clear that the imagrey of oil spills has been
enhanced obviously. There are oil spills surrounding the marine platform of oil
extraction. The ground truth data indicates that this spill is too thin to be
observed by naked eye. The ultraviolet bands is very effective for imaging the
thin films, as seen in Fig.6. The lighter tone shows the thin oil films sprea-
ding into the open ocean.

d). Thermal infrared and microwave remote sensing for marine oil spills

During the tests over Jiaozhou Bay, the flight tests for experimental
verification were performed by means of airborne thermal infrared and microwave
sensors.

Table 1I gives the difference of radiometric temperature A T between the
background seawater and the oil spills by using a infrared radiometer (8 to 12

Table II. The Difference of Radiometric Temperature AT Between

The Background Seawater and The Oil Spills.

Oil type eloudage Temperature of
seawater( C) AT(K)

0 24.7 1.55 + 0.05
Crude oil

7 24.0 0.60 + 0.10

Heavy 0 24.7 1.1 + 0.00
diesel oil

Fig. 7 is the infrared radiometric curve of heavy diesel oil spills. As
shown in Table II, in the overcast sky conditions, there is a marked drop in
the &T between the seawater and the crude oil spills. A oossible reason for
that is the higher infrared reflectivity of the oil spills, which reflect the
incidence quantity stemming from clouds as a infrared radiation source. So,
the AT is offseted to some extent. It should be noted that the infrared emis-
sivity of oil spills is different due to the type and thickness. Following the
tests over Jiaozhou Bay, thermal infrared systems operating in a scanning mode
also acquired many images of oil spills and industrial pollutants over some
other bay areas. The results show that the value of AT is within 0.86K to 1.7K,
while the theoretical value is 1.6K (Buettner and Kern, 1965.).
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Jo far as the microwave radiation of oil-covered water is concerned.the
oil film behaves in a manner that causes two separate and distinct effects
(J.C. Aukland, 19b9), i.e., smoothing effect and radiation effect. Based on
the latter effect, the 3cm bands scanning microwave radiometer detected the
oil slicks under calm sea conditions. A numerical image of an oil slick acqui-
red at night is given in Fig. 8, where "2" shows sea water, "3" to "5" show
the oil slick, and the oil tYne is crude oil. The experimental values of bright-
ness temoerature increment compared with the background seawater indicated that
it was about 10K to 30K for thick slicks.

3. CONCLUiIONj

From the results of the remote sensinp tests the following conclusions
may be drawn.

a). in the basis of an analysis of the multispectral imagery it is conc-
luded that the ultraviolet bands occupies first place for the detection of thin
oil slicks, while the blue-green bands comes second, and the red bands is more
effective for imaping thicker oil slicks, but the near-infrared bands generally
does not yield iood results.

b). For utilizing multispectral photography, the sky conditions preatly
influence the contrast between oil and seawater. The highest contrast ratios is
observed on Photograoh obtained during periods of overcast sky conditions.

c). The color ohotography is an effective tool for detecting oil spills.
It can provide the imoortant colored tonal signatures of various conditions of
an oil slick, though there is Poor contrast between oil and seawater.

d). The imagery interpretations sl'ow that the marine oil spills are
readily distinguished from the wake and turbid water bodies by the method of
comparison. It is satisfactory for delineating the oil-water boundary and
detemining the distribution of oil slicks of various thickness, as well as for
drawing the tire-spatial pattern of pollution over the bay areas, by means of
the colored density segmental imagery and the false-color composites imagery.
Then, it is oossible to estimate the extent of pollution quantitatively. Espe-
cially, the thick region of oil slick is of great value to estimate the spills
volume, because the thick region contained more than 90 percent of the oil in
less than 10 percent of the area of the visible slick (J.i. Hollinger, 1974.).

e). At Present no airborne sensors is canable of providing accurate
information on the type or real-time data on the thickness of an oil slick.
According to the limit of thickness detectability of various sensors and the
colored tonal signatures of oil slick, we have atterpted to estimate the oil
slick thickness roughly. Further research of estimating the oil slick thickness
is in progress in our laboratory.

f). Thermal infrared remote sensing and microwave radiometry offer both
day and night surveillance capabilities. It is also Possible to determine oil
slick thickness and volume if the precision of microwave radiometer can be
imoroved and Droper frequency applied +o detect oil spills can be adopted.

Finally, the home-made sensors, which constitute the major parts of the
airborne oil surveillance systems, are effective, reliIble and of low-cost. It
is important to pay attention to realization of returns on an investment for
developing countries.
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Fig. 1. The spreading rate of crude oil slick.
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n.3 a. S~eawater,

b. Light diesel oil,

_b c. Heavy diesel oil.

> 0.2

r4-4

:0.1

0.4 0'.5 0.6 0.7 0

Wavelength (.um)

F~r. ?. The curves of reflectance soectral
characteristics for se'iwater, light
diesel oil and heavy diesel oil.

(a) (b)

Fig. 3. Two 'nultispectral nhotopraphs: (a) blue bands (0.40 to
().4VP1Am) qrnd (b) red bands (',.6() to 0. 7()-um) , taken in
the Bohai Ilay in 6peoterber, l(WO. (the flipht altitute:
1,000. , the nloudape: 10, the sea state: 1.)
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Fi- 4. A colored density segmental image rrade
from a multispectra. nhotopraph taken
Rt the outlet of a uort in Q.inodao in
ptentiber, 10q (Black and white reoresentation)

(a) (b)

Fir. 5.(a) A ultiqppctral ohotograoh (red band about unlawful
oil drainare by a vessel taken in the Bohai Bay in SeD-
tember, iqeI. (b) The colored density segmental image of
(a). (the flight altitute:I,0OO., the cloudage: 8, the
sea state: 1) (Black and white renresentation)
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Fig. 6. This ultraviolet (0.32 to 0.3844zm) image of
an oil slick was obtained in Bohai Bay in May,
1980. Thin oil film is seen as light against
the darker water. Cthe flight altitute: 1 ,500M',
the cloudage: 0, the sea state: 3.)

C) 6 q 12 Th18 21 24 27 350 33

Distance X ) 10(M)

Fig. 7. The infrafed radiometric curve of heavy diesel
oil spills taken in Jianzhou Bay in September,
1979.
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----- Ci slick

Fi.l.The -"icrowave rridiormet,'4c imape of crude oil
spills acquired at night, where "2" show-
sea water, "-4" to '5" show oil slick. This
image was obtained in Jiiinzhou Bay in Se 'ptember,
1q79. (the flirht altitute: 2001'1. the terperature of
water: ? .P'C, the sea state: 1.)
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A TECHNIQUE FOR MAPPING ENVIRONMENTAL CHANGE
A USING DIGITAL LANDSAT DATA

0Richard S. Mussakowski

Ontario Centre for Remote Sensing
Ministry of Natural Resources

Toronto, Ontario, Canada

SUMMARY

Digital LANDSAT data is well suited to the monitoring of certain aspects of
environmental change because of the comprehensive coverage of individual frames
(185 km x 185 km), the repetitive nature of the coverage (on an 18-day cycle), a
ground resolution (79 m x 59 m) adequate to relatively broad classification, and
t 'e multispectral character of the data, which is digitally recorded and thus
readily amendable to analysis using current computer techniques.

In order to develop a LANDSAT-based procedure for mapping environmental
change, variations in vegetation density were analyzed and compared on LANDSAT
scenes from different years. The area selected for study was the region sur-
rounding the city of Sudbury, an industrial, mining and smelting centre in the
province of Ontario, Canada. The terrain of the site is glaciated Precambrian
shield covered by a thin layer of drift. The site is located in the Great Lakes-
St. Lawrence forest region.

The first problem in comparing successive temporal images of the same loca-
tion is image-to-image and image-to-map registration. This was successfully
accomplished by modeling each image to common ground control points using a poly-
nomial transform, then comparing and resampling to 50 m x 50 m pixels, using the
cubic convolution assignment technique. The two dates of imagery selected for
analysis and comparison were July 13, 1973 and July 3, 1980. Images obtained as
close to the same time of year were selected so as to minimize the effect of
seasonal variations.

An unsupervised maximum-likelihood classification was performed for both

dates of imagery. Four broad themes were developed:

1. Close vegetation;

2. Scattered vegetation;

3. Barren areas;

4. Water.

A visual comparison of the maps revealed that significant changes had taken
place. These changes were better defined by producing a post-classification
vegetation change map. Four themes were mapped:

1. Areas of no change;

2. Areas of vegetation increase;

3. Areas of vegetation decrease;

4. Water.

This new classification was developed by ratioing the themes from the two
dates. During the unsupervised classifications, bit positions and values were
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specified for the themes. (Table 1). When ratioed areas of no change receive
the theme bit value of 4 (bit position 3) , areas of vegetation increase received
the theme bit values of 8 and 16 (bit positions 4 and 5), and areas of vegetati^-
decrease received the theme bit values of I and 2 (bit positions I and 2)(Table
2). The bit positions and values were expressly selected to create three new
change themes. A water theme was later added for reference.

The output consists of three theme maps printed by a computerized colour
plotter, with standard legend, title, scale and necessary UTM and latitude and
longitude coordinates for reference. Two of the maps are the original unsuper-
vised classification and the third is the post-classification vegetation change
map.

The vegetation change map confirmed areas of suspected damage and areas
where the closing of a smelter had permitted new vegetation growth. It also
revealed unsuspected areas of vegetation change for which ground verification of
the cause is required.

This techniqu should prore applicable to any region of the world, provided
at least two succes. ive cloud-free images exist, each acquired at the same time
of year so as to minimize the effect of seasonal variations.

1973 1980

Theme Bit Position Bit Value Bit Position Bit Value

Barren 1 1 3 4

Partial 2 2 4 8

Total 3 4 5 16

TABLE I. Theme - Bit Allocation for Ratioing - Sudbury Region
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Change Theme Change Theme Bit Value Output
Ratio 1980/1973 Ratio New Bit Position

Areas of no
Change barren 4 =4 3

barren T

ar tia1 8 4 3
partia

total 16 =4 3
to-- talIi

Areas, of
Vege tati~On
increase parta

barre T

total 16 =8 5
harren -

)tal 61 4

Areas of
VegetaItu n
decrease barren 4 2 2

partial

barren 4 =1 1
to t al

arti.al 8 2 2

TABLE 11. Ratioing -Sudbury Region
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APPLICATIONS OF IR THERMOMETRY

FOR AGRICULTURAL RESOURCE MANAGEMENT

Paul J. Pinter, Jr.

U.S. Department of Agriculture
Water Conservation Laboratory

Phoenix, Arizcna

SUITMARY

Infrared thermometry is emerging as a reliable surrogate for many of the
methods that were previously used to quantify stress in plants. Its utility
arises from the observation that physical or biological stresses which interfere
with the movement of water through the plant often result in elevated foliage
temperatures. With ample water, for example, evapo-transpiration proceeds at
near potential levels, cooling foliage at a rate proportional to the evaporative
demand of the environment. As a result, many well-watered agricultural crops
have midday radiant canopy temperatures at or below that of the ambient air. As
moisture in the root zone becomes depleted, evapotranspiration decreases and
canopy temperatures rise relative to non-stressed crops and air temperatures
rise relative to non-stressed crops and air temperatures.

Research at the USDA Water Conservation Laboratory in Phoenix, Arizona, has
led to the development of a Crop Water Stress Index (CWSI) which is derived from
radiant leaf temperatures, air temperatures, and air vapor pressure deficits.
In order to calculate the CWSI, observed plant temperatures ire scaled relative
to minimum and maximum temperatures expected under no-stress (CWSI=O),
respectivel%.

Results from field experiments conducted in alfalfa, cotton and wheat crops
have shown that the CWSI is well correlated with concomitant observations of
plant physiological status such as leaf water potential, stomata diffusion
resistance and net photosynthesis, and to a lesser degree, the extractable frac-
tion of water remaining in the soil. Because an inverse relationship exists

between the summation of daily CWSI values and final marketable yield, applica-
tions of this technology should result in more efficient management of agricult-
ural resources.
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ESTIMATING ACREAGE BY DOUBLE SAMPLING USING LANDSAT DATA

F. Pont
H. Horwitz

R. Kauth

Environmental Research Institute of Michigan
Ann Arbor, Michigan

SUMMARY

Double sampling techniques for estimating the acreages of corn and soybeans
by combining ground truth, labor intensive Landsat based estimates and less
expensive Landsat based estimates have been investigated and evaluated. The
double sampling techniques were evaluated based on estimated costs and correla-
tions within a reasonably realistic operational scenario involving linear cost
constraints among two or more types of resources. The costs were estimated from
our current experience with the measurement procedures involved and the corre-
lations were estimated from a set of 39 LACIE type sample segments in the U.S.

Corn Belt.

For a fixed variance of the estimate double sampling with the two Landsat
based measurement procedures can result in a 25% to 50% cost reduction. If
ground truth is available then it should be used with the less expensive of the
Landsat techniques, in this case. The paper provides a methodology for evaluat-
ing which of any competing inexpensive Landsat techniques would be most cost

effective when used with ground truth.

This work was sponsored under Contract NAS9-15476 by the U.S. National Aero-

nautics and Space Administration, NASA Johnson Space Center, Houston, Texas.
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USING LANDSAT DIGITAL DATA TO IDENTIFY EROSIONAL ZONES

IN THE CUENCA ALTA DEL RIO BOGOTA

Dr. Roland D. Mower

University of North Dakota
Institute for Remote Sensing

Grand Forks, ND 58202

and

Eng. Myriam Ardila T.

Centro Interamericano de Fotointerpretacion (CIAF)
Apartado Aereo 53754

Bogota, Colombia

ABSTRACT

Digital Landsat data for the Embalse
de Tomine portion of the Cuenca Alta del Rio
Bogota, Colombia were analyzed using a small
interactive microcomputer system (IMPAC).
Soil erosion within the study region was
located and classified according to categor-
ies established by CIAF. (Results of the
digital analysis were then compared with soil
erosion maps produced by INDERENA and CIAF..
Correlations between the map produced by
IMPAC and those produced from extensive
field work were good. Based upon this study
it appears that small microcomputer systems
are useful for the analysis of erosional
features in the landscape.

I. INTRODUCTION

Soil erosion has been identified by the Colombian government as one of
its principal national problems. Recognition of the need to locate, classify
and monitor soil erosion has resulted in strong support for the development
of remote sensing techniques. This study focused upon the use of an inter-
active microcomputer system for the analysis of Landsat digital data acquired
in January 1977 (Scene No. E 2716-14184).

2. STUDY REGION

The Embalse (Reservoir) de Tomine region is located in a portion of the
(uenca Alta del Rio Bogota, Departamento de Cundinamarca approximately fifty
Kilometers northeast of Bogota, Colombia. This region has been severely
eroded during the past eighty years and its potential for many forms of
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agriculture has been significantly reduced. The study region includes the
southern half of Lake Tomine and contiguous portions of the river valley.
The small town of Guatavita is located near the eastern shoreline of the lake.
This region contains approximately 7,250 hectares (see fig. i).

The river valley itself is situated between two mountainous ridges,
Pena Blanca on the west and Alto de los Mortinos to the east. Slopes within
the study region generally range from 25 to 75 percent, and elevations vary
from 2,600 to 3,200 meters above sea level. Average monthly temperatures
vary from 6 to 12 degrees Celsius, and annual precipitation averages 654 mm.
Potential evapotranspiration exceeds precipitation, averaging 781 mm. per year.
This corresponds to the "subparamo" and "tierra fria," according to the
Holdrige classification of life zones (CIAF, 1981).

Vegetation within the study region is generally sparce, thus reflecting
its semiarid conditions. According to Holdrige it is classified as humid
mountain forest (bh-m); however, because of severe erosional problems most of
the native vegetation has been destroyed. More recently, reforestation has
been attempted by governmental agencies such as CAR and INDERENA. Principal
species used for reforestation include Eucaliptus globulus, Pinus patula and
Pinus radiata. Although reforestation has been success ully applied in some
areas, in others it has not stopped the accelerating erosional processes.

Lithologic materials fouru within the study region were formed during
three geological periods: Cretaceous, Tertiary and Quaternary. In the
eastern portion of the study region the Guaduas formation acts as transi-
tional formation between Cretaceous and Tertiary. The Guaduas formation,
composed primarily of sandstones, is exposed along the roadway that serves
Guatavita. Nearby, Guadalupe formation (Tertiary) is composed of fine sand-
stones and layers of mudstones.

Soils in the study region are generally fragile, and have developed
from volcanic ash, and alluvial and lacustrine sediments. The Guasca series,
found at higher elevations (above 2,800 meters), is moderately thin and
consists of only an A horizon. It has a low pH (3.6 to 5.0), is on slopes
greater than 25 percent, and is generally well drained. On the other hand,
the Caguas series is found below 2,800 meters; its B horizon is composed
of an argilic material which is impervious. As a result, root penetration
is severely impeded and little vegetation develops on this easily eroded
fine textured material.

3. METHODOLOGY

A set of procedures were developed for this study that linked a large
general purpose computer (IBM 4341) and a small interactive microcomputer
system (IMPAC). The larger computer was used to preprocess ('gital data
for selected portions of a Landsat scene and to enter data into the micro-
computer system. Then the smaller svstem was used for the analysis of soil
erosion within the area. In addition to Landsat MSS digital data, MSS
imagery and aerial photos were acquired and visually interpreted using
standard optical analysis techniques. Results obtained from visual interpre-
tation were then compared to those obtained by CIAF and INDERENA during their
separate studies which were based upon intensive field investigations
(INDERENA, 1977).

4. DIGITAL IMAGE ANALYSIS

Landsat MSS digital data for the study area were entered from a CCT
to an IBM 4341 computer. After preprocessing the Landsat data were transferred
to the IMPAC system and stored in floppy disks. Procedures employed for
training and classification with the IMPAC system are quite similar to those
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used for other interactive systems (Egbert, 1980). Selection of training
pixels was accomplished using band 5 data. Classification involved a "super-
vised" technique that employed all four MSS bands plus an additional band
created by a band rationing. Landsat MSS data proved to be very useful for
identifying and mapping regions of soil erosion. Indeed, the Landsat data
appeared to contain much more information than needed to produce the lev-'l
of information contained in the INDERENA and CIAF maps.

5. VISUAL IMAGE INTERPRETACION

Visual interpretation of Landsat imagery and aerial photos was accom-
plished as part of this study for two principal reasons. Our first objective
was to determine the usefulness of Landsat color composits for erosion studies
in Colombia. Secondly, we wanted to confirm "ground truth" for the study area.
Since the Landsat image was acquired in 1972 and the aerial photos in 1980,
we expected to see some changes in the scene. There were significant differ-
ences. Erosion appeared to be more extensive in imagery for the later date
(see fig. 2). Changes in lake level and erosion along the shorelines were
particularly evident.

6. RESULTS

Landsat MSS digital data, when analyzed using the IMPAC system proved
to be quite accurate. Two classes of erosion (i.e., severe and moderate)
were readily identified and mapped as shown in figure 3. The fact that
Landsat data contained sufficient information to identify and locate ero-
sional features in the study region is significant, but another important
factor also became evident. It is encouraging to note that a small inex-
pensive image analysis system is capable of producing useful results.

7. REFERENCES

Centro Interamericano de Fotointerpretacion (CIAF), Metodologia Para
la Delimitacion de Areas Homogeneas. Bogota, D.E.: CIAF, 1981.

Instituto Nacional de los Recursos Naturales Renovables y del Ambiente
(INDERENA). La Erosion de Tierras en Colombia. Bogota, D.E.: INDERENA, 1977.
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MULTISTAGE AND MULTIPHASE SAMPLING

WITH NIMBUS AND LANDSAT DATA

J. Colwell
D. Hicks
F. Tanis

Environmental Research Institute of Michigan
Ann Arbor, Michigan

SUMMARY

Landsat data has proved to be a useful tool for inventory of natural
resources over large areas. More recently, Nimbus data has been shown to be
useful for monitoring general conditions over even larger areas, due to its
larger field-of-view.

Landsat data has frequently been found to have greater value for quantita-
tive inventory when it is used in combination with aerial photography and/or
field measurements as part of a multistage or multiphase estimation procedure.
Utilization of Nimbus data as an additional stage or phase in an estimation pro-
cedure could produce added benefits and efficiencies to inventories of very
large areas. When Nimbus data is used in this context, some of the apparent
deficiences it has (such as very coarse resolution) can be minimized, and some
of its potential advantages can be maximized.

One of the advantages of Nimbus data is that it provides a synoptic view
of a very large area at a single point in time. This is especially important
when an inventory of a rapidly varying resource feature is desired (e.g., range-
land condition, early-season crop area). Nimbus data also has the advantage of
the potential for more frequent data acquisition. This facilitates obtaining
frequent coverage of rapidly varying phenomena, which is required for analysis
of teml )ral trends. The more frequent coverage also greatly enhances the oppor-
tunity to obtain suitable cloud-free coverage. Our experience has shown that
there sometimes is not suitable cloud-free Landsat data to enable a complete
inventory of very large areas in some developing countries, especially if the
data must all be within a narrow time frame.

This paper will illustrate how some of the difficulties of inventory of
large, developing countries can be overcome by judicious utilization of Nimbus
data in conjunction with Landsat, aerial photo and field data. Both multistage
and multiphase estimation procedures will be demonstrated, and their respective
advantages and disadvantages will be discussed. Emphasis will be placed on an
area in Argentina where Landsat-only estimation procedures are being developed
as part of the AgRISTARS program. The result of this activity will be a deter-
mination of the most cost-effective inventory procedure possible utilizing
various combinations of Nimbus, Landsat, photo, and field data.
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AN UIPL :AT ION oP -CLJSII:R ANALYSIS FOR IATR~Ml NIN(;

H0o';LINOtIS SUIBREGOIONS: THlE AGIOCLIAIOL; ICA!. P01 NT OF VIELW

Carlos Alberto Cappelletti

I nStitUto de PeSquisaS I:Splc ialiS - INPL
Conseiho Nacional do Desenvolvimiento Cient ffico e Icogio-CN Pq

Caixa Postal 515, 122001 - S50o Jose dos Campos, SP, Brazil

AB3STRACT

A stratification oriented to crop area and
vield estimation problems was performed using an
lgorithm Of Clustering. Trhe variables usod

were a set of a roclim atologic7al cbaractorist ics
measured inl ec;h One Of the 232- Munic ipal it ies
of the State of Rio G;ranide do Sul , Braz:il. A
noub icrarch ica I cluster analyvsis was uscd and
the pseudo I-staitist ics criterion was imaplemented
for determining the "Cut poinlf' in the number
of strata.

1 . 1 NIlRODUICTI ON

In order to prod ict the crop prIoduct ion of a region it is necessary to
Qs timat e tuo pa ramet ers: CA and P , :irop a rea and viel d, respecti voly I and
integrate them by the express ion

IT' = CA\*

whereI' 11 inldicates' total product ion.

[he est imat ion of' CA and P depends onl a data set which can be obtained by
different means: statist ical sampi ing system or a census data collecting s stem
in the area of interest . Aerial photograph and/or LANDSAT imagery are important
means for CA est imat ion; for 11, a yield prediction Model can ho implemented,
see halier (199 and Cappel lett i et a] . ( 1981!

Both of the alo%-c approaches requires the strat if icat ion of the area to bie
Studied for p~rodUCIV Z111a adequate confidence coeffic ient in the final
es;t imates Pa Ii , 1)W I

Ihis paper reports results obtained inl the const ruct ion of st rat with the
app!licat ion of anl algorithm of cluster Analysis to a set of data consist ing of
a grocli ma tolog i-al vair ables, whose \ausare, in ieneral , averages values of
historical series.

lie data recfers; to each one of the 232 munic ipal ities of the State of Rio
G;rande do Ill], Bra-i: . The decision to consider as a unity. such pol itical
divisionl waIs bcause thle dli were pulb! i shed in aI mui i ipal I i t\. level

He building of homnogeneous strata is the first step inl a project of crop
production est imit ion. Since the palrameters AC and P in tiquat ion (11 depends
on di fferent charactecristics, two set of strata are required.
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2. METHODOLOGY

The technique of clustering has been widely used for grouping similar
units. This technique works with a data matrix and a similarity measure.

The data matrix has dimension N * P, being N the number of units and P the
number of characteristics observed or calculated for each unit.

The similarity measure used in this paper was the Euclidean distance in
the observation space.

The objective of the clustering algorithm is to minimize the intracluster
sum of squares fol lowing the K-means procedure of Mac Queen (1967).

The algorithm works as follows: the i t h unit of the -th variable has
value xii, , i = 1,...,N, .i = 1,...,P, and each of the N unities lies in just
one of K cluster. Denoting the mean of the jt11 variable over the unities by
x ,.P, the distance between the it- h unity and the stn cluster is:

I) i s1 = l xi i,j) - .x s,j) ) 
(

- j=i

and the error partition is

r - N
1 11 (m , k ) 1 ( i iL a ' = L D ~ ~ l

where s(il is the cluster containing the ith unity and P indicates a partition.

The procedure searchs for a partition with small E by moving unities from
one cluster to another and ends when no such movement reduces E (Hartigan,
1975 ).

Clusters were generited in a nonhierarchical process. The process began
with one group and stopped when the number of groups reached the cut point
given by the pseudo F-statistics (PFS) criterion function of Vogel and
Wong (1979).

The PFS criterion provided the optimal number of groups operating with
the weighted ratioof the traces of the matrices B and W, respectively the
matrices of sums of squares between and within groups in the multivariate
analysis of variance MNIANOVA) of the data set.

3. VARIABlES AND DATA SET

The variables used were:

wheat cultivated area (Ila)
wheat yield (kgL/Hal
average farm si:ce (Ila)
agricultural land adequated for wheat HIla)
average temperature (oc)
potential evapotranspiration (mm)
rainfall in normal years (mm)
rainfall in dry years imm)
average yearly run-off (7)
useful fraction of rainfall in normal years (mm)
useful fraction of rainfall in dry years (mm)
internal drainage in normal years (mm)
internal drainage in dry years (mm)

266

NNW-,



moisture deficit in normal years (mm)
moisture deficit in dry years (mm)
necessary minimum rainfall (mm)
The data set was taken from the Anuirio Estatfstico do Rio (;rande do Sul

t1908, 1969, 1970 and 1976) and from Ministerio da Agricultura (1976).

4. RI-SULTS AND DISCUSSION

4.1 W IIAT AREA ESTIMATION (AC)

Two variables, relative crop area (RCA) and normalized average farm size
tA:SI, by municipality, were considered.

The reason for using those variables was that the first one represents the
density of cultivated wheat lands and will provide homogeneous strata with
respect to the importance of wheat in the agricultural scene. The average farm
size was selected to represent problems which might be encountered in IANIJSAT
data classification with different field sizes.

The clustering algorithm gave four groups as the best partition (Table 1).

STRATA ] IEAN VALUES STANDARD DEVIATION No. OF
No. CRA( I AFS (1a) CRA AFS MlON I C I PAL ( TI ES

1 8.•5 22.7 9 .. 9 .9 17-7
24.8 85.9 -. 2.8 3 4

3 4.2 192.8 0.8 ZS.- 12
4 1 .2 279 .1 1 .4 24 .5 9

Table I. Four strata for CRA and AFS

The columns of the two mean values in Table I show that there exists a
negative relationship between the variables CR.\ and AFS, that is, municipal-
ities with large average farm size dedicate a large percentage of the total
land for livestock-raising instead of wheat.

Figure 1 shows the geographical location of the strata.

In order to compare with results showed in Table I, the state was
subdivided into four regions with variable CRA alone (Table I).

STRATA MEAN S.i. No. OF
No. MUN I CIPAIl II S

1 3S. (, 4.1 10
2 21.2 3.4 2 ,
3 10.1 2. 6 S5
4 1.8 1 .9 141

Table II. Four strata for variable CRA

Figure 2 shows the geographical location of these stratas.
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4. 2 WHEAT YIEL) ESTIMATION (P)

The original data set used in this stratification included the last
fourteen variables listed in item 3.

The data were those related with the wheat growing season and some of
them were average values of historical series.

Those data were treated with a Principal Component Analysis (Cooley and
Lohnes, 1971) and after that the scores factor for the first five principal
components, which account for 93.5' of the total variance, feeded the cluster-
ing algorithm.

he technique of principal component- iave been described in the book
cited. If should be recalled that the method produces uncorrelated linear
functions of the original variables without any loss of information.
Depending upon the data being used it may be possible to recognize the physical
significance of these new variables. When this is possible, this method brings
about a reduction in the quantity of basic data that needs to be used.

Table III shows the factor cigenvalues and the cumulated percent of the
trace.

FA CrO R 1 E NVAL CUMULATED PRCI NT
OF TlE TRACE

1 -.b9 54.9
2 2.05 69,
3 1.73 81.9
4 1.01 89.2
5 . O0 93.5

01'II1:R 9 FACTORS 0.5

Table I1. Output of the Principal Components Analysis.
First five principal factors

With the factor score coefficients, which are an output of the principal
components analysis, the factor scores for each municipality were calculated,
and these data feeded the clustering algorithms.

Table IV shows the number of municipalities for each strata.

STRATA No. OF
No. MUNI CI PAL ITI LS

1 57
2 72

3 74
4 29

Table IV. Stratas for five principal components with
fourteen agro-meteorological variables

Figure 3 shows the geographical position of the strata.
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The more relevant characteristics for each strata can be summarized as

follows:

Strata 1.

This region is called "campanha" and corresponds to an extensive natural
grassland zone traditionally used for livestock grazing.

Strata II.

This region is called "depress~o Central" and corresponds to a small-
scale diversified agriculture.

Strata II1.

This region is called "planalto m6dio". It is the soybean-wheat cropping
region in the state. The wheat growing season is the winter and this
stratum corresponds to the largest yields of the state.

Strata IV.

In this region wheat is not cultivated because the urban and industrial
zone of the great Porto Alegre, the state capital, is in it. Another
region in this strata is the atlantic litoral where there are numerous
areas of sand dunes. The others two subregions of this strata are in the
livestock raising zone.

5. CONCLUSIONS

A stratification oriented to crop area and yield estimation problems was
performed.

The algorithm of clustering used produced good results inasmuch as the
geographic location of the strata appears to be logical and the strata seem
to represent different conditions. Besides that, the within strata sum of
squares was minimizes when a set of agro-meteorological variables was
simultaneously considered.

The region chosen to apply the procedure has been extensively studied and
consequently there exists the possibility of validating the criterium used. In
order to improve the final results further work has to be done.

u. REFERENCES

Anuirio lstatistico do Pio Crande do Sul, Secretaria de Economia, Departamento
Estadual de Estat'stica, Vol. 1, 2 and 3, 1908, 1969 and 1970; Vol. 5.8 -
tomo 1, Agropecuiria, 1972-75, publicadc em 1976, Porto Alegre.

Baier, W. Note on the terminology of crop weather models. Agricultural
Meteorology, 20: 137-1415, 1979.

Cappelletti, C.A.; Reis, J.R.; Lorena, L.A.N.; Dias, N.T.; Cruz Paiho, L.B.F.
da; Olivo, A.A. de; Costa, S.R.X. Proposta metodol6gica para a modelagem do
crescimento de uma cultura visando estimag;o de produtividade agricola.
Sio Jose dos Campos, INPE, nov. 1981. (INPE-2255-PRE/037)

Cooley, W.W.; lohnes, P.R. Multivariate data analysis. Wiley, New York,
1971. 364 p.

Iartigan, J.A. Clustering algorithms. Wiley, New York, 1975. 351 p.

269



Mac Queen, J.B. Some methods for classification and analysis of multivariate
observations. Proceedings Symp. Math. Stat. and Prob., StYh , Berkeley 1,
281-297, 1907.

Ministirio da Agricultura. levantamento e avalia ;do de recursos naturais,
s6cio-economicos c institucionais do Rio Grande do Sul. Vols. 1 to 6,
INCRA, Brasilia, 1970.

R'3, I. Sampling theory. Mc(raiw-Ii ilI, New York, 1908. 302 p.

Vogel, M A.; Kong, A.K.C. PTS clustering method, lilT Trans. on Pattern
Anal . and Mach. Intel . . Vol . P:AMI-1, No. 3, July 1979.

270



UI

I-II-III-T STRATA Ito4

I NON-WHEAT REGON

M WATERSCL

0 6Okm~

Figure 1. Four strata for CRX and AFS

271



T-1

IL
T I

E

7

17

61)

1 29.7-42.2- 71

IU 6.3-15.4
0.1 - 5.9

'Y NON -WHEAT
M WATER

SCALE
0 60 m

FigUrc 1:our strata for CRAc,.)

272



I-I!-3f-I STRATA 1-to4

YL WATER

) SCALE
0 60 km

Figure 3. Four strata for five principal components with
fourteen agro-meteorolog ical variables

273



REMOTE SENSING OF WIND EROSION IN CROPLANDS

D.J. Carter
Division of Resource Management

Western Australian Department of Agriculture
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HC.J. Houghton
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Cathedral Avenue, Perth 6001 Australia

A BSTRPACT

Wind erosion has caused considerable damage
to the wheat growing areas in Western
Australia over the last two years. To assess
this damage and to create a data base for
future events, Landsat data was used.

The Landsat data was found to be accurate
for assessing sandblast areas, when there
was good backup of aerial and ground
information. This was only required for
the initial training site identification.
The use of Landsat data was found to save
both time and money when compared to
conventional mapping procedures. It was
also sufficiently accurate in a precision
processed form to allow for other data sets

to be integrated.

1. I NTRODUCT ION

The importance of the cereal industry to the economy of Australia is
significant, with net export earnings of tA2.77b. Western Australia
contributes some 3.7 m tonnes of wheat which represents 23 per cent of the
total wheat export earnings. Wind erosion can limit this production.

The Western Australian crop is grown on soils which have undergone several
cycles of weathering. This has produced soils of low fertility and a
predominance of sand-sized particles in the soil surface, a fact which
renders them prone to wind erosion. This soil condition is exacerbated by
the climate, where strong winds coincide with the land heinq cultivated for
soeding. This occurs from May to July, depending <r the start of the wet
period of the essentially Mo'diterranean climate.

Sandblast damage to crops is significant in terms of lost production and
can affect much of the wheat growing areas. obviously sandblast events are
not fully predictable thus the task of assessment can he difficult.
Current procedures include ground inspections complemented by small scale
aerial surveys. Aerial photography of the total affected area is not
practical in all cases, and an estimate may take some time. In addition
the collation and mapping is labour intensive and can make uniform data
storage and recall difficult.
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Research programmes in Western Australia are currently directed at
identifying those conditions under which sandblast occurs, and developing
stable farming practices which avoid wind erosion (Gorddard et al., 1982).
To most effectively implement such practices requires a knowledge of the
extent and history of the problem. These latter factors are associated
with climate pattern and soil type. Sandblast events are irregular and
sometimes ephemeral so when a problem does occur it is essential that it is
rapidly assessed. Regular coverage is also necessary to identify recurrent
problem areas and to implement both remedial and preventive measures. The
only effective means of monitoring such regional events is by satellite.

The purpose of this paper is to outline the use of broad scale satellite
imagery, multispectral and temporal data in identifying wind erosion
problems in Western Australia. The justification of the use of Landsat
imagery, when compared to conventional aerial surveying and mapping, is
also determined.

2. BACKGROUND TO THE STUDY

In the years 1980 and 1981 considerable wind erosion took place on the
soils cultivated for cereal production throughout the wheatbelt. A
relatively small area (300 000 hectares) out of a total of five million
hectares was chosen for the pilot study. The area was located some 100 km
from the southern coastline, where damage was consistent and extensive.
The damaging north westerly winds moved large ouantities of sand in each
year and in the process sandblasted the young emerging crops. In many
cases the crops were totally destroyed and reseeding was unsuccessful when
recurrent strong winds caused further sand drift.

The soils of this general region have been broadly described as ranging
from yellow duplex soils (hard, pedal) to sandy apedal mottled yellow
duplex soils (Northcote et al., 1975). Deep sands over 1 m in depth are
common. The geological map of the area described the soils mainly as
sandplain or reworked sandplain of Cainozoic origin (Thom et al., 1981).
The sands are yellow to white sand and clay, containing scattered limonite
nodules, derived from underlying gravel and laterite. Some soils have
developed on the Quaternary deposits of colluvium and alluvium of the above
sediments.

The original vegetation of the area was Eucalyptus species in a low
scrubland formation grading to a myrtaceous heath (Beard, 1981). This has
been removed for the broadacre cropping system which prevails in the
district.

Previous surveys of wind erosion have been made in this area. In 1973 a
farmer questionnaire estimated that 34 000 hectares had been affected in a
survey area of 62 000 hectares. This survey took 15 days to organise and
collate results. Several staff were involved in the survey and only part
of the total affected area was covered. It was neither possible to
validate the results of this survey nor establish a data base for future

reference.

First reports of mapping sand blow-outs by ERTS-I imagery indicated a
potential for identifying these areas for inventory purposes (Seevers
et al., 1975). In 1976 black and white Landsat images (Band 5 only) were
used for the first time in Western Australia to estimate wind erosion areas
(Birch, 1976). Interpretation difficulties were encountered with the use
of this single band imagery. Multi-band MSS data was not used.
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3. METHODS

In appearance a wind eroded area has a higher reflectance than normal
cultivated soil because the sorting action of the wind removes dark organic
matter from the immediate soil surface. The sorting action leaves behind
the larger sand size particles on the surface which also increases the
reflectance. It was this feature which was thought to be the discriminator
on Landsat imagery for wind eroded paddocks, compared to pasture and
recently cultivated paddocks.

The data available for the 1980 study included Landsat data in digital form
for three dates, aerial photography over portion of the area and ground
information. Cloud free Landsat data for the study area was only available
for:

117-83 August 15, 1980 (22032-01072) (Image 1)
118-83 November 14, 1980 (22123-01130) (Image 2)
118-83 January 7, 1981 (22177-01124) (Image 3)

In 1981, the only cloud-free Landsat data was 118-83, October 22 (Image 4).

To identify sandblast areas and to assist in the development of appropriate
signatures, the aerial photography and a band 4, 5 and 7 colour composite
of Image 2 were visually compared. Separate training sites for clay pans
and uncleared land were defined for use in classification of the Landsat
data.

By using a modified parallelepiped classification procedure (Honey et al.,
1974) on a digital interactive analysis system, themes for sandblast areas,
clay pans and land not in production (uncleared farm lands, reserves, etc.)
were developed. Training sites were first established and then the themes
tested over larger areas. The areas unclassified represented an estimate
of the land used in agricultural production. A percentage of sandblast
damage in the production areas could then be calculated.

Four band radiance statistics were computed for each training site on Image
2, the reference image. The upper and lower boundaries of the signatures
were defined by computing two standard deviations either side of the mean
reflective values. Similar themes were developed for Image 1, and a theme
representing regrowth on sandblast areas was produced for Image 3.

The next phase involved rectification of the Landsat data to permit
correlation with existing Australian Map Grid (AMG) cadastral map sheets,
and for registration of temporal scenes. Some 20 identifiable ground
control points were selected over the study for which both AMC, and pixel
co-ordinates were computed. A subsequent least square adjustment resulted
in a mean error of 67 m.

Data correction using the transformation co-efficients was undertaken on
image 2 using a cubic convolution resampling technique to a 50 m2 pixel.
This resolution was adopted as it corresponds to the 50 micron raster of
the Photomation image generating equipment operated by the Department of
Lands and Surveys. A corrected and classified sub-scene of Image 2 was
produced as a base for future studies.

The identical sub-scene on Image 4 was similarly processed to permit visual
assessment and comparison of 1980 and 1981 sandblast areas.
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4. RESULTS

The areas classified are quantified in Table I, where data from the 19R0
Landsat images are compared. Due to the limitations of the visual display
unit, each image was divided into four 512 by 512 pixel sub-scenes. 'hese
were registereA visually and classification statistics tabulated.

It was found that Image 2 themes were significantly underclassifying due
mainly to variations in soil reflection, so buffer classes were used.
These were based on visual interpretation of the November aerial
photography. Similar anomalies occurred with uncleared areas. The
importance of association in identifying sandblast areas has also been
reported for high level aerial photography (Fryrear and Wiegand, 1974). A
total of nine signatures were necessary to achieve satisfactory correlation
with the aerial photography.

Image I was processed in a similar manner based on the knowledge gained in
interpreting Image 2. Only six themes were required to cover the uncleared
and sandblast areas.

In Image I some confusion with sandblast and ploughed paddocks occurred,
however, it was possible to separate visually, based on shape and
association. Claypans in Image 1 were generally moist and could be easily
separated spectrally from the higher reflecting sandblast areas. Th4s was
not the case in Image 2 because the majority of clay pans had dried. Large
areas of salt lakes could not be distinguished from stubble paddocks on any
of the images analysed.

Ground inspection including discussions with local farmers confirmed those

areas classified as sandblast. No gross discrepancies were evident.

Comparisons of sandblasted areas in Images I and 2 showed that the affected
areas could increase due to the deposition of sand in adjacent paddocks.
Reference to the aerial photography confirmed this conclusion. The
frequent north west winds produced stripped paddock areas with an irregular
moving sand face to the south east.

Image 3 could not satisfactorily be used to identify sandblast areas
because all crop areas had been harvested and only stubble paddocks
remained with no growth. The predominant vegetation response proved to be
from uncleared native and river vegetation; crop lands reflected briqhtly
in all Landsat bands. The exception proved to be stabilised sandblast
areas where regrowth contrasted strongly with surrounding stubble and
affected country. An estimate of recovered land could be readily made from
Image 3 (Table II).

The classification of sandblast was checked with aerial photography by
visual interpolation and grid area estimate. Over a total area of 7 370
hectares the Landsat classification produced 355 hectares of sandblast, the
aerial photography 348 hectares. Individual areas coincided.

Sandblast areas in Image 1 are consistently higher than Image 2, possibly
indicating mis-classification of freshly seeded paddocks on Image 1.

The 'total production' and 'total non-production' areas vary between Images
1 and 2 due to claypan discrimination problems and spectral similarity
between certain fireburn-affected native vegetation and stubble paddocks.
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The comparison of sandblast events (Table III) showed that the 1980 problem

was more severe than in 1981. The total study area of 1980 (Image 2) could
not be used because of missing data in the 1991 image. However in a
coinciding subscene the 1981 sandblast damage was only 60 per c-nt of that
of the previous year. By subtraction of Image 4 from Image 2, 1 933 ha of

sandblast occurred in different areas from that in the previous year.

Therefore with 663 hectares recurring as sandblast, 1 590 hectares of the
1980 problem area had not been stabilised in 19S1.

Further, analysis of the precision processed sub-scenes of Image 2 and A

resulted in a mean relative accuracy approaching one pixel when comparing
one image to the other (assessment of some 50 identifiable points), and 70
metre mean absolute error when each image was compared with the AMG. This
test confirmed that absolute registration was possible to an accuracy where

other data sets, such as soils, contour and cadastral could be integrated.

High relative accuracy improved confidence in temporal changes observed.

The cost advantages involved with the use of satellite data in such a study
are clearly shown in Table IV. The turn-around time from the date of

sandblast damage to processed data is potentially much less for the

satellite image but is limited by the availability of cloud-free images and
fixed orbit dates.

5. DISCUSSION

While Landsat can provide regular coverage of widespread areas,

sandblasting is an irregular Occurrence associated mostly with winter
conditions, consequently cloud can be a problem. This proved to be the

case for 1980 where the optimum mid-growing season scene (late
September/October) were cloud-affected. In 1981, the October scene (Image

4), sandblast areas were readily discernible, with little confusion.

The obvious visual appearance of sandblasting by its shape and tone could

rnot always be defined spectrally using this classification method. A

combination of local knowledge, aerial photography and interactive digital

analysis proved most ef~ective. Quantification for the affected area was

easily performed on the (liqital data once themes were developed.

Cultivation and rehabilitation o' affected areas and regrowth on soils

could change the area of apparent sandblast between multi-date images. The

late sown crops affected the estimates.

Signatures developed are unique to each scene and area. Themes could not

be easily transported due to atmospheric effects and, more importantly, the
difference in soil types as noted by other researchers (Cipra et al.,

1980). The importance of generating a reliable data base cannot be
overemphasised. Landsat in a precision processed form is a natural
reference frame to which later images can be registered and compared.
Multi-date images permit a history to be built up, improving spectral

classifications.

The data base will identify r :-urrent erosion areas and point to possible

changes in farming practices to maintain and preserve this resource. In a

total production area of 303 000 hectares it was estimated tha:: a loss of
$750 000 occurred. Preventive measures taken with reference to an accurate
historical data base could minimise this loss.

The use of satell'te imagery and digital interactive system, has a great

cost advantage over conventional aerial photography based systems. This

allows for much wid,r coverage of the study, which would previously have
proved impossible because of budgetary and priority constraints.
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Landsat derived information on sandblast areas will complement existing
research into the economic effects of certain management practices and
allow acceptable farming strategies to be implemented.
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Table I. Statistics of sandblast damage, production area and total area

in the study of wind erosion on the south coast
of Western Australia in 1980/81

Sandblast Total non- Total % sandblast
Image date area (ha) production production in production

area (ha) area (ha) area

1. August 15, 1980 6 636 168 932 302 92P 2.2
2. November 14, 1980 5 041 168 494 303 365 1.7

Table II. Area of regrowth on sandblasted areas
over the summer period (non-cropping season)

Image date Area of regrowth % of Image 2
(ha) sandblast as reqrowth

January 7, 1981 194 7.4

Table Ill. Comparisons of 1980 and 1981 sandblast statistics

Image date Area of sandblast % of total land

November 14, 1980* (Image 2) 4 292 1.6
October 22, 1981* (Image 4) 2 596 1.0

* The whole scene of Image 2 was not used, but the two images coincided,

with a total of 64 000 ha analysed.
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Table IV. Comparison of costs involved for an inventory
of sandblast damage between satellite data and

conventional aerial surveying techniques based on a 1:250 000 map sheet

A. Conventional

a. 1:50 000 B and W aerial photography 13 000
b. Interpretation 15 man days @ $250/day 3 750
c. Transfer to base sheets 2.5 days @ $150/day 375
d. Digitising 2.5 days @ t150/day 375
e. Plotting areas 100
f. Field checking 4 days @ t250/day 1 000

Man days 25 10 60

B. Satellite MSS data (Landsat)

a. Computer compatible tapes 330
b. Selection of field training sites 1 000
L. Arialysis (20 hour) and operator 2 750
d. Photographic output 1 000
e. Verification 1 000

Man days 15 6 080
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CCROP IDENTIFICATION AND AREA ESTIMATION IN THE SOUTHERN PART
O OF THE PROVINCE OF BUENOS AIRES - ARGENTINA - USING LANDSAT DATA
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Buenos Aires, Argentina

ABSTRACT

The feasibility of MSS LANDSAT data analysis for
crop recognition and area estimation was tested in a
pilot area in Argentina, as an attempt to improve the
current conventional crop production forecasting method.
The main crop in Argentina is wheat and the study area
was the Partido of Tres Arroyos. Two contiguous crop
years were considered; LANDSAT and ground data were used
and two methods (total coverage and sample estimation)
were tested.

Results show that oat is an important confusion crop
but when considering them together as cereals the identi-
fication accuracy level is high.

1. INTRODUCTION

In Argentina, the crop production forecasting system is based on subjective
methods. Few enumerators and economic restrictions multiply the problem. Differ
ent attempts to improve the system are being done.

The use of satellite data was proposed in order to achieve an objective,
timely, reliable and economic area estimation procedure.

The objective of the study was to establish the feasibility of the LANDSAT
data digital analysis in identifying wheat and small grains, and its area estima
tion on a typical wheat production area in Argentina during two contiguous crop
years, 1980/81 and 1981/82.

2. STUDY AREA

The wheat production area in Argentina is very large both in N-S and E-W
directions. It includes different soil conditions and climatic characteristics.
One of the most important subregions is the Southern part of the Province of Bue
nos Aires. The study was carried out in that area considering the administrattie
boundaries of the Partido of Tres Arroyos, Map 1. This area as an appropriated
infrastructure for crop production, storing and transportation, including the
Port of Bahia Blanca.

The main winter crop is wheat, and others like oat, flax, barley are present
in a very small proportion. In Summer crops, sunflower is the most important
being this one the second crop after wheat in planted area (30% of the wheat
area).
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The total area of the Partido is 586,000 hectares and from a LANDSAT image
stratification, a total agriculture land of 556,000 hectares was obtained. This
administrative area represents the minimum area for which official crop statis-
tics are published few months after harvesting (1).

3. GROUND DATA ACQUISITION

The ground data was gathered from sample sep4ents belonging to a sample
design developed for this area by the S-.retaria de Agricultura y Ganaderia de
la Naci6n (S.E.A.G.). Eight random segments were used. Each sample of a 2000
average hectareage includes aproximate*v 27 fields (27 observations). The
field size varies from 50 to 100 hectares.

The segments were located on a detailed topographic 1:50,000-scale map
made by the Instituto Geogr&fico Militar (I.G.M.). Aerial photographs of those
segments were taken both in black and white and color infrared, in order to have
a very clear updated map to be used by enumerators in the field.

The crop calendar for this area is com plex. Wheat is planted in a three
and a half month period (from May to August) depending on the crop variety cyde
length; the harvest period is December and January. Other winter (confusion)
crops (e.g.: oat, barley, etc.) have more or less the some growing cycle when
they are planted for grain harvesting, but the cycle begins in March-April when
they have double purpose (crop and grazing).

The ground data collection work was carried out during the first two weeks
of November of 1980 and of 1981, during the post-heading wheat stage, Graphic 1.

4. LANDSAT DATA

The Partido of Tres Arroyos is fully covered by only one LANDSAT frame,
code number 241-087. Different LANDSAT CCTs were used during this work with a
0% cloud cover and good transmission quality. Only two free-cloud LANDSAT
acquisitions during the wheat growing season in both 1981 and 1982 crop year
were available. The LANDSAT data dated October 24, 1980; November 11, 1980;
August 8, 1981 and November 6, 1981, were analysed.

The satellite information was received and processed by the Mar Chiquita
Receiving Station and Processing Center, both belonging to the Comisi6n Nacio-
nal de Investigaciones Espaciales, C.N.I.E.

5. DIGITAL MULTISPECTRAL ANALYSIS

5.1. 1980/81 Crop Year Analysis

The analysis of ground and LANDSAT data established six main different
land uses: wheat, oat, artificial pastures (for grazing), natural ranges, fallow
and miscellaneous (dunes, cities, water bodies, roads, etc.). For each one of
these classes two files, A and B, were created with the respective LANDSAT data:
all the information available in A or B file was used alternatively as a train-
ing file to generate a signature file for the maximum likelihood classifier and
as a test file for the final result adjustment.

Two LANDSAT acquisition dates were compared wiLhin the wheat growing period
trying to find the best moment for discrimination between land uses.

In order to carry out classifications and estimations only within the Par-
tido of Tres Arroyos, a masked subimage was developed using maps and visual
delineation of the boundaries. Then, a complete coverage automatic classifica-
tion was carried out.

This analysis was done at the Canadian Centre for Remote Sensing (CCRS)
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using the CIAS equipment and at Dipix Ltd., Ottawa, Canada, using the DIPIX

analysis system.

5.2. 1981/82 Crop Year Analysis

During this analysis some other approaches were tested:

- Both principal land use classes, wheat and oat, were divided into subclasses:
5 for wheat and 3 for oat, trying to define some pure and confussion sub-
classes for these crops. The artificial pasture class had 3 subclasses, and
a new non-crop unit was included: weed fields.

- The signature file was generated in a different way: all the ground segment
were used to provide training data but only few fields of each class per
segment were chose to create the maximum likelihood classifier signature file.

The whole set of fields per segment was used like a test file in order to
develop the confusion matrix, so ground data was used in a more efficient way.

The final estimation was done throughout a total automatic pixel classifica-
tion coverage of the Partido (same 1980/81). At the same time, a sample
estimation was attempted by classifying randomly chcsen sample segments, (2).
Fourteen (14) sample segments of a 10,000 hectare size from a sample design
specifically done for this Partido, were classified.

All the analysis procedures and final calculations were done in the inter-
active analysis system PI-DARG. This is a software package developed by
CNIE's professionals and implemented in a COMTAL VISION ONE interactive
system with a CPU PDP 11/34, (3). This package has all the necessary
programs for a complete analysis of LANDSAT data for agriculture studies.

6. RESULTS

6.1. 1980/1981 Crop Year

6.1.1. Crop Identification

The spectral identification of the different land uses was done with a
high accuracy and reliability level bearing in mind land uses as fallow, miscel
laneous, some pastures and crop land. Table I.

Some problems appeared when identifying wheat from oat in both October and
November dates. A high confusion level existed (20-30%): due to this reason
both crops (wheat and oat) were considered as one class, called cereals. This
approach achieved good result in identification and classification accuracy.
Table II.

This cereal class is acceptable because oat only represents a 10-15' of the
wheat cultivated area.

6.1.2.Different dates

The analysis and test carried out on October 24 LANDSAT data resulted with
a 98.16 of accuracy when classifying training file (A), and 87.65% when classi-
fying test file (B) (Blind sites). The same procedure used on November 11 LAND
SAT data had an accuracy of 97.6% and 79.15%. No differences are detected
between the identification and classification accuracy when the training site A
is classified but a slight difference (perhaps important to be considered) is
shown when the test file B is used. The October 24 data turned to be more
adequate for classifying cereals than the November data.

6.1.3.Final figures
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The final result was obtained by classifying all the pixels of the sub-
image "Partido de Tres Arroyos". A correction was made using the confussion
matrix coefficients. The total cereal hectareage was 201,845 and 208,321
through October 24 and November 11 LANDSAT data analysis. The official figures
are published 3-4 months after harvest and are corrected with a sample survey
and commercialized volume. Wheat plus oat totalized 203,000 hectares. Table
III.

6.2. 1981/82 Crop Year

6.2.1.Crop identification

In some cases, the division of wheat and oat in subclasses resulted appro-
priated for defining pure classes, but in others there was no need for such sub
division. Table IV.

The confusion problem appeared once more when identifying wheat from oat
on LANDSAT data from November 6, and again the cereal class was created achiev-
ing a high accuracy result level. Table V.

6.2.2.Total coverage and sample classification approach

The total coverage classification was developed and the final result of
cereal pixels were adjusted with the confusion matrix coefficient. November 6
LANDSAT data gave 247,000 hectares and the official number was 245,000 hectares.

The sample segment analysis and classification was carried out with the
same classifier developed for the total coverage approach. The result of the
analysis is given in Table V!, where the estimator of the mear ratio is calcu-
lated.

A linear regression analysis was carried out with the "Cereal area" LAND-
SAT data and the ground date for each segment, Graphic 2, in order to have a
measurement of the error and an adjustment for the ratio estimator. The obtain
ed equation: y - 11.4578 + 0,84346X and the ratio estimator was adjusted and -
the inal estimation was 45.63% of cereals. Graphic 2 an-' Table III.

Table VI shows an important variance in the variable "percent of cereals".
A stratification based on soil capability and crop intensity is recommended in
order to reduce the variance and improve the reliability of the estimator.

A hypothes s test was conducted in order to evaluate if the differences
between means and variances observed in ground data and calculated through LAND
SAT analysis were significant.

Mean Comparison

Ho - uL LANDSAT data - uG ground data - - 0 0.19078

and, t value for P = 0.95; 12 df - 1.782

Variance Comparison s2

Ho -" LANDSAT data - 52 ground data F L _ 1.13170

and, P - 0.95; 6.6df - 4.28

in both cases the Ho is not rejected at a significat level of 5%.
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Although, seven samples are not large enough observations for this kind of
statistical analysis, the conclusions are considered valid as orientative start
ing point.

7. CONCLUSIONS

- Cereal identification and area estimation can be done using remote sensing
information (LANDSAT data in this case) and ground data of some sample areas.
The results were consistent with both crop years.

- -he accuracy achieved is considered good and satisfactory. In addition, the
opportunity of these results is very important: the estimation through LANDSAT
data was achieved two months before harvest and these values compared with the
official figures from the harvested area published six months later, had no
more difference than 3,5%.

- The total coverage approach gave good results but perhaps is not adequate for
larger areas. The sample approach showed a good ratio estimator but it has
a high variance. Stratification should be done in order to reduce the
variance and to increase the reliability of the sample estimator. In addi-
tion, to work with samples allows to have more probability of cloud free LAND
SAT coverage than in large areas.

- There were some problems when identifying wheat from oat with LANDSAT data.
The re son is that both have almost the same growing cycle. Oat as confusion
crop is very difficult to eliminate. More research has to be done in multi-
temporal analysis in order to improve the discrimination. In this study this
confusion is not very important because oat area is only 10-15% of wheat area
but in some other regions the problem could turn into a real one.

- Considering the available facilities at the Comisi6n Nacional de Investigacio
nes Espaciales (CNIE) (LANDSAT Receiving Station, Processing Center and
Analysis Center) crop identification and area estimation through LANDSAT data
can be analysed in an operational status.
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8O/8 WHEAT OAT PASTURE RANGE FALLOW OCT.
OCAT 80/81 CEREALS OTHERS TOTAL

WHEAT 689 205 9 0 CEREALS 1439 27 1466
OAT 218 327 18 0 0 OTHERS 17 392 410
PASTURE 4 8 375 13 0 NON-CLASS 72 23

RANGE 2 3 18 146 3
FALLOW 1 11 0 1 646 Table II A. Confusion Matrix

MISCEL. 0 0 0 0 0 (on training file A)

TOTAL 959 569 440 171 656 OCT' cEREALS E T

CEREALS 345 50 405
Table I. Confusion Matrix OTHERS 17 115 132

NON-CLASS 27 11

Table II B. Confusion Matrix
(on test file B)

FINAL ESTIMATION OFFICIAL FIGURES DIFFERENCE
(LANDSAT data) (Conventional)

TOTAL COVERAGE 80/81

-LANDSAT data OCT.24 201,845 203,000 -0.57%

-LANDSAT data NOV.11 208,321 203,000 +2.62%

TOTAL COVERAGE 81/82

-LANDSAT data NOV.06 247,000 245,000 +0.81%

SAMPLE ANALYSIS 81/82

-LANDSAT data NOV. 06

(45.63%) 253,540 245,000 +3.48%

VARIATION (%)

80/81 - 81/82 +22 +20 +2%

Table III. Final Estimations (ha.)

288



NOV. NOV.

81/82 W, WW W4 W, O, 02 0s 81/82 C P, P2  P, We, R F

Wheat, 77 1 4 8 0 0 2 6 Cereals 97 0.25 2.45 0 0 0 0.13

Wheat2  0 74 2 0 0 3 9 0 Pasture, 0 94 0 6 0 0 0

Wheat3  3 8 35 19 0 9 0 24 Pasture2 6 0 91 0 0 1 0

Wheat4  1 1 32 37 0 1 0 28 Pasture3 0 7 0 93 0 0 0

Wheat, 0 0 0 0 95 0 4 0 Weeds 0 0 0 0 95 4 3

Oat, 0 1 1 0 0 92 0 0 Range 0 0 2 0 0 97 0

Oat 2  0 11 0 0 0 0 85 0 Fallow 1 0 0 0 6 0.5 91

Oat3  0 0 27 0 0 0 0 73

Table IV. Confusion Matrix Table V. Confusion Matrix (Cereals)
Small Grains

Ground Data
% cereals

60 -

Yz 11.4576 0.6434 6x
r: 0.66

40

20 - -. . .

Landsat Data
0 % cereals
0 20 40 60 80

Graphic 2. Linear Regression
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Sample Classif.Result Sample Classif.Result
Segment Percent Of CL. als Segment Percent of cereals

1 33.39 9 37.61

2 46.12 10 27.23

3 44.24 11 46.24

4 29.53 12 37.61

5 42.85 13 35.82

6 50.06 14 50.47

7 39.06 X=40.68%
8 49.42 S= 7.55 (standard deviation of

the sample)

Table VI. Sample segment analysis

Planting Heading Havesting

W H EAT * ii

OAT :

*Landsat 80/81
DATA~~ AOQLandsat 80/81

Landsat 81/82 * Landsat 81182
mGround Data Collection

A A S 0 N 0 F M

Grafic 1: Crop Calendar
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SOME USES OF REMOTE SENSING FOR URBAN PLANNING

Maria de Lourdes N. de Oliveira
Maria Suelena S. Barros

Instituto de Pesquisas Espaciais
Conselho Nacional de Desenvolvimento Cientifico e Tecn6logico

Sao Josd dos Campos, SP, Brazil

SUMARY

Urban planning consists of a decision making process which requires, as
a support, a system for delineating and providing useful information. This
paper describes some experiences on urban planning on the Systems Engineering
Division of the Institute for Space Research - INPE, using airborne remote
sensing techniques to provide information about urban areas.

The main objective is to show the use of remote sensing data in planning
networks of social use equipments and as input for implementing mathematical
models. The mathematical models considers the following aspects of urban
planning: urban quality analysis, allocation of urban population to hospitals,
planning of large telephone neLworks, identification of priority areas for
Public Health Care improvements, urban performance analysis, projection and
location of the urban population.

Remote sensing techniques are particularly useful in Brazil since urban
land in its cities is very not homogeneous. The social, economical and
cultural disparity among the human groups, resulting mainly from the existing
social organization, shows up also in land aspects. Through urban tissue
analysis using air photos at an approximated scale of 1:1000, minor residential
areas (homogeneous zones) and their physical aspects are identified, and dif-
ferent resident groups characteristics are indirectly recognized. Remote
sensing has been a valuable instrument in Brazil, reducing the necessity of
the expensive surveys, either complete or by sampling.

Sao Josd dos Campos, Sao Paulo, Brazil, with 300,000 inhabitants, has
been used as the test area.
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VISUAL AND COMPUTER-ASSISTED TECHNIQUES USED IN LANDSAT MSS DATA

FOR GEOLOGICAL RECONNAISSANCE IN AMAZONAS REGION

Chan Chiang Liu

Instituto de Pesquisas Espaciais
Conselho Nacional de Desenvolvimento Cientifico e Tecnol6gico

Sao Josd dos Campos, SP, Brazil

SUMMARY

The area selected for study is situated in the southern margin of the
Amazonas Syneclise, enclosed approximately by 4°00 ' - 5°50 ' south latitudes and
55*40 ' 

- 5720 ' west longitudes and covers approximately 11,200 km7. In this
tropical terrain with dense virgin jungle coverage, conventional field mapping
is almost inaccessible for the most part, and mapping a broad region is also
questionable. The temporal and spectral attributes of the Landsat images are
barely availble in this region. Therefore, enhancement computer techniques
including contrast stretch and digital filtering were applied to the digital
MSS Landsat data in order to facilitate the visual analysis and increase the
quantity of information to be extracted. These techniques tend to emphasize
subtle scene features such as surface texture, topographic elements, etc., that
are not perceived in original raw data. The synoptic view provided by Landsat
MSS imagery produced different photographic mapping units and structural linea-
ments. Drainage patterns, landforms, surface textures and their continuities
were mapped and a division of mapping units along the Tapaj6s River, which runs
along the southern and southeastern margin of the study area, was performed.
The assumption that image signatures and topographic lineaments represent
directly or indirectly bedrock conditions led to the designation of: (i) three
units of Precambrian rock, (2) three Mesozoic sedimentary rock units and (3) two
units of Tertiary sedimentary cover. Topographic lineaments were inferred to
be bedrock fractures which may be significant in terms of regional tectonic
studies. Field checking along the Trans-Amazon highway, which passes through
all of the mapped units, was performed. The study revealed that computer-
enhanced techniques can increase the quality of an image and is helpful for visual
examination, and that geological mapping of hardly accessible terrain through
the analysis and interpretation of Landsat imagery is practicable and may be the
best way to establish preliminary geological information in a remote territory.
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LANDSAT AND RADAY MAPIPING 01: INTRUSIVE ROCKS IN SE-BRAZIL.

A.R. dos/Santos, C.E. dos Anjos, J. C.Moreira, M.P.Barbosa and P.Veneziani

Instituto do Pesqtiisas Espaciais - INPIE
Conselho Nacional do Desenvolvimento Cientifico e Tecnol6,ico - CNPq

C.P. 515 - S510 Jose dos Campos - SP - Brazil

ABSTRACT

The objectives of this study were: I to study the feasibility to intrusive
rock mapping and to establish criteria for regional geoloical mapping at the
scale of 1:500,000 in polycyclic and polymetamornhic areas using Logic Method
of photointerpretation of 1,ANDSAT imagery and RADAR from RADAMBRASIL project.
2) to evaluate the spectral behavior of intrusive rocks, using the Interactive
Multizspectral Ima,e Analysis System ( Image -100 3. The region of Campos
(city) in northern Rio do Janeiro State was selected as the study area and
digital imagery processing and pattern recognition techniques were applied.
Various maps at the 1:250,000 scale were obtained to evaluate the results of
automatic data processing.

1 . I NTRODUCTION

The main objective of this research was to study the viability of
identifying intrusive rocks and toestablish criteria for regional geological
mapping in polycyclic and polymetamorphic areas hy meas of visual
interpretation of small scale remotely sensed data. It will be also evaluated
the spectral behavior of intrusive rocks using the IMAGE-100 3ystem.

The Logical Method of Photointerpretat ion (Guy, 1906) developped for aerial
phothograph was adapted to data akquired from small images such as: WSS/LANDSAT
(1:250 .000 and 1:500,000) and RAI1A.IIR..\SII. mosaics (1:250,000) . Computer
compatible tapes were used for automatic analysis.

2. METIHODOLOGY FOR VISUAL, INTERPRETATION

To adapt the logical Method the fol lowing aspects had to be taken into account:
- the products used in this work (LANDSAT and RAIAR data) present scales smal ler

than usual scales of aerial photograph%-; 2 - These products also present poor
spatial resolution and lack of stereoscopic viewing. However, in spite of those
limiting factors, the adaptation is possible because MSS and RADAR images are
subjected to tile same factor which control photrographic texture.

The Logical ,Method is based upon tile following rules:

1) Photographic lecture - it means the recognition and identification of some
features on photographic image with corresponding objects;

2) Photographic analysis - it means the analysis of textural photographic
elements and shape properties on photographic image so as define
homologous areas;

3) Photographic interpretation - it means the indutive and dedutive
processing of the data so as to identify their geological meaning.

Texture, structure and shape their main elements for photographic
interpretation and they can be related to drainage network properties and relief
texture properties.
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Textural density, alignments, lineaments, assymetric shape, negative and
positive ruptures (for relief), drainage direction and drainge uniformity are
the main drainage and relief properties which can be evaluated using LANDSAT
and RADAR products.

Shadow effects and tone are also of primary importance for data
acquirement since the terrain morphology can be expressed by shadowing effect.
This effect also enhaces slope ruptures and relief breakings expressing also
the textural density of relief and compensating tile lack stereoscopic viewing.

By means of those textural properties, homologous zones can be defined. The
limits of these zones can be sharp or difuse and not necessarily coincident
with geological contacts. Those textural properties also permit to define the
degree of relief and drainage organization and therefore give information about
anisotropy of rock material. These properties can indicate the occurrence of
faultings and foldings by means of density of alignments and relief and
drainage lineaments per unit of area.

The degree of asymmetry (for relief and drainage network) can give
information about the dip direction of plane feature and tile degree of drainage
uniformity so as to deduce the material homogeneity.

The development of this work followed two phases. In tile first one, the
specific objective was to explore the high density of linear features observed
on remotely sensed data and to correlate them to geological structure.

To reach this objective, maps at the scale of 1:250,000 were obtained
having the following information:

I) Traces of fault - linear features derived from alignment of drainage or
relief texture elements. These features presented dimensions larger than
3.5 km of extension;

2) Traces of fracture - Lines representing zones of fracture concentration.
linear features derived from lineaments of drainage and relief textural
elements, presented dimension less than 3,5 km of extension;

3) Traces of foliation - Linear features derived from lineaments cf
drainage and relief textural elements;

4) Circular structures - Linear features derived from drainage curvature
(classic anelar pattern) radial drainage, and curvature of the relief
l ineaments.

This phase was complemented in thirty days of field work during which
circular Structures were checked.

In the second phase of this study the data from field work, bibliography
and photointerpretation were comnined to establish the relationship geology
an intrusive rock occurence.

This phase followed the following steps:

1) Drainage Network Analysis - this analysis gives information about the
location and extension of surface material and its control factors;
relative permeability, degree of material uniformity; local variations;
slope extension; degree of dissection; nature of rock and dip of plane
features.
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2) Relief Analysis - this analysis oives information about the shape of
the geological units present on the surface (landform); the relative
degree of resistance to erosion of different materials; degree of
influence of structure over the relief. It allows also to infere about
the rock nature and plane feature dip. Morphogenetic factors (climate,
recent tectonic, etc.), lithological factors (resistance to erosion,
permeability, plasticity, anisotropy) and deforming factors (faults and
foldings) which control the image texture are directly related to the
textural properties of the relief and drainage network.

3) ,rev Level Analysis - this analysis allowed to identify great areas
whose soil-vegetation-rock-water association could represent regional
geological units. The analysis was made primarily using I.ANDSAT/NISS data.

4) Photointerpretation - photointerpretation models for drainage network
and relief were obtained during the analytical phase. These data were
interated into 1:250,000 sheet and processed to determine their
geological meaning.

The main differences between the results and other puhlished maps were
checked during ground observation and new maps were obtained: ['hotogeological
Mlap with the ground data and hihliograplhY at the scale 1:500,000.

3. I JS lSSION 01: VISUAl. AAIYSIS RESIUlTS

'lle area covered by this study is ormed by metamorphic rocks of several ages and
comlOex structures with lithological aspects deeply changed due to various geological events.
There are also maglatic bodies with variable ages and composition as well as cenozoic
sed imenta ry cover.

Figure I is a simlified map) obtained from the maps made by the study of the Intrnsive
Rocks Pro ject (Santos et al., 1982f. 'ile present paper is a stmnarv of that project.

tWae to the complex evolution of the area and the poor definit ion of its I ithostrat igraphic
relationships, the authors decided to adapt Almeida et al., (1977) approach, which divides the
precambrian area into structural provinces. These provinces are related to the great tecto-
-orogenic cycles affecting the area (JequiC - 2,800 my; "l'rTrs- kn. zonian - 1,800 - 2,200 my;
/iruakuan - 900 - 1,400 my and Bra i ian - .150 - 700 my . The area of occurrence of each evele
was tentatively defined for each geological province. lkased upon those aspects l ithological,
dominance tuits were defined. It is important to emphasize that these units do not present
stratigraphic connotation. lhe precambrian rocks were arranged as follows:

.kint iqueira Province

lTis iO t can be divided into two great regions with particular evolution features.

11 Remohilized Basement - According several authors, this region includes rocks of
lramsamnzonic age or older. lthese rocks were remobilized in the following tectonic
events such as Brasilian Cycle which is the most important of them. The lithology is
variable: heterogeneous and homogeneous mignmt ites (metatexites and diatexites) with
different structures; gneiss; granitoid rocks; ectinitic rocks (metasediments);
charnockitic rocks; enderbitic rocks; granulitic rocks; marbles, etc.

2) Southeast Folding Region lAlmeida et al., 1970). 'Tis unit includes rocks of Brazilian
age. Tie main l ithologic types are ectinitic rocks (metasediments); heterogenous and
homogeneous migmatites with different structural styles and belonging to a single cycle. It
presents also gneiss and granitoid.
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Tocantins Province

According to Almeida et al. (1973) this unit includes rocks of Uruaquan and Brazilian
cycles. As in the present work it was not possible to distinguish rocks belonging to those
cycles, a non-stratigraphic classification was adopted. The main lithologies are: ectinitic
rocks (metasediments) marbles; calc-silicate rocks, gneiss and migmatites of different
structural styles.

The acid magnetic event with Brazilian age affected intensively all the study area and
it is represented by body of different composition and size. In relation to the cycle, this
event presentsrocks varying from syntectonic to post-tectonic ages (Ilasui et al., 1978;
ernick and Penalva, 1978). Part of the ultrabasic and intermediate rocks and all the
alkaline bodies are related to tractional tectonic developed during Mesozoic-Cenozoic in the
Brazilian Platform. The remaining ultrabasic and inte'mediate rocks can be related to
Pre-cambrian age.

IA relation to the geological structure, the southern part of the study area lying west
of 42000W, is characterized by wrench zone faults with TNE - WSW direction. This direction is
imposed on different geological units and is associated to cataclastic rocks.

To the eastern side of 42000' meridian, the great faults are bending to N up to 41000'IK.
From Vitoria city towards NN, there are faulting areas which occur without spatial continuity.

The most important secondary structural directions are the following: NE- SW; LM, N- S.

The foliation is oriented parallel to regional structural direction, presenting only
local discodances.

Important and different types of folding structures there are in the area. In the
southern part of the area these structures were classified as follows: flexure folds and shear
folds (Donath and Parker, 1904 in Hasui, 1973). The largest folds with core area of granitoid
bodies were naimed as "antiformes" by 1lasui (1973).

The main areas related to tectonic cycles were identified taking into account the
different phases of folding and also by literature reference.

In general way, it can be emphasized the following aspects:

Southeast Folding Region Olantiqueira Province) - In this area two main folding phases
and one secondary and local phase were observed. The second phase is responsible for
alignments (EI to EI:N - WSW) which can be observed on image.

Three folding phases were observed in the Remobilized Basement (Mantiqueira Province).
The two latest phases are related to the two oldest phases of the Southeast Folding Region.

For the Tocantins Province it was observed two foldin phases. The most recent phase is
responsible for folds which can be observed on the image. These folds are enhanced mainly when
megafoldings are observed in supra-crustal metasediments involving thrusts with NTE-SW vergence.

4. NII1IOIOLLOGY FOR AUT(IKATIC XNALYSIS

As an example of automatic analysis the Campos area, in northern Rio de Janeiro State was
selected. The main reason for selecting this area was the presence of the Itaoca granitic
massif. Quaternary and Tertiary sediments as well as charnockitic and gneissic rocks of
precambrian age are also found in the study area (Figure 2). Topographic enhancement of Itaoca
massif makes the visual interpretation easier.

To proceed the spectral discrimination of the granitic massif, the following algorithms
were used: single cell signature, grey level slicer, MAXVER System, K-\leans algorithm and Spatial
Features Acquisition.
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F~igure 2. Diistribution of- the geologic uinits-Itaoca Maissif.

Qha - Quarternarv- sediments; lb) - Tert iary sediments;
l~ergnl (fie) - gneviss aind heterogenoiis migntites;
P'gerch - C(harnockjt ic rociss; Gr - granite

Single Cell opt ion was applied to Study the spectral behavior of I taoca MAssif in
relat ion to ti,~ remaining of thc test site. The following lses were 31anZl ze: claIss -

granite, cliass t)- quart ernary sediments, class I - tertiary sedimentsc lass% - .neiss. .cTfss Ch1-
charnockites; Class Ci - Camlpos town; class V - flooding area; cl ass .% - lagoon.

For each class, training area were selected. These training areas were composed by 30
piX Is, anjd 18l pixels sampljes. [Ile totajl test Site waIs composed I)\ 730( pixels.

Histograms were aci red for each class in order to yenify the gaussian assumption.

TheC Slicer Opt ion is anI aux ijiarY useful program to divide the total ranlge of grey level
within each channel into -slices of Similar density (GL, 197S) . In the present work the nonitvl -

q ,I sice o~t ion wa3s applie'd and 'S CIasses Of eCtJ I1 interval were obtained. Channel 7 was used
because it showed the best enhancemernt the grainit ic body.

Fhe M\.IVLR Syst em was applied for mlti spectral imatge cilass ificat ion. It is a supervised
system where before start ing the classi fication the number of clse swl ssampleareas for

eac ciassmut b prviddhy the user (Velasco et al ., 1979) . To implement \L,\AT-R
c lass ificat ion, it wais us.d the s~une samlples as for the Single Cell opt ion. The Sanrle areas
p~resen'ted( 30 p ixel and 180) pixel 1 x 30).

11he K-Nhans altzor thinl is a non-supervised opt ion for classi ficat ion mul tispcctral data.
It c lusters the data, based on their natural relationships M1it ra ct al ., 1982). Tlis
Agorithm can Identify up to 32 classes, but in the present wor), only- 8 classes were selected.
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The K-Means option helped to define classes based upon ecdlidian distance. The
classification of each pixel for each test site was based on maximum likelihood criteriun

Dutra et al ., 1982).

Finally, the Spatial Features Acquisition algorithm was applied as well the M)X\ER
System and the K-Nleans System. The image features can be divided into: 1) Natural Features,
wJhich are derived from the grey level and texture. 2) Artificial Feature, which are obtained
from grey level mnipulation. h'lise algorithms allow to generate new channels from the .I
original chunels, and to select the best channels to be used for the thematic classification
by means of K-eanis and NIA\XAR Systems.

5. AKAlIlATIC ANALYSIS RISULTS

lhe single-cell option showed that the class g, defined on the granitic body presents
the shortest overlap %,, h the other classes.

lhe results obtained Using Slicer option were not good, allowing just to identify the
following classes: A, Ci and V.

Tlhe .\X\ TR System allowed a good class discrimination when 3( pixels sample areas were
used (Figure 3). Large sample areas determined an increase of the overlap between classes.

The results of K-Means algorithm using I and 2 channels were not satisfactoy inclusive
to the identification of the granit ic body (Figure 4).

The use of Spatial Features -xtraction and \VITIZ (30 pixels) allowed to identif y the
granitic mnissif (Figure 5). The use of K-Means System over the modified data doesn't allow
meaningful results.
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The combined processing (K-Means and MAXV'LR) allowed a very good
discrimination of the granitic massif.

S. CONCLUSIONS

I. The intrusive bodies could be individualized satisfatorily even though
it was considered their dimensions in relation to the spatial resolution
of the used products. In spite sometimes the similar nature of the
adjacent rocks the bodies could be differentiated by relief contrast.

2. The adaptation of the Logical Method for Photointerpretation allowed
the best use of the small scale products used in the nresent work.

3. The compartmentation into maior tectonic units and the division of these
units into zones of litholovic dominance was a good classification
approach to polycyc I ic and nol vmetamorph ic area.

-1. .\bout the detail found in the final maps of the Study of the Intrusive

Rocks Project, it is important to emphasize the following aspects:

- in the macroscopic point of view, most of, the geological and
structural features were identified. It can be emphasized for instance
the tectonic conditioning of granitc bodies by means of strucutural
traces and their relationship to underlying rocks (concordant,
partially concordant, discordant).

- in the mesospic point of view it was possible to identify fol iations
related to phases of deformation responsible for foldings, but it was
not possible to define the foldings themselves over the image.
Hlowever in some places it was possible to identifv the direction of
the dip.

5. The use of several remote sensing Products of small scalle optimizes the
cost/benefit relationship for regional geology.

0. Single-cell opt ion as tuseful to shot,- the gaussian distribution of the
samples, showing in this was the viabi I ity to use more accurate
techn i ies for t hematic cl ass if icat ion.

t. lhe Itaoca massif co l Id he identified only by supervised classification
met hods.

S. The results showed that it was not possible to relate a single spectral

response to a single geological target.

9 . o1 obta in bet ter separab i ity than it %,.Is obtained between t ,o c lasses
t i. rcccssary to find sharp differences of grey level between the target

and surroundinrigs.

10. The results of thematic information are only characteristics for the
same are ;I. It is not poss ible to extend target informat ion from one area
to ,111o er.
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A NEW GENERATION AIRBORNE

SYNTHETIC APERTURE RADAR (SAR) SYSTEM

J.R. Bennett
R.A. Deane

L. Gutteridge
D. Okerson
P. Widmer

MacDonald, Dettwiler & Associates Ltd.

Richmond, B.C., Canada

SUMMARY

Imaging radar is rapidly emerging as an important remote sensing tool in a
variety of research and operational applications including oceanography, geology,
hydrology, forestry, ice type and movement monitoring, environmental reconnais-
sance and ocean vessel traffic patrol. The widespread onerational use of
imaging radar has been limited, however, by the availability of suitable sensor
systems. With the exception of the brief operational lifetime of the spaceborne
Seasat I-Band Synthetic Aperture Radar (SAR), only airborne systems and data are
available for strategic or tactical use. Of these systems, most are real
aperture, side looking airborne radars (SLARS), suffering from range dependent
azimuth resolution which typically degrades to a few hundred meters at useful
ranges. While Synthetic Aperture Radar (SAR) offers the potential for high
resolution, wide swath imagery, the few available systems are expensive and
require large ground based processors to convert the raw data to imagery.
Imagery can hence be obtained only within line-of-sight of the ground stations
and is unavailable in the aircraft.

This paper describes a new generation airborne SAR system currently under
development. The system, designed specifically for remote sensing applications.
produces high resolution, wide swath hard copy imagery in real-time, on-board

the aircraft. Processed imagery is downlinked to shipborne or land-based
receiving stations in real-time or offline from on-board, high density digital
tape. Small, inexpensive ground based receiving and display systems enable
imagery interpretation without the need for expensive, ground based processors.
The system is compact, light-weight, packages and designed for operation on
small aircraft in the 10-12,000 pound gross weight range.
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INVENTORY OF RICE PADDIES IN THE

I.INGAUEN GULF AREA USING I.ANDSAT MSS DATA

Celso R. Roque
Rolando N. Tomas

larrv Solonga

Natural Resources XanageVent (.ent er
Quezon City, Philippines

S UMY!A RY

Inventory of rice paddies in the Philippines is usual lv done hv convcnt ional
methods which are too costly and time consuming for ir'2ediatv pL1 tnine.

Recent studies have shown that Remote Sensing, using !.andsat MSS data. ismore viable in the inventory of rice paddies than the usual conventional methods,

because of it's cost effectiveness, multi-dates coveragt, and time, efecti.'ness.

With the development of Remote Sensing Systems, esieciallv the launching of
Landsat, the Philippines, through the Natural Resources .anagement Center (NRYC),
is undertaking projects on the inventory of rice paddies, to support the data
needs of the Ministry of Agriculture, International Rice Research Institute and
other agencies involved in rice research and production.

Inventorying of rice paddies in the 1.ingayen Gulf Area was conducted as
part of the Coastal Resources and Environmental Survey project of the Natural
Resources Management Center and the National Science Development Board.

Computer Compatible Tapes (CCTs) which cover the project area were acquired
from EROS Data Center. These tapes were processed in a Multispectral Image
Analyzer System, called Image 100.

Landsat scenes of the project area with dates that correspond to the
planting and harvesting season were generated and pre-processed from CCT's using
software techniques such as image enhancement, Radiometric/geometric corrections,
grey level inversion to obtain a quality image. These were used in the inter-
pretation and evaluation of rice paddies.

Spectral signatures of rice at planting and harvesting time of the year
were extracted to determine their signature difference during those seasons.

The sets of images were compared to determine the extent of rice cultivation
and hectares of rice paddies.
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?4 PRELIMINARY FIELD TESTS WITH OIL SLICKS USING MICROPROCESSOR CONTROLLED

0 MICROWAVE RADIOM4ETER SYSTEM

Antti LK~peri

Helsinki University of Technology, Radio Laboratory
Espoo, Finland

ABSTRACT

This paper discusses the two-channel microprocessor
controlled microwave radiometer system developed at the
Radio Laboratory of the Helsinki University of Tech-
nology for oil thickness measurements. The thickness
estimations are based on the actual antenna brightness
temperatures in real time seen by the two radiometers.
For this reason great care has been taken to achieve
stable radiometer system. The effects of weather condi-
tions are eliminated by storing the brightness tempera-
ture values from a clean water surface into the memory
to be used as reference values for thickness measure-
ments. However, the weather and the sea state have great
influence on the behaviour of the oil slick and for this
reason quite low references, 5 G~z and 16.5 GHz, are
selected for the radiometers. This means that the
thickness estimations are possible up to 10 ms with an
accuracy of 1 mm using the 5 GHz radiometer and up to
3 mmn with an accuracy of 0.2 mm using the 16.5 GHz
radiometer. Finally some experimental results from field
tests are explained.

1. INTRODUCTION

A microwave radiometer system which gives actual antenna brightness temperatures in real
time with an accuracy of 1 K over the range 0-320 K at two microwave frequencies has been
developed at the Radio Laboratory of the Helsinki University of Technology. The radiometer
system is planned for thickness measurements of oil slicks and the whole system operates under

p microprocessor control. The thickness of the oil slick may vary from 0.1 mm to 10 smm, and it is
measured with a resolution of 0.2 mm to 1 in depending on the thickness of the oil.

A~ccurate and reliable measurement of the brightness temperature in real time is the basis
for estimating the thickness of the oil slick. The limited time available for measurements does
not allow for calibration periods, and for this reason a null-balancing Dicke-radiometer is
used (1], [2] with the feedback loop and the additional noise source Linder microprocessor
control [3].

2. MICROPROCESSOR CONTROLLED MICROWAVE RADIOMETER SYSTEM

The outputs from the radiometers give the actual antenna brightness temperatures in real
time, with an accuracy of 1 K over the range 0-320 K. The radiometers used in the system are
Dicke-type radiometers with null-balancing feedback and they operate under microprocessor control,
Figure 1. Noise is injected into the antenna branch to balan .e its noise power with that from a
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reference load at a known temperature. Any changes in output power from the diode noise source
due to variations in supply voltage or in ambient temperature are accounted for by measuring
the voltage and the temperature and accordingly correcting the length of the output pulse from
the microprocessor. The physical temperatures of the antenna feedlines and the reference loads
are also monitored and used to calculate, in real time, the actual brightness temperatures seen
by the antennas. The null-balancing scheme removes all gain variations due to the mixers,
amplifiers and detectors. In this way an absolute accuracy of 1 K is achieved in the measure-
ment of the brightness temperature.

PARABOLIC
DISH F 4dBS 16-170Hz 5- 500 MHz 5-500MHz

I20 dB [ '> ' ' h " /

0456cm 15( I5~

MICROPROCESSORS

TEM EMPITARATURE SL

SENSOR THEENL OUTPUT MONO INPUT
STABLES COUNTERS

PARABOLI

DISH

20dBF=3dB 5-100 MHz

J .85 -505 G 5d 8d 6CBIV ~
GHz 

49 ~
0 45 cm

TEMPERATURE
ENCLOSURE

OIL RADIOMETERS

5 GHz, 16.5 GHz

Figure 1. Block diagram of the radiometer system.

The radiometer system is calibrated with two known brightness temperatures. The first is
the brightness temperature of the sky, and the second is the brightness temperature in the
echo-free chamber. The beam structures of the two antennas have to be measured, and the effects
of the side lobes and the back lobe on the antenna brightness temperature have to be calculated
before measuring the brightness temperature of the sky. The brightness temperature of the main
beam can be taken from the literature [4!. The brightness temperature in the echo-free chamber
equals the room temperature.
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When the antenna is pointing towards the ANTENNA BRIGHTNESS
sky the amplitude of the feedback pulse is TEMPERATURE
adjusted to give the right antenna brightness
temperature, TAI, Figure 2. In the echo-free
chamber the correct brightness temperature, A

TA2. Figure 2, is achieved by software means
changing the slope of the straight line in
Figure 2.

in [2] the calibration is made using one
known antenna brightness temperature. However, T~l t - - -

it can be calculated [3) that the non-ideal
characteristics of the Dicke-switch require AMOUNT OF FEEDBACK
one more calibration point near the room Figure 2. Antenna Brightness temperature as a
temperature. function of the amount of the feedback value.

3. CHOICE OF FREQUENCIES

The measurement of the thickness of an oil slick with a microwave radiometer is based on
the well-known matching effect of oil between air and water (5] , (6] . As the thickness of the
oil slick increases the brightness temperature also rises. However, it will reach a maximum
when the electrical thickness is a quarter wavelength, and then it will fall off towards a
minimum at half a wavelength, and so on. The ambiguity which thus arises can be removed by also
measuring the brightness tempera.ture at a lower frequency and combining the two measurements.

The calibration curves for both frequencies are stored in the memory of a microprocessor.
The curves can be recalculated any time during the measurements due to changes in the physical
temperature of the sea water or to different types of oil.

The thickness of an oil slick can be several millimeters. We have recorded thicknesses up
to 7 smm. It has been also noted by Hollinger (7) that lower frequencies are much less affected
by sea surface roughness and weather conditions. For those reasons the frequencies of 5 G~z and
16.5 GHz were selected.

4. CLEAR WATER REFERENCE

The influence of weather conditions is eliminated by using the clear water surface as a
reference for thickness measurements. It is a known fact [8) that hard wind causes increase in
the brightness temperature of the sea water due to the formation of white caps. The increase of
the brightness temperature is approximately 1 K per white cap coveraje percentage [al.

An oil slick removes the white caps and may cause in these cases a decrease of the
briqhtness temperature values compared with the surrounding water areas.

In the radiometer system described above the actual antenna brightness temperatures are
measure]1 in real time. This makes it possible to take the clear water reference value from the
area where the white cap coverage is small enough, for example behind an island sheltered from
the wind. These values for both frequencies are stored in the memory of the microprocessor and
they are used as a reference for oil thickness measurements. This kind of a system may give an
indication of oil also from clear watcr in certain conditions, but it should measure correctly
the thickness of an oil slick.

5. DATA PROCESSING AND INTERPRETATION

The data processing starts with the average noise powers measured during the times the
receiver is connected to the antenna and reference branches, respectively. The processor
calculated the noise injection needed for balance, taking into account the various corrections,
anA it operates a Switch to set the required value. The result is one long feedback pulse, the
length of which is given by the microprocessor, and the time base of which is given by the
crystal oscillator.
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The interpretation of the data is based on actual antenna brightness temperatures measured
simultaneously at two different microwave frequencies. The upper limit of the interpretation
of the thickness of an oil slick is set at 10 mmn. This is the thickness, which gives the first
maximum value at 5 GHz. Up to thicknesses of 10 nmn 3-4 thickness candidates are given by the
16.5 GHz radiometer. Among the possible values obtained at 16.5 GHz, where the thickness
resolution is better, the microprocessor selects the value which most closely agrees with the
value indicated at 5 GHz.

6. FIELD TESTS

Field tests with an airplane and a helicopter have been carried out above open sea water
and ice to test the radiometer system itself. Also one field test with artificial crude oil
slick at open sea has been carried out in Norway with very promising preliminary results.

Last May a pool test with light viscosity fuel oil was carried out. It gave an indication
of the difficulties which may arise in real situations at open sea. A pool of 2 m x 2 mn was
used for the experiment. One liter of the oil was poured at a time on the water in the pool
causing an increase of 0.25 mmn in the film thickness. Figure 3 shows the brightness temperatures
recorded during the test, which lasted for several days. During the first day the thicknesses
up to 5 mmn were measured but the experiment had to be discontinued because the wind began to
disturb the measurements too much. The wind caused the oil to move on the water surface and so
generated thickness variations. It was difficult to select one brightness temperature value
from the 16.5 G~z display to represent the corresponding thickness. This can also be seen from
the 16.5 GHz measurements between 2 mmn and 5 min in Figure 3.

The experiment was continued three days later during the night when it was calm. The
thicknesses between 5 mmn and 10 nun were now measured without difficulties. The lower part in
Figure 4 was recorded during that night when the oil thickness was 10 nun. Next morning the test
was continued again. Two more liters of oil were poured in the pool. The wind was moderate. The
upper part of Figure 4 shows the recorded brightness temperatures. The output variations of the
16.5 GNz radiometer were around 1 K. This means that the thickness variations were approxi-
mately 1 nun in the 10 nun oil layer (i.e. ten percent).

To be able to carry out the experiment still further, a plastic shelter was built around
the water pool. After that the thicknesses from 10.5 nun to 19 nun were measured. Figure 3 shows
that the brightness temperature outputs were now free from interference caused by the wind.

BRQ],T%'W TF M ' P
210 1K I

200 j
19030K 110min

Temp T.

Figure 3. Pool experiment with fuel oil. Brightness Figure 4. Influence of wind on the

temperatures at 5 GHz (dots) and 16.5 GHz (solid line), brightness temperatures (the thick-
ness of the oil layer is 10 nmn).
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In normal situations when the radiometer system is installed in an airplane, the foot-
prints of the antennas on the sea surface are much larger than in this experiment and the
output is an average value of the different thicknesses inside the foot-print. If the
thickness variations are of the order of ten percent it is unwise to try to use the 16.5 GHz
results beyond the first maximum which occurs at an oil thickness of 3 m. This means that the
accuracy of the thickness measurement is 0.2 to 0.4 mm when the thickness of the oil slick is
less than 3 mm. Up to 10 mm the interpretation is based totally on the 5 GHz measurements which
gives an accuracy of 1 mm.

7. CONCLUSIONS

The choice of the frequencies, 5 GHz and 16.5 GHz, seems to be quite suitable for oil
thickness estimations. The data interpretation algorithm explained in Chapter 5 seems to be too
optimistic in real situations. Only if the sea surface is very calm or if the oil is of high
viscosity this algoritm can be used. More realistic results can be obtained if the 16.5 GHz
radiometer results are used to estimate the oil thicknesses up to 3 mm with an average accuracy
of 0.3 nun and the 5 GHz radiometer results for thickness estimations up to 10 nm with an
accuracy of I mm. The results at 5 GHz are also much less affected by the weather conditions
and the sea state than for example those at 16.5 GHz although with poor spatial and thickness
resolution. The use of still higher frequencies, for example 35 GHz, in thickness estimations
is very difficult because of clouds and thickness variations.
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THE DISTRIBUTION OF CHLOROPHYLL

IN THE MALVINAS CURRENT AND THE CONTINENTAL SHELF WATERS

OF ARGENTINA AS VIEWED BY THE COASTAL ZONE COLOR SCANNER

Fred J. Tanis

Environmental Research Institute of Michigan
Ann Arbor, Michigan

Josb A. Alvarez

Universidad Nacional de Mar del Plata
Mar del Plata, Argentina

SUMMARY

The Nimbus-7 Coastal Zone Color Scanner (CZCS) is a scanning radiometer
which is capable of viewing the ocean in six coregistered spectral bands. Five
of these bands are in the visible and near infrared (443, 520, 550, 670, 750 mm)
and the sixth is a thermal band at 11.5 um. From an altitute of 955 km CZCS is
able to view a 1600 km wide swath at a resolution of 825 m. At this spatial and
spectral resolution CZCS is an ideal instrument to view large sediment transport
features and to document the abundance and distribution of phytoplankton at the
ocean surface.

CZCS imagery obtained on February 10, 1979 shows clearly the spatial fea-
tures of the Malvinas Current and complex eddies and gyres along the Argentina
coastline from Bahia Grande to the Valdes Peninsula. Using available algorithms
and field measurement data these CZCS data were processed to produce a map of
the mesoscale distribution of chlorophyll-a. Concentration estimates are corre-
lated with thermal band predictions of surface temperature within the Current
and with other ancillary data to confirm spatial features. Interpretations are
also made for suspended sediment and other water mass features identifiable in
the CZCS imagcry. Coastal waters estimated to support high concentrations of
phytoplankton can frequently be correlated with available fisheries survey
reports. The possible application of CZCS data to fisheries resource management

and to location of new fishing grounds is investigated. Potential applications
of CZCS imagery to marine studies at the National University of Mar del Plata

and other research centers are also discussed.
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THE MEASUREMENT OF PARTICLE AND CHLOROPHYLL CONCENTRATION IN WATER

USING THE MULTI SCATTERING MODEL*
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ABS T CT

The authors studied an analytical
method to estimate chlorophyll and particle
concentration in turbid water using MSS
data collected after a heavv rain. The
authors introduced the Multi Scattering
Model into the analytical method.

It was found that the analytical
method employing the Multi Scattering
Model was more effective than the method
using statistical analysis which uses the
relation between sea truth data and remote
sensing data for estimating chlorophyll
pigment concentrations.

The method employing the Multi Scat-
tering Model requires a number of sea truth
data, but this number is less than the
number required for the method employing
the statistical analysis.

1. INTRODUCTION

In previous studies, a positive correlation has been recognized as
existing between chlorophyll pigment concentrations analyzed in the laboratory
and MS. (Daedalus's DS-1250) image data processed to enhance the optical
properties of chlorophyll.

An MSS data-gathering flight was made on 6 August 1980 over Kitanada Bay.
It had rained heavily in the survey and surrounding areas on 5 August with the
result that the authors couldn't get a positive correlation between the
chlorophyll pigment concentrations and MSS data processed to enhance the
optical properties of chlorophyll pigment using the MSS data collected over
Kitanada Bay's turbid water, So, the authors decided to introduce the Multi
Scattering Model into the analytical method to try to get a better correlation.

The Multi Scattering Model was developed to measure suspended solid
concentration. The authors improved on this model in order to estimate the
chlorophyll pigment concnetration.

"Presented at the Seventeenth International Symposium on Remote Sensing
of Environment, Ann Arbor, Michigan, May 9-13, 1983.
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We analyzed two distributions of suspended solid concentrations using the
two analytical methods-each with a different MSS band. One distribution was
analyzed by the regular method. The other distribution was analyzed by the
analytical method using the Multi Scattering Model. (This method emphasizes
the effect of light absorption by chlorophyll pigment.). The values of the
differences estimated by these two methods were proportional to the chlorophyll
pigment concentrations.

From this finding, it was concluded that it would be possible to estimate
chlorophyll pigment concentration in turbid waters with different suspended
solid concentrations.

2. MULTI SCATTERING MODEL

Chandrasekhar's equation [i] for diffuse reflection from a semi-infinite
layer with isotropic scattering is shown in Figure I.

L (,) 
=  

,0E .H()H( )(i
4u +

L : Radiation s Scattering coefficient

E Incident Irradiance a Absorption coefficient5'

Single Scattering Albedo (= As5 + a

The Multi Scattering Model was studied by Prewett et al [21 (1973) for
measuring particle concentration in lake water. Using Chandrasekhar's
equation, the voltage V,(,,') measured by the MSS is expressed as:

V, ") H( )'H(. )'N( )'T(2,1,)T(l,'2,' )(-RI s) )(V )ss . + Vb(.') (2)

(V)ss : Signal measured by the skylight sensor

.) : Throughput of skylight sensor

N . The effect of multiple reflectances at the surface or water

T(2,1,,.) : The transmittance of the water-air interface

T(1,2,,): The transmittance of the air-water interface

Vb : Background signal

Then, function G(-0 ) is defined as follows:

c ( ) ( ss )1 ( - ) M , ]4. ( ( 3 )
Vss nj __

G(, ) = .(H(I.) " H( D)  N(p,) (4)

The quantity _jH(:)'H(.(:)'N(b) is a monotonic signal-valued function of
It is defined as a linear correlation between the suspended solid con-

centrations and both the optic :l coefficient of absorption and that of
scattering. If the following two conditions are satisfied, the relative
concentration of suspended solid at any point can be calculated using data from
the bands with wavelengths of j and : .
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1. In a body water, the distribution function of a particle's radius is
uniform.

2. In two different bands regions, the scattering and absorption cross
sections are the same.

The relative concentration c(r)/c(r0 ) is given by the formula:

c(r) _ wo(roX)'aH20
c(r0 ) - g(rO,X 1 ,X2 ) - (r,Xl).h(ro,Xl,2)

c 0(ro,X1)f 0(r0, 2)[aH20(X2)-aH20( 1)]

g(ro, 21 )2) 0o(ro,)l) - ,,(r,,X 2)

,JO(rO,A2 ).aH 2 00 2 ) - u.0(r 0 , 1 ).aH 2 0(0)
h(r0 ,X1,X-1 w0 (r0 ,X1 ) - w)0 (r 0 ,) 2 )

c : Suspended solid concentration

r : The location water surface measurement

3. MEASUREMENT

(Survey of suspended solid particles)

In the analysis using the Multi Scattering Model, the measurement of sky-
light is needed to calculate G(_O). Table I shows the spectral response at
each band of the skylight sensor.

wo was calculated from scattering and absorption coefficients. These two
coefficients were analyzed by the Kubelka-Munk Two Constant Theory using the
spectral data of water measured in the survey area by MSS. Figure 2 shows the
relation ,0 and G(,,,0 ). The authors applied the single linear regression to 0
and G(,,,0 ). This regression line passes the point where 0 and G(wo) equal
zero. Using this regression, the distribution of suspended solid concentration
in the survey area was estimated with MSS Band 6 (600-650[nml) data (This
estimation requires that the suspended solid concentration at at least one
point in the sea by known. : Photo 1). The wavelength of MSS Band 6 doesn't
include the absorption band of chlorophyll pigment. The authors selected Band
6 for I, and Band 7 for \2. Symbol*of Figure 3 shows plotting points from the
sea truth data and their estimated values, and the solid line shows the pre-
dicted values. The line represented by dashes is a simple regression line.

(Survey of chlorophyll pigment)

The process to estimate chlorophyll pigment concentration is as follows:

1. Conduct a survey for distribution of suspended solid particle concen-
tration. (The authors used results from a previous experiment for
suspended solids.)

2. Conduct a survey for distribution of suspended solid particle concen-
tration with MSS Band 4 (500-550[nm]) (photo 2). In this survey,
Band 4 was selected for X1, and Band 7 (650-690[nmi) was selected for
X2. In the wavelength of Band 4, photons are absorbed to a relatively
high degree by chlorophyll pigment. SymbolA in Figure 3 shows the
plotting points from sea truth data and temporary suspended solid
concentrations.
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3. Perform calculation using the values of difference for suspended
solids in processes 1 and 2 for all image pixels.

4. Assuming that no difference in value for suspended solids estimated
in processes 1 and 2 mean no existence of chlorophyll pigment, the
relation between chlorophyll pigment concentration and value of
difference can he calculated using one of the sea truth data (Figure
4). In Figure 4, this relation is indicated as a solid line. The
line composed of dashes was obtained by regression analysis. This

distribution of chlorophyll concentration was calculated using re-
gression of the solid line.

4. DISCUSSION

Photo 4 shows the pattern of suspended soild concentration estimated by
regression analysis using the sea truth data and MSS Band 4's data of point 16.
Photo 1 shows the pattern estimated by using one of the analyzed suspended
solid data. These patterns almost look like each other. The differences were
caused by the influence on changes of skylight sensor's data.

- : shows the plotting points from sea truth data of analyzed
chlorophyll pigment concentration and MSS Band 2 (420-4501nmD). The data of
MSS Band 2 indicates the best correlation among the data of MSS's bands with
chlorophyll pigment concentration. The correlation coefficient was 0.62 and
the number of data used were 52, but that correlation was not good enough for
a survey of chlorophyll pigment concentration.

Photo 5 shows the distribution of chlorophyll pigment concentration
estimated from the data of MSS Band 2.

It can be seen that the pattern of Photo 3 resembles the pattern of
suspended solids except where the mouth of the river enters the bay. This
phenomenon is a result of the positive relation between the analyzed suspended
solids and the analyzed chlorophyll pigment concentrations.

In our analysis, we encountered the following problems using the Multi
Scattering Model:

1. The method needs several spectral measurement data.

2. In Figure 4, some points are located away from the solid line. Some
of these points were measured by the observation vessel near the land,
and others were measured near the tidal front. So, the location of
sea truth should be selected carefully.

5. CONCLUSION

In this study the authors confirmed that the analytical method employing
the Multi Scattering Model is useful for estimating suspended solid concen-
trations.

It was also found more useful in estimating the concentration of
chlorophyll pigment in turbid water than using the statistical relation
between the chlorophyll pigment concentration and MSS image data.
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ABSTRACT

Several cases of GOES digital infrared
data and Doppler Sounder array data during the
three-hour time period inmiediately preceeding
the touchdown of the tornado were analyzed.
Tornado-associated clouds are compared with non-
tornado-associated clouds using satellite infrared data,
ray tracing of gravity waves detected by the
Doppler Sounder array and rawinsonde data. The satel-
lite observations are at 15-minute intervals. Our
study shows that tornado-associated clouds are
always accompanied by overshooting turrets pene-
trating above the trop opaus. The growth rate of the
overshooting turret aove the tropopause for severe
storm-associated clouds is much greater than that
of non-severe storm-associated clouds.

I. Introduction

Geosynchronous satellite data is a potentially powerful tool for studying
enhanced convection and mesoscale systems. Purdom (1976) has noted that in-
tersecting cloud lines observed on GOES imagery can be used in forecasting
mesoscale convection and thunderstorms, Sikdar et al. (1970) have used
AiS-3 visible data to measure thunderstorm anvil expansion rates. Adler
and Fenn (1979) showed examples of cold area expansion rates related to
thunderstorm growth using SMS window channel infrared data. Recently, Adler
and Fenn (1982) examined cloud top temperature variations from geosyn-
chronous infrared satellite data relative to 11 tornado touchdown times. In
8 of the 11 cases there was a period of rapid cloud top ascent 30-45 min
prior to the tiornado touchdown. This upward growth appears to be associated
with the formulation of a mesocyclone. Adler and Fenn (1982) indicated that,
following the ascent of the cloud top, there was a period of no growth or
even a height drop preceding, or at the time of the tornado touchdown.

In a study of tropical cyclone intensity, Gentry et al. (1980) suggested
that the value of the cloud top equivalent blackbody temperature TBB could
serve as an index of current storm intensity, and the growth rate of the cloud
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top T66 as a predictor of the future intensity. Hung et al. (1980) employed
GOES infrared data for studying the May 29, 1977, Oklahoma tornado, to show
that both cloud top TV and the growth rate of the cloud top TBB area can
be used to distinguis Ibetween thunderstorms which eventually spawned tornadoes
and those thmat did not.

The association between gravity waves and severe convective storms has
been studied extensively in the laboratory and in the field during the past
decade (Willis and Deardorff, 1974; Adrian, 1975; Curry and Hurty, 1974;
Gossard and Sweezy, 1974; Stull, 1976; Uccellini, 1975). Gravity waves have
been detected in a wide variety of ground-based obersvations as well as in
in-situ measurements on satellites (Gossard and Munk, 1954; Bean et al., 1973;
Baker and Davies, 1969; Prasad et al, 1975; Smith and Hung, 1975; Georges,
1973, Hung and Smith, 1979; sertin et al., 1978, Rice and Sharp, 1977; Spencer
et al., 1976; Chiu et al., 1979; Browning et al., 1973).

Recently, gravity waves have been associated with tornado activit! (Hung
et al ., 1978a; Hung ani Smith, 1978) and hurricanes (Hung and Kuo, 1976).
These gravity wave observations were made with a high-frequency CW Doppler
array system in which radio receivers located at a central site, NASA/Marshall
Space Flight Center, monitored signals transmitted from three independent
remote sites on three sets of frequencies and reflected off the ionosphere
approximately halfway between the transmitter and receiver sites. Hung et 1l.
(1979a, 1979b), using a ray tracing technique, have shown that the enhanced
convection-initiated gravity waves associated with tornadoes were generated
by thunderheads embedded in a squall line and/or isolated clouds with intense
convection. A comparison of the location of the computed wave sources and
the time of wave excitation with published tornado touchdown data showed
that the computed wave sources were in the convective clouds with turrets
overshooting the tropopause which spawned tornadic storms more than one
hour after the waves were excited (Hung et al. , 1978a; Hung et al. , 1978b)

In laboratory experiments, Townsend (1964), Deardorff, et al. (1969),
Willis and Deardorff (1974) and Adrian (1975) observed that gravity waves
were excited when convective elements overshot the top of a mixed laver and
penetrated a short distance upward into a stable region. Curry and MIurty
(1974), Gossard and Sweezy j1974) and Stull (1976), among others, have sug-
gested that thunderstorms or fronts could excite gravity waves in the atmo-
sphere. Einaudi and Lalas (1975) indicated that gravity waves can propagate
upward through the atmosphere and stimulate cloud growth. Our analytical
results also show that gravity waves can be detected at F-region ionospheric
height as long as the convection penetrates above the tropopause. This result
is in agreement with the study made by Baker and Davies (1969) in which they
concluded that gravity waves are detectable at ionospheric height as long as
the cloudl top is at an altitude of 12 km or higher.

Recently, Hung et a) . (1980) investigated the change of cloud top temp-
erature with respect to time for clouds associated with sources of gravity
waves compared to clouds which were not associated with gravity waves. The
study of GOES infrared data during the time period between when the gravity
waves were being excited and the touchdown of the tornado indicated that
clouds associated with tornado activity are characterized by both a very low
temperature at the cloud top, which is equivalent to a high penetration
above the cirrus canopy, and a very high growth rate of the cold region of the
cloud top, the signature of enhanced convection in the cloud.

2. Case Study of March 24, 1976 Elton, Louisiana Tornado

2-A Temperature of Clouds with Intense Convection As Determined
from Satellite Infrared Digital Data Analyses
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An Image Data Processing System (IDAPS) was developed by NASA/Marshall
Space Flight Center to be used for the image processing requirements of the
Skylab experiment. IDAPS can be used to process high resolution satellite
paotographs. both visible and infrared, for studying cloud top height varia-
bility, temperature distribution, and the cloud top growth and collapse rates.
GOES digital infrared (IR) data for tne entire United States during the three-
hour time period before the tornado touchdown time on March 24, 1976, were used
in this study. The period between satellite observations was 15 minutes and
the temperature resolution of the IR data was 1 K in the range of equivalent
blackbody temperatures.

In this study, a cumulative histogram is compiled starting from the cold
end of the temperature distribution. The number of pixels (picture elements),
Ng. with blackbody temperature equal to or less than temperature T i , is obtained.
P ysically, the number of pixels, Ni , is proportional to the area of the cold
cloud top with temperature :. T i . This also provides data About the horizontal
area of the cloud penetrating above certain altitudes. Only a small portion of
the huge cloud extending from Ohio and Illinois down through Arkansas, Miss-
issippi, Louisiana, and Texas had a cloud temperature - -68 °C during this
time period. GOES IR imagery of the cloud coverage over the entire United
States at 2230 GHT is shown in Figure 1.

Figure 2 shows the geographical location of the Louisiana cloud at 2232
GilT. Contour A is the portion of cloud top with temperature _ -66

0
C; B, the

portion of cloud top with temperature - -55°C; and contour C, the area of the
entire cloud at Louisiana and its surrounding states in Figure 1. While they
were growing, these clouds moved eastward at a speed of approximately 45 km/il,
wnich agrees with the radar observation. A tornado was spawned from the over-
shooting turret A at 2400 GMT when the overshooting turret had moved to Elton,
Louisiana, 30.26 N and 92.42 W.

Tile areal expansion and growth of the cold element of the cloud top have
also been studied. The rawinsonde observation from Lake Charles, Louisiana
at 2300 GNT. Zlarch 24, 1976, shows that the tropopause height was 11.3 km with
a temperature of -58 °C. The comparison between the rawinsonde observation
and the IR data shows that the overshooting turrets of the Louisiana cloud
started to penetrate above the tropopause about 2131 GAT. Figure 3 shows the
changes in the areas of the cloud top at different heights (temperatures)
during the time period between the penetration of the tropopause and the torn-
ado touchdown i.e., 2131-2347 GMT. The figure shows the time-dependent in-
crease (or decrease) of the number of pixels for cloud top temperatures

-620C, -- 66C, _ -68oC and -69
0
C. The cloud area with a temperature

-62°C, and a cloud top height just above the tropopause expands very rapidly
between 2131 and 2202 GNiT and then the expansion slows down during the next
30 minutes. A higher altitude cloud with a temperature -66

0
C then becomes

visible. The top of the cloud continued to rise, reaching a temperature of
-68

0
C at 2247 GNT. and then finally the coldest temperature of L -69°C,

II C
0 

colder than the tropopause, at 2317 GMT. The growth of the cloud top
continued until 2332 GMT when the cloud top areas with temperatures of
-681C and _ -69

0
C started decreasing, implying that the cloud was collapsing.

The cloud collapsed about 30 minutes before the tornado touched down, in good
agreement with the results of our earlier investigation of the May 29, 1977
st~rm (Hung et al. 1980). The overshooting turret can only exist because it
is dynamically supported by intensive vertical convection. As the intensive
vertical convection conditions disappear, the overshooting turret collapses.
This result is also in good agreement with the aircraft observations made
by Fujita and his associates (Fujita and Caracena, 1977; Fujita and Byers,
1977).

The following; equation was used to calculate tie growth aad expansion rate
of the cloud:
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dN.i (Pixels - sec
-
)

Li dt

waere Ti denotes the growth rate of the cloud area with a temperiture Ti;
N i , the number of pixels with temperature -_ T.; and t, the nominal time period
between observations. Figure 4 shows the growth rates of the cold cloud areas
with temperatures -6lC. , -o"C, -68 C, and -69 C during the time period
227-2347 GHT. The maximum growth rate of the area with temperature - -62 0 Coccurred during tile time period 2302-2317 GNIT which was about 43 to 58 minutes

before the tornado touchdown. In this case study, the maximum growth rate of
the turret ibove tie tropopause occurred approximately one hour before the
tornado touchdown.

Similar analyses of both areal expansion rates and growth of cloud top

iheights during tile same time period were accomplished all over the United
S t[es. Th e Clouds associated with the severe thunderstorms over Idaho had

temperature only 2C warmer than the cloud top temperature over Louisiana:
however, the growth rate of the Idaho cloud was less than that of the Louisiana
cloud.-

2-B. Intense Convective Clouds and Gravity Waves

During time periods with severe weather activity, wave-like disturbances
ire observed in the high frequency CW Doppler records. The records from the

CW Doppler sounder array are subjected to a power spectral density analysis
to obtain the wove periods of these Doppler fluctuations while the direction
of propagt ion and the phase velocity of the waves are obtained from a cross
correlation analysis (hung and Smith. 1978). Group ray tracing computations
using the best .ivailable data on the thermodynamic properties of tile atmosphere
are used in determining the locations ol the sources of the waves. A detailed
description of tile observation system, the data processing techniques, wind
datai and atmospheric models used in the ray tracing computations is given in
Hung and Smith (1978) and hung et al. (1978a). The probable errors in the
determination of the azimuthal an-le of the wave arrival and the ray tracing
computation have been discussed by Hung et al. (1978a), !lung and Smith (1979),
and jung and Kuo (1976).

Sased on oar previous analysis of gravity waves associated with tornadic
storms, three sources of gravity waves have been determined: (1) Groups of
tornadoes (ilung et al. , 1978a, Hung and Smith 1979) , (2) Isolated tornadoes
embedded in a squall line (fiung et al. , 1978b; 1979a; 1979b); and (3) Isolated
airmass type tornadoes. These gravitv waves were excited under a wide variety
of meteorological conditions associated with air mass type convective storms
to those associated with rapidly moving fronts, pre-frontal squall lines and
isolated clouds with intense convection. In each instance, within the combined
probable error bands of the detection system and analytical techniques, the
wave sources were located in intense convective clouds which eventually devel-
oped into tornadic storms (Hung et al . , 1979a; 1930)

Doppler records for the 2315-2415 GMT, March 24, 1976, time period which
showed wave-like oscillations in the F-2 layer of the ionosphere were analyzed.
Figure 5 shows the oscillations in the high frequency, 5.734 M1Hz, CW trans-
missions. Four gravity waves were detected and identified. The propagation
characteristics of these waves are listed in Table 1. The azimuthal angles
of wave arrival were 42-4bo and the horizontal phase speeds were 104-128 m/sec,
therefore, it appears as if these waves could be from the same source Ray
tracing computations confirmed this.
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The results of the computed ray paths and the probable sources of the
observed gravity waves are shown in Figure 6. A, 6, C and D are the computed
tracks of the gravity waves observed during the 2300-2400, 2315-2400, 2315-
2415, and 2330-2415 Gi.IT time periods, respectively, of March 24, 1976. The
computed sources of these four gravity waves were in clouds in the southwestern
corner of Louisiana, about 80 km west of the location of the tornado touchdown.
Satellite winds and radar echoes show that these particular clouds were
moving eastward at about 45 km/h, which put them over Elton, Louisiana at the
time the tornado touched down. A comparison of Figures 6 and 2 shows that
the computed locations of the wave sources were within the A contour of Figure
2 where the overshooting turret was penetrating through the tropopause. The
wave traveling times from the computed probable source to the receivers were
from 112-136 min; toerefore, the signals had to be excited about two hours
prior to the touchdown of the tornado.

2-C. Airmass Instability from Rawinsonde and Storm Development
from Radar Observations

The stability of an air mass can be determined from rawinsonde observa-
tions. On the 2300 GT, March 24, 1976, Lake Charles, Louisiana rawinsonde,
the temperature lapse rate was nearly dry adiabatic from 3.7 km (645 rtb) to
10.2 km (250 nib). The relative humidity below 3.7 km was 90 - 94g,.

The sounding shows that once the warm, moist lower layer of the air mass
gained enough energy to break rtrough the inversion at 3.7 kin, the updraft
motion would continue until the clouds reached the tropopause with the size of
the cloud formed, as shown in Figure 2, being dependent upon the amount of
moisture available for initiating the updraft motion.

Figures 7 and 8 are the radar suimmaries of the southern United States at
2233 and 2335 GINT, respectively, Mtarch 24, 1976. These radar summaries show
that severe thunderstorms were occurring over the states of Illinois, Kentucky.
lissouri, Tennessee, Arkansas, :iississippi, Louisiana and southern section of

Texas when the overshooting turret of the Louisiana cloud was penetrating the
tropopause. The radar echoes over Louisiana were moving eastward at about 25
kts (46 km.h) at the time when the overshooting turret started to penetrate
the tropopause, the time when the observed gravity waves were being excited.
A comparison of the satellite observations, gravity wave ray tracing caicu-
lations, and radar summaries shows that the overshooting turret (c.-ntour A
in Figure 2) and the computed wave sources (Figure 6) were located in the
severe thunderhead snoln as a small circle in the southwest section of Louis-
iana on Fi.,ure 7 and the southcentral section of Louisiana on Figure S. The
radar summairies clearly show that the cumulonimbus which spawned the tornado
it 2400 Go-iT had an echo heignt of 12.2 (40,000 ft) at 2235 GMT (Figure 7)
and an echo height of 13.7 km (45,000 ft) at 2335 GM'I' (Figure 8), after it
had moved about 45 km eastward. The cumulonimbus which was responsible for
the tornadic storm had the tallest echo height in the entire United States
durini- this hour period.

. Cise Study of May 29, 1977 Ringwood, Oklahoma Tornado

3-A. SatelLite Infrared Digital Data Analyris

GOES digital IR data for the entire United States during the 0004-0203
Gi2T, ay 29. 1977 was analyzed in this example. It was found that the isolated
cloud in north central Oklahom. was the only cloud with a cloud top temperature

-70.2"C during this time period.

The area expansion of the cold elements of the cloud top was studied.
Figure 9 shows the changes in the areas of the cloud top at different temper-
atures durin,, the 0004-0203 Git time period. Cloud top started to grow to the
altitude with eqoliva1Cuet h ackbodV temperature, TBI . -65.2°C at 0004 GMT. At
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0033 GMT, cloud top reached to the altitude with temperature -, -67.2 0 C; at
0103 GIIT, cloud top to the altitude with temperature - -70.2 0 C; at 0133 GMT,
cloud top to the higher altitude with temperature _ -7 2 .20C; and at 0148 GMT,
cloud top finally grew to the highest altitude with lowest temperature at
-74.20C. The irea of the cloud top with temperature n -72.2 0 C had its maximum
value at 0133 GMT, gradually decreased until 0148 GMT, and then sharply de-
creased. The tornado finally touched down at 0205 GT, apparently as the
cloud top was rapidly collapsing. This result is in good agreement with the
,ircraft observations made by Fujita and his associates (Fujita and Caracena,
1977; Fujita and Byers, 1977).

For the purpose of relating the temperature of the penetrating turret to
an altitude, the rawinsonde data from Oklahoma City, Olkahoma were analyzed.
Based on the rawinsonde data of 2300 GYT, hay 28, 1977 and 1100 GtIT, May 29,
1977, the temperature of the tropopause was around -64oC and the altitude of
the tropopause was around 13 km, while the lowest cloud top temperature observed
on the satellite IR imagery was -74.2 0 C about 14 to 30 minutes before the touch-
down of the tornado. It can be seen from Figure 9 that the cloud top started
to penetrate above the tropopause approximately two hours before the touchdown
of the tornado. The coldest overshooting top temperature was more than 10C°

below the temperature of the tropopause. The area of the cloud top penetrated
above the tropopause just before the touchdown of the tornado, for this partic-
ular case, was 605 pixels.

Figure 10 shows the growth rate of cloud top areas penetrated above the
tropopause. The maximum growth rate of the area with temperature - -65.2 0 C
(0.5 km or more above the tropopause) with the vawlue of 12.2 x 10- pixels-
sec 1 occurred about 45 minutes before the tornado touchdown. In other words,
the maximum growth rate of the penetrative overshooting turret above the trop-
opause (essential for formation of tornadic storms) occurs approximately one
hour or less before the tornado touchdown. On the other hand. the growth
rate of the high altitude cloud with temperatures :. -70.2°C, L. -72.21C and
. -74.2°C became negative. implying that the higher altitude cloud began col-
lapsing approximately 15 to 30 minutes before the tornado touchdown.

3-ri. Convective Clouds and Gravit ' !Owes

During the period 0200-0245 GMT May 29. 1977, three gravity wave trains.
detected by the Doppler sounder arrav located in luntsville, Alabama, were
analyzed. [See Hun, et al. , (1980) for A detailed description of the wave
analysis for this part clar day.] Figure 11 shows the ray tracing results
for the three gravir. wa'.e trains observed during the 0200-0245 GMT time
period. The computed ra, path of the waves observed during the 0200-0230 GMT
time period is laleled A b is fr the 02)0-0245 GMT observation period; and
C is for the 021.-0245 Gi T observation period Since the wave traveling times
from the computeJ probiLle source to the obserwation point were 138-162 min-
utes and the actu:Ii touchdown time was 0205 GMT, the signals were excited more
than one hour prior to the touchdown,

The gravity wives with wave periods of 14 7 - 16 min propagating from
north central Oklahoma were the onlv gravity waves detected by the Doppler
array during the 0100-0300 GMT, Nav 29 1977 time period. Acoustic waves
with wave periods of 3-5 and 6-9 min, which are believed to be excited by
enhanced convection associated with severe thunderstorms were also detected.
Storm Data, issued hv the National Climate Center, and tornado touchdown
records, reported by the National Severe Storm Forecasting Center, indicated
that while severe thunderstorms were occurring in Kansas, Kentucky, Alabama,
Georgia, etc., the tornaod in north central Oklahoma was the only one reported
during this 2ntire period
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In this case, the location of the computed probable source of the waves
was near the location of the actual tornado touchdown in the north central
section of Oklahoma at which the isolated cloud with enhanced convection was
observed from satellite IR imagery.

3-C. Airmass Instability from Rawinsonde Observations

Meteorological data shows that there was no front in this area of Okla-
homa during the time period of the satellite observations. Gravity wave trains
were detected by the Doppler sounder array located in Huntsville, Alabama in
these time periods. Results of ray tracing show that a series of gravity waves
was excited from the area of cloud at north central Oklahoma, The association
between gravity waves and severe convective storms has been shown extensively
in the laboratories and in the field during the past decade (Curry and Murty,
1174, Gossard and Sweezy, 1974). The observation of gravity-waves initiated
from the cloud located at north central Oklahoma, indicates the existence of
strong convection inside the cloud. If any short period waves, with periods
of 5 minutes, were excited by other clouds, they were too weak to be detected
in toe Huntsville area which is 400 km awav from the wave source; however, the
wave trains with periods of 15 minutes excited by the cloud at north central
Oklahoma were detected. This is due to the fact that the damping rate of a
wave is inversely proportional to the wave period, and only the waves with
longer wave periods can propagate the longer distance without dissipation
(iEung et al., 1975).

The stability of an air mass can be determined from rawinsonde obser-
vations. On the 2300 GMT, May 28, 1977, Oklahoma City rawinsonde, the temper-
,iture lapse rite was dry adiabatic below 2.1 km (790 mb) . The relative humid-
ity was around 70 in tnis lower layer of the atmosphere. There were temper-
ature inversions between 2.1 and 2.5 kin, and also between 4.4 and 4.5 ki. The
air mass was fairly unstable between 6.0 and 7.2 kin, because the lapse rate
w.s nearl.; dry adiabatic. Once this unstable air mass gained enough energy
to penetrate the temperature inversions at 2.1 and 4.4 kin, the updraft motion
continued until the clouds reached the altitude of the tropopause. The pre-
cursor oscillations occurred at an altitude of about 4.5 km before the updraft
air mass completely overcame the temperature inversion. The size of the cloud
formed is partially dependent upon the amount of moisture available to provide
te energy source for initiating the updraft motion.

4. Discussions and Conclusions

Special rapid-scan satellite visible and infrared observations have en-
,ioled observation of clouds associated with severe convective storms. The
satellite data have permitted study of the life cycle of the clouds from the

niti ation of condensation, through the formation of the clouds. the develop-
ment )I to. 'ring cumulus, the penetration of the tropopause, the collapsing
of an overshooting turret, and the dissipation of the cloud. During the
inception and developing stages of the clouds before they penetrated the tropo-
pause. there are very few apparent differences between the cloud which spawned
.I tornaido and that which ended as a thunderstorm. After the penetration of the
tropopause, the differences between the two cloud systems are more readily dis-
cernible using satellite observations. The basic characteristics of the cloud
issociaited with the tornado were (i) a large volume of cold cloud above the
tropopause (2) a higher growth rate for cloud above the tropopause (3) a cloud
top temperature much lower than the tropopause, and (4) a rapid collapsing of
the cloud top immediately prior to the touchdown of the funnel cloud. Char-
aicteristLcs of the cloud which terminated in a thunderstorm based on the pre-
sent study were (1) a small volume of cold cloud above the tropopause, (2)
a slow growth rate for cloud above the tropopause (3) a cloud temperature not
much lower than the tropopause temperature, and (4) a gradually dissipating

cloud above the tropopause.
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Since the temperature of the overshooting turret is much lower than that
of the surrounding air, the density of the turret is much higher than the sur-
rounding air density, and the overshooting turret can only exist as long as it
is dynamically supported by intense vertical convection. The relation between
the time rate of change of vertical momentum and energy released by moisture
condensation can be shown as

d d0q
t a V) = Fz dz

where Ma stands for the mass of the moist air; V., the vertical velocity of the
moist air mass; Fz, the force in the vertical direction; and Q, the total en-
ergy released from moisture condensation.

It is clear that, in order to support a tall, large and heavy over-
shooting turret above the tropopause, a large gradient of thermal energy is
necessary. To overcome the temperature inversions, an updraft motion also had
to be initiated which was also assisted by a large gradient of thermal energy.

Severe convective storms are a mesoscale phenomena with a short life cycle
of a few hours duration: therefore, rapid scans are necessary to insure obtain-
ing effective observations of the future storm development. If the observations
are more than 15 minutes apart, the collapsing of cloud top just prior to the
formation of the funnel cloud cannot be observed because the collapse of the
cloud top normally occurs about 15 to 30 minutes before the touchdown of the
tornado based on the case studies on March 24, 1976; April 11, 1976 and May
29, 1977. Neither the current ground or satellite-based observations provide
the temporal and spatial data coverage required to establish the detailed life
cycles of clouds in mesoscale systems. Imaging systems with rapid scan capa-
bilities, less than 15 minute intervals, and sounders with spatial resolutions
of on the order of 25-50 km would be required to insure adequate data coverage
for these types of severe weather occurrences.

Areas of localized moisture convergence cannot be determined from the cur-
rent rawinsonde observation network. It remains to be seen if the proposed
satellite sounder systems will ,rovide the data to distinguish such localized
areas.

.Nevertheless, the present article illustrates the capability of infrared
and 7isible images (from geosynchronous satellite) to describe the life cycles
of tornadic clouds. There is evidence of differences between clouds associated
with tornadoes and those that are not, after the clouds have penetrated above
the tropopause. Earlier detection of severe storms might be possible if lo-
calized areas of moisture convergence and instabilitv could be identified.
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Fikgure 1. Infrared image from GOES-East at 2230 GMT, March 24, 1976, showing
cloud in southwestern Louisiana, responsible for gravity wave
generation, and the other non-tornado associated clouds.
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Figure 2. Geographical location of cloud top temperature distribution at 2232
GMT, March 24, 1976. Contour A indicates cloud top with temperature

-6oC; contour B, cloud top with temperature in the range of -55
to -i5°C, C, the area of cloud.
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DISCRIMINATION BETWEEN RANGELAND PASTURE COMMUNITIES IN0 THE NORTH-WEST OF AUSTRALIA USING LANDSAT DATA

N.A. Campbell
b , 

F.R. Honey 
a
, I.J. Tapley

a ,

D.G. Burnsidec and W.F. Holmand

0 ABSTRACT

The management of the rangelands of
Westein Australia requires both range
inventory and trend estimation. This paper
reqports the progress of an investigation

Oct into the use of Landsat digital data for
these purposes. The overall aim of the

1tud% i s t o examine the relationships
b et wCen ,andeat digital data and the
',, \ tt ie characterlstIcs of some
rargeland types from different communities

' var'.,ino rane condition.

The are I under investigation is
lo it.,,i in the semi-arid north-west region

L' t. n Australia, amidst tussock
.1! 1 i , nir! ind tja] shrubland communities in
, a * t condition classes.

Te vegetat ion characteristics of
iten lo cated in five pasture communities

1in 1 i% rinqCe conditions were sampled at
reuiar intervals during ]980 and 1981.

The aspects of the study reported
hi,,r,, exam i ne the relationship between
masured veqetative characteristics of the
paisture comimunities and the Landsat data,
and the discrimination between the pasture
communit its using Landsat data.

There is on(, stronq canonical corre-
lat ion between the Landsat bands and the
vegetat ive characteristics, with the
canonical vector for the Landsat bands
reflecting a contrast between band 5 (B5)
and either band 6 (B6) or band 7 (B7), and
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that for the vegetative characteristics
being dominated by the proportion of green
biomass (PG). The relationship between the
difference B6-135 and the vegetative charac-
teristics explains virtually all of the
relationship between the two sets of
variables.

Canonical variate analysis is used to
discriminate between the pasture communi-
ties. Bands 5 and 7 give the best discrim-
ination.

Excellent allocation of individual
pixels is achieved. Atypical pixels are
identified and discussed.

OBJECTIVES OF PROJECT

Thin paper reports the progress of an investigation into the use of
Landsat digital data tor the management of the rangelands of Western
Australia. The area under investigation is located in the semi-arid northwest
region of Western Australia, amidst tussock grassland and tall shrubland
communities in a variety of condition classes.

The overall aims of the project are:

(I) to develop re ]lat lonsh1ips between Landsat bands and parametei-s
characterizing the vegetation, hereafter referred to as vegetative
characteristics, for a range of communities in varying condition; and

(2) to develop relationships over time between Landsat bands and vege-
tative characteristics which will discriminate between, and determine
the condition of, the communities and provide a means of determining

rend.

Thls paper describes analyses of data related to these objectives, using
multiple recgression , canonical correlation analysis, canonical variate
anals is and allocation procedures.

DATA ANALYSIS

Canonical correlation analysis is applied to the analysis of the re-
] at ionhips between the Landsait bands and the vegetative characterist ics.
The technique is reviewed by Gittins (1979). Linear combinations of the two
sets of variables - the Landsat bands and the vegetative characteristics -
are derived such that the correlation between these linear combinations is a
maximum. Multiple regression may be considered as a subset of canonical
correlation in which only one variable is considered in one of the sets.
There are high correlations between the Landsat hands and between some of
the vegetative characteristics, and this may lead to unstable estimates of the
coefficients defining the linear relationships (see, e.g., Phillips, et al.,
1973; Marquardt and Snee, 1975).

Ridge-type procedures, which tend to offset effect of the high
correlations, are incorporated into the analysis. L,,, analysis implemented
here restricts the solution to a subspace spanned by toe first few principal
components of the Landsat bands and to that spanned by the first few
principal components of the vegetative characteristics.

Canonical variate analysis is used to p-ovide a description or ordi-
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Ination of the differences between the sites. Linear combinations of the
Landsat bands are chosen to maximize the ratio of the between-groups sum of
squares to the within-groups sum of squares; successive linear combinations
are chosen to be uncorrelated within sites (see, e.g., Campbell & Atchley,
1981). The ratios of sums of squares are referred to as the canonical roots.

Pixels from the different sites are allocated using leave-one-out
calculations. Posterior probabilities are estimated using multivariate
Student densities (see, e.g., Anderson, 1958, Section 6.3; Aitchison, et al.,
1977). In view of the relatively small number of pixels at a site (minimum
12, maximum 28), equal covariance matrices are assumed in the calculation of
the multivariate Student densities. An index of typicality is also calculated
for each pixel (see Aitchison et al., 1977, for a formal definition). This
index reduces to the probability associated with the individual squared
Mahalanobis distance for the pixel. For leave-one-out calculations or for
pixels trom additional testing sites, the probability is calculated by re-
ferring the squared Mahalanobis distance to the F distribution.

STUDY AREA

The study area, covering approximately 30 km E-W and 20 km N-S, is on
Mindero Station, which straddles the Ashburton River alonq 80 km ot its
course near Onslow, Western Australia. The land systems of the area have been
described by Payne, Mitchell and Holman (1983). Much of the area consists of
deposit iona l surfaces comprised mainly of Quaternarv alluvium with some areas
o0 Qult ',nry aeol ian sand.

The, reqion has an average annual rainfall ot 250 mm, with winter and
.;urine rainfall, winter dominating. There may be heavy falls during the
period ,Jiuary to March as a result of cyclone activity or tropical depres-
sionus. Dall'. maximum temperatures ranoe !rom 25 degrees in winter to 45
deqr es in summer.

VEGETATION TYPES

Tht dat, have been collected over seventeen sites chosen to represent
the mn ]or pasture qroups occurring in the area at varying condit ion levels.
Tho v'e'otat lo n types are:

Ctenchrus app. (Tussock grassland)
Ast reb a elvmoides (Tussock qrass land)

. -I -rost is app (Tussock qrassland)
4. l-riahne spp. (Tussock grassland)

Acacia vlctoriae (Shrubland with sparse under-storey)

Each of the sites was chosen within a large (- 20 ha) uniform area and
a I ined with major axes either in a 10-190 degrees or 100-280 degrees orient-
at le to coincide with the ground sampling grid of the satellite. This was
don, in order to avoid sampling transition from the Landsat computer com-
spatIble tapes. Site dimensions average 400 x 400 metres.

GROUND DATA

Th, seventeen sites were sampled on 5 occasions during the 1980-81
season. Sampling times were chosen to coincide as closely as possible with
,.ands at t mes. At each sampling date, tie fol lowing vegetative character-
iutics were estimated:

1. Fresh biomass (kq/ha) (FW)
2. Dry biomass (kg/ha) (DW)
3. Proportion of green biomass (percentage) (PG1
4. Projected foliage cover (including litter), for grasses and annual
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species (percentage) (PF'CT)
5. Botanical composition (units)
6. Projected shrub and tree cover (percentage) (PFCS)
7. Percentage moisture of perennial grasses (PM)

The projected shrub and tree cover was estimated using the Bitterlich
technique (Cooper, 1957). Thirty random observations were made at each site.
The remaining ground data were obtained by sampling with a 0.5 x I metre
quadrat. Sixty quadrats were dropped along six random transects to sample the
entire site. A double sampling method based on that developed by Wilm et al.
(1944) was used by three observers to obtain estimates of fresh biomass.
Sufficient samples were cut and dried to allow the determination of dry
biomass. Tile proportion of green biomass and projected foliage cover were
estimated for each quadrat.

A modification of the dry weight rank method of t'Mannet)e and }iaYdock
(1963) was used to estimate the proportion of perennial grasses, annual
species and litter on each site. Percentage moisture was calculated ai;
100(FW-DW)/F and is denoted here as PM.

LANDSAT DATA

Five LANDSAT scenes covering the area were analysed. The scene identi-
fications and dates are:

E 22037-01324 20 August 1980
E 22056-01384 8 September 1980
E 22092-01385 14 October 1980
E 22164-01381 24 December 1980
E 22272-01370 12 April 1981

The 4-band data for the experimental sites were extracted for each of
the scenes. The data were corrected for atmospheric backscatter by dark-
target (averaged deep ocean areas) subtraction, and converted to "normal sun"
values by dividing by the sine of the sun elevation.

RELATIONSHIPS BETWEEN LANDSAT BANDS AND VEGETATIVE
CHARACTERISTICS OVER ALL DATES

The means of each ot the hands are used to characterize the Landsat
hands for each site.

There are strong correlations among the Landsat bands, particularly
between band 4 and the remaining bands, and among the vegetative character-
istics, particularly between FW and DW, PG and PFCT.

A canonical correlation analysis of the interrelationships between the
Landsat bands and the voqetative characteristics shows one strong canonical
correlation (r2 = 0.95; r22 = 0.22), with the first canonical vector for the
Landsat bands reflectinq a contrast between B5 and either B6 or B7, and that
for the vegetative characteristics being dominated by PG (see Honey et al.,
1980, Table 2). The difference B6-B5 explains virtually all of tile
relationship with the vegetative characteristics (R2 = 0.93). Further exam-
ination shows that the relationship between B6-B5 and PG (r2 = 0.78) explains
much of this variation. Other bands contribute to the relationships between
each vegetative characteristic separately and the Landsat bands.

An examination of the interrelationships for the different communities
shows similar degrees of relationship between the Landsat bands and the
vegetative characteristics for Acacia shrub when compared with the overall
data set, while those for Eragrostis spp. are a little lower. The relation-
ship between the difference B6-B5 and the vegetative characteristics is again
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similar to that for the relationship between the two sets of variables.

The veqetative characteristics have higher values for PG and FW for the
samples taken on 20-08-80 than at the other dates. To evaluate the effect of
the different times of sampling, and the predictive ability of the relation-
ships, the data are examined with each date excluded in turn. Comparison of
the" ielationships from these analyses with those of the relationships over all
times shows that leaving out the data collected on 20-08-80 gives consistently
1ower r

2  
and R2 values. Once again, the relationship between B6-B5 and the

vegetative characteristics explains virtually all of the relationship between
the two !sots of variables for the various analyses. Only for PFCT is there a
noticeable decrease in the magnitude of the relationship when the four bands
Are replaced by B6-BS.

DISCRIMINATION BETWEEN THE SITES

There is mLrked separation between the 17 sites, with virtually all
sites being separated along one or more of the first five canonical variates.

Table 1 summarizes the first five canonical roots when all bands are
analyzed for all dates, and when various subsets of 'he bands and dates are
analyzed. An analysis based on B5 and B7 gives virtual-y the same description
of site difterences as that based on all bands, while the separation based
on B5 and fb is less marked.

Table I. Sumary of First Five Canonical Roots (f 1 -t) for Minderoo data

1 4 5

R4,... B7 oLi dates 18.80 8.75 4.06 2.90 1.66
B5,B7 all dates 17.08 8.01 3.27 2.49 0.73
R'),lVh all datts 1h.38 5.73 2.28 1.28 0.86
BT-B5 all dates 12.30 4.47 1.95 0.81 0.36
B6-B5 all dates 6.59 2.78 0.81 0.59 0.19
B5,B7 with B7 on

14-10-81 excl 15.56 6.35 3.27 2.10 0.60

Fiqur' I showi the relationships between the sites based on all bands
for all dates (Figure 1(a)) and on B. and B7 for all dates (Figure 1(b)),
while Figures 2(a) and 2(b) show a plot of B5 and B7 respectively for a
selection of sites. B5 on 20-08-81 and B37 on 14-10-81 make little contri-
bution to the site separation.

The first canonical variate separates and ranks sites on the basis of
total projected foliage cover, especially in the period August-October, 1980
(Table II). For example, sites 57, 72 and 65 are relatively well covered,
while site 98 is poorly covered.

Table I. Variation in Prolected Foliage Cover for a Selection of Sites

Site Aug 80 Oct 80 Dec 80 Apr 81

57 59 50 42 32
72 40 37 36 27
65 31 39 26 27
71 21 21 17 7
97 27 24 29 25

201 13 13 15 16
98 17 12 15 5

The first canonical variate is dominated by 115 for the first three
dates. For example, site 33 has high values (means of 110.3, 108.3 and 130.5

347



with a standard deviation of approximately 6.5) while sites 57 and 58 have low
values (means of 35.9, 40.8 and 91.1 and 43.2, 48.1 and 105.3).

The second canonical variate to some extent separates and ranks sites
with similar ground cover on the basis of percentage of biomass which is
green, again especially in the period August-October, 1980 (Table III).

Table III. Variation in Percent Greenness for a Selection of Sites

Site Aug 80 Oct 80 Dec 80

58 93 28 5
200 81 65 3

72 61 61 14

50 92 26 2
4 74 55 7

71 82 67 3

The second canonical variate is dominated by differences in B7 on
20-08-80, B5 on 8-9-80, and the contrast between B7 and B5 on 24-12-80.

The third canonical variate is dominated by differences in B5 and B7 at
12 April. For example, site 19 has means of 87.8 and 95.3 (with standard
deviations ot 7.3 and 4.9) while site 50 has means of 82.6 and 100.9.

There is no ready,, interpretation of the remaining canonical variates in
terms of the assocated vegetative characteristics.

There is no obvious qrouping oz sites into communities in Figure 1.
This is to he expected due to the wide range of condition types, from good to
poor, within ,ach community. There is some tendency for sites which are
predominantly Acacia shrubland with qrassland understory (sites 1, 19, 57, 58)
to qroup tooether; they have low scores on the first canonical variate and
high scores on the second canonical variate. There is also some tendency for
tussock qrasslands (sites 65, 72, 78, 200) to group together; they have low
scores on the first two canonical variates. In what foli-ws, the sites are
considered as seventeen potentially distinct classes.

The results of the allocation of individual pixels to the seventeen
classes based on F3 and B7 for all dates and using leave-one-out calculations
with eual covariance matrices are summarized in Table IV.

Misallocated pixels are usually identified as belonging to the site
nearest to the relevant reference site in Figure 1. Site 4 is an exception.

Site 4 consists of four lines by four pixels (Figure 3(a)), with pixels
in positions (3,1) and (4,1) being wrongly identified. While Site 4 is
generally covered by tussock qrassland, some Acacia victoriae shrubs are found
in the S-W corner. Pixel (3,1) is identified as belonging to site 201 and has
a typicality index of 0.16, while pixel (4,1) is identified as belonging to
ite I but is also atypical for that site (index of 0.02).

For site 72, one pixel is strongly allocated to site 65. A further
three pixels are allocated to other sites using a forced allocation (Figure
3(b)), though all three should be indicated as doubtful. They are, in fact,
typical for both their reference site and the site for which they have the
highest probability of group mombership.

Site 201 is located on a broad sand-dune, with the western side of the
site bordered by scald patches. These pixels have been identified as atypi-
cal, with two being allocated to other groups (Figure 3(c)). Due to small
fluctuations in the path of the satellite, these pixels are best considered as
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mixed pixels.

Table IV. Results of Forced Allocation of Individual Pixels using
Leave-One-Out Calculations for the Seventeen Sites

Group Site No ot Number Correctly Pixel(s) Incorrectly Allocated
No in No Pixels Allocated (with with Identity of Site(s)

Figure 1 Relative
Frequency)

1 57 20 20 (100)
2 1 16 14 (87) 2 to site 19
3 19 16 12 (75) 1 to site 1; 3 to site 50
4 58 16 16 (100)
5 98 25 24 (96) 1 to site 202
6 33 20 20 (100)
7 72 28 24 (85) 2 to site 65; 1 to site 71;

1 to site 200
8 4 16 14 (87) 1 to site 201; 1 to site 1
9 201 16 13 (81) 1 to site 71; 2 to site 202

10 65 16 14 (87) 2 to site 78
11 78 28 25 (89) 2 to site 72; 1 to site 65
12 50 16 15 (93) 1 to site 19
13 70 12 9 (75) 2 to site 78; 1 to site 71
14 -1 18 16 (88) 1 to site 70; 1 to site 78
15 97 18 18 (100)
16 202 15 11 (73) 4 to site 201
17 200 18 18 (100)

DISCUSSION

There i,; clear and marked separation between most of the sites. Very
little overlap of individual pixels is evident.

The detaJiled examination of pixels which are wrongly identified or which
are atypical hiahlights the need for careful selection and definition of the
reference sites. At least one addition,l class is necessary, to define scald
patches.

Future work will concentrate on the analyses of further sites in the
area, with data tor additional dates being extracted if possible. The data
for the reference groups will be based only on those pixels for a site which
art, -onsidered to belong to the site and which are typical for the site.
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Figure 2 Plots of (a) band 5 and (b) band 7 against time for a selection
of the sites from Figure 1.
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3(a) Site 4 - Cenchrus spp.

40,01 4.0.01

201 099 201-0.16

4$0 04 14 .0(

4-1 00 4-000

0.78 1-0.02

3(b) Site 72 - Astrebla elymoides - excellent condition.

72042 7120611

200-e0 56 200-68
I I i

2-0.09 72-0.29

65-091 A50 72

72 0 1 7 2-.48 720 29 72046

710 53 5-052 71-048 65-0.50

E- E--II
3(c) Site 201 -Cenchrus spp - good condition.

201020 201000

20 0 80 202-0,00

i201 0 22 201-022
201 097 201-000

202-0 78 202-0.65

201 003 201 000

71 095 71 .00

I'qure" 3 Representation of (M group membership probabilities and (ii)
typicality indices for a selection of sites where pixels are
wrongly allocated and/or are found to be atypical. When group
mereberqhip probabilities are given for two sites, the first
refers to the reference site while the second refers to the site
fo which the pixel would be allocated if the usual forced alloca-
t ion procedure was to be adopted. The corresponding typicality
indices are given in (ii) . Note that some pixels are atypical
'or both the reference and alternative sites. When only one
qroup membership probability is given, this indicates that the
pixel is atypical for the site, though the pixel would be
,llocated to the reference site if the usual forced allocation
procedure was to be adopted.
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RFMOTE SENSING ANALYSIS OF FLOODING

AND SALINITY PROBLEMS IN THE N.J AREA

0OF BUENOS AIRES PROVINCE, ARGENTINA

COscar Dominquez and Stella Carballo

Instituto Nacional de Tecnoloqa Aqropecuaria

Buenos Aires, Araentina

ABSTRACT

Many countries suffer areat inundations that
nenerally and periodically overwhelm re-ions of
qreat productivity.

Governments are tryinq to study these inuin-
dations to become familiar with the origen, surface,
velocity, depth, and the time of permanence of the
waters. They are also tryinq to estimate damaqe, in
order to program short and lono term measures, to
prevent or at least mitioate damane.

It was lamentable that countries of Great
extension and little development, due to technical
and/or economic motives, could not concrete these
studies.

Recently, since the last decade, satellite
images have made possible this type of research.

In this paper it is shown, how, with minimum
cost, time and personnel, it was possible to
comprehend, map and measure five inundations, that
caused qreat damaoe to a reqion of approximately
65.000 km

2 
of the Arcentine Republic.

Color composite diapositives (scale 1:1.000.000)
and paper enlargements (scale 1:200.000) of bands 5

and 7 were used.

The interpretation was realized by two prof-
frsionals, in four months of effective work, usina
a manual technique.

Ten maps covPrin an area of 70.000 km
2 

were
elaborated showinq the different percentanes of
land-flood water. Two maps showinq arras with
different risk of floodinq and maps showinq
outcropninq salinity were made too.
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1. INTRODUCTION

Due to the tragic effects that periodically and since remote times great inunda-
tions h.'ve had over lives and properties, man has h=d to preoccupy himself to learn
the reach of thir natural phenomenon, over determined sectors of the earth's surface.

The first written mention known to uF of grrat floods and the techniaue utilized
to detect the situation in a given moment, is mentioned in the Bibl- when the patriar-
chal NOAH, sends, form his arc, first a crow then later tvo doves, to inform him of the
descent of the water and the presence of land not covered by water.

For as strange as it might seem, NOAH, utili',ed the most advanced technique: to
receive information from the air of the situation below, just as today we use airplanes
or satellites.

For its evaluation, traditionally, land control vas the techninue utilized. Un-
fortunately, this method becomes unpractical when the inundation blocks the roads and,
also, the so obtained information generally results fragmented, subjective and inaccur
ate.

;iith tl'e aerial photography devplopment later the first World War, man had the
possibility to study the inundations from an aerial perspective.

But the cost of this technirue for developing countries, is such that, up to the
prerent, it has only been utilized for evaluating natural resources.

Because of this, before phenomena of such magnitud and dynamics, such as are the
inundations of regional extension, in which the information must be registered in se-
quencial form, the only practicable technioup, until only a fe, years ago, continued to
be terrestrial control, only sometimes complemented kith aerial recognition.

Fortunately, in the world, since 10 yr-rs ago, there exists great possibility to
investiq'te and valuate inundetions end salini;-tion procsses, by means of the infor-
mation registered by remote renrors, transported by Fatellites.

The study of an inundation, be it local or regional, infrs research about: 1)
causes: Natural (by rain, by rising of rivers, lakes or seas). Anthropic (indikement
incited by railroads, roads and cenals, etc.) 2) evolution: (limit reached by the water
in different dates, depth in different places; time of superficial ;znd verticil drain-
Pge, direction, velocity of the current-, etc.). ) consenuences: loss of lives, dam-
-qf to properties and installations (fences, etc), crop damage, 7oil deterioration
by salinization, erosion or deposits of harmful sediments; contamination; destruction
of natural vegetation and constructions (bridges, roads, etc.).

It must be remembered that when an inundation is surveyed by means of satellite
images, what is obtained is the real representation of the flooding at the same date
the im-ge was taken. Nobody could cuestion that at that day and time, the water were
not found here they were delimited. This techni-ue resolves all types of doubt and
prevents any fantasy that migth be weaved over the distribution, source or movement of
the water, etc.

For a developing country, like the Argentine Republic, where big sectors of
productive lands (approximately 1 million sq km) are cyclically devastated by droughts
and inundations, it is of essential necessity to distinguish objectively and with great
precision, the range and consecuence of these phenomena. The fact that from these lands
dedicated essentially to agriculture crops and livestock, it is obtained the 80% of our
country's commercial ingrees, makes it even more indispensable.

The introduction of this technique in the Argentine Republic, takes place in 1972
in the Instituto Nacional de Tecnologia Agropecuaria (I.N.T.A.) but its concrete
aplication in inundation and/or salinization studies, just taker place for first time in
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the country, in 1978, when this work was started.

2. OBJECT

in 1978, the agricultural producers of the area enclosed by this study, solicited

economical assistance to Buenos Aires Province Gobrnment, considerinq that the inun-
dations of previous years had produced salinization in the soil, and had prevented them
from obtaininq any benefits of their land and, on the contrary, suffered considerable
losses.

The Government considered it necessary to accomrlih an study to evaluate the real
situation of the land. For such goal, it were used satellite images, to delimit the
inundations and salinization of the lands and draw out conclusions regarding both phe-
nomena.

3. AVNTCE)ENTS

Ahundant Cartooranhic revresentations on microscopic scale, appear inmediately in

the newspaper when an inundation is produced. These cartocraphic apart from their heavy
errnrs, attemps to macnify the surface covered by water and the time of permanence of
t-hsep waters. Also, they exacerate damage caused to the acricultural production, on
account that the same who are damned by the incident, are the informants of the same,

una le to nive an objective view of the phenomenon because of the situation that di-
rectly affects them.

In 1973, in the maximum moment of the inundation affectinc the zone of the pre-

sent work, the Instituto Nacional de Tecnolocia Acropecuaria employed a lot of tech-
nicians to accomplish the map of the inundation, delimitina areas of different decrees

of overflowing and, also, representing throuoh arrows, the various movements of the
waters.

Upon confronting this work with the satellite imaqes, it was inmediatelly deduced
that there was no relation between one information and the other. The work prepared
using only land control technique, shows heavy errors in the limits of the waters and
a whole error with respect to the movement and circulation of the superficial waters.

In 1978, before the present work were started, a map showing different soil sali-

nity decrees was done by technicians using the soil map, surveyed in previous
years at 1:50.000 scale, complemented with land control.

Upon confronting this work with the floodino frenuency map, elaborated from
satellite images, it was met creat correspondence between the limits of both maps.

4. LOCATION

The affected area is of approximately 65.000 km
2 

and is limited on the N-NE with
the Salado River, on the 3E with the Arroyo Vallimanca depression, and has as limit W,
the meridian that separates the Provinces of Buenos Aires and La Pampa (see Figure No 1).

7"he studied Area, Includinc almost PO 'Y of the whole affected area is included in
tvo satellite imaces, numbered according to LANDhAT -orldwide Reference System as 243-
rQ4 and 243-OPC (See Fig. 1).

5. PHY2ICCRAPHY

It ,eals with a great plain that on the west coincides with the datum level, of
110 m and at 2P km, with the datum level of 50 m. This makes the oradient become very
scarce, which oscillates between 0,10 Yo and 0,3

This great plain, except in some sectors, is covered by a variahly thick mantle
of sand with dune formation of various ages, that in one sector of approximately 2 mil-
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lion hpctares, pre-ents a marked disposition in per-lidl Arcs, -ith 50-NE orientation,
which contribute to obstruct natural drainage.

This large parallel arc- of more thpn 100 km in longitude, 'ith vidths varying
between 500me to 4km and smooth slope , constitute real palo-sAndbanks. In the pAt,
thry were the advance tovArd the ea-t of dune formation. Nosadays we cAn find a simi-
lar relief in th'- proximities of the And-s.

The great p rAllel arcs of this 7one do not surpass, to the, E, the depression of
Vxllim nc . i;tArting from thir deprersion And outside the area of this study, the sand

accumul -tions appear in other different paitterns.

The~e pAtterns. ere dircovered by the authors vhen they Ftucied the zatellite
im nes taken when floodinq occurred. It is eFy, that the ',atpr actted as a photogra-
phic developer of the exirtfnt morpholoqy.

rrrviously, no naturalist had mentioned them and even lern the settlers of the
area. The motive of this unknowledqe is that the great expannion of the dune farina-
tions and the diStAnce bet'een them, added to the exiguous Plope-, had prevent'd the
vi-uali~ation of the relief from a terrestrial point of view.

Outside of the-P sandbanks, in arcr, Pxirt plains coverei with various thick-
nesses of rand (from C. Ocy' to 2 or 1m) and, il-o, A larc South *ector There the sand
accumula~tion taken the form of barct ans. In thir lpst rector superficipl .Atrr accumu-
lation do no exist, even in moments of great rainfall.

All thre sands are deporited directly over loeF~ of variable composition that
countain limestone in nodule form or in lences of different m-anitudes. All ttie con-
trihlutes; so thot the permeability of the Fuh-oil is not the ram, in Pll the -rem.

In the low 7ones, in general, prrdominitf- fine mAtcri;1 accumulation , c-me

from hiqher levels that hay'r originatrd -oils with hori-OnF of Flot. permep-bility.

6. USE OF THE LAND

The main activities are agriculture crops and livestock, f-rP the predtominance

of one activity over the other van'.r by sfctorF, depending on f ctors lik,: natural
-ptitude of the Foil-, Fi~e of propertie , etc.

7. PHIDRCGRATPY

In t e south half of the rtudied Area (present in Fatellite imaiqe 24-,-085) does
not exist superficial natur~l drainpge. It *-a- only observed very few permanent la-
goon- an,' numerous depre' ionF that act as temporary la-goons in momentr of continuous
precipitations. The north half of the area (present in satellite imag. 74'-0841 has a
net-ork of hlinded drainage unknown in time of driught, but clearly manifestAted in

satellite images .ftsr a loncz period of precipititions upon appearing a lot of lagoons

connecting together that conforms the outline of an old drainage net-ok toward the

Salado River.

S. CLIMATE AND PIUVIOVETRy

8.1 GENERALITIES

The anuAl average temperature oscillates around 160C, increasing, from -outh, to
North. The average temperature of the varet month, Janu-ry, is superior to PWQ and
the average temperature of the coldest month, July, oscillat-s bet pen 8 *ndl 90C nd

rrache' the lowest values to the west of the region.

The absolute maximum tempereturp, in some ca?-,.-, roachs 440C and the absolute Mi

nimum (observed betvween 1940 to 1960) reaches 6 And 70C belo rero, to the east, And

10 and 110C below mero, to the west.
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The predominant winds are from tte N and NE. Spring, bring the ,indiEst Feason.

The anual average rainfall of the area is of 800mm, decrearing from east to vert,
starting from values of 900mm in eastern localities to reach values near to 70mm to the
Uest.

8.2 WATER BALANCE AND PLUVICNETRIC RATE

The region presents a ,ater balance e-uilibrilted to nEgative, eyistinq major
possibility of excess to the east ane of deficiencies to the west. The frct that in the
region, the avrrage temperature valuef are maintained practically alvays above 00C
makes the process of evaporation continuous. To this ,e must add the desiccating effect
of the vinds.

Rainfalls are produced during all the months of the year, but ,-ith a marked erti-
val concentration (from October to March 65% of the precipitations are produced). The
months of less precipitation are July and August. March, being the one of mayor preci-
pitation, surpassing in all the localities analised, 100mm.

On the basis of 10 years statiFtics corredponding to 1921-50 ve obtain the fol-
louing average and extreme values of precipitation for Fix localities of the region:

Table I

Locality Averag_ value Maximum vplue Minimum vAlue

Bragado 94? mm i°4 6'2
Junin 879 mm 1.228 590
Nueve de Julio 854 mm 1.151 632
Pehuaj6 840 mm 1.206 511
Carlos Tejedor 796 mm 1.226 48?
Tren-ue Laucuen 689 mm 1.178 447

8.3 EXTREME RAINFALLS YEAR 1972-7?

The rainfalls occurred during Augu-t 1972 to July 1973 caused a flooding that had
catastrophic ch recteristics for a great part of this region.

If the mentioned period is conFidcred a calendar ye. r, we c-n drte;mine, for the
previous localities, the follo-ing precipitacion values and their respective differ-
ences vith relation to the average value.

Table II

Locality Rainfalls from Difference with
August 72-July 73 relation to the average

in mm in%

Brag6do 110 267 28
Junin 1207 ?28 27
Nueve de Julio 1400 546 64
Pehu j6 1486 646 77
Carlos Tejedor 111 515 65
Tren-ue Lau uen 1-56 667 97
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9. TECHNIQUE EMPIOYED AND MATERIAL USED

It was used manual interpretation of satellite images helped by an illuminated
table and magnifying glasses.

Image enhacement technb-ues and automatic procersing were not used.

The using of a more advanced technique, did not depend on authors decision.

In the selection of the material two fundamental aspects were taken into consider
ation, lQ cloud scarcity; 20 the different states of flooding and ralini7ation present
in the imige5.

Enlargements to scale of 1:200.000 from infrarred (MSS7) and color comporited im-
aqes to scale of 1:1.000.000 were u-ed to delimit the water. Enlargements to scale of
1:200.000 from red (MSS5) were used for ralinity studirs.

From each of both images studied (24
3
-08d and W4'-085) five se-uences (different

dates) were selected for interpretetion.

Thp sequences of the images are as follow:

Table III

Dates

Image 1 , 3 4

24'1-084 11-10-72 ;-26-71 1, -,8-75 '-27-76 9-23-76

241-085 10- 5-72 2-26-73 1-15-76 1-27-76 9-23-76

10. TIME AND PERSONNEL

All the work uas realied by two persons (authors) in four months of effective
work.

11. 'ETHOD0I OGY

By the experience adicuired Over the satellite images, we knew that they always

offer totally new and unexpected information. Because of this, the interpretation of
the im'ges was accomplished without taking into consideration any previous knowledge of

the region.

It 'as not possible to obtain information from ground truth because it vas an hi
torical work, but when work was concluded and it -,as presented to technicians and pro-
ducers of the zone they themselves aqreed 'ith the limits of Falt and rater treced on
their properties.

For each date and image (see Table ?) it 'as possible to identify six different
patterns according the existent proportion between the land and the flood water.

Saturated soils .,re not differenti-ted, because in manu~l interpretation it
could be confused with other elements.

over band 5 enlargement outcropping salts ere delimitrd. The different roil sali
nity degrees ,ere not sub:ivided because the laking of land control.
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12. RESULTS

For each date and image, a map of distribution of water and salts vas accomplish-

ed.

Two flooding frecuency maps were donF on the basis of ater di'tribution maps.

These maps, covering an area of 70.000 Km2 (included in images 4?-084 and '41-085)

show sectors affected by floodings in different qrxdes and frecuencies (See Table 4).

The map appearing as figure 2 is a portion of one of those flooding fre.uency
maps where the eight original categories were reduce to four because black ane white
print problems. The flooding vilues appearing at the foot of the figure brlonge to the
,-hole area included in 241-085 image.

Table IV

Flooding fre:uency during 1972-1976

Surface values

Categories Flooding sc Km

Frequency image image

243-084 243-085

1 100% of uater 5 times 463 255

2 " 4 times '18 185

" times 550 285

4 2 times 108 '55

5 1 1 times 1150 810

6 10-70% of water one or more 2466 2580

times

7 5-30% of water one or more 1445 2090

times

P Non affected 28'00 78;40

The map appearing as figure I is a portion of the outcropping ralts map belonging

to 24 -085 image dated on 9-2?-76.

l. CONCIUSIONS

1) This work permitted to amplify and in some c;,ses, totally revert concepts considered
irremovable about floods and -aliniT'ation origint affected Furface for both phenome-
na, .-ter movement, damag. Pvaluation, etc.

7) About flooding origin it was determined the floodings depended exclusively on rains
fellen directly on the place. The idea of water coming from othrr zones was desvir-

tu;ted by satellite images.

3) About water drainage it could be established three different sectors. One located in
the south p.rt of 243-085 im'ge that appears perfectly drained.

Other in north sector of the same image presents the rater endammed between sandy

dunes and without any possibility of movement. (water must dessapear by evaporation

and infiltration).
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The third one, included in -4'-084 imagF prerent, a blinded drain,-cr net'ork that

formerly drained in the Sald' Rivfr. During great rainfalls thi- rin is activat-
ed by natural and artificial channels, but still the drainage is insufficient. So

it mu-t be increased.

4) About flooding rurf,-ce it was determined what uas the maximum of land -urfece affec
totion, aproximAtely 12.400 Km2, almo-t 70% of whole Ftudied surface (70.000 Km2.)

This measure resulted subst.ncially lover then th, forward approachmFnts givrn by

other studies and from agrarian producers eftimationF.

5) About soil saliniation procesres it uas drterminated that thry do not depend on

thr salt contribution fr~m the circund nt Frctors ar the ;qrari~n producFrs hold.

Thp salts are present in the water-table And after a long period of precipitations

follows by a windy and dry season are fully m nifeetated on thf land-urfpce.

6) After this tudy it become- easier to estblirh the trategy to mitiqat. damages

in rimilar cp es. Routes ould be stablir.ed f.-r the evacuxtion of inh,bitans and

live-tock.
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te fiitr iist of this t-ci so lo1 ;v ill e Xl' ra I op. ratii ai progrra mr

lhie It'.li'ltin Ct' ' 'aY~ W8S. I.- d 1 0 0,t at it a l itIoII h- 1 .i Iv (wit Ito I ;patialI deformar ion)
an vusn n-tb i -t choiqit-s ( IDia zo I irns i t wa.s P~o--i i I 10 tiittie. i et i n f eat u rea ( vei

getat ion, wll er ondit tolls, open spaccs) hy making p, cial colort orpoit a (d, rivd f ront I liti o-

riginal it/N piod its) over a'' lected areas, lii toti si-itrat -an+na .is loiter AMBf-I or I'its (0.4
- 0.5 111), AW ' or ij ,-ten (0.9-0.6 uim), AMft-3 or r-1 (0.(,-0.7 it') anid AMBi-'s or necar infrare.d (0.7

- 0.') u0:. I itete spec! ral hands have simsilar wavl'lettl'itt .- r an,'''f tatl Laisat, MSS-,5,t ( Fig. 1) .
ap'cia IlIV il!nt 'l- t iin' was Ithe spectral and AMii-4 or ii( tr jut 7 are d 'vi-s of it a capaiility to

pettet rat, I 1 iht t 10j (Pilot 0 1) whictt is an usu al pil-tor)(tta 1hat oce'sz ini Saijt ia -o during wilth er
tirle. Ba't his passive" pttot oopt ic ruttot (. sensor i s -f'p- ii Iv I vigil i to ouit ait. inforsat ion

oiltt elct o'c t'tice vtnrj1 ;y i-i lect iou propert it's of 1), i tit I it ' til 0 tto h di t frn avelingit s

it szpec! ral ndls (t the S ;n is t tie itormal source of 'to- 1"V) , K, plait oi ~ajpiisl i.' oltaitid d :ring
t he dayt at tih,. conve-it joral aropi ogrammit rc iho .t (opt it a I fit;!t 'ittntit ions ).

Ili, t iermal infrared I ine scanncr operatodti ntt fit Tpcl ra] 'aind S-1i'I in', wi 'i itI hrTel I s~I --- O

t on of 0,21 t'" and spat ial1 i'-sol t ioi (lIFti\) I , ' ilIit a.!. Ii" III z, ch '' ac -itv It ii 'ti it -1 dIoo
i i v,,rv good ana logic pradtict! a (no dijit al r,'Ctirdi it; apt- It fit v) iii zl-cial' iii 'iirl-, :it litt

,'tiiianc,m,'tit s (d.'-itsit v slicintg techitjL .5) were made. t or pf ctat fI it taI t ittg, al ax V- t1%!!,

or igifi, ina1[,/W plrod tc t q. This passive ('ici coop! icT t-riot. :-it-o 1) p via t\d i jit I Tt o0! I ,I i T.

iti octiat ion ott t ie, it 'mral eniigv of t ie d I ffrre'ntI mait! t r ial oI i -'h1 t! acv ii 'I li

h.' emit i'-d e'itn'rgv in tt.'. itrmti.!i avnln'ni'tit i aytg.' l.-l4 ' itn;. 2). o'r t lis T -a(i

rio Still j iti'rfr.'ne. is tins;irti (tio r'gist,-r t [I.i n! ' -ru1.1ta ll mt's' COttlt lots 0t 1- it 'l T. I i-,l ''
t hise' image-s must !x oltaittit df zitg fit nii,,iI or t'.'t -it f'N. ill itl. rot rngi. 0 h1.11 i 1 .

t,'rftrene,' will t- urlportat ant th, is' nior will u',-t ih 1' 'ot, 1 , , t ! ,I . 1'X g ( I or! itlt' Ii 1 '
iel Sun1) and! itl.' ''I.iltid .'n'rg-. i 'orti'j frtom the, mta!ll- ial) itt I t' ,- f-igt aug.- .1-1t 2 . PIo

t o 2 litots anl .xattitl, of r is ph, nors- Ta; t litit' l toit Pastl i itig I !a .t.l 15 o! ',oii -I o 'I

S :t inf li-,ne,'

It is' possihnle to coin'-me lii, infocinat ion comritt liom tiermal irtagt's taken at tlifttirtnl ltot'

(ilav and ntigt ) and so to perform stiidi's, on tia(rmal inrt ia fo tf iff.'t'.'nt 7at!t, r at- ot t -atth

<;irfac. It is4 irpot at to notice. itl- special citaract 'list it- oSf fit 8-1t 'it ;pt- ctrai 'land autd

so to 01ltain il, -'aximiil 'enpfit trop thiis senrsor. As shtown iii Fig,. ), if- - mit t id ' niti'i'gv i

t-jste'red th rit, m imt sn'-nsihlilitv o)'r tt.'cnai disci iminat ion capaiilitN . of- this sztisor occu;rs foi

that tcriais itavitg ext ettaf timprat -;r-s rangingp 0*- 5 C' . In this way, tlitu' of itrm.'~al scatr-

ners tiavitig r'oi'. thanli on,- spec!tial !,andi (for inst ailc, 3-5 luS atit l -14 t1M) tWouln aliow to i11 %n'10op

tiot',- let ail.'! antd acerat-, St ':e. flit,' tis, of thermrai scanners tiavilng digital re'cordling capaid-

1 itv wolild al low to itntprov- nor'- Vet I these stutdies. Itt titis pilot ixpri ences, thet-mai ima,-vs

w,.'r, ott titid lurzing twintt.'ut list (.Tulv) aiio-it 0 A.M.

FinallyI, thte use of -otivi-nt ioitai a.'ropsoto,,rasit.t ric canteras ospiipp.-d wit it pancitroisat ic Bi/W

I in, scat' 1: 2000 approx (amos: W01)0 t Ialt it ide) , twas s'tceessfiillN i estt'd in pi lot -)xporivn-

ce s to(I, Ifian t ii . sIots' ur Itaut t ta f Iic flIow profilerns in doi,'it o1w11 Sattt iagjo. A Twin Of te.r airplane'
(S .A. F.) was; :sd to otaiti thiese. pitoograpiies (arid also mutir ianli pitotograpities and thermal
images).

2.2) AIR POLIITioN :IDIENTIFICATIOIN OF POTENTIAL, SO: RCES OIF SMOG

It', iietit it ivat iot of "itot spot s" t hat couild representt potennt iS 1 souirces of smog- calt he. ea-

'(lIv ,cropli.;sd !,%- tt t itnt'tma ags iicauis, of' th it''St ri'tci'iig ,'I'ft'ct"' on thea.' image's,
it was f-ult,' advisa!,It to comptt rn' tt'se iniiagc's wit ii ind.'focmed ri-giatcrs (such as convent ionai
Hi/W phot I.grapie!' or mul it aiti phot ograpttii's) . In ii is siirs,', th's ise' of nitilt iiand phot ographis
was ve'ry uisful anti hcis;ide's, it was possibile to make color -orposites to e'nhance' certain tea-

u r.'S oV,'r st-l.'ciid ar-as itt pilot are'as in Sant iago. The near inf'raredi hand was alsot Very is,-
'-1 to pen'treirti light fog- and to otain letter cont ras I in ve get ate'd areas and iwlet en cars atnd

Ti pti lot 'XIl. 1il-tilt,'fioq,'ii t he iiffereni charce 'ist ics of itot spots dial rittit ioti in r'esi-
i'nria andI ts itd . t i al zotles in th.- citY. Re'sidient iai aroai- ate charati ,'ri7Cd i y a rathter htight

dtitit '' It vI otf s'ta11 h ot CsOurcel'. 'ci-al lv u'.pr'ertot di '1v chims of' ious's and re sidettia , eiil-

tngs ,, t' it was proved itt t irrairt actijvit ies( Pitt Li1, P0. td 1st rid 1 areas are mainly efiarct en zed
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t'v a rat lir 'low dIensit v iveli of blig, hot so~trces, rcpre-sknted by factories or indistrit-s (Pilot o
3 c) .Ini t h is pilIot st t.y t I' cs-ources were, c lass i I id (and I i.'ld yenri fied) in di f I tn or ders o I

maj nit ude: level 1 or vehicles and other machines, level 2 or houses, level 3 or re(sident ja I
'.i ldini's, level1 4 or small indut s tries or bIgd resident ia I mildlingjs, level 1 or it;I, ind~ist ri's.

rhis pt ilininat si sly provid thfat it is fI asitile to make a map o1 pot (itt jal pollut ion so r-
,,,,ot mo (thoith.ident iticat ion of hot spots) and tolhave areal and ipdat .d vi'w of th'

dit ti int contrihi:5 ij at ras of t fit cit v to t he gljo al probletm. It is also possiti.', to evaluate
the rc' a! it q tality' and spat ial con! ri.!ut ion of tltes.' souirce-s As a general conept , the so':rce,.;
locate.d in: i' Nort h L.'st zota' of Santiago have the minor coot rituitio! to the global mosskt. pro-

C. Ii;' to tfhe Sp.''ial t lOpgraphvY atO witti cottdit ions of tb.' city, Wind( :s all%- lot_, Trot'
S01:1 h-i's t and accU!1'lot is sttok,' itt t he Nor! h-East mount ains surrounding Santiago, as tit ati
c'learly s',tt itt the Lanilsat image,, shtown il Pitot o 4. I his sateillit e imag.'( allows to , aliil, !,
Tgetteral sit :at iont of Sant iajgo and ThIe nattural ways to accar.tmlate- and to evacuiatt. smok. inl ah ci-
v; otd&-r t i'~s' condit ions, a bet! ti "rloat ion fot ittdlst rtes anid othir poll(:!at! agent s cu .Adti

planii d.

3 hAl E:R POLL, 'IION

I'l iherml image"s shot. I it s great capati lit v to idettt ift vproblems ri lated wit It sat ( r poll.!t ion.
A thermtal t rackingj alontg Miapoclto River: since L.os I~kones Ave. to Indcpendetc ia Ave * (a ..o t 6 it)
allowed to idtti fy al11 the water dischargeis joining to Niapocito Rivitr . Phtoto -) shows somt clear
,xampli's (and also Photo 2a) . It' sit tat ion itt Sall Carlos chitI is viry ixplanat ory ablo:t thcw
inttl:s trial .s,- of wateCr and its formecr Ittl lijtant ii charg.'k to sat(it stre-amis * 'lI..st itmag.'s al1low
to accom:plisht qal it ativc %val iations ott Itit si' ptotlms . flose; e, if iiantlit at iv. r, lat ins at.'
tt,.d, gro itul frit dat a itojd ;,e ub! ainti to !ti cotlat.,lt- i latrtadta'.s(a ' wil tjlla'T a-

t ;e, attalysis of s;sp.'T-d'od part icli's, ct'i c

I ite is,' of t fia'ctal itnag., s to f itti s oixcis of watc't poll! iott itt coastal zottes woiild allow to
oltrait! importat! posit ive' risillts . thiil at, cc.'tial ,oas;tal ion.' itas a rathitr high population dletn-
A;t v ( spi-cial ly ilt'ingt s titisr period) attd se-vtral Ind is!trit's also diseltargi't poll':! arlt materials
itt r iv.'r st ri atm: antd oceani Hi 'I I' xact l oca tiont osf It man mad.' sat.'r disc hat'1 ; s outteis co I l
vityv will1 accoriplisitid i.v isitig thermal1 ittaig.'s ( sott:'ticr's thIis locat ion does niot apear inl Old
"tjaps) . ihse- of rlt lt ispect ra I anti m::lt it etspota I satel lite itsag ,S (sulch as Lattdsat images show-

d inl t It,, cxatltpli of Pilt! o 6) sol d al low t~o pirfottit t' dlies ott oceanic c t.retts and it s v'atia-
ions a longt, t fi. ye at, ,v st : th ittg, t hte suspindii sat! t rials ott oci-anic wate r. Landsat MSS-4 (0.5-

1.i' tt or jgroe iI v,) .y t isi ' le t to sisptttt sat. r ials on waterit'is t o LIi, htighit~ tiluct me, re-
)-,Ist ,'r.'. it: t hi, sp. t I a I )arid . landsat >ISS-'i (0.6-0.7 wi or red ) is less s is ible than MSS-4
U1110111 oth lvbMat!l coticit tat iott itvel atias ' an 'e idettt it id. Fie~s,, landsat imagi',s can be ob-
aim, I , v ry 18 ilav;, wit It a spat ial tesottlt iont of- M0 m! ters (40 1:.'! ra in I lite lpancht'omat ic RiiV

cat rasp ,anti it -3) . Lanilsat -D) (1982) will t1 low t o 01! sin tiiltispect ral itnformal ion C incluiding
i hertsal iiai',200 m pat ial risqol it iot) withI 30 mt spat ial resoliut ion. Hit, Fro'tch SPOT satelIlite

will regijs!it tm ilti ; it ral data wit It 2(1 m spat ial tisoltit iott (10 mttt' rt' it t hi pantchr'omatic lB/W
7it"'.), attl tiot;',s COilld '!aittitI "( to 7 dlays iftt''sar' NiTUilis CZCS !;'tt5ot (Coastal Zoni'

k ,Iitr 'tcalttll,',('/t'S) lluow to o!t il dai lv '<ilt isis'.' ral data ( itcliittng the'rmal imagi's) with a
Iuw' pa..t il t ''stil'.t iolt (alto': ;t i tt0 ) . I'Ii- 'omiit, d3 is,' of atrial anil aat ,1li e" ittfot'tatiori is
vt v I. I t o !,eT t it 1ti, s itt t Ii l ocalt it of f I tx, p0 11,;! anrt (iischa rgi' tittF L ati dals ,o to va -
I s at t 1.ato 1. 1 it I l(at.'. of t hies soitt'c.' ittI th(- gljobal wattir pol l:! iott probli's).

'sl'swatt'r poll 'it iort, imiport at! st theac oit coastal grolitd water loeat ion co ild lbe de'velop-
.1 :v is i tig at' r ia tbi.'rma 1 isar.; If arty groutnd sat. cr di schalrttge ( cotming IT urn tie Cottr itotIt ) joinls

t o t h. o..atti.' wateit, t his Itiesh wate.r will go ipj (hIscatise it s mintor salinitv) atnh t liirmal ittagi's
iI I r.','ist,,T I IT,' 1 crinal lift.t'I'tti's itt s':t'ficial oceanic watert It lit.'rtal .lisctisiat ion 0,1 * C).

all 11vii.':. Ihs'~ g' pp'arst';uchi as wateir p1 'icl' of (lit f'.'t.nt tempetat ::t'. In t itis se.'s.'
t h. j,,r -,at ('ap'11 Ii .ii t f i.','( imah;. lot t I-tilerat re disctimittat ion woutld allow to mt tiy local
cots! al piii'tom.'nis of tpi' its (suirgiticias) , that ar' r.'lat'ihd with tavotalil. :ontdit ions fot'
t fji.'t. iI,.'a.h'ih'al ,' comri-ined 'us' 01' sat illit.' atid acrial mitlt ispe t ral anid min it imporal image'-
wi. .1d !i'., 1 at vt v'?I.'i I.J to (1. i.'.'op t I'sat <dies. A, rial irrag.'a i,s otild bec of cotis,' tidti or
I.!z .0 1-1 'I i,' ,,o pt'.'vio'!sly idl.tit itfi't it!!t ,'rest it" at ias(witicit ei:id 1-, .l.'t e'rmtined thro 4;h sa-
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I -! I LTINC; ThERMAL ISOLAIION ANtD OTHlER CIVIL ENG;INEERI NG PROMLFT-IS

Hetat loss pro- l-ills holtsS and resid-tit ial -uiidings wi-re cu-arly idrnt ified (Photo 7a).
hi- difIfct-rit -uji Id ingI, mat t .tia Is and( it I t hermal propi.rt b-,s cot Id alIso tie ident if fied, as shI ow -
d int Photo 7!.. Opt-nd spacs and it s inftti- itn t lu-rrmal variations canl also he studied. Thle-

se fact ors at- vet-v itmportant to 1- considered or nr-,svigppse Abtter i dng
isolat ion t .i--l o n Id allow to save import ant aisotit of energiy ( suall re-presenYt id hy pe-tro-
le inm) ttio !t a ilt wa it-i co(indtitions ins ide thiv rt s ideurce s Ph ot o 7c - hows an example. onl tow t he rm-
al ine-rt ia canl Siv it ir:'in.d t hrouigh ithesi- thirmal imagi-st a t irminal tot- ru~ral S, se s in Sant ia-
go,, show:; Ie, relat ive- coliting, ott the -use,tipittitg ott its Ri c--itt use.

A gio!-al pi-o jet to Wtt ait I tiial dist ri, .t ioti oi thIe difteret zontis of t It, city couild
itittided iii the ttext It ta t- . I-or itistance t, it is kniowi tthat dowtownt ari-a (c-it tal zot of

Sanit ialgo) act s as ait thenal I ocus thlar protliices the eli-vat ion of hot air and thti s e ff'-ct is s pe-
cil Iv ir-poTrt.tit d&:ring tt tii gtit (whenr all t hi, mart erials -are- !ecoming- coldir) Dui(- to tit-,

"'0 tnt arin that rrlo tid1 t t- c'ite ill tiht- Eat zone, t fit tiot airt cor it t h I It sid-tit ial area
(at t rh 1, . I " to it1s '-otittaitis I opoigrijtlv) . In t his tav thte jut ermediate ZOTte -hould tsr

tihe coldIte area It( .i it 1 I i gttt antit h te tat-Tv t-otnitt. Ttis plienometa has ti i-n st 1dii-d ()
I hri t-,ti cotleetit ti ou ii It dat a m-as x-rtetl IS itl t lIW citev ( It, rp4-rat ii 5 itms-as rid at di iffi-rit ttotrs,

iii i-pres:-ni at te %- i ri--t s at Iottg N-S anid E-W of I ti- ciiiv). It I htirmal mosaics (ott ained at dif-
,I"-it tiitilrs a101ittg dav Attd Ti-iht)-w~r-avil ath- , t hi- si st :iies could oe li-rv well accompli stied.

Itt, i itttif iCat i('ti OF -hi (it I -- i it thermal zones of- i he cit vi( I hormal itnert ia, special ly d- ring
it 1- Ii tIlt) to lit( allow to sile I hit -etit buiilding niatti rials atd itesigtis to !,e iti-ed in t hese
dii ffI renit ar, as itt Satnt iagto ( or otitir cit its) , t Itroigfh Iiii- totowli-dge of- Ite dif fi-reLnt t titrmal

daavutt ,h-nt 'li, , for --very zotti.

h, :t tl di ff I--" it ttat i t-ials ( sandi, clav, t ocks) or soil cotidit ions, wate~r loss iii dams,

it!Iit it l~lt 0t I toti atit itt th. t- ito'liis i-lat o-i to ci il I nit-- n act is-it b-s could hei also
i!T-prot-it 'y. jl - .o r-note Siit lit tee- niqiteti . lii tie of or h satelilite- and aerial iniformat ion
is li-rv im portatnt to accomiplisth thi-s- stib-.s. Many of thes-, -ixperienc-s have ti-en suiccessfullyv

ic t i-i nt ot ih, r coiy itt-s lowiv-r, it was li-ry use ful to prove thlat sujch technology co Id
--also t:iploved it i Chili-, t'v using' thi- Chili-an infrast ruct ire. Duti to tHeV positiv'e resu~lts

ii: t iit-i inl th----antd ot ltir pril iminar' ixperit-tivs (sci- Ri-ferencis 1,2,3) , many potent ial appli-
catitoils Ior I t ute oprat iotal programs have hecu foreseen. * nit acqutisit ion of improved remote
--- tstirs (a Iltispect ral scannt-s with digital ri-cording capatiilit y) ant; iterpretation i-qllipment

is i-n cotidret hi *ivow. As a first and importatnt stotp, the At-roptiot ogramtt c Sereici- (SAF)
its alreaidy itlst all-t Ia compl-to B114/ and color photogr-aphtic tatoratorv atid( anl i-qtipment for di-

c-it aT itt rpr-! ation oif sateilllite and at-naT imagir s is, almost ready to tie uised. Ti-( f -t: -e a-
ial lit-i litvi of tanisat -O atd SPOTj images will all ow to improve mi-ihodologies to the applie-d in
It ;ire ori-rat iona I programts, si icti as the ixi;t ing programs to stuidy giothierinal rcsoiirc-s in Chi-

I" -v% lsit 1 ; ri-motv e stiiig iri-chniqes (Refs. 1,3) and antarctic environmental condit ions and na-
Ira I ri-solirct u (Ri-f .2), wtti-re pios it ive reqits ls have- lit-,-n otaid by tiow. ie improved infras-

tf 1"tr-,ft-T dlat a acqilisit ion/interpretation, tesides thei improved satvi-lri dtiaa anti the ixp--
r i"TC i-ril.- at- tit i-i -niat ional ri-si-archi st s, will all ow to otitaiti importalit ri s~:t s f-or dii fertit
ptlt O rttittt iii th lii iixt t it tri-.

3. ISO-DENSITY CI*RVES IN I RBAN TRAFFIC FLOW.

Anral liii ogu-raphs gil-i an itis t antaiio-ls pict ire of- ihi- tt-affic sit latioi oil a toad st-ct ion.
A seit-n t of t h- -a iltg anr artetrial roulie cali illuistrate -t only stat ionary cotndit ions ,it di-

tat-ic otnes t-ti-si.q- si-ct ions art- piliot ograptici at differetnt mtoments in time.* A ti-chttiiie, already
si-il at li-ast iii ti-eways (Ref. !4). to repni-sunt this dynamic itiformat ion is to diraw iso-density

c ret-s in ta t ime-spait- iliagram.

t),-nqit v is a ptropetr ty of traffic flow define-d as thte nitimttr of vehicles per utnit distance-
lit--itt in a road st-ct ion at a given moment. F or thie saki- of spat ial homrogi-neity when goritit c
I--tigit is tior si atitar-il it canl !,- i-xpt-eqso ott a pt-i in- tiasis. thin, dtii? y can tit calcullated

t- Vtg at-In i Iiiksi-t, h)pt . i;,-olo,1 ;{'a y ;of rstca, faciltad di-, Cii-nciasFfsicas i-
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qo, li itsi-sii. plan, (,,I i- d IvId,- Iil t n i t i f -ronit class-s:
- ll-ull '-'!-. o Is 4.. .. (3 '. lu! . c tv,
- da i %, ,'on,,, -d: - I w.- -it 63 'uid 100 sI-i/nn/ ia- cI c
-K' vs ooti If Ciiii Ti r- Iff 10() Itd 13)0 v4 II'at,/Ian.- c :1Vk.s

v -X vf fiiftfi- . i i id 1t Iii O 1 'I-/liul/ Ian. - T I V

A i i ind x if h, "-Inil .I Ili con1 '. xtl ionT -'it at iooi in a ijv-n si-ct ion (or o-f of s-c' ions)
'. , i)l Ii'' lf of I It L !Ioi], 0' ol ii I -'ITIilni' i7!1 -2)W , ku I-, a !~ 1 at - iunji, t I ill nconj,,s , d clan-'

fI ff fojri t Ii, . I tild I t ir pai o! i it i l v1ff l tiff i I r~ip alt tfact' tons lt A.'-I p.a 1), sr i od
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THE USE OF A GEOGRAPHIC INFORMATION SYSTEM TO COMBINE LAND USE

INFORMATION DERIVED FROM LANDSAT WITH SOILS DATA TO STRATIFY
AN AREA IN ARGENTINA FOR CROP FORESCASTING*

Mary DeVries, Frederick Westin, Francisco Redondo, Claudia

Gargantini, Natalia Marlenko, Guido Vassallo, Michael Wehde**

ABSTRACT

Area frame sampling is currently used extensively for
providing agricultural crop production data. One of the re-
quirements for the implementation of a successful area frame
is the initial stratification of the country or region into
relatively homogeneous areas. Soils and land use information
play an important role in identifying these homogeneous areas.
A technique which utilizes the Area REsource Analysis System
(AREAS) geographic information system for processing the soils
and land use information in order to obtain output products
which are useful for homogeneous area delineations is demon-
strated. The area chosen for the study includes portions of
the Argentine provinces of LaPampa and Buenos Aires. Political
boundary (partido) information was also processed by AREAS in
order to provide areal tabulations on a partido basis.

1. INTRODUCTION

The ability of a government to make sound decisions concerning a coun-
try's agricultural economy is dependent to a large degree on the availability
of accurate and up-to-date agricultural crop production data. Area frame
sampling (Wigton et al., 1978) is a technique which is currently used exten-
sively for providing such data. One of the requirements for the implementa-
tion of a successful area frame is the initial stratification of the country
or region into relatively homogeneous areas. A technique which utilizes land
use information derived from Landsat MSS imagery, soils data and the Area
REsource Analysis System (AREAS) (Wehde et al., 1980) geographic information
system to aid in the delineation of these homogeneous areas is demonstrated for
portions of the Argentine provinces of Buenos Aires and LaPampa. This study
was conducted during the period of January through April, 1981, while the four
authors from the Comisi6n Nacional de Investigaciones Espaciales participated
in the Visiting International Scientist Program at the Remote Sensing Institute
under the sponsorship of the United Nations Food and Agriculture Organization.

2. DESCRIPTION OF THE STUDY AREA

Thp location chosen for this study was 38- S to 39- S latitude and 60-
W to 64 W longitude. Figure I is a false color composite Landsat mosaic
reoroduced in black and white of a large portion of the project area. This
area lies in the southwestern part of Buenos Aires Province and the south-
eastern part of LaPampa Province, approximately 550 km southwest of the city
of Buenos Aires. One of the reasons this location was selected is because it
contains differences in soil types and crops. The eastern portion is one of

SDSU-RSI-J-82-03

* Ms. DeVries, Dr. Westin and Mr. Wehde are associated with the Remote Sensing
Institute (RSI), South Dakota State University, Brookings, SD, USA. Mr.
Redondo, Ms. Gargantini, Ms. Marlenko and Mr. Vassallo are associated with
the Comisi6n Nacional de Investigaciones Espaciales (CNIE), Buenos Aires,
Argentina.
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the most productive agricultural areas in Argentina in which the main crop
is wheat. It is humid with precipitation as high as 900 mm/year. The soils
mostly are Argiudolls and Hapludolls (Prairie soils) developed from loess.
The western portion of the project area is less moist and the predominant
soils are Haplustolls and Argiustolls (Chernozems and Chestnuts). There are
more summer crops, such as sunflowers and sorghum, and the farms are diver-
sified with livestock as well as crops.

3. MATERIALS AND METHODOLOGY

The AREAS input data used in this study were (1) political boundaries
(partidos) obtained from an Operational Navigation Chart (ONC), (2) soils
maps and legend material obtained from the World Soils Maps of the Soil Geo-
graphy Unit of the U.S. Soil Conservation Service, and (3) land use (crop use
intensity--CUI) data produced by the interpretation of Landsat false color
composite imagery (Westin et al., 1981). All of the input data maps were at
a scale of 1:1,000,000 and are presented in Figures 2, 3, and 4 as drafted
versions at a reduced scale.

Each of the three input maps was digitized using a transparent mylar
grid and a manual encoding technique. The grid was generated using the South
Dakota State University (SDSU) Calcomp drum plotter, the SDSU IBM 370/148
computer and the AREAS GRID program. (See Table I for a listing of the AREAS
programs.) Each grid cell represented an area of 4 km 2 when overlaid on the
1:1,000,000 scale maps. The manual digitization process involved recording
the column numbers where category changes occurred on a row-by-row basis.

The encoded data were processed using the CARDSIN program which checks
for coding errors and creates a map data set on a disk file. This data set
was then used by the PLOTTER program to produce a computer-plotter map which
was compared to the original map for error checking. Errors detected by the
CARDSIN program or on the plotted map were corrected and the data were again
processed using CARDSIN and PLOTTER. This error-detection loop was executed
until the data were error-free. Figure 5 is the plotted version of the soils
map (compare with Figure 3).

It was necessary to check for registration among the three basic input
data sets because of accuracy problems which result from mis-registration
during subsequent compositing of the data sets. The registered, error-free
data sets were then processed using the TABULATE program to determine the
areal extent of each category within the individual data sets.

4. RESULTS AND DISCUSSION

One of the analysis functions within AREAS is the INTERPRT program.
This allows the user to group map units and create thematic maps. The
utility of this program was demonstrated using the soils data set. Table II
is an interpretation of each of the soil map units for several internal and
external characteristics and the comprehensive soil taxonomy classification
for each unit. Table III is an interpretation of each of the units for land
use capability and suitability for various crops. The interpretation infor-
mation was used in conjunction with the INTERPRT program and the soils data
set to create several thematic maps such as the suitability for oats map in
Figure 6. This film printer map was produced using the IMAGEOUT program in
AREAS to create a magnetic tape file which was then used to generate the map.

Another AREAS analysis function is the COMPOSIT program. This program
overlays two to four input data sets and results in a data set which is a
composite of the input maps. Because an unwieldy number of combinations
can result, it is often desirable to refine the output data set by subsequent
INTERPRT processing or to present the combinations in tabular form as in
Table IV. This table shows the results of compositing the political boundary
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and crop use intensity data sets and provides useful information concerning
the crop use intensity within each partido. Figure 7 is a line printer map
(PRINTMAP option) and tabulation of the composited crop use intensity and
soils data sets.

The map shown in Figure 7a can be used to locate homogeneous areas for
area frame sampling. The soils data presented in Tables P and III indicate
that the soils CH U/L and CT U/L are potentially the most productive. The
areal tabulation data in Figure 7b show that together these two soils make up
78.9 of the CUI class 1 category (greater than 70Z cultivated). The CH U/L
soil unit within CUI class 1 is designated by an N on the map (Figure 7a)
while the CT U/L soil unit within CUI class 1 is designated by a hyphen. By
compositing the partido data set with the composited data set shown in Figure
7, homogeneous sampling areas can be located within the political units for
planning purposes.

The data in Table III can be used to provide an agronomic check for the
crop production figures that ultimately are to be derived from the area frame
sampling. It is noted that the soil CH U/L has a good rating for all land
uses listed. The soil CT U/L has either fair or good suitability ratings.
The principal difference between these soil units is that the CT U/L soil
unit is the product of a drier environment so that yields will be lower than
for the CH U/L soil unit.

5. CONCLUSION

Soil maps, used alone, tell something about the potential of an area
but do not indicate land use. Maps generated using Landsat imagery show land
use but not soil potential. When these two data sources are combined in an
information system, the resulting delineations are homogeneous with respect
to potential and crop use intensity and would appear to be useful for area
frame sampling.
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Figure 1. Black and white reproduction of the false color composite mosaic

of Landsat scenes 2322-13104 and 2321-13045 acquired on December
10. 1975, and December 9, 1975, respectively, covering a large
portion of the study area.
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Figure 2. Drafted version of the AREAS input map showing political
boundaries (partidos).
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LEGEND
Soil Map Unit Descriotion Soil Map Unit Description

AN-A S  Calcareous and saline CTs R/U andy chestnut soils
alluvial soils from unconsolidated

Bg Brown soils on gravel materials on rolling
plains terrain

Bs Sandy brown soils on CT U/L Chestnut soils from
level to rolling plains loessial parent mater-

CH U/L Chernozem soils on ials on undulating to
nearly level to gently rolling topography
sloping loessial plains SB Sandy beaches

CT M/ Lithosolic chestnut SK Sononchak and associ-
soils on mountains ated soils

Figure 3. Drafted version of the soils maps used as input data for
AREAS and legend for the map.

6 4"'W 60" W

38 S

0 SO K.

LEGEND

1. >70% cultivated
2. 50-70% cultivated

3. 3D-50% cultivated
4. 5-30" cultivated
5. < 5% cultivated

Figure 4. Drafted version of the crop use intensity map used as input data
for AREAS and the legend for the map.
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Figure S. Digitized, plotted version of the soils input map with
annotation added manually. See Figure 3 for legend.

SUITABILITY FOR
OATS

*FAIR
POOR
UNSUITED

*SEA

Figure 6. Suitabil ity for oats thematic data set created using the INTERPRT
progran for soils data interpretation and the IMAGEOUT program
for generation of the film printer map.
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Code CUI Soil Percent Area Code CUI Soil Percent Area
Area (Hectares) Area (Hectares)

1 An-As 0.68 26,000 3 3 SK 0.10 4,000
L 1 Eg 2.27 86,800 X 4 An-As 0.86 32,800
C 1 B s 2. 24 85,600 8 4 B g 0. 50 19,200
N I CH U/L 11.08 424,000 A 4 Bs 1.19 45,600
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W 2 An-As 0.02 800 + 5 An-As 3.01 115,200
U 2 CH U/L 0.09 3,600 2 5 Bg 0. 51 19,600
M 2 CT U/L 3.32 127,200 5 Bs 12.58 481,000
S 3 An-As 0.59 22,400 7 5 CH U/L 0.42 16,000
B 3 Bg 0.75 28,800 5 CT M/ 0.62 23,600
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0 3 CH U/L 1.94 74,400 = 5 CT U/L 4.55 174,000
V 3 CT M/ 0.03 1.200 9 5 SB 0.37 14,000
T 3 CTs R/U 0.26 10,000 . 5 SK 0.06 2,400

3 CT U/L 7.39 282,800 # 5 Sea 3.43 131,200

Totals 100.00 3,826,400

Figure 7. Results obtained from compositing the crop use intensity (VUI) and
soils data sets. (a) Line printer map created using the PRINTMAP
option. (b) Legend for map and areal tabulation.
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Table I. Listing and brief description of the AREAS programs.

ADJACENT - Report which codes adjoin (spatially)

AGREGATE - Reorient boundaries to simulate larger cell size

BOUNDARY - Analyze inter-boundary distances

CARDSIN - Create a map data set from coded card deck

COMPOSIT - Overlay two to four maps into one data set

DELETE Remove a data set from the disk directory

DISTAP - Copy AREAS data set disk-to-tape

EXPAND - Increase matrix dimensions to simulate a smaller
cell size

FILLER - Generate a dummy data set for filler in merge
operations

GRID - Generate cellular grids of rectangular shapes

IMAGEIN - Convert digital image to AREAS data base

IMAGEOUT - Convert AREAS data to various forms of digital
images for film recording

IMAGST - Calculate the mean and variance of subsets of a
digital image corresponding to an AREAS data set

INTERPRT - Tabulate areal extents or alter data codes to
take on a new meaning

LISTING - List a data set on the line printer

MERGER - Join up to 5 data sets per pass at edges or ends

PLOTTER - Plot AREAS data set on Calcomp drum plotter

PRINTMAP - Create a map on the line printer

SHRINK - Reduce matrix dimensions to reflect cell output
of AGREGATE program

SUBSET - Select a subset of data codes for analysis
cha rac ter i s t i c s

SUMMARY - Generate a one page report of data set
characteristics

TABULATE - Generate area tables (inventory)

TAPDIS - Copy AREAS data set tape-to-disk

WINDOW - Build a smaller rectangular output data set from
an input data set
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II

Table Ill. Interpretation of the soil map units for land use capability
and suitability for various crops.

Suitability
Land use
Capabi- o

Soil lities 0 U . Feature
Map (Class and ' m Limiting
Unit Composition Subclass) 0 o Use

AN-AS AN 70 I 1 1 1 1 1 1 ---
AS  30 VIs 4 4 4 4 2 2 Salinity

g 100 JVs 4 3 3 3 1 1 Excessively
drained, aridity

Bs 100 Ills 2 2 3 3 1 1 Excessively
drained, wind
erosion

C1H 100 11 1 1 1 1 1 - --

CT 100 VIle 4 4 4 4 3 2-3 Very shallow,
wind erosion

CT 100 IVe 3 3 3 3 2 1 Slope-hilly,
S U erosion

C U 100 II1e 2 2 2 2 1 1 Erosion
L

SB 100 VIIs 4 4 4 4 4 2 Coarse texture,
excessively
drained

SK 100 VIs 4 4 4 4 2 2 Salinity

Land Use Capability Classes Suitability
6determine the degree of land I Good

use capability: I-IV are 2 = Fair
capability for croplands, 3 = Poor
V-Vhf are capability for 4 = Unsuited
grasslands.

Land Use Capability Subclasses
determine the limitation of the
soil: e - erosion. s =  limitations
in the root area for salinity,
excessive drainage.
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Table IV. TABULATE resul. for the composited political boundary and
crop use intensity data sets.

Code Code* Percent Area Code Code* Percent Area
Number Label Area (Hectares) Number Label Area (Hectares)

1 4H 0.92 39,600 23 3T 2.15 92,800
2 5H 0.88 38,000 24 5C 8.98 388,000
3 IH 1.38 54,600 25 4C 0.22 9,600
4 IPU 1.91 82,400 26 2T 0.66 28,400
5 2PU 0.79 34,000 27 ID 8.85 382,400
6 IT 3.54 152,800 28 2D 0.07 3,200
7 4T 2.95 127,600 29 3C 1.05 45,200
8 2H 0.07 3,200 30 38 2.44 105,600
9 5T 0.68 29,200 31 4B 0.94 40,400

10 IPR 4.33 187,200 32 4D 2.21 95,600
11 4PR 3.53 152,400 33 2B 0.25 10,800
12 2PR 1.05 45,200 34 IB 2.09 90,400
13 4G 0.18 7,600 35 4V 0.84 36,400
14 3G 0.50 21,600 36 5V 2.84 122,800
15 IG 1.45 62,800 37 3V 1.07 46,400
16 4PU 1.42 61,200 38 5B 2.17 93,600
17 13A 7 .80 336,800 39 30 0.63 2/,200
18 3PU 2.32 100,400 40 IV 3.19 137,600
19 3PR 0.39 16,800 41 5D 1.34 58,000
20 33A 0.81 34,800 42 53A 0.38 16,400
21 43A 0.61 26,400 43 SEA 2.96 128,000
22 5PU 1.57 67,600

• First digit of code label corresponds to crop use intensity (see

Figure 4). Coding following digit indicates partido:

H = Hucal 3A = Tres Arroyos
DU = Puan C Caleu Caleu

T = Tornquinst D = Coronel Dorrego
PR = Coronel Pringles B = Bahia Blanca
G = Gonzalez Chaves V = Villtrino
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BIOPHYSICAL MAPPING OF THE REPUBLIC OF HAITI
THROUGH THE USE OF ENHANCED LANDSAT IMAGERY

Bernard Kientz

Societe Francaise d'Etudes et de Recherches Economiques et statistiques
Paris, France

L.A. Rivard

Montreal, Quebec, Canada

William A. Tyler

Environmental Research Institute of Michigan
Ann Arbor, Michigan, USA

ABSTRACT

Landsat data in imagery form at 1:250,000 scale were
utilized to produce mapping of biophysical features of the
Republic of Haiti. The results of this study will serve as a
baseline inventory of resources for the Direction de
l'Am~nagement du Territoire et de la Protection de
l'Environnement. As a comprehensive reconnaissance
inventory, the map products should permit an initial
selection of agricultural management areas or priority zones
of erosion control...

The Haitian environment is highly sensitive to erosion
primarily because of:

1. Rugged relief
2. High rural population density,
3. Climatic conditions.

PREPROCESSING OF LANDSAT DATA

The territory of the Republic of Haiti is included on
portions of four Landsat frames. Four geometrically
corrected enhanced false color images were produced at a
scale of 1:250,000.

1. Most recent cloud-free imagery was obtained from the
EROS data center. Most of the country is included
within two frames imaged in January, 1979.

2. Each scene was geometrically corrected utilizing the
best available topographic maps and nauticl charts.

3. Landsat data were resampled into 50 meter cells in
UTM map projection.

4. Four geometrically corrected, radiometrically
balanced digital mosaic images were produced at
1:250,000 scale.

wPresented at the Seventeenth International Symposium on Remote

Sensing of Environment, Ann Arbor, Michigan, May 9-13, 1983.
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INFORMATION EXTRACTION

Three map products were generated at 1 :250,000 scale by
visual interpretation of enhanced false color images,
supported by 285 ground-truth stereophoto pairs at 1:40,000
scale taken in 1978.

1. A geomorphology map (22 categories),
2. A biomass map (17 categories),
3. An erosion susceptibility map delineating 4 classes

of erosion risk.

In addition, the geomorphology classification was produced
in report form to define the attributes of the categories.

INTRODUCTION

The biophysical thematic mapping activities described in this paper were
carried out in 1981 at the request of DATPE (Direction de l'Am~nagement du
Territoire et de la Protection de l'Environnment de la secr~tairerie d'etat de
Plan) of the Republic of Halti and was financed by the Fonds d'Aide et de
Cooperation francais. Specifically the request was to obtain rapidly an
up-to-date country-wide inventory (28,000 km) of biophysical resources, the
purpose of such inventory being to serve as basic information for the
development of the national 5-year management plan for the period 1981-1986.
Priority needs included (1) a means of initially locating districts most
favorable for agricultural development; (2) areas requiring soil erosion
control. The Haitian environment is particularly sensitive to such erosion due
to a) its climatic regime, b) its generally very rugged relief and c) high
population pressure on the land.

Budget and time constraints led tc the ase of Landsat MSS data as the most
practical means of producing reconnaissance scale maps (1:250,000). The
following products were delivered to the client:

- An enhanced imagery mosaic described elsewhere in this paper.
- A map of geomorphological terrain type.
- A land cover/land use map.
- A map of susceptibility to soil erosion.

DATA PROCESSING

The Republic of Haiti is included on portions of four Landsat frames.
Cloud-free images were obtained during successive day passes in January 1979 for
most of the country. Cloudy areas were supplemented by using data obtained
during February 1976 for a small portion of the country. It should be stressed
that a considerable degree of freedom is allowed in finding cloud-free areas due
to the overlap and sidelap of Landsat images. Areas that are cloudy on one
acquisition date may be clear on the previous satellite pass (one day earlier)
or the next satellite pass (next day). If this area corresponds to an overlap
area where cloud-free data are available, cloudy data may be "written over" with
clear.

All digital processing was done at the Environmental Research Institute of
Michigan's Earth Resources Data Center (ERDC). The initial steps involved in
producing the images used in this study were running a scene search and ordering
recent cloud-free data. After digital CCT's were received from the EROS Data
Center, preliminary processing steps were performed on the data. These involved
destriping, geometrically correcting and resampling the Landsat data.
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Geometric corrections are required to convert the data from the uncorrected
Landsat grid system to a more useful mathemetically defined map projection. The
characteristics of the Landsat data that necessitate geometric correction
include parameters related to the orbit of the satellite, the design of the
multispectral scanner, and the requirement for use of projections to map a
curved earth surface onto a flat piece of film. Satellite and orbital
parameters requiring correction include: (I) tilt of the Landsat orbit with
respect to the axis of the earth, (2) rotation of the earth under the satellite,
(3) non-spherical shape of the earth, (4) satellite altitude, roll, pitch, and
yaw and the changes on these attitude parameters.

The most accurate method of correction, and the one applied in this study,
uses the ERIM nonlinear rigid model to map Landsat data into the desired map
projection, correcting spacecraft and sensor distortions and perturbations in
the process. The model uses a combination of defined Landsat parameters and the
information contained in the Landsat SlAT file (an ancillary file contained on
the EROS CCT) which includes spacecraft latitude and longitude and altitude,
pitch, roll, and yaw as reported at several points through the scene.
Parameters which are rigidly defined by the model include:

- Sweep-to-sweep skew due to earth rotation,
- Sampling delays and errors due to repeated pixels,
- Variations in scan mirror velocity with scan angle (empirically derived

for Landsat 1, 2, and 3),
- Perspective or panoramic distortion,
- Oblateness of the earth,
- Elevation of map control points.

To apply the model, a regression analysis is performed between a set of map
control points and image control points to refine the reported spacecraft roll,
pitch, and yaw and to calculate roll and pitch rates and accelerations. Image
control points are identified within the scene in row and column coordinates as
it is displayed on a color monitor, and the corresponding points are marked on
large-scale topographic maps. Control points should be single pixel permanent
features that are visible in both the image and on the map. Examples include
road intersections, bridges over streams, and other high contrast features. Map
control points are digitized on a digitizing table to define their latitude,
longitude, and elevation information is entered (if available). The refined
attitude parameters are subsequently combined with the rigidly defined model
parameters to generate a pair of geometric transformations that are used to
convert the raw data into the desired map projection.

In principle, only three control point pairs are needed if no attitude
maneuvers have been performed by the satellite during the collection of the data
being corrected. In practice, however, a larger number of control point pairs
are used to (1) reduce the effects of and permit detection of a bad point, (2)
permit averaging to achieve subpixel accuracy in image control point location,
and (3) to correct for pitch and roll rates and accelerations. The accuracy of
the correction is limited by the resolution of Landsat data, map accuracies
(usually a function of scale), and the precision with which image and map
control points are located.

Mapping the data from the Landsat coordinate system to the desired map
projection requires resampling of the data. Since new pixels will generally be
required from locations between original pixels and transformed pixels, some
form of interpolation is needed to estimate the new value. Common resampling
techniques include nearest neighbor, bill ear, cubic convolution, and
restoration. The first three are interpolations, while the fourth (restoration)
is not. Restoration is a deconvolution technique. Because this project
required the highest quality images, the restoration resampling technique was
used. This technique recognizes that the terrain informatin has been convoluted
by the scanner point spread function which includes the optical blur circle, the
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moving detector area, the presampling electronic filter, and the digitizing or
sampling process. The intent of restoration is to deconvolve the data by using
a priori knowledge of the characteristics of the MSS to develop a set of
processing coefficients which, when multiplied by an array of Landsat data
values, will yield the best estimate of the desired resample point. Further,
through the use of a non knowledge, the inverse of the scanner convolution
can be applied to synthesize the new sample point with a desired scanner point
spread function to replace the original point spread function. Using a 4 x 8
array of Landsat pixels and the appropriate processing coefficients, data with
better spatial and radiometric quality than the tape recorded Landsat data can
be synthesized during the resampling process. For this project a 50 meter by 50
meter resampling interval was used. The data were resampled into a UTM map
projection.

Resampled subscenes were then digitally mosaicked into four geographic
areas labeled northwest, northeast, southwest, and southeast. The resampled
images were filmed at 1:1,000,000 scale (using a 50 w film aperture) and final
scale enlargements (4X) were produced at 1:250,000.

INTERPRETATION ACTIVITIES

Methodology

The work followed a normal multi-stage approach for a reconnaissance level
base line survey proceeding from a study of collateral information (see
site-specific items in Selected References) to a correlation with the imagery
spectcal patterns to establish classification categories and their subsequent
mapping.

Landsat imagery-based visual interpretation methodology can be viewed as
situated between the standard type based on airphotos on the one hand and
digital classification of the spectral data on the other.

Ground Data

Since field investigations were precluded by available funds, Landsat image
classification accuracy was maintained by comparison with interpretation of
black and white stereo airphoto pairs, scale 1:44,000 flown a year before the
multispectral data. These were available for 285 sample localities scattered
throughout the country.

Time

The time required to complete thy delineation of the geomorphology and
biomass classifications for 28,000 km was approximately two man-months per
classification.

THEMATIC CLASSIFICATIONS

Mapping Unit Signatures

As in the interpretation of conventional airphotos, biophysical mapping
units are delineated on Landsat MSS imagery by combining a number of diagnostic
elements of which the integrated radiance unit of the pixel is but one.

The detection and recognition of classification categories in Haiti was
based on the following image elements:
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Element Geomorphology Biomass

Direct Spectral - slope aspect shadows
and illumination colour (infra-red)

- biomass association

Locational physiographic site geomorphic association

Patterns stream drainage - stand density

- relative height

Shape unit polygon outline crop polygons

GEOMORPHOLOGY

The 1968-70 OAS survey produced a geologic map and a soil/land capability
map of Haiti. For the needs of the 1981-86 five-year plan we were asked to
produce a geomorphologic map of the national territory.

The physical framework of the country is dominated by northwest-southeast
and east-west tectonic trends and is characterized by anticlinal mountain ranges
and alluvium-filled synclinal or down-faulted valleys arranged in continuous
sequence from the north to the south coasts of the island. The highest point in
the country is 2660 m while the average elevation of the ranges is about 1200 m.

The geomorphology classification is based on geological genetic principles
and the categories are essentially lithomorphic. In land systems terminology
our interpretation of the airphotos delineated "land units/facets", initial
analysis of the Landsat mosaic delineated "land systems" and the latter were
refined as much as possible into units/facets by comparison with the photos.

The developed classification of geomorphologic units is as follows:

GEOMORPHOLOGY MAP

Group 1 - Coastal deposits and fossil forms

11 - plains and deltas
12 - mangrrve wetlands
13 - fringing and barrier coral reefs
14 - raised reef cliff terraces and plateaux (maximum elevation 690

meters)

Group 2 - Detrital fluvial deposits

21 - valleys > 500 m wide, including floodplains and terraces
22 - alluvial fans
23 - level plains
24 - inland wetlands
25 - dissected plains

Group 3 - Residual high mountainous massifs

31 - dissected volcanic
32 - dissected granitic
33 - karstic limestone
34 - mixed/interbedded sedimentary rocks
35 - altered sedimentary rocks
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Group 4 - Hills and low mountains

41 - karstic
42 - mixed/interbedded sedimentary rocks
43 - volcanic rocks strongly dissected
44 - altered sedimentary rocks
45 - dissected granitic rocks

Group 5 - Plateaux

51 - relatively flat-lying limestone
52 - relatively flat-lying interbedded sed. rocks
53 - granitic rocks

Expanded Legend

The geomorphology classification was also produced in report form to define
the attributes of the categories under a number of headings:

- Representative Location: - this was illustrated by reproductions of a sample
airphoto and the corresponding area from the Landsat mosaic.

- Material: - relative induration, lithology
- Topographic characteristics: - relief range, regional pattern and local
morphology

- Morphogenesis: - relative permeability, relative resistance to water
degradation and susceptibility to chemical weathering.

BIOMASS

In the Caribbean region easterly trade winds blow off the sea constantly
throughout the year. This dominant climatic factor acting on the structural
arrangement and relief of Haiti described in the geomorphology theme produces
great differences in rainfall on the northeast and southwest sides of the
mountains, the rains being heaviest on the windward side with moisture
deficiencies in the lee valleys. This generalization does not apply to the
southern mountains where both north and south slopes are wet.

These orographic and climatic factors strongly determine the type and
distribution of both vegetation and land use in the country. The basic patterns
are strikingly apparent on the Landsat mosaic particularly since it was produced
from data acquired during the local dry season.

As ir.jicated in the discussion of mapping unit signatures, the biomass
categories were established on the basis of spectral and physiognomic features
which were then subdivided according to the geomorphic factors of topography,
slope aspect and geomorphic type.

The classification is as follows:

A. Land Use

Intensive agriculture in plains and valleys

Irri gat e d
11 S ugar cane

21 - Multiple Cropping

1-rr ated:

22 - Multiple Cropping
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Land Use on hill lands and mountains
23 - subsistence agriculture and extensive pastures
24 - coffee
25 - cocoa

B. Natural Vegetative Cover

Savannahs

31 - Wooded
32 - Herbaceous
33 - Regeneration forest/bush fallow

Forests

41 - Dense forest (mature)
42 - Degraded forests

Xerophytic Associations

51 - Barren land

Hydrophytic Associations

61 - inland wetlands
62 - mangrove swamps

C. Non-vegetative Land

71 - inert lithosols
81 - inert urban

Comments

The biomass class; tion may be compared to two earlier surveys:

1. The paper by Lafortune Seme and Laurin on the Cul-de-Sac Plain lists a
number of limitations in the digital processing of their data (P. 1474):
- 7% of the land remained unclassified
- sparsely vegetated land (71) was confused with light forest (42)
- Xerophytes (51) could not be separated from savannahs (31/32)
- multiple cropping without irrigation (22) could not be separated as a category
because of its inherent heterogeneity and the small size of individual fields.

Neither their visual interpretation nor ours encountered difficulties in
discriminating these categories. Their visual interpretation yielded 20
categories compared to 17 for their digital classification.

2. Although it was not intended by the client that we maintain compatibility
with earlier classification schemes, it is worth noting the ways in which our
map of land cover and land use differs from the only other comparable nation-
wide survey to come to our attention, the OAS 1968 ecologic and cash crop maps:
- scale: 1:250,000 vs 1:500,000 for OAS
- survey date: 1979 vs 1968 for OAS
- content: the OAS ecology map classification logically depicts nine categoriesof t oretical i:r "climax" forest vegetation while our 10 land cover and land

categories show the occurrence of actual natural vegetation.

The OAS cash crops map shows the distribution of six specific crops in nine
plains areas of intensive agriculture, while our land use information shows the
distribution of four cash crops and subsistence agriculture in seven categories
throughout the country.
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Susceptibility to Erosion

The static nature of the information presented in the geomorphology and
biomass maps is complemented by the map of susceptibility to erosion which can
be considered a type of met hod n amic map. it was produced as a derivative
cartographic task in the mannier -esc;ribed below.

Bearing in mind the major environmental variables that control soil
erosion - climate, geologic material, vegetation cover and topography, it was
judged that a map depicting relative risk in a manner adequate to the working
scale (1 :250,000) could be produced by relating these variables to the
,ategories of the two other thematic maps. This decision was based on the
following assumptions:

1 . That the effect of climate is well expressed in the natural vegetative
cover.-

2. That the geomorphic categories integrate relative resistance of geologic
materials and topography to fluvial erosion and weathering.

The biomass categories were rated according to their relative deterrence of
erosion as follows:

Classes Biomass Categories

1. High Deterreice 11, 12, 21, 22, 23, 34, 25, 41, 61, 62
2. Moderate Deterrence 31, 32, 33, 42
3. Weak Deterrence 51 , 71

The geomorphic categories were noted in ascending order of susceptibility:

Classes Geomorphic Categories

0 Stability 12, 13, 14, 24
1 Low Susceptibility 11, 21
2 Moderate Susceptibility 22, 23, 33, 34, 35, 41, 44, 51, 52, 53
3 High Susceptibility 25, 31, 32, 42, 43, 45

Tracings of the two sets of regrouped categories were then superimposed and the
susceptibility map was drawn according to a final classification which was
arrived at by combinin. the separate ratings as follows:

Susceptibility to Erosion
(= geomorphic ratings; B =biomass ratings)

- Class stability: GO category
- Class low Susceptibility: G1 and BI categories
- Class high Susceptibility: G2 and B3, plus G3 and B2, B3
- Class moderate susceptibility: all remaining areas not included in the above.

CONCLUSION

This biophysical mapping experience leads us to comment briefly on
alternative remote sensing approaches to these types of terrain analysis:

- The use of satellite data as opposed to airphotos for regional surveys.
- The use of a visual as opposed to digital classification method.

Dent and Young state (p. 107) "Reconnaissance land surveys based on
satellite imagery may not be as good as those based on airphoto interpretation
but they are not demonstrably very much worse. Comparisons between unit
boundaries initially based on satellite imigery with those subsequently derived
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from airphoto interpretation show an acceptable measure of agreement. The value
of the results of satellite-based survey is lower, but not by a large margin,
but the cost of completing such a survey is lower by a factor of ten or more.
Hence, the results obtained per unit cost are certainly greater. In addition,
they are attained much more quickly."

Two main factors operated against the application of a digital
classification method in these surveys. First, our analysis work was limited to
using single date data. Further, these data were acquired in the month of
January. Along with a limited budget, this constraint was dictated by one of
the client's product requirements - the creation of a digitally-matched mosaic
of the whole country.

The search for single-date cloud-free imagery for this purpose means that,
for low-latitude environments, the uscable data will usually be found to
coincide with the local dry season. In the case of Haiti this is during the
winter. The 34 degree sun angle and 134 degree azimuth, combined with the
frequency and orientation of strong topographic relief, did not provide ideal
data for digital analysis.

Secondly, the inability to collect a substantial quantity of ground
information is usually considered to be an important factor limiting digital
classification of an area in a tropical environment. Our budget and time
constraints precluded a field study.

Finally, we believe the map products described here, generated by the
visual interpretation method, constitute an added illustration of the fact that,
in the present state-of-the-art human interpretation remains an efficient method
of extract ing information from enhanced remotely sensed data in imagery form.
To paraphrase Townshend - other analysis methods may be potentially better, but
are they sufficiently better in terms of cost and available expertise or
timeliness?

SELECTED REFERENCES

GEOMORPHOLOGY

Haiti

maps
- topographic - A.C.I.C., 1964 1:250,000, sheets NE 18-4, NE 19-?, NE 18-8 (50
meter contours)

- geologic - O.A.S. 1970, 1:250,000 (stratigraphy, lithology and structure)
- pedologic - O.A.S. 1970, 1:250,000 (ITC "soil units")

Reports
- Mission d'Assistance Integree do Secretariat General de L'O.E.A., 1958-1970
chap. 2, geology & physiography, chap. 4, soils

- Geology, Morphotectonic Analysis & Soils Mapping of Central Haiti Based on
Landsat Image & Aerial Photographs, N. Munoz et al pp. 1529-1535, Proceedings
14th International Symposium on Remote Sensing, Costa Rica, 1980

General
- Integrated Terrain Mapping with Digital Landsat Images in Queensland,
Australia, C. Robinove, U.S.G.S. Professional Paper 1102, 1979

- ERTS 1 Imagery in Biophysical Studies, P. Gimbarzevsky, pp. 391 -403,
Proceedings, 2nd Canadian Symposium on Remote Sensing, 1974

- The Application of Landsat Imagery to Soil Degradation Mapping at 1:1,000,000,
C. Mitchell & .1. Howard, FAO Report AGLT4/78, 1978

- Terrain Analysis and Remote Sensing, .1. Townshend ed. Allen and Unwin, 1981.
chaps. 3, 5, 6, and 7

- Terrain Classification, C. OIlier, chap. 8 in Applied Geomorphology, J. Hails
ed., Elsevier, 1977
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- G~omorphologie Applicable, J. Tricart, Masson, 1978, chap. 2
- Geomorphology in Environmental Management, R. Cooke and J. Doornkamp, Oxford,

1974, chaps. 13 and 14
- Terrain Evaluation, C. Mitchell, Longman, 1973, chaps, 5 and 8
- Soil Survey and Land Evaluation, D. Dent and A. Young, Allen and Unwin, 1981.

chaps. 7 and 8
- Review of Concepts of Land Classification, J. Mabbut, pp. 11-28 in Land
Evaluation, G. Stewart ed. MacMillan, 1968

BIOMASS
Haiti

Maps
- ecologic zones - O.A.S. 1970, 1:500,000
- cash crops - O.A.S. 1970, 1:500,000

Reports
- Mission d'Assistaince Int6grte du Secretatiat G6n6ral de L'OEA, 1q68-7C chap. 5

ecology, chap. 7 land use
- Department du Nord, Haiti, a Study of Land Use and Settlement, H. Wood,

University of Toronto, 1963
- Landsat Applications to Land Use Mapping of the Cul de Sac Plain of Haiti, R.
Lafortune. F. Seine, R. Laurin, 1978, pp. 1465-1475, Proceedings 13th
International Symposium on Remote Sensing, Ann Arbor, Michigan, 1979

Genera 1
- Application of Landsat Data to Tropical Forest Surveys, R. Baltaxe, FAO Report

FOR: TFIINT/333 (SWE), 1980

Anialos
- Mapping Tropical Vegetation Zones in the State of Veracruz, Mexico, M. Soto et

al. pp. 1871-1882, Proceedings, 12th International Symposium on Remote
Sensing, Manila, 1978

- Remote Sensing of the Los Andes Region, Venezuela, .1. McKeon, ERIM Report
305200-7-F, 1979

- Interpretation of Forest Vegetation of the Doon Valley, India, E. Van Es, pp.
650-656 I.T.C. Journal 74-5
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THE USE OF LANDSAT IMAGERY FOR LINEAMENT ANALYSIS IN ARGENTINA

Carlos Esteban Castro
Hdctor Horacio Puigdomenech

Leonor Ines Salinas
Maria Angdlica Matar de Sarqufs

Gustavo H6ctor Tabbia

Instituto de Investigaciones Mineras
Universidad Nacional de San Juan

San Juan, Argentina

SUMOARY

The regions under study belong to: a) north-western Patagonia Provinces,
in the south of Argentine Republic, between parallels 38°0 0'S and 4200' S,
and meridians 68'00 ' W and 71°00 ' W; and, b) the Pie de Palo Range in the
central part of San Juan Province.

The basic objective was to determine the pattern and regional trends of
the dominant sets of lineaments, and to prepare an iso-lineament map of the
area in order to obtain structural data to identify what systems of forces
gave rise to those anomalies; and in b) a structural analysis was done by
means of the lineament interpretation on Landsat imagery 1:500,000, in order
to develop a mineral deposit prospecting project.

The work was run on a mosaic of Landsat imagery at scale 1:1,000,000 in
band 7, and F.C.C., with the aid at times of F.C.C. in 1:250,000. The first
step was to prepare a schematic geologic map of the region, and a map of
meso, macro and megatraces (lineaments). A correlation was done over areas
covered by conventional geologic surveys, and then each data was extrapolated
to not-well-known areas supported by satellite imagery interpretation.

Every set of lineament data (strike and long) was processed by means of
a digital table and ordinator, obtaining circular histograms and iso-density
curves. For regional patterns, a detailed field survey was also accomplished.

The north-western Patagonia (Argentina) is characterized by several
morphostructural features: Comarca Norpatagdnica, Cordillera Neuquina,
Cordillera Patag6nica, Cuenca de Nirihuau-Norquinco-Cushamen. So, from a
geological point of view, the whole area is quite difficult to schematic
simplications.

Inferences are done to identify correlations between geologic provinces
with orientation and frequency of lineament patterns.

In the Pie de Palo Range, two regional trends have been defined in the
system of lineaments: N 30o-40' W and N 60o-70' E, and the next step was
the design of isodensity curves and intersections, whose maximum figures
focus was at the NE sierra's quadrant.
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0 OPTIMUM ASSESSMENT OF SUBSURFACE 
WATER PARAMETERS

CUSING RADIANCE MEASUREMENTS FROM SPACE*

S. Ueno and Y. Kawata

Kanazawa Institute of Technology,
P.O. Kanazawa-South,Nonoichimachi,

Ishikawa 921,Japan

ABSTRACT

In recent years, with the advent of LANDSAT, Skylab. ,and advanced
Farth monitoring spacecrafts, there have been many examples of terres-
trial imagery obtained from space over ocean and coastal regions. Wh-
ereas some show cleirly ocean bottom surface, however,some show tur-
oid plumes of sediment-bearing water in the littoral zone, or effluent

extending seaward from river mouths. Then, it has become increasingly
important to evaluate the extent of tile atmospheric degradation of the
signal, because of the presence of the terrestrial atmosphere between

target and backgrounds. In remote sensing of oceans the extent of the
atmospheric effects on the MSS data is estimated for clear sky and un-
der stable condition.

An aim of the present paper is to show how to compute the ordinary
and inverse initial-value solutions of the transfer equation of radia-
tion for the atmosphere-ocean system, in order to remove the atmospheric
blurring effects on the oceanic imagery. An introduction of the effective

surface albedo of the calm sea into the solution of the transfer equa-
tion for the composite system enables one to evaluate the ratio of

the upward radiance just below water to the downward radiance just above
water, which is related to the optical paraseters in the composite system.

As a result, contour map of the digital counts near Kanazawa harbor in
lHokuriku region of Japan is produced from LANDSAT MSS data in band 5,
and the associate map of the albedo of the sea surface is also presented.
These maps are useful not only in monitoring the flow patterns, but al-

so in providing the relative detailed features of turbidity of the co-
astal water from LANDSAT, allowing for the logarithmic relation between
tile diffuse reflectance and the suspended sediment conc-ntration.

I. INTRODUCTION

The multiple scattering problems in atmospheres bounded by specular reflector have been re-

luced to the determination of the scattering and transmission functions (cf.Sobolev 1963;Casti

Kalaba and Ueno 1969; Ueno and Mukai 1971;Matsumoto and Ueno 1976). Another problem of the spe-
cular reflection is the evaluation of the radiation field within the sea in quiet condition.

In a rigorous manner the spectral radiance emanating from the air-water system with allowance

*Presented at the Seventeenth International Symposium on Remote Sensing

of Environment, Ann Arbor, Michigan, May 9-13, 1983,
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for both reflection and refraction at the system interface has been dealt with by several au-
thors(of. Ambarzumian 1964;Sobolev 1963, 1975; Gutshabash 1963;Raschke 1972;Tanaka and Naka-
jima 1977; Muk~i and Ueno 1978). Furthermore, in recent years the approximate solution approach
to the above problems has been developed by several authors (cf. Duntley 1963 ; ! lass ind Katt,j:--

1969;Jain and Miller 1976;Gordon aNd (l;rk I 1).

In recent years an inverse problem of determining the optical parameters of air-water system
from the remotely sensed reflected radiance of water has deserved much attention in the field

of environmental mnitoring(cf. Jerlov 1968; Jerlov and Steeman 1974). Particularly, optimiza-
tion approach to the inference of the optical properties of subsurface waters trom the measure-
ment- of space-borne Multi-spectral Scanners data over the sea has been theoretically and obser-
vationally dealt with (cf. Gower 1981; Vernberg and Diemer 1982). In satellite observations of
oceanic turbiditie3 , the background radiance of light scattered by the atmosphere and the water

surface is predominant compared with that due to the water color and suspendid solids. Thus, in
monitoring the low concentration of turbidities by the space-borne sensors, it is first required
to remove the atmospheric scatterin and se-a-surface reflection effects on the imagery (cf.Jain
and Miller 19

7
6;Dechams et al. 1)77; liolver 1978; Munday and Alf6 ldi 1979;Gordon and Clark 19

81; Aranuvac)hapun and Lebl-nd 1981; Okami et al.,l')81). In a series of our papers(cf.Ueno,llaba
et al. 1978;lHaba,kawata et al. 1979);Kawata, Kusaka et al. 1981;Ueno,Kawata et al. 1')80; Ueno 19

30; Ueno 1931a) , an invariant imbedding and quasilinearization (cf.Bellman and Kalaba 1965; Ka-

giwada, Kalaba and Ueno 175; Kagiwada 1
0 7

4;Ueno, l)1la) have been applied to the inversion of the
total reflected radiance at top! of the atmosp);ere-ground system. On extending the quasilineari-
zation approch , inference of optical parameters (if air-water system from the total refltcted

radiance by the space-borne sensors have been; dealt with (cf. Ueno 1981b; Ueno 1981," ).

An aim of the present paper is to show how extension of the quasilinearization algoritim

to the least-squares estimation of th- sea surface albedo from the LANDSAT MISS data will be per-
formed, allowinq for the albedo mapping of the sea surface which is related to the turbidity

;atterrs in coastal waters. In text, the second section deals with the initial-value solution
of the transfer equation for th;e air-water system, allowing for the interaction of radiation
throaqh the- system interface. On keeping in mind the interaction of radiation at the system

surface, the simultaneous determination of the radiation field in air and in water is reduced
azvroximately to the esimation of the radiation field in the atm~osphere bounded by the effective

surfac:e albedo of the specular reflector. In the third section, it is snown how to use the qua-
siloariz.;tion for the least-squares estimation of the effective water surface albodo from the
noisy measurements of the spectral radiance emergent :rom the ai;-water system. The numerical
ox;,,riments for the successive alproximation of the effective water surface albedo in the simu-
lation model showed rapid convergence towards to the true value. As a result,the contour ma,
of di-ital counts produced from LANDSAT data in band 5 ncr Kanazawa harbor is illustrated and
furthermore, based on the atmosphere-ocean model appropriate to this cast, the associate ma)
of the sea-surface albedo is presented. The above associated map may be similar in form to the
turbidity patt,,rns , provided that the logarithmic relation between diffuse reflectance and the
sediment concentration holds approximately(cf.Maul and Gordon 1975;Munday and Alfbidi 1979;Ara-
nuvachapun and Leblond 19,11. Hlence su;ch associated maps may be not only useful for the pre-
laration of the turbidity patterns, but also they are relatod to many oceanographic parameters
such as the attenuation and scattering coefficients, ocean color and others.

II. TRPANSFER PROBLEM OF RADIATION

1. ATMOSPHERE-9CEAN SYSTEM WIT! INTERACTING SEA-SURFACE

i. Basic Equations

Suppose that the top of a plane-parallel, anisotropically scattering, inhomogeneous atmosphere
-ocean system of the overall optical thickness L is illuminated in a direction 2 by parallel
rays of net flux .r per unit area normal to the direction of propaqation. Let the upwelling in-
tensity of radiation in the direction 2 at any level t (O t 

< 
L) be denoted by I (t,- 1 ;similarly

let the downwelling intensity of radiation at level t be denoted by I(t,-2). In the above the
direction ( (or : stands for (v, ( I (or u4 ), where v (or u) is the cosine of inclination to.. .O 0 '
the normal and bC tor is the azimuth referred to the suitably chosen horizontal axis. Further-
more,let the albedo for single IatteriIg be denoted by S (O<NI < , which depends on the op-
tical height. The atmosphere-ocean system consists of the atmospheric layer and the oceanic lay-
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er , whose anisotropic scattering property is described by the normalized phase function P.

The interacting interface is assumed to reflect specularly the. radiation.

The equation of transfer appropriate to to this case takes the form

dI~t together d . . 701 , ,t'!

where d '=dv'd, together with the boundary conditions

.1 ., - , -. ..'

(2.3) refers to the boundary condition at the non-reentrant surface t=O. Furthermore, we sh-

ould take into account the redistribution in direction of radiation at the interface t=y, whose

y is the optical thickness of the oceanic layer.

In the case of specular reflection from the water surface, the anqle of incidence is equal to
thiat of reflection from the surface, and moreover the incident ray, the normal, and the reflected

ray are togiether in the same plan-. Generally speaking, a fraction r u) of the radiation incide-
it ,n the interacting surface will be reflected, whereas the remainder (l-r(u)) goes through
the wate:. In other words, both re.flection and refraction take place at the interacting surfaceL,
where the redistribution of radiation in various directions occurs.

let the alwellin q and downwellin. intensit ti; of radiation just above the surface be denoted
by I (v,+-. A) and I(y,--' .A), respectively. imilarly, let the upwelling and downwelling in-

tensities of radiation just below t , ... ... . . . ,. ..... ,., . . -

vely. In the above A (or W) reeopr,.t a the abhreviat ion of A\ii(or Water), and each component Ia-
ver is assumed to be free from thr fleetin, boundary. Furthermore, let the scattering and
transmission functions of the air (or watir) be d netcd by S(x(or y);.? ,.j and T(x(ir y) -

') ,resp'ectively, where x to 1 resents tie! o)t at thickness of the atmosphere. In ;,rendix sy-
1tcm of tile hiccati type of the intcore-differential equations governinq tie scattering and tr-

ansmission functions in the air and the water is presented.

Based on the invarianeo )rinm.-i los (lef.Chandrasekhar iidiMiw ot the redistribution laws of
radiation in various diroctions at th, intt.raction surface as follows:

. ." - , -' .. .,*v> ,.,';" ,

I i'; i~y,_i:'w)d :
° + e-/(-'()l: y;, 0, .

where
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InI Eqs. (2.4) through (2.7) r iv) is iiven by Fresnel 's formula

who it v~ con u=cos qi aned fur theror,

InI Eq. (21)n is the index of refract ion oif tic'seon median to tI;, first one(.

InI the case of tANLISAT 55data the effect of sunl glint and wind wave on the oceanicimgr
shiould be taken into account (cf.Cox and Munk 1954; t'lass, Kattawar, and Guinn 11477).

;Ii :'utM. Ief looted itadianee at To:'
nI keipin;1 in nind Eqs. (2.4) through (2.7) ,the required totail spectral radiadnce emerging

from the- top> is expressed in terms of 5- ,'t* and I-functions as fellows:

snlore I l,* A) isu ivonl by Eq. (2.R 1, aNdl 'T*lfnction is thie t rans-mission function of the( at -
mosph'r ic (ave r - hen upward parallel rot'sF are incident at. t ='%

A'D< P!E ',I:- OC':A N -'Y2TEM WIT!H EFFECTIV7 SPECULAR REEIXECTCE

I. (Pas; I, [(itins
UIc ''l-t I;, I i t1 tot alI si 'c t ri I radia i I I, t+ I wit alowanc i n- ,r the) r ed i s tr ibe, t ion

in ilint I,:)(' f '''in the air -water system is not so readily' coUmputed) cE. Muka i and bonel
1 7) i7,", iI' tder to oak,' tractable the inverse prolemo, w.o sh~all take into accounit appro-

XItLt'Ix ' th' pe't: theI ion1 of the i;ll mIIa ~ intensity of radiation just blIow the surface to
th'uj"11w, n Io intn ti i' .' of radi~it ion IuLst., .'c the surface,. In other words, in plae o.. .f the
serfAe>' allV , nw'' d-'il wit): th,e foc:tive surfaice ilbeoio EI') , illowinq for tl(e interact-

i .1 o ra.(ii.it ini it the int',rfac-. ie, leant it' P :'ortesisnd! to oth' cf ed iv, specular refl,'c-
to r .ilb'do piS' it ion. of trainsfur 11'pro:'riaite to this case tikes the form ir: E-q. (2.1) , where
I! oxerail 1 . ct on thickness I, in ril.'' by th, tolei olt ical thickness x. Furthermore

it SnV- il ''. v'Isubl-t to tip' Leniri 'nditions;

whet' stainds for (v, . i.Inl this 'as,' alolwint for E'qs. (..)and (2.7)1, tih' effoctive

serf. i:c' a Ibo PM(v takes the forts

'iiri' I-Ein-t ion inelud'os the centrtibution .ini' to tie upward radiance just below the surface.
E.(2. 16) is; similar in form to that (liven by ,Trl,'v(196

8
).
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ii.Effective Scattering Function
The total spectral radiance at top in the diffuse radiation field is expressed in terms of the

effective scattering function S(x,R; , 0

1)

where the interaction effect of radiat ion at th calm sea surface is included approximately in
the ,ffective surface albed, R (v). Now , the pha;t function P(t;-, , is expressed in Leqendre

polynomi als

were ' P(t) is the associated Leqendre funetion -f degree k and order m, and

2:-en, the e.ff ilt c so-att ,ens; function i., exi,re os-I in terms nf the Fourier - ,-

In I ; Inn-or s1 I ar to eun , re"lin, pal or If I ,l an d a helTl 1 72 it is shown that the
Psui ior 1omton,nt of the tat tt'rll-, fIn-t ion k X,N; R ,) ftllfIl ls

tl. -font ir i, i-i anaular s'cmrlet.ri- -,,'rty, i.e. the nec; rc-itv pninci} ie

I II. TWFI,-iz TFPISFIR t1'iFh,. )F- THE EFFE-CTIVE SURFACE ALATDO

I. LEAST-syIAE!; I-PTIMATION

In a ri,s f japers (ef. kellman et al. 1)65), the .- . -.- i:.:" estimation of otical pro-
j-,rt 1; sUch aiS tilt' optical thickness, phase funct ion, albedo for sinqle s'attorinq and others has

e,-n -rform-d with th, aid of tho quasilinoarizat ion and inltiria:t imbeddin, assurminc an atmos-
iher, ,und hb a omi l tely absorbing backgr,und. In what delolows, wt, shall consider the estima-
tion of the toffotiv, surface a ibedo.

T,e inverse iroblert which we wisih to solve, is to estimate the effective surface albedo of the
i r-^,ttr surfaice ]iscussod in the precedinq section, in the least-squares sense, using tile no-

;y total 5,t ru 1 rhianc, measurements. Mathematically steakin', we wish to minimize the fel-
lowinq ,:<I r,ssuIo .
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ever all choices of the unknown parameter R, v rovidc i that the phase function ,the optical

thickness and others are together provided. In :q. ( 3 '1) h) represents the- radiance of the

if fusely reflected I fiht ,i.e0. , L, I (x, k) fo r incidbA direct ions~
N. The subscript k denotes the k-UkCoM,11.n1t of theaimt of the view anijle. in Eq. (3.1)

(.5,1) is given by k

en makirA 1 use of qJuasi line-arization. tho a robio wi ~ill be' ncs~ eysle.i uttln' th'

funct ion as 5 .1 and SIMIlarly, (writiu W ~e 'A as I' ?Irt a slystes: of li-

ne!ar diffel'ntial 11t,'aitions tfor thI IreIn'l al i oxrima'I on k S~t '

the lP-com).onent takes the form n

an, 1 is known Set of first a; Iroximation to the soluti oU 1 I I 'Ii iven by
vkr

In 1 1. . *v I ts hI ot Nt roots of the shifted Leqeniirk el Ii or id ;roet, I V)
Itk-2) Furthermore, w is toe Ciristoffe 1 weiiht correspsmnrilno to the value of v .Tie'"

inrlid ondition of . issh that it Vanishes as x tends to ze~ro. Ii. E:q. KUtAO Fouri, r
ren nnt S. satisfies 1 th rerinciple of recip~rocity With esetto the- ansiularar:'t

Tlii,. basicailly 01:4 )I o ieeniaI qatiolns, Which1 redAuce to + I-~f r.
lititI equotions with th aid of tire reciierocitv relation Eo. (3.7), whereas the fll" set of :l

n N
reet esent inrj MN matrix is lways, availale. The solution is soib lect to tireinitiral :nitii.'
(and the boundmatl -or,itilrt 11.I withi Vg.(3.2).

n-n is a s-I ot ion of a sys*: of inear different ia Ieoojat ions , we exi toss 1at 1i t n
o'f a I ineaT'AomtLinatiOnl Of a I-art io-u Iir so lotion lim.,j and a iolrmooenoo!s seolotion h.

The partic-ular solutin is definI1 1:y the equat ion

whlr1e the, iomoqeneous sol utiris ise 1firied K-.IK co
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whet, t is the Kronecker delta function, which vanishes except for the last componen of unity.
From the definition of the initial contition in Eqs. (3.10) and ..% , the coefficient R in Eq.
(3.2') is identified with the initial conditions of the system at x. Given an initial approxima-

tion for the solution S, both the particular solution q and th, horoeqeneous solution h can be
co iputed from Eqs. (3.9) and (3. 11) .

By a simple differentiat ion of Eq. (3.1) with respect to R, we get the valus of R minimizing

the performance- function

where is put to be. ze>ro. Eq. (3.13) is the require d expression, i rmitting the least-squares

-stimatton of '. fl,ct ive surface albedo from the noisy spectral radiance -....

i. :2umerical Siulaition
In our i reedin- i-a; ,rs (f.K,2,;iwada 1'174;Katiwada it a]. 1975), the inverse problems of in-

2-in.) ,cocus and anisotropical ly scattering; atmospheres bounded by diffuse reflectors have been
'lvii numerically. Initial estimates of th- optieal parameters such as the optical thickness,

a-, font n, in) others have been s;,quentially rifined.

s,, ,ft im licityi :f ir-s-ntation, th- inverse problem of hormoqen-ous, isotrolically
*ittn, i at m"-'-h.-r ound,.d by quiet wate-r ;urfaco is compiuted for the case in which true va-

IQOf to-- tarametets are - =, =0.i, X . . r.. . ...... ...

lviaion points irt made , allowinq for the numerical solution of Eq. (2.22) under consideration.
-n Makin: use of the rociprocity relations, the '1 of numerical experiments with initial
,u-,sses =O, 0. 1, and (.2, resectively, is listed (cf.U,,o 192R11) . The values of R obtained in
th, first on thirl and fourth experiments ar. tabulated. The initial quess of 1, in Run I
is low, in Run 2 an 3 ton hi,. Yet toe " orrect otlue of E is almost accurately foand in
3 to 4 iterations. Te time required for each run is lss than a few minutes on IM 3031 di-

1ital cisuter, asin Runge-Kutta forth order ints qation scheme with a qrid size of .. x=J.Ol.

In tie c s of I ANDSAT II 5153 data, makinq use of the Takayaoa scene in the north side of

Jaian on 2y ,31 ', the test sit, of ten by ten (ixels is fixd in the coastal area of Japan
s, . in then It-e--hrhiod if Kanaza. At the, local transite time 9' 45m the used parameters arp

Q125
' 

and ,. ' n makini use of the' optical parameters as x=O.35, =i, in atmosIh,,nic me-
;,. similr to !:It,,rman's modIl, the m-in effective surface albedo R=0.02 in hand.:.....

ti,_ inimizati,n if the performance function for the inversion of spectral radiance.

i I. Mi.is of Atmosphere--Ocean S ystem
T:, t s-nt p:apir tio atmos!,itre-ocean system is composed of the atmospheric and oce-

a whoe, oi ti.:a!( parai-tm,,rs :ir, assumoeI to Ie vrti-ally inlomoqnotous , in addition
I (" inter act in; surfac,- ,f t' s--i.

Atm-,ps,h.,r 1: '1- 1,, 1

In ad,liti,n ti, thi absorption by molecules and aerosols, the scatterinq by molecules and
tro;Is ar- token into account. The index of refraction of aerosols is denoted by 1. 330, and
its jiz distriLation is assumed to be that of aerosols in coastal zoni,i.e. the haze M model

, rf. btor ni;an 1 T)e). TPhi numb-,r density function is liven by

n(r) -i 5.3333X O4 r ,xp[-H.9443r 1/.1 (3.14)

wor, r is th- ra tius of a sp-herical particle. Once when the effective wave-lenqth, the index
of refraction, and the size distribution of aerosols have hi-en given, the phase function and
th- illdo fir singl' meatterinq are computed with the aid of Mie"s theory of aerosols. So
far as th- virtical distribution of the optical parameters is concerned, based on the Elterman
m-i, 1 (e-f. 1 ) (,) , we tried to make minor change of the optical thickness of the aerosols in low-
,,r ly,,r than the alt itu,. of three kilometers (cf.lhaba et al.l07 ;Uen (, et al. 3980; Kawata ot
t 1. I ) .A1). Th t-ff,,--tiv, wave-I -n-th is assum-d to It-, the mean valu of each hand 4,5,6, and

7 , -nd th, ,llt-,,, f-sr sin , , stoatterin; is jivin ty tii ratio of the scatterin coefficient
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to the extinction coefficient. The phase function in transfer equation takes the form

l'ti;4 f q' P ;lh) + (l-f7 )p Ct 0 ,(.5

where P and P represent the phasc fUMncion of molecular gas and aerosols, respectively, and
f i ~ rtion of the optical height byv the molecules to that hy thet total components. The

m&iecuiar phase function is gliven by Rayleigh1 phase function (cf. Chandrasekhar 13160) . The ip-

tical parameters such as the wave-length (nm) , altitude h (km) , optical height t, albedo for si-
ngle scattering , and the turbidity factor f gin hand ",ate l isted in Table 1.

oceanic Mlodel
to toe oce~anic model, in a manner similar to the atmospheric case, t he absorpti on aind sca; -

tering by water molecules and hydrosols are taken into account (cf. Jet lo,, aol Nielsen 19)74;
Tanaka and Nakajima 1(977) . The Scattering p-hast, function for ocear, water is the SuIM of tll, Mu-
lecular Rayleigh function and the scatterincg function by hiydrosols, i.e. , aquatic suspended so-
lids. Because of the very Sharp forward peak, thle shal t of thlt phase funtir-ion for the moo ir

macl der:end riot 01l.e till' lir-atlln I'ut 11s"r err tii-- t iv'r of r-sr'. t.Thion, u: t,) now V

reaJlistic o,-iiic 'ciielir based ,it the v-astrirem.rrr! at !ifee-I1 tihs at it fforent ]bent ioi
alistic oceanic models based on the measurements at different depths in different locations
have been ,preseinted (cf. 7erlov arid Nic Ison 1(974) . Assumlintj an extension of the phase fure-
tiOn inl c lear oceanic model to ti-rbid model (cf. Got-lan and Clark 1 981) , we computed the
radiance in the oceanic medium in band 5.

iii. Effective Surfac Albe~oo lpn
Onl nakinq use of Eqo. (3. 13) , based in thle s imla)it ion rin l 1oif tlie atmosj h,-re-& an System, w,_

ciutdsuccessively the offect ice albedo of thet sea surface, which i -rr'itts us to ost imate

thi rat in of the upward radiance just below the surface to the downward radiance just. abov, the
surface lef.!Eq. C 61.li above rat io depends oin the concen trat ion and typc e of liydrosols. On
thet other hand), it is observat ional ly known that there- may reasonably be the non-inmear jor Ia-

-iarithmic I relation betweeon the, diffuse reflectance Ind th e Concentrat ion of aq~uatic susl 011,10
seldim,,ent0: f . Maul and Gordon 1)75,;Nlundav, and Al fol ii 1 l'7 Aranuvachaptin and Leblood 1')81)C. on0
keepini in min o thit th . Jiffuis, re-flect ance, iorr slends to tiet difference, between thet effect ive
suttac- alb-do arid rofitxic in air , the -cot-Ir miap if the sea surface ilbecdo ri resenlt;
aerroximatolv the rlrhidity 77ri; . Then, in Fi vit I the contour mnal if digit ii counts (uiical ilta-
ted ) in hind! o n May2 1, 1 -7'-, 11:2leit Kanazawa harbor is ri~own in low (sain.
Eurthioo' based on the itMrOSrhol ic andh oo' mi me Is ip;i r,,riat, to, tir;cae after debi.ir-
riii;, thoe associ't". of to' ;,,. sulfi.- . albeli is illustrated in, Fi~vur 2. Based on thie
lo~jarithmi.'rodl ot tire, ii ffrise reflLtin'' 1, till' 11hiv% assoilated nm(l may be cilrIn fort:
to thei tirhirity nil T

0
.toin ai'. .r lvis n i i is arrecril I 4N-4 i xels iii thre I lumo.,

r-ikwat.-i, '1inI lan )I . 'il I t r con;it i'on' , F i ures 1 and 2 ',resell; s the similar pattitr;
of distribut ion, th, I-ar ff !i, salod "vw i' iwMore dhetailed icaturos of the t uthadit"
informatioin, hecau,) h iridatiiii offect

IV.rttbR

In the present 1)i or, oiak iii risi' of an inivar iant imboddin; and rqua,,ilIinst izat 100, wi, 51--
,-, how to find an initial-cal lie sol ut ~on of the inverse transfer probl em oif radiat ion in atm-

rhr'-ina rsy'stem with til ;ito tact ing se sutlace,, anid then eorforv',d the numerical simula-
,i f LAND Ii~) I MS , litt. In other wr,,tro removal if t.deAortion of sisinals is

irlyt icall'i In-'i -. . 1!. prcesrre rsuch that the, sutfa-.e alhreo IsFt, itd in the, least-

O; 5te I no. . s , t- r )ii b .o information of tiirbidity in the i-asta) srihsut"a -e wate' n. whir-as
E; F ;ur' I the .. o...itour m'a of thet !l,;it il ouints in brand 'on May .3, 1 17-1, nieat 7aaiaa ibar-

or is jres,-nted, hiow'ver, Ilie refine ment of tire mappinI will bit I ri.d aginr in hiil 'lain.

t-uttho,rr., the, assorir it oi ma; rof t he -ff,'ct ive Surface albelo will subsequent ly be presented,
ml l-wiii fir th,' s,'-trmthluata roneet nitig thet di ffrmso reflec-tance and the r'oiicnt ration of

nusi,'ndd11 seimerits. Finally, it is of interest to ment ion that ouir effct ice SUrface alb'Odo
will 1- ro letai s 'iirsr 155 in connect ion with the non-lInmeat model of di ftise reflectancet.
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fable 1. Optical parameters of Elterman's model atmosphere

h'aveleon"th Layers .x' it,: .. Alboedo for f
(1m) (kin) optical thickness single scattering g

1.(3 - I) 0.10d 0.9998 0.0556
0.65 2.(1 - 3) 0.074 0.9991 0.1216

3.(3 -50) 0.113 0.9909 0.3097

Layer 1.,.., and 3. is lower, middle, and upper layer , respectively.

th braki aperdditnt

1 m -

i in' . L' A ) :12CAT ii n'S t.t o1 i--ir, 2. The a::njciat d ra; ef the sur-

1'< 3 1') : !.and b. ial: b, in Band 5. The shaded arcea
| ep-recientsa the breakwater appeared distinct-

1; after the d-tlurring. The snbol 0,1,2,
urc 3 in the r.a;. denotes the effective
surface albodo, 3.02,0.04,0.06, and 0.08,
I, ;ect ively.
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CULTURAL AND ENVIRONMENTAL EFFECTS ON CROP SPECTRAL

0DEVELOPMENT PATTERNS AS VIEWED BY LANDSAT*+

0E. P. Crist

Environmental Research Institute of Michigan
Ann Arbor, Michigan 48107

ABSTRACT

The typical patterns of spectral development (pro-
files) for corn and soybeans are presented, based on field-
collected reflectance data transformed to correspond to
Landsat-MSS Tasseled Cap coordinates. Reasonable varia-
tions in field conditions and cultural practices are shown
to significantly influence profile features. The separa-
bility of the two crops is determined to be primarily
related to the maximum value of the reflectance equivalent

of Greenness, and to the plateau effect seen in corn Green-
ness profiles. The impact of changes in conditions on
separability is described. In addition, association is
made between profile features and stages of devclopment
for corn and soybeans, Corn is shown to peak at a stage
well before tasseling or maximum LAI, while the character-
istics of the soybean profile are shown to be unrelated
to any particular stape of development.

1. INTRODUCTION

Central to the successful use of remotely sensed data for agricultural
inventories is the ability of human analysts or computer algorithms to detect
differences in the spectral characteristics of various cover classes. Experi-
ence with Landsat data in the Large Area Crop Inventory Experiment (LACIE) and
other studies has demonstrated that the use of multitemporal, spatially-
registered data greatly enhances the ability to distinguish between various
crop spectral patterns [1]. In recent years interest has been renewed in uti-
lizing characterizations of the continuous patterns of crop spectral develop-
ment over time, termed "profiles", in automatic crop identification tech-
niques [2,3,4]. These and other automated approaches offer substantial gains
in efficiency over manual techniques, and would therefore be of great value if
their accuracies were similar to or better than those associated with human
analysts.

One substantial cause of error in both automatic and manual crop labeling

techniques is the deviation of a crop from its expected spectral pattern due
to cultural or environmental influences (e.g., fertilization, moisture stress,
changes in planting practices, etc.). This spectral deviation is the result

*This work was sponsored under Contracts NAS9-15476 and NAS9-16538 by the U.S.

National Aeronautics and Space Administration, NASA Johnson Space Center,
Houston, Texas 77058.

Presented at the Seventeenth International Symposium on Remote Sensing
of Environment, Ann Arbor, Michigan, May 9-13, 1983
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both of physiological changes in the plants themselves, resulting in changes
in the spectral properties of the plant parts, and of changes in the canopy
geometry, including the orientation of plant parts, number and size of leaves
or other plant parts, and amount of soil visible through the canopy. Particu-
larly for computer algorithms, which lack the flexibility and adaptive capa-
bilities of the human mind, it is essential that major external influences on
crop spectral patterns be known in advance and taken into account, if the
algorithms are to perform adequately over broad regions or many growing seasons.

This paper presents the results of research aimed at characterizing and
understanding the spectral development patterns of corn and soybeans, using
field-collected reflectance data. Average profiles are described, as are the
changes in those profiles brought about by changes in some major cultural and
environmental factors. In addition, the association of profile features with
stages of development of the two crops is discussed. Finally, the separability
of corn and soybeans, both in a general sense and in the context of particular
field conditions, is considered.J

2. DESCRIPTION OF DATA

Evaluation of crop spectral characteristics can best be accomplished with
data collected at frequent intervals over plots whose conditions are controlled
or known. Such data have been collected for several years by and at Purdue!
LARS as part of a field research program carried out for NASA. For the analy-
ses reported in this paper, data were selected from experiments carried Out in
the 1978 through 1980 growing seasons, which included as experimental treat-
ments nitrogen fertilization, planting date, and plant pofulation for corn,
and variety, planting date, and row spacing for soybeans 5 ,6 .71. Reflectance
measurements were made on clear days, resulting in gaps between successive
observations of several days to weeks. All reflectance data were collected
as or converted to Landsat-MSS inband reflectance values, and multiple obser-
vations of a single plot on a single day were represented by their mean.

A reflectance equivalent of the Tasseled Cap transformation [8] was used
to provide spectral variables that were physically-interpretable. This trans-
formation, in its Landsat-MSS form, captures 95%. or more of the total data
variability over agricultural areas in two variables. A rotation of the first
two principle components in the reflectance data set was used to derive reflec-
tance equivalents of the two variables [9], termed Green Reflectance and Bright
Reflectance. These two variables contained 99%, of the total variability in
this data set, Green Reflectance serves as a green vegetation indicator, while
Bright Reflectance is related to soil brightness or plot albedo.

The total data set consisted of observations from 118 corn plots and 171
soybean plots. However, some plots were not suitable for all analyses, so the
actual number used in any particular evaluation varied.

3. PROFILE ANALYSIS TECHNIQUE

Although the field reflectance data set provided more frequent observa-
tions and more detailed agronomic information than would be available using
Landsat data, the problems of temporal gaps in spectral measurements and inex-
plicable data variations were still apparent. As a result, it was necessary
to devise a technique by which profile values could be interpolated between
actual measurements, and sme smoothing of the measured values could be
achieved. One approach to accomplishing these objectives is use of a mathe-
matical model to describe the spectral development patterns [211. Such models
have been developed for and successfully applied to spring small grains [10,11].
However, the plateau feature commonly observed in corn Greenness and Green
Reflectance data (Figure 1) cannot be adequately described by previously de-
veloped profile models [9], so some other approach - either a new model or a
more general technique -was required.
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Two techniques were selected for profile characterization. For analysis
of soybeans, which exhibit a less complex profile shape in Green Reflectance,
and for some analyses of corn, a cubic smoothing spline [12] was used. This
method provided the desired degree of smoothing, and captured the plateau fea-
ture given that sufficient data points were present in that portion of the
profile. However, when significant data gaps existed in critical periods,
the cubic smoothing spline result for corn was less acceptable. Accordingly,
a profile model form, developed at ERIM specifically for this purpose [9], was
used on the corn data when the plateau feature was of prime interest.

For Bright Reflectance data, early season variations caused by soil mois-
ture differences and other unknown factors rendered automatic curve-fitting
impractical. Therefore, Bright reflectance profiles were derived for each
plot manually, based on the available data points and soil moisture informa-
tion. Since planting dates were known, a "days since planting" time axis was
used in describing and comparing both Green Reflectance and Bright Reflectance
profiles.

In order to facilitate comparison of profiles, a set of features was
defined which described their major characteristics. These features (illus-
trated in Figure 2) included the peak profile value (PMAX), the time at which
the peak occurred (PT), the times of occurrence of one-half the peak value
(HPI and HP2), and the time intervals between HPI and PT (SPANI), PT and HP2
(SPAIN2), and HPI and HP2 (SPAN3). In Green Reflectance, these features are
related to the maximum amount of green vegetation (PMAX), the rate of vege-
tative development (PT,HP1,SPANI), the rate of senescence (SPAN2), and the
overall development rate (HP2 and SPAN3). For corn, two additional features
were used to describe the duration and slope of the plateau.

Features of Green Reflectance profiles were derived explicitly, and
analyzed quantitatively by analyses of variance. For Bright Reflectance, the
features were derived implicitlv by visual analysis of the profiles, and com-
pared qualitatively.

4. NORMAL PROFILES

Figures 3 through 6 illustrate the average profiles of corn and soybeans,
using the corn profile model results for 57 corn plots and the cubic smoothing
spline results for 167 soybean plots. The dashed lines around the Green
Reflectance profiles represent one standard deviation about the mean. The
asymmetry of the soybean variability about the mean, most noticeable in the
declining phase of the profile, is largely the result of differences in timing
of leaf senescence between maturity classes.

The Bright Reflectance profiles, illustrated with a dark and light soil
background, are delimited by dashed lines representing the range of mean pro-
files (by treatment) used to derive the overall average profiles. It should
be noted that for corn, the very bright soil completely obscures the peak in
the Bright Reflectance profile seen with darker soils. For both corn and soy-
beans, soil effects were undetectable in the latter portions of the profiles.

Figures 7 and 8 present the spectral trajectories of the two crops in
Green Reflectance and Bright Reflectance, using the dark soil Bright Reflec-
tance profiles. The plateau in corn Green Reflectance, when combined with
the Bright Reflectance profile, is expressed as a movement away from and then
back to the "Green Arm" of the Tasseled Cap.

5. CULTURAL AND ENVIRONMENTAL EFFECTS ON PROFILE FEATURES

This section summarizes the results of both a literature review of the
effects of environmental factors on corn and soybean characteristics and the
profile features analyses. Reference [91 contains a more detailed description
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of many of the results. For Green Reflectance profiles, results reported are

those found to be significant to the 0.9 level of confidence.

5.1 CORN EFFECTS

Nitroen Fertilization. The availability of nitrogen, which is required
for synthesis of chlorophyll, influences the vegetative development of corn.
Abundant nitrogen results in more and larger leaves, longer vegetative stages,
and increased longevity of green leaf area. These effects were expressed in a
later and higher peak Green Reflectance value and n longer and flatter plateau.
While the quality of Bright Reflectance data for tnese experiments was low,
some indication of a higher peak Bright Reflectance value was observed.

Planting Date. Later planted corn experiences higher temperatures at any
given stage of development than does earlier-planted corn. As a result, the
rates of plant emergence and development are increased, as are the rates of
leaf emergence and leaf area development. Very early planting exposes the
plants to lower temperatures, and would thus be expected to delay emergence
and retard early growth.

Both late and very early planting reduced the peak Green Reflectance pro-
file value, probably an indication of the less conducive growing conditions
encountered. Both also reduced the overall development time (HP2). Late
plantin_, in addition, hastened the rate of green-up, the time of peak, and
the rate of g reen decline. L.ate planting similarly hastened the time of
occurrence and reduced the value of the Bright Reflectance profile peak.

Plant Po ulation. Increases in corn plant population density cause re-
duced rates oPIT T-area production, faster early height increase, greater
maximum leaf area index, and faster decline in LAI after peak. These effects
were expressed in an earlier and higher peak Green Reflectance value, a faster
rate of green-up, and a steeper plateau slope. In Bright Reflectance, a higher
peak value was obz;erved, and the elimination of soil effects occurred earlier,
indicatin, earlier canopy closure.

5. SOYBEAN EFFECTS

Variety. Soybean varieties exhibit differences in days to maturity
(maturitv-cTa;s) , plant height, leaf size, number, and orientation, rate of
acc111ulaion and maximum leaf area, ability to achieve full closure, response
to ro, sp.cine or planting delays, etc. Not surprisingly, all the orofile
features were sig-nificantlv affected by varietal differences at some row
spac inl

Plant inic Date. Both earlv and late planting tend to cause reductions in
the clna [-EeT!ht of soybean plants, and to reduce the rate of canopy closure.
The hircher temperattires associated with later planting hasten emergence and
earlv ,rowth, and reduce the duration of the vegetative phase.

The peak :reen Reflectance value was reduced with both early and late
pl ,mtins-, and "as substantiallv earlier for late planting. In addition, late-
planted soybeans had a faster rate of green-up and a shorter overall develop-
ment time. Similarly, late-planted soybeans exhibited an earlier peak Bright
Reflectance value and a more rapid increase in Brirht Reflectance, as well as
a reduced overall profile span.

Row S i ac i . Sovhean varieties differ in their response to row spacing.
!n -era owever. wider rows tend to cause a reduction in the rate of leaf
area accumulation and a delay in achievement of full canopy closure. These
effects were expressed in lower and later peak Green Reflectance values and a
slower rate of green-up. Also observed was a more rapid green decline after
peak. probably an indication of the lower leaf area density, which allowed
brown lower leaves or soil to show through the canopy sooner after the peak.
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6. ASSOCIATION OF SPECTRAL AND DEVELOPMENTAL EVENTS

Another aspect of understanding crop profiles is knowing the stages of
development associated with some of the key profile features. Such knowledge
allows development of crop identification techniques which utilize the most
fundamental and therefore most stable differences between crops, and could aid
the assessment of crop condition or prediction of yield by providing a means
of pinpointing certain key developmental events from spectral data.

In order to carry out this analysis, development stage data collected for
the experimental plots were smoothed and interpolated by polynomial regression.
The time of occurrence of each stage, or the stage at any particular time,
could then be easily determined. Figure 9 illustrates the result of combining
the development stage data with the Green Reflectance data for a typical corn
plot.

6.1 CORN RESULTS

Stages of development defined by Hanway [13] were used for corn. Peak
Green Reflectance was found to occur at Stages 2.5 to 3.0, which correspond to
10 to 12 leaves fully emerged. These stages occur about two weeks prior to
tassel emergence, and three weeks before the stage normally associated with
peak LAI (Stage 5 - silking). Although this result seems to contradict the
normally expected correlation between vegetation indices and LAI or percent
cover, a plausible, if hypothetical, explanation can be given.

At Stae 2.5 to 3.0, all or ne.ly all of the green leaf area is developed,
but much of it is still furled into a pseudostem. Because the stem itself is
only about half as tall as the total corn plant at this point, there is a dense
and fairly shallow layer of pure green leaf matter at the top of the canopy,
which contains all the green leaf matter that the plant will have. Development
3fter this point, including continued stem elongation, changes in leaf angular
orintation, and emergence of tassels, serves to reduce Green Reflectance by
increasin, shadowing or changing the nix and distribution of plant parts in
the c;1nopv.

The plateau in corn Green Reflectance ended around Stage 8, the early
dent stage. This stage falls about one month after initiation of rapid dry
matter accumulation in the kernels, which would correspond to an accelerated
rate of senescence in the vegetative parts. Since one would expect a time lag
between senescence, which proceeds from the bottom of the plant to the top,
and any noticeable effect on the Green Re' lectance of the canopy, the observed
delay is not surprising.

6.2 SOYBEAN RESULTS

The stages of soybean development defined by Fehr and Caviness [14] were
used. Since many varieties of soybea.ns are indeterminate, the Fehr/Caviness
sY-item provides separate vege-ative ;,nd reproductive stage progressions.

Peak Green Reflectance occurrou between vegetative stages 12 and 21
(12 t) 2' nodes with fully -merged leaves), or reproductive stages 3.5 to 6
(beginning pod to full sec(). The extremes of these stage ranges normally
occur about 30 days apart, suggesting, that there is little if any correlation
between peak Green Reflectance and any particular soybean stage of development.

In some of the plots, peak Green Reflectance did coincide with the maximum
vegetative stage reached, but in many others, the Green Reflectance peak oc-
curred at a vegetative stage well before the maximum. In most of these cases,
however, lodiing, was reported at the time of maximum vegetative development,
and at all observation times after the peak. While the severity of lodging

was not recorded, one can speculate that it was enough to reduce the Green
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Reflectance of the canopy by exposing more stems and changing the overall
geometry.

It would appear, then, that maximum Green Reflectance in soybeans occurs
at the end of vegetative development except when lodging occurs. When lodging
was a factor in these data, the end of vegetative development sometimes
occurred at a point well down the declining side of the Green Reflectance
profile. Thus it must be concluded that Green Reflectance profile features
can give little or no reliable information as to the stages of soybean vege-
tative or reproductive development.

7. SEPARABILITY OF CORN AND SOYBEANS

Based on the profile-derived features for the entire set of experimental
plots, an analysis of the separability of corn and soybeans profiles was
carried out. Both the corn model and cubic smoothing spline were used to
characterize corn Green Reflectance profiles, the model because it more accu-
rately describes the actual spectral development pattern, and the spline
because it more closely resembles the kind of approach that might be used in
an operational setting where the crop type of a sample was not known. Each
feature was histogrammed, and the histograms were compared to determine separa-
bility. Evaluation of Bright Reflectance profile separability was carried out
qualitatively.

7.1 OVERALL RESULT

Using the corn model, the peak Green Reflectance profile value (PMAX),
the time of occurrence of that peak (PT) , the rate of vegetative development
after emergence (SPANl) , and the rate of Green Reflectance decline after the
peak (SPAN2) all provided substantial separability. Corn tended to reach a
lower peak value earlier, had a more rapid relative green-up rate, and declined
in Green Reflectance much more slowly than soybeans. The separability related
to green decline was the result of the corn Green Reflectance plateau.

When the cubic smoothing spline was used for both crops, substantial
separability was still found in the height of the Green Reflectance profile
peak (PMAX) , with reasonably good separation also in thc rate of Green Reflec-
tance decline (SPAN2). IMost notably, in this data set 100% separability was
achieved using the peak Green Reflectance profile value and the rate of Green
Reflectance profile decline (Figure 10). While the peak value, or something
similar to it, is a feature used in several current corn/soybean discrimination
techniques [15]. the plateau feature is little used at this time. However,
apparent rates of green-up and decline, as derived by simpler profile models,
are used in current techniques [16] , and the separability found in these fea-
tures is probably an indirect result of the corn plateau.

Early season features such as the rate of early vegetative development
(HPl) provided little or no separability, particularly with the spline tech-
nique. In addition, comparison of the slopes of the ascendinr portions of the
average corn and soybean profiles revealed little or no difference between the
two crops in this respect. Planting dlate differences, ignored in this analysis,
may provide a greater potential for separation, depending, on local crop calen-
dars, but there is little indication of purely spectral separability in the
early season.

In Bright Reflectance the only obvious source of separability was, again,
the height of the profile peak. As can he seen hy comparing Figures 7 and 8.
this is an expression of the same phenomenon expressed in the Green Reflectance
profile peak height -Soybeans move farther up the "Green Arm' of the Tasseled
Cap than does corn. This feature too has been used in crop identification
techniques [17].
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7.2 EFFECTS OF CHANGES IN FIELD CONDITIONS

Comparison of the results in Sections 5 and 7.1 reveal that many of the
environmental and cultural factors considered affect precisely those features
most important in corn and soybean discrimination. Both nitrogen fertilization
and increased planting density tend to raise the peak Green Reflectance value
of corn, while early or late planting and wider row spacing tend to lower the
peak soybean Green Reflectance value. Similarly, nitrogen deficiency and late
planting tend to shorten or soften the plateau effect in corn. Under particu-
lar sets of conditions, then, one should expect a degradation in the separa-
bility of corn and soybeans.

8. CONCLUSIONS

Comparison of the curves fit to each plot in the set of corn and soybeans
transformed field reflectance data indicates that there are indeed character-
istic profile shapes for these two crops, shapes which show some variation but
which nonetheless retain characteristic attributes. At least some of the vari-
ation is caused by changes in field conditions and cultural practices, and it
has been shown that variations in these factors within a range that could be
reasonably expected in an operational setting cause significant changes in
profile features. Furthermore, while corn and soybeans are distinguishable
based on their profile features, the effects of changes in conditions or prac-
tices are such that separability could, under particular sets of circumstances,
be substantially degraded.

The evaluation of development stage association with profile features
shows a clear relationship between corn Green Reflectance features and stages
of development, and further shows that the peak in corn Green Reflectance
occurs earlier than would have been expected, before either maximum LAI or
maximum canopy closure. Conversely, soybean Green Reflectance features cannot
be associated with any particular stage of development. In the absence of
lodging, a strong correlation can be seen between peak soybean Green Reflec-
tance and maximum vegetative development.

The profiles described in this report, and the changes in those profiles
attributable to field conditions and cultural practices, provide a foundation
for development of an automatic crop identification technique using Landsat
data. These analyses indicate that the inference of field conditions from
profile characteristics alone is not likely to be successful, since the same
type of change in profile characteristics can be caused by a number of differ-
ent factors. However, if, using meteorological or other available information,
such inference could be made for a particular region of interest, expectations
regarding corn and soybean profile shapes could be modified based on the pre-
sented results, an approach which could yield a substantial increase in label-
ing accuracy. A technique adaptable in such a manner, and therefore applicable
over wide regions and many years, would be of considerable value.
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ABSTRACT

Phvmatotrichum (Cotton) root rot is a plant
disease endemic to the southwestern United States
and northern Mexico. This disease, caused by the
fungus Phymatotrichum omnivorum, can infect more
than 2000 species of cultivated crops and native
trees and shrubs. While the extent of infestation
can be detected with aerial photooraphy, the cost
of periodic coveraqe makes this data source
uneconomical. Landsat multispectral scanner cover-
age, while frequent, is unsatisfactory because of
poor spatial resolution. Thematic Mapper Simulator
(TMS) data, flown over a study area near Tucson,
Arizona, are demonstrated to possess sufficient
spatial and spectral resolution for the detection,
tabulation, and mapping of Phymatotrichum root rot.
The scheduled July 1982 launch of Landsat D will
make Thematic Mapper data available for subsequent
mappinc and monitoring of root rot throughout the
North American area of infestation.

1. INTRODUCTION

1.1 PHYMATOTRICHUM ROOT ROT

Phymatotrichum root rot (Texas root rot) is a plant disease that has a
host range of more than 2,000 species of dicotyledonous plants. The causal
fungus, Phymatotrichum omnivorum, is endemic on many native trees and shrubs at
lower elevations in the southwestern United States and northern Mexico (Fiqure
1). Cotton, alfalfa, almonds, pecans, apricots, pistachio, apples and other
economically important irrigated crops are also susceptible to root rot.
*Presented at the Seventeenth International Symposium on Remote Sensing
of Environment, Ann Arbor, Michigan, May 9-13, 1983.
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An accurate assessment of crop losses attributable to Phymatotrichum root
rot is essential for cost-benefit analysis of disease control stratenies.
Censervative estimates of losses due to this disease for a11 crops in. Arizona
are $5 million annually, while in Texas, the annual loss is estimated to be
S00 O million with about 60 percent loss in cotton alon,.
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the use of Thematic Mapper Simulator (TMS) multispectral data for the detection,

tabulation of areal extent, and mapping of Phymatotrichum root rot.

Table I. Thematic Mapper Simulator Spectral Bands

TMS Channel* Wavelength Range Landsat MSS Band
1 .38 - .421m
2 .42 - .45nm
3 .45 - .50 mn
4 .50 - .551 m 4
5 .55 - .60km 4
6 .60 - .65om 5
7 .65 - .69tim 5
8 .70 - .79pm 6
9 .80 - .89pm 7

10 .90 - 1. 10"m 7

*The Thematic Mapper scheduled for launch will have only seven channels.

The overall TMS mission includes an evaluation of the utility of 10 visible/
near infrared channels and two thermal channels in the ultimate selection of
a Landsat-4 thematic mapper configuration.

2. PROCEDURE

2.1 FIELD DATA

A conventional qround-based survey of the Marana study area was conducted
in fall 1981 by the University of Arizona, Plant Pathology Department. Lare-
scale aerial photographs were used for infested-area tabulations, while field
sampling was used for yield estimates in Pima (Gossypium barbadense) and Up-
land (G. hirsutum) cotton. The calculation of infestation area and total
field area used 1:3,000 scale color infrared photography flown over the area
in September 1981. Tabular results for 28 fields in the study area are pro-
vided in Table II.

Table II. Field Survey Tabulations for Marana Area

Field Total Area Area Field Total Area Area
Number Area Healthy Rot Number Area Healthy Rot

(Ha) (Ha) (Ha) (Ha)

99 30.57 11.25 19.32 172 24.13 22.75 1.38
106 29.80 13.48 16.32 174 14.17 9.21 4.96
122 44.53 33.35 11.18 179 24.90 17.80 7.10
123 39.84 26.53 13.31 180 21.86 18.36 3.50
129 30.24 11.97 18.27 181 13.36 8.35 5.01
130 31.09 21.61 9.48 182 24.01 19.62 4.3q
133 58.70 44.55 14.15 184 25.51 18.93 6.58
142 43. 31 33.81 8.50 185 30.36 17.24 13.12
146 44.13 35.35 8.78 188 33.40 28.12 5.28
147 16.88 8.67 8.21 189 29.15 24.83 4.32
148 41.70 36.11 5.59 190 15.38 i0.93 4.41
150 18.79 14.66 4.13 191 13.36 10.69 2.67
153 29.92 26.96 2.96 192 14.98 10.44 4.54
171 31.38 23.51 7.87 193 22.79 18.69 4.10

Source: Upland/Pima Fields, Marana, 1981. University of Ariz. ,, Plant

Pathology Department
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2.2 THEMATIC MAPP17R SIMULATOR DATA PROCESSING

A computer-compatible tape of TMS digital data was supplied to the Univer-
sity of Arizona by NASA-Ames Research Center, the testing facility for the
Thematic Mapper. A workinq image of 512 lines-by-512 pixels was extracted to
include 28 fields sampled in the Marana area (Figure 4). The image display
and classification was performed on an 1

2
S Model 70 image processor at the

Digital Image Analysis Laboratory, University of Arizona.

L].SUYAREA \11 " " -

Figure 4. Marana study area

2.3 SEPARABILITY ANALYSIS

Selection of optimal spectral channels from the 10 provided was based on
separability analysis of four classes of information needed for root rot
mapping and yield estimation:

I. Healthy fields, showing predominantly vigorous individuals with
little or no observable canopy reduction;

2. Phymatotrichum infestation, indicated by reduced vigor in a
characteristic pattern within a field;

3. Low-vigor strips within fields, typically in a linear pattern,
indicating low-yield conditions resulting from factors other
than Phymatotrichum; and,

4. Field edges, includino paths, irrigation canals, and roads.
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Mean pixel values sampled within training sets for each of the four
classes were plotted by channel (Figure 5) and evaluated to determine which of
the 10 channels were most useful in separating the features desired. A com-
bination of channels 3, 5, and 9 provide the best apparent discrimination
between the field features listed above.

13- 13 - mature cotton
--- Phiymntotrlchlum /

low-yfold teeture

12- - field edg. canal

If

rb

7 9-

1 2 3 4 5 6 7 a 9 10
TMS Criannil

Figure 5. TMS channel separability analysis

2.4 FIFLS POLYG7ON GENERATION

To allow for the tabulation of root ret classes for the sample fields
selected, a polygon mask was renerated to overlay onto a multichannel image
Composite. This mask was created using a set of coordinates correspondino to
corner points of the 28 fields, which was subsequently converted to a raster-
based polygjon file. This was merged with each of the three TMS channels
selected for classification, which, in turn, were composited. The resulting
"mask" isolated the sample fields from the remaining image, simplifyino the
task of tabulating7 pixel sums by class for area calculation.
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2.5 CLASSIFICATION

While a number of classification algorithms are available with the I2 S
System 500 interactive software, a simple supervised minimum-distance routine
(MINDIST,I S,1981) was found to be satisfactory in classifying areas of
Phymatotrichuin root rot, healthy field vegetation, and low-vioor qrowti within
the sample fields. Training sites were selected interactively using both low-
altitude color infrared aerial photography and a trained observer familiar
with the study area and its field characteristics. Several iterations of the
routine were performed with increasing values of thresholding to approximate
the infestation patterns observable on aerial photography used for the around
survey. The tabular results of this classification are listed in Table III.

Table III. Thematic Mapper Simulator Tabular Summary

Field infested Uninfested Low-Yield Total
Number Area(la) Area(lia) Area(la) Area(Ha)

99 13.58 11.78 5.21 30.57
106 8.82 9.74 11.23 29.80
122 5.82 29.29 9.42 44.53
123 9.33 21.97 8.54 39.84
129 9.51 9.19 11.54 3r 24
130 2.54 25.82 2.74 31.39
133 2.22 52.02 4.46 58.70
142 4.39 32.95 4.97 42.31
146 9.09 19.31 15.73 44.13
147 0.88 13.33 2.67 16.88
148 1.31 37.73 2.66 43.70
150 .46 16.65 1.69 18.79
153 .83 27.01 2.09 29.92
171 6.45 18.66 6.27 31.38
172 3.01 14.00 7.13 24.13
174 5.72 6.42 2.03 14.17
179 3.48 20.02 1.39 24.90
180 3.70 14.85 3.31 21.86
181 1.45 5.93 5.97 13.36
182 2.25 20.01 1.75 24.01
184 6.02 10.36 9.12 25.51
185 10.16 11.70 8.50 30.36
188 4.05 27. 30 2.05 33.40
189 10.63 14.31 4.22 29.15
190 4.14 10.43 0.81 15.38
191 1.23 9.87 2.26 13.36
192 3.35 8.49 3.14 14.98
193 3.04 17.46 2.29 22.79

3. RESULTS
A direct comparison of results from field and TMS tabulations is not

possible since the latter includes a low-yield class that may be included
either in infestation or healthy area categories derived from the field/aerial
photo method. With this deficiency in mind, a review of the percentage dif-
ference results between the methods (Table IV) reveals that the two techniques
arc, significantly close in many cases. Further examination shows that nearly
ill of the substantial percentage-difference cases have large values for the

low-yield category, accounting for the deviation between aerial photo and TMS
ca l-u l.t Inns.

A simplc classification map is illustrated in Fioure 6 which depicts
Ph.'matntrichum infestation, healthy field cotton, and low-yield areas within
the sud': fields. This map was produced from the classification file from
which the taibular results by class and field were obtained.
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Table IV. Comparison of Aerial and TMS Area Data (area in hectares)

Field Total Healthy Healthy Healthy Rot Rot Rot Low-Yield
Number Area Area Area Percent Area Area Perccnt Area TMS

Aerial TMS Differ. Aerial TMS Differ. Only

99 30.57 11.25 11.78 -1.37 19.32 13.58 18.78 5.21
106 29.80 13.48 9.74 12.55 16.32 8.82 25.17 11.23
122 44.53 33.35 29.29 9.12 11.18 5.82 12.04 9.48
123 39.84 26.53 21.97 11.45 13.31 9.33 9.99 8.54
129 30.24 11.97 9.19 9.19 18.27 9.5i 28.97 11.54
130 31.09 21.61 25.82 -13.54 9.48 2.54 22.32 2.74
133 58.70 44.55 52.02 -12.73 14.15 2.22 20.32 4.46
142 42.31 33.81 32.95 2.03 8.50 4.39 9.71 4.97
146 44.13 35.35 19.31 36.35 8.78 9.09 -0.70 15.73
147 16.88 8.67 13.33 -27.61 8.21 0.88 43.42 2.67
148 41.70 36.11 37.73 -3.88 5.59 1.31 10.26 2.66
150 18.79 14.66 16.65 -10.59 4.13 0.46 19.53 1.69
153 29.92 26.96 27.01 -0.17 2.96 0.83 7.12 2.09
171 31.38 23.51 18.66 15.46 7.87 6.45 4.53 6.27
172 24.13 22.75 14.00 36.26 1.38 3.01 -6.76 7.13
174 14.17 9.21 6.42 1q.6 9  4.96 5.72 -5.36 2.03
179 24.90 17.80 20.02 -R.92 7.10 3.48 14.54 1.39
180 21.86 18.36 14.85 16.06 3.50 3.70 -0.91 3.31
181 13.36 8.35 5.93 18.11 5.01 1.45 26.65 5.97
182 24.01 19.62 20.01 -1.62 4.39 2.25 8.91 1.75
184 25.51 18.93 10.36 33.59 6.58 6.02 2.20 9.12
185 30.36 17.24 11.70 18.25 13.12 10.16 9.75 8.50
188 33.40 28.12 27.30 2.46 5.28 4.05 3.68 2.05
189 29.15 24.83 34.31 36.09 4.32 10.63 -21.65 4.22
190 15.38 10.93 10.43 3.25 4.45 4.14 2.02 0.81
191 13.36 10.69 q.87 6.14 2.67 1.23 10.78 2.26
192 14.98 10.44 8.49 13.02 4.54 3.35 7.94 3.14
193 22.79 18.69 17.46 5.40 4.10 3.04 4.65 2.29

ri Phymatolrichin, infestation

* Low-yield cotton

* Unintested cotton

Figure 6. Classification Map of Marana Study Area
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4 CONCLUSIONS

The results of the aerial photo and TMS comparison suggest that satel-
lite-borne multispectral scanning image data can effectively provide data on
Phvmatotrichum infestation which is comparable to that produced from manual
interpretation of aerial photography. The immediate benefits that can be
recognized by TMS data utilization include I) frequent (16-day) coverage
potential for infestation monitoring, 2) consistency in classification, and 3)
direct data tabulation and analysis.

Further investigation is suggested for the following areas:

I) Calibration of reflectance with actual sample yields to derive
direct yield estimates on a field-by-field basis;

2) Seasonal and multitemporal changes in the extent and degree of
infestation effects; and

3) Comparison of TMS classification results with actual harvest
analysis to evaluate the effectiveness of machine-derived
yield estimates over field sample estimates,
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APPLICATION OF NOAA-AVHRR DATA TO REGIONAL GEOLOGIC MAPPING

AND ROCK AND SOIL DISCRIMINATION

F.R. Honey

CSIRO
Wembley, Western Australia

SUMMARY

Data and imagery from the polar orbiting weather satellites have received
little attention to determine their potential for mapping geology, soils, and
soil moisture. This is due in part to their poor spatial resolution when com-
pared to Landsat, and to the broad spectral bands used on early system designed
primarily for cloud studies.

The NOAA-6 and NOAA-7 Advanced Very High Resolution Radiometers, with four
and five spectral bands respectively, with resolutions of 1.1 km, and with two
overpasses per satellite over any area of the earth each day, provide data which
is being evaluated in Australia, for geologic mapping and soil moisture studies,
as well as atmospheric and oceanographic application.

Linear features greater than 100 km in length have been mapped, using the
visible, reflective infrared and thermal images. Some lineaments mapped in the
Canning Basin using the thermal data are not apparent in the visible and
reflected infrared images. Night time imagery has highlighted several thermal
anomalies in the granite plutons in the Pilbara region, which correlated with
geochemical anomalies mapped independently.

Ratios of the two long wavelength bands on NOAA-7 are providing some dis-
crimination of rock and soil types, based on their silicate content.

Results in the form of images and maps will be presented to illustrate the
capabilities of the AVHRR data for mapping.
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ABSTRACT

In agricultural applications of remote sensing, linear trans-
forms of Landsat data, such as those of Kauth and Thomas, are known
to be highly effective both for data compression and enhancement of
crop identification accuracies. Typically, such transforms are based
on the time-trajectory of crop pixels through measurement space as
the crop increasingly obscures the soil, matures, scenesces, and is
harvested. In natural vegetation applications, temporal variations
are less important-- life-form differences among vegetation types
lead to distinctive signatures for natural vegetation types that
are more or less distinctive, independent of season. However, the
signatures of natural vegetation types are greatly influenced by their
topographic position on the landscape, due to factors of differential
illnination and coaplex bidirectional reflectance distribution func-
tions. Thus, the question arises whether there are one or more trans-
forms of Landsat data, beyond those already explored, that can ac-
centuate the separability of natural vegetation classes in areas of
diverse topogjraphic relief. To answer this question, we investigated
eleven transforms of four Landsat MSS channels as shcum below.

1. MSs5/MSS6

2. MS53/SS4

3. (MSS4 + MSS5) / (MSS6 + MSS7) (RAVE)2 2 (AE

4. (MSS4 + MSS5 / (NES6 + MSS7) (RASD)
(MSS6 + MSS7 - (MSS4 + N SS5)

5 S. S6 - SS + 05 (TVI6)
MSS6 + NES5

6. -(SOIL5 2 2 (PV16)

Where SOIL5 =0.498 + 0.543*MSS5 + 0.498*MSS6

IThis paper represents one phase of research carried out under NASA
Contract NAS7-100 with the support of California Institute of Tech-
noloqy President's Fur;d Award PF-168.

2Now with Department of Geography, Hunter College, City of New York
University.
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SOIL6 = 2.734 + 0.498*MSS5 4 0.498*%MS6

7. .2120"MSS4 + .2962*MSS5 + .6051*MSS6 + .7079*".qS7 (1:1)

8. .4648"nSS4 + .7847*MSS5 - .0752*MSkb - .(4031.7 (12)

9. MSS5/E2

10. NISS5/E2
E2

11. RAVE/E2

" These transforms were evaluated for their ali ty to distinguish
amonq thirteen classes of natural vegetation in a small area ot the
Klamath Mountains in northern California, USA. The tlirt(en classes
included seven types based on life form: open canopy conifer forest,
closed canopy conifer forest, hardwoo forest, sparse forest, mead:,
grass and small trees. The open and closed conifer types were further
subdivided by dcminant species: red fir, white fir, Douglas-fir, and
ponderosa pine. Lardsat data were from a July 1973 inge received
from Landsat 1. Identification of classes and training areas was
carried out in the field during the summer of 1977.

Two contrasting methods were employed to rate the information
content of the eleven transforms and four raw Landsat channels: di-
verqence analysis and classification accuracy. Although the divergence
analysis appeared to be quite sensitive to minor variations in conpu-
tation induced by quantization of the raw Landsat data, divergence
values were highest for the three transforms (9, 10, and 11) in which
the second eigenvector, E2, appeared in the denrinator. This result
suggests that the second eigenvector performs a useful scaling func-
tion. For the Landsat image analyzed, the second eigenvector emphasizes
the difference between MSS7 and the weighted sum of MSS4 and MSS5.
Since this linear function is orthogonal to the first eigenvector,
which weights all NISS bards positively and accounts for the overall
"brightness" of the image, it reduces the effects of shadowing and
differential illumination on vegetation signatures, producing the
observed enhanced values for divergence.

In accuracy analysis, transform 11, the ratio of :ISS4 and 5
and MSS6 and 7 averages (RAVE) divided by the second eigenvector (E2),
archieved highest accuracies, followed by raw MSS4 and MSS5 bands.
Band ratios such as RAVE are known to reduce the effects of differen-
tial illunination, but do so in a fashion clearly different from linear
jnqx vns .;ah asE2. Since only one multichannel transform performed

better than the two raw Landsat channels, the results suggest that
transforms should be chosen with care for a particular application to
natural vegetation.

1. 0 BAJCKGRDUNI

Pesource managers of state, federal, and private agencies constantly face the need to
assess and inventory large areas of natural land cover in a timely and cost-effective manner.
Thus far, LUndsat classifications have been helpful in providing the data needed for such in-
ventories. However, classification accuracies degrade when classification must distinguish
between land cover classes which are similar in veqetation form and pattern, but differ in
sp cies composition. Spectral information alone is often insufficient to accurately distin-
guish stands of different coniferous tree species, or to differentiate various types of chap-
paral. This failure can make resource management difficult when the stands or vegetation
types require widely different mnnagtement practices.
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Early research in the Doggett Creek vicinity of the Klamath National Forest (Strahler,
et al., 1978) demonstrated that the incorporation of U.S. Geological Survey-Defense Mapping
A\genc- elevation and derived ecorpass-aspect information with multidate Landsat spectral data
in conventional supervised classification of western North American forest species could pro-
duce average accuracies as high as 85 percent. The use of elevation data with spectral data
in unsupervised classification, however, resulted in the swamping of spectral information by
the topographic data.

Subsequent research (Strahler, 1981) showed that a standard deviation texture channel
(derived from MS5) cambined with Landsat spectral data in an unsupervised procedure could
produce classes that differentiated timber stands of uniform height and density reasonably
wll. When comvbined with an image predicting regional forest type (which denotes species
-oijx)sition) using elevation and aspect data, accurate timber stratu maps resulted that could

be used to allocate timber volume samples as well as provide other forms of useful timber
nnamaqtrmwnt information.

The combination of spectral tone, spatial texture and independent terrain information,
therefore, appears to provide sufficient informiation for automatic characterization of natural
vt'jetation resources. Tb ne is most important for recognizing the existence and presence of a
feature. Texture combines with tonc to mensure local tonal variation. The topographic terrain
intorTation provides a 1-vertul independent parameter well known for improving forest classifi-
cation accuracies.

The work of several researchers in agriculture (Kauth and Thomas, 1976 qeolo(gy (Soha
aiW Schwartz, 1978; ind forestry (Deerinci, et al., 1975, have suggested that certain transforms
of Lazusat data cau enhance inherent information or at least permit a reduction in the number
of data chaninels without substantial data loss (data compression). Use of such transforms
oters a potential for iproved classification accuracy with reduced computer costs. A single
eonancd channel could prove irticularly useful as a base for the standard deviation texture
convolution. The purpose of this research is to investigate several of the better known
[aIndsat trinsformations and assess their utility for accentuating the separability of general
coniferous forest and rclated veqoctation classes.

The computer processing for this research was carried out at J1'L and LUSB using the Video
Iage Communication and Retrieval (VICAR) image processing system. Under continual developmient
at JPL for the Fast ten years, tie VICAR system was originally designed for enhancement of
satellite pictures from the nation's unmanned space exploratioii proqrams such as Mariner, Vik-
ing and Voyager. VICAR manipulates digital images expressed as eight-bit bytes, ranling in
value from zero to 255. As part of the loj-in procedure uLder which Landsat images in CCT
format are converted to VICAR format, six and seven-bit sensor values are stretched to eight
bits.

1. 1 S'17DY AREA

The study area used in this research is located in the Doqgett Creek vicinity of the

Klaati National Forest (Figure 1). The area comxprises about 220 sq. kin. of private and
publicly-owned forest lard in Northern California near the town of Klamath River. Located with-
in the Siskiyou bountains, elevations in the area range from 500m at the Klamath River, which
crosses the southern portion, to 2065m near Dry Lake lockout on an unnamed summit. The exten-
sive topographic relief of the Doggett Creek area can be seen via a synthetic stereoiram of the
July 4, 1973 Landsat t'SS5 (1346-18221) in Figure 3.

A wide variety of distinctive vegetation types are present in the area. Life-form clas-
s;es include alpine meadow, fir park, pasture, cropland, and burned, reforested areas. Forest
veqetation includes, from high elevation to low elevation, such types as noble fir, mixed fir
(noble, red a id white), douglas fir, ponderosa pine-incense cedar, pine-oak, and oak-chaparral.

Thus, the topographic and vegetational characteristics of the area are well differentiated.

2.0 LANDSAT TRANSX)RMS

A textural transform of the type used by Strahler, et al. (1979) can provide transformed
inforTution only at a level relative to the amount present in the original data. A channel
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endowed with more pertainent information than another will provide more textural information
after transformation. Landsat data, however, contain a range of vegetation reflectance infor-
mation apportioned over four separate bands covering the 0.5 to 1.1 micron wavelenghts. While
MSS4 band provides most coniferous vegetation information, there is still important data to be
found within the MSS5 and infrared channels. Producing textural transforms of all four bands
would provide too much non-vegetation information as well as over enphasize the redundant
nature of Lirdsat data due to high channel intercorrelations. The redundant property of
Landsat data, however, makes it a candidate for data compression. A single channel of com-
pressed Landsat data could provide a powerful foundation for a textural transform.

Many techniques such as ratioing, principal components and discriminant analysis, have
been used for the purpose of removing redundancy while retaining desired information. The
success rate tends to vary with the purpose and procedure that are utilized. Considerable
success has been reported in the literature when the emphasis has been on enhancing one partic-
ular feature such as gypsy moth defoliation (Williams, et al., 1979) or the urban/rural bound-
r (Friedmn, 1980). Often, enhancement of one feature coincidentally enhances anothex. In

tins research, several of the more common compression techniques are investigated to determine
if any have the potential for condensing Landsat data into a single channel which enhances the
range of coniferous species-type classes. Fifteen channels of data are investigated.

Two famlies of data compression procedures have tended to be most popular largely be-
cause of the ease with which they can be formed: ratioinq and principal ccxtqxnents analysis
(A). The n)st ccmun ratio for vegetation purpxoses is:

(i) MSS 5

MSS 6

jor visa versa or M;SS7 in lieu of .ISS6) as suoqested by Kriegler, et al. (1969), Billingsley
(1973), Vincent (1973) and .Maxwell (1976). The ratio:

(2) MSS 5

IMS, 4

has also been used to emiphasize just the key vegetation channels within Landsat data. A slight
variation of this them-, which retains the use of all four bards is the ratio of averages (RAVE):

ii) MSS4 + MSS5

MSS6 + SS7

2

ait tie ratio of sus divided Lv the differences (RASD)

(4) (MSS4 + MSS5) / (MSS6 + NSS7)

(MSS6 + MSS7 - (MSS4 + NISS5)

Richardson and Weigand (1977) evaluated several vegetation models and found T1V16 (Transform
Vegetation Index with N4SS6) as suggested by Rouse, et al. (1973) and Deering, et al. (1975) to
be the most useful for estimating re] itive greenness:

(5) MSS6 - MSS5-+0.5 ' + 0.5

MSS6 + MSS5

They also developed the IV16 (Perpendicular Vegetation Index) to distinguish the spectral res-
ponse of green vegetation from the response contributed by background soils:

(6) ' (SOIL5 - 1MSS5) + (SOIL6 - MS6)2

where: SOIL5 = -0.498 + 0.543 * MSS5 + 0.498 * MSS6
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SOIL6 = 2.734 + 0.498 * SS5 + 0.498 * MSS6

Ratioing techniques are popular because they can often be easily performed digitally as
well as photographically, and they also tend to redce the effects of shadowing and atmospheric
degradation.

Principal Components Analysis (PCA) techniques have also been found to be useful for data
c pression (Ready and Wintz, 1973, Fontanel, et al., 1975, and Jenson and Waltz, 1978).
Principal components seeks to determine the best orthogonal linear combinations of data which
can account for more variance in the data as a whole than any other linear canbinations. The
principal components were derived from the covariance matrix (Karhunen-Loeve transform).' Each
component was automatically scaled after transformation so that its histogram assumed a distri-
bution centered at a ON of 128, and the spread encanpassed the full 256 DN range. With Landsat
data, the first principal caponent:

(7) .2120*Mf3S4.+. 2962*M13S5+. 6051*MSS6.+. 7079"MSS7 (El)

weights all four channels positively according to the magnitude of their standard deviations.
It thus generally reflects overall brightness, and is likely to be strongly influenced by dif-
ferential illumination. The second principal coponent:

(8) .4648*ISS4+.7847*MSS5-.0753*MSS6-.4032MSS7 (E2)

emphasizes the difference between visible and infrared bands; and contains the feature-specific
information derived from the four Landsat channels that is the most useful PCA contribution to
feature data compression. Haralick, et al. (1972) found that of the several transforms he
tested, the principal comrpnents procedure best approximated the original picture.

A variation of the above ratioing and PCA techniques canbines the two to produce the fol-
lowing channels:

(9) MSS5 / E2

(10) (MSS5 MSS6) / E2

(11) RAVE / E2

Conceivably a synergism could occur as a result of transforming the four Landsat channels h
the two very different rc!ani.n ms,and ratioing the two products (as in the case of RWE/q2).

The last four channels of data to be tested consist of the Landsat bands, included so as
to provide a scientific control to the experiment as well as provide a relative measure with
which to rate and evaluate the merits of the other channels. Most remote sensing scientists
are familiar with the relative information content of these channels, and can therefore use
them to place the ratio and PCA channels in perspective.

3.0 TRANSFORM EVALUATION

Two contrasting methods were employed to rate the information content of the fifteen se-
lected channels. The first is a divergence analysis test and the second is back-classification
of the training sites. Both methods use training site data as the basis for their calcula-
tions.

3.1 DIVERI21CE ANALYSIS

Divergence analysis uses a covariance-weighted distance measure of class means to deter-
mine the total separability of class categories within a given channel. The total divergence
value that is calculated can then be used to rate the individual channels, with the underlying
assumption being that, for the purposes of this research, greater separation is an indication
of more "information." Divergence analysis has been employed by Shlien, et al. (1973) and
Goodenough and Narerdra (1976), and is a common-place practive among users of LARSYS.
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Results of il. d1i',,leiNq t i.Uilx'i'sis u e re oxt d in Taml. I, but arc not considered reli-
able. Ttae tectniqu ropal, tiat tlie spL'trtl Lata Within the training sites have a Gaussian
distribution. 'This is a oi-rrn rejuirev"it tnlgxi multivariate te-lniques including maximmi
likelihcmxi classification that is often relax lbecause it is v.itually irnpossible to obtain.
Htowever, there are lmit.s to inch the .iussl.n rule can b, relax(d. Tie fundamental problem
in this case lies wit the lature, ,t natural vOJtAtlon. Unilike agricultural training sites
which teol to be hisagencous, well defined, and easily delineated, natural vegetation nearly
always has a high variation due to spacing; of the vegetation (which lets in ground signature),
niiulating height, health, aint other factors. I'vry- effort was made in the selection of train-
ing sites to make then as htixiueneous and denstrative of the class to which they represent.
ik-wever, many of the variations typical of natural vegjetation do not appear in a single Lindsat
channel. Thus, traininq sites deline.atd based on N1SS5 that look homogeneous in MSS5 may be
rather heterocleneous when .'ie, kxI in MSS7 or KSS4. This problem is particularly cormpounded in
the ratio process when the seconl eignvector inkige is involved. When a set of overlaying
pixels from the four lhudsat barils are -,e y contrasting, the principal comiponents process can
produce all unusual grey value (DN). W en such an odd DN is divided into its band 5 counter-
p-art (as in the case of 51E2), a very large or small output BN value nay result that is un-
characteristic of the surrourdinq norm (Figure 2). If this high variance pixel falls in a
training site, it will artificially raise or lower the mean of the training class. The diver-
gence analysis tchnioue, which relies on the class means for determining separability, will
then be inflatdt producing unreliable results. Thus, divergence analysis is likely to be
misleading in the analysis of classes of natural vegetation.

3.2 CTLASIFICATlRN TMST

Rick-classification of training sites is a technique that allows easy and rapid comparison
of relative accuracies; how'ever, its use for measuring absolute accuracies is suspect. 'he
technique empIloys the saine training sites areas utilized in the classification process to de-
terrne tie nmnlxbr of correctly classified pixels. Thus, the sane set of data used to train a
classifier is also used to evaluate it. While this nethod has obvious short-comings for evalu-
in; tie exact accuracy of a classification, it is al acceptable technique when relative ac-
c7uracies are to be compared.

The results of s;epurately back-classifying the fifteen channels are shown in Table I. As
,suuld he exp ,cted for sinole charncl classifications, the nixerical accuracies are low. No
"tuning" of the classifications was pWrformed to enhance accuracies.

3. 3 RAVA.7/E2 VNALYSIS

(if the fifteen cianels investigated, the RAVE/E2 (Figure 4) contained the most vegetation
information, with an average classification accuracy of 13.2. cuxpared to 11.7% for the closest
rival. 'This channel represents an enhancesent in information relative to all other tested
ratio transform channels, which lost it. ormation over the raw Landsat classification. This is
aplxirent from the number tso position of MSS4, which theoretically should be the best single
Landsat banld for vegetation because of the strong reflectance peak of coniferous forests at
0.55 microns. Chnlels scoring lower than MoLSS4 would indicate a loss of infornmation content,
and channels scorinq hiqher would represent a gain in information.

other evidence suggesting utility for the RAVE/E2 channel can be found by looking at the
percentages of unclassified pixels. In addition to having the highest classification accuracy,
the RAVE/E2 channel also had the lowest percentage of unclassified pixels: 37.9%. This com-
pares to 41.71 for NUsS4 and 58.9

- 
for b4SS. Thus, not only did the RAVE{/E2 channel classify

mure pixels than the other chnnels, hut it also classified a higher percentage of thelm cor-
rect ly.

The nechanim which gives the RAVE/E2 channel anl advantage over the others is likely re-
lated to an overall reduction in the effects of shadowinq. Ccn xrison of the transfor d image
(Figure 4) with the oriqinal tandsat band 5 (Figure 3) suggest that several of the steeper
slopes that appear darker in the original imagery are being ecgalized in grey tone with related
tinber types on flater slopes in the transformed imnage. Indications of this effect appear in
the left-middle biotta and upper middle-right edge of the imagery, where opposing slopes of
similar typeas but differing DN duc 'o shadowinq in the original imagery receive similar OiN in
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the transforyt-xl data. Classification accuracy wo~uld certainly Le expected to inmprove if
similar timbier tyls on differing slopes were to receive, similar MN ranges.

An overall reduction in the, effects of shadowin could be expected from the RAVE/E2 chan-
nel. When shadowing affects all four Landsat bands equally, ratioinq is known to remove most
of the negative effects. At t-he same tinmi, the second eigenvector from PECA displays most of
the information left after overall brightness, as influenced by relative illumination, is
accounted for in the first eigenvector uiae. Note thliat tope~graphic shadowing is very evident
in the first eigenvecotor irkge (Figur 5) whten caspared to the second eigenvector (Figure 6).
It would, therefore, seem very plausi-ble tlat tlu ratio of twe transforms that are each known
to compe2nsate ior differential illkuiation in a unique way could result in a synergistic out-
put of superior quility to cither taken separately. Further research is necessary to fully
investigate and cunfirm tus hypatlesis.

The quality of tr- RAVE, 1:2 chinnel is heavily influenced by the PCA factor loadings.
Variations in t]ese values duc to the presence or absence of clouds or snow, for example, could
negjatively or psitively effect the discruunation caixibility of the RAVE/E2 channel. Table
1t shows tie vLrying results that such effects can have. A minor change in the infrared load-
ings (.4648, .7847, -. 0752, -. 4031) im)roved classification perfoimiance to 14.0%, and had an ef-
fect in helping to discriminate open canopy. Ponderosa Pine (POP . The number of unclassified
pixels droppal to 33.2 *. Otle, cha.ies had si. ni! icantl-' ne aVive effects. Rounding the

.actor loadings to (.5000, .8000, 0,-.4000) producted the worse average cLoniferous classifica-
tiOI accuracy ot 4.6!.

lnliscruninant sealing durinq creation of RAVE '1:2 can also have deleterious effects.
Throuqhout all ratio clhannel processing, the attempt was rode to produce an output standard
deviation that was close to or within the 1"adsat rane, since previous research had indicated
that chaumels with extr-ecoly smnall local starilard deviations, such as those tyj)ical of digital
elevation, could easily swam) spectral data in an unsuiprvisei classification operation. Thus,
the RAVI portion of tie RAVE/82 transorm was multiplieJ by 110, aud after division by E2 (Lwhiich
was initially scaled), the quotient was multiplie-d by 60 (denoted as 110;60). This produced a
standard deviation reasonably close to the range of LatIasa-t standard deviations.

The (110;60) scalinq combination pronlucexl the best results for the RAVE/E2 channel. A
neutral scaling of (100;100) produced pxor results substantiating the need for a scaling of
souc. desiqn. Minor adjustments (Table II) to (100;60) and (100;50) produced sonm rather
signficant changes in individual categ;ory accuracies suggestinq that like iPA, ratio scalinq
is a critical component of the channel transfoTution process.

That ratio transforms can provide a valuable tool for selective enhancement of specific
features is very evidt in this research. Mhile the RAVE/12 channel would appear to offer the
Ibest all aroundi general enancent of coniferous forest vegetation, the (5/6)/E2 channel might
bt, better for examination of open canopy douglas fir, or the green band for high and low den-
sity white fir. The best channels for sixific conifer and general vegetation types are high-
lighttx in Table.s I ani I1.

4. CONCLUSIONS

Coniferous Lindsat data can be ccpressed into a single channel containing more informa-
tion than any of the original individual inputs using the following transform (RAVE/E2):

+ >S 55 ( % 1S6 + 1S7) *110) Second Eigeiwector) *60

where the second eiqenvector has linear factor loadinqs of (.4648, .7847, -. 0752 -. 4031) and
was scaled to spread the distribution over 256 DIN levels with the center at 128. This informa-
tion gain appe.ars to b, unique amonq similar transforms discussed in the literature, which all

* Part of the seeminglly large percentage change occurring here may be due to the statistically

:kill numb×er of pilxels in scl= of the training classes.
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suffer anl informational loss duringq the compression process. However, RAVE/E2 is a technolog-
ically ccxnlex channel to generate, and considering the radiomitric variation camnn between
Landsat scones, it is unlikely that the PCA loadings disclosed here would be of wide applica-
bility. It is probable that Landsat MSS4 which ranked second best in coniferous information
content is the best all-around dependable singile channel of data. The extra effort to utilize
transformal Lanldsat channels will probably provide only a subtlc, if any, irliprovement in aver-
age classification accuracy. For enhancement of specific classes, the use of certain trans-
forms may be quite beneficial (Table I). But for the general classification of coniferious
forest Lanidsat data, the raw channels will probably provide a result comrparable to the best
of any classification based onl transformations of the raw channiels tested herein.
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LANDSAT AND COLLATERAL DATA AS AN AID IN

DETERMINING FUEL-BED PROPERTIES FOR

WILDFIRE SIMULATION PURPOSES

Michael J. Cosentino

University of California
Santa Barbara, California

SUMMARY

When broad expanses of fire-prone vegetation are in close proximity to, and
intermingled with, urban areas, uncontrolled wildfires constitute an immediate
danger to lives, hones, property, and natural resources. Other dangers persist
into the rainy season when burned slopes, lacking in protective vegetative cover,
are susceptible to rapid runoff, soil erosion, and landslides. Wildfires can
have cat-astrophic consequences and require proper planning and swift suppression
to keep damages to a minimum. rhis necessitates that land managers be able to
predict fire behavior in order to effectively deploy firefighting resources.

The behavior of fire in natural vegetation is influenced by the structure,
composition, and size distribution of the vegetative biomas. In order to predict
fire behav.ior (fire spread rate and heat release) using existing mathematical
models, the vegetation must be categorically described in terms of several phys-
ical parameters including the distribution of the living and dead biomass by
size-class.

Fhe Geography Remote Sensing Unit at the University of California, Santa
Barbara and the United States Forest Service are conducting cooperative research
to map the physical characteristics of the vegetative fuels for a 6.5 million
hectare (16 million acre) area in Southern California using remotely sensed and
collateral data. The final classification will comprise a fuels database for
fire simulation by the U.S. Forest Service's FIRESCOPE Program (Firefighting
Resources of Southern California Organized for Potential Emergencies). FIRESCOPE
was organized to coordinate multi-agency fire suppression efforts in Southern
California, and fire simulation and modeling are integral components of a program
which includes digital terrain modeling and automated weather monitoring.

Initial testing is being conducted on a 7.5 minute quadrangle in the Santa
Ynez Mountains northwest of Santa Barbara, California. This test site is a small
portion of the FIRESCOPE Program area and is characterized by diverse topography,
a Mediterranean climate, with mild wet winters and warm dry summers. There is a
wide array of cover types in the test area, and these typify nest of the divers-
ity in Southern California fire-prone areas.

Unsupervised training procedures are being used to produce a physiognomic
classification of vegetative fuel types (communities or species associations)
and densities (percent crown closure). The assumption is that fuel densities
will indicate areas of homogenecus biomass which are further partitioned by fuel
types to indicate size-class differences. These physiognomic classes can then
be further stratified using fire history data (time since last burn) as an indi-
cation of the age of the vegetation to estimate height and percent dead. Six
input data channels. represented by four raw Landsat reflectance channels, one
synthesized Landsat "texture" channel, and one terrain-derived solar illumina-
tion channel, are being utilized with highly detailed clustering procedures.
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These procedures result in numerous spectral classes which are constrained to
represent very small portions of measurement space such that several spectral
classes may comprise a single physiognomic class. These physiognomic classes,
which are actually fuel type and density strata, can be further partitioned by
overlaying digitized fire history data. Ground plots may then be allocated,
using a stratified sampling approach, for detailed measurements of fuel
parameters.

For this project, the normal procedure for deriving a standard deviation
"texture" image was modified to operate on a ratio image of Landsat bands 7 over
5, rather than the typical band 5 alone. The rationale being that since these
ratio values correlate well with vegetative biomass, standard deviation values
derived from a three-by-three moving window will indicate whether a pixel lies
within an area of change or stability in biomass characteristics.

Another unique component of this project is the use of a solar illuminated
terrain channel, derived from a high resolution (30 meter) digital terrain image,
which is processed to represent the expected solar illumination at the time of
the Landsat overpass. By incorporating the solar illuminated terrain data as a
pseudospectral channel, the resulting classes are constrained to include pixels
which are not only similar spectrally, but also have the same illumination
characteristics. This approach should help overcome the "shadowing" problems
inherent in the classificatior of Landsat data in areas of high topographic
relief.
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SMALL GRAINS AREA.ESTIMATION FOR TRENQUE LAUQUEN PARTIDOoUSING DIGITAL IMAGE PROCESSING TECHNIQUES
Claudia GARGANTINI

Comisi6n Nacional de
Investigaciones Espaciales
Buenos Aires, Argentina

ABSTRACT

An efficient methodology for production forecast
is very important in an agricultural country like Ar-
gentina. This paper describes a first attempt to
evelop a methodology based on digital LANDSAT analysis
for small grains area estimation in a pilot area of the
Pampa Hdmeda, which is the main crop area of the country.

1. INTRODUCTION

Agricultural production is one of the main activities in Argentina, for
this reason it is very important to develop a fast and efficient methodology to
estimate crop production accurately to improve the conventional techniques.

This work is being carried out within the United Nations Development
Programme for crop production estimation in the Pampa Hdmeda area.

This paper presented is focussed in one of the three pilot areas selected
for the first step of the project programme: the Trenque Lauquen Partido. This
area is located west of Buenos Aires Province and covers about 550,000 hectares.
The main crops in the area are wheat, corn. sorghum and sunflower and it is a
region where agricultural activity and cattle have the same importance.(Fig. N'l)

2. GOALS

The main goal of this work is the wheat area estimation for Trenque Lau-
quen Partido using digital image processing techniques to be compared the
results with the annual estimation results provided by the Agricultural Minis-
try.

The importance of this paper is the possibility of proving a methodology
for our country in three pilot areas and improving it to be applied lately in
the crop are estimation for the whole Pampa Hdmeda.

3. MATERIALS AND P THODS

It has been used for this study one CCT corresponding to the coordinates
243-085, dated October 9th., 1981, the only one available within the wheat grow
Ing season. The phenological stage for that special date is heading. This CCT
covers the 91% of Trenque Lauquen Partido.

A trip of four days to the field, to the area of interest has been realiz-
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ed in October 22nd.

Each one of the segments located in the partido by a random sampling
design prepared by the MAG for their annual periodic production estimates, has
been visited. These segments cover approximately 10% of the total area of the
Partido, and they have been determined by the MAG without any previous stratifi-
cation based on LANDSAT data.

Each one of the farms belonging to the segments has been visited and maps
with the location of fields, in most of cases provided by the farmers have been
filled with the ground truth data (crop, planting date, and phenological stage).

For the location in the field it has been used a map of the partido with
the boundaries of each farm with the owner's names, provided by the MAG with the
segments drawn in it.

It has been used too a LANDSAT image of 1:250,000 that because of the big
size of the fields of this area (average 100 has.) it was more useful than the
topographic maps 1:100,000 used in other areas of Buenos Aires Province with an
intensive agricultural use and with small sizes of fields. In some cases it has
been used two photographs of some of the segments taken from the monitor, being
as good or better material than aerial photographs.

Once finished this first step, the digital image processing with the PI
System, developed in CNIE has been done.

A subimage with the area of interest has been created delineating the
boundaries of the Partido in the original image.

Once being this done the segments were located and the unsupervised classi
fier algorythm was applied in one of the segments. Two different classes of -
wheat were separated by the clustering with very different values in bands 6
and 7, the rye was confussed with wheat: pastures and two classes of bare soil
(one seeded and the other ploughed) were separated.

The training sites to be used in the analysis were selected applying the
clustering results. The spectral separability of the training sites was evalu-
ated using hystogram analysis, spectral coincidence maps for the different
classes, confusion matrix and covariance matrix. Figure N'2, Table N'I.
show the statistics of the different polygons (fields) and the similarity
between wheat and rye.

After the statistics were analysed and the training sites were chosen for
the classification performance, an accuracy evaluation was done by classifying
the rest of the segments. (Fig. N' 3)

The classification of the segments for the accuracy evaluation was done in
7 of the 12 segments, because almost the total area of 3 of them were located
within the 9% of the Partido not covered by the image, other segment was impos-
sible to be visited and the other showed a confussed spectral behavior.

Once being this done the whole Partido area was classified, and the
results were evaluated and matched against the ones obtaining at the Ministry
of Agriculture by the conventional method by the use of non remote sensing
techniques.

4. RESULTS

The confusion matrix of the polygons used in the classification (Table N0
2) shows the two classes of wheat, and the spectral separability of pastures,
bare soil (seeded) and fallow. The rye is completely confussed with wheat, for
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that reason in the classification they were used as a unique class.

The classification of the seven segments showed an excellent behavior in
the segment to which the training sites used belonged, and in the segments close
to the first one; although the results were good too in the segments more sepa-
rated in distance from the first one, they were not as good as in the others.

After the accuracy evaluation was done the whole partido was classified
with for polygonsthe two classes of wheat and rye as one class and pasture as
a second class.

The first result was 126,797 pixels of wheat + rye, 62,000 hectares, this
value belongs to the 91% of the total area of the Partido covered by the image.

As three of the segments belong to the rest of the area, 3.7% of the 9%
were covered by ground truth and there were in it 1600 ha. of wheat and 650 ha.
of rye, and without any statistics criteria, but by a simple extrapolation the
result for this 9% of the area was 3600 hectares of wheat and 1600 hectares of
rye.

The final result for the whole Partido of Trenque Lauquen was 67,200
hectares of wheat and rye.

To evaluate the accuracy of the classification, a regression analysis was
realized and the result was a regression coefficient 0.89, which is reason-
able value of acceptability. Figure N°4.

5. CONCLUSIONS AND RECOMIENDATIONS

- The annual periodic acreage estimation done by the Ministry of Agriculture for
Trenque Lauquen Partido was 60,000 hectares for wheat and 9,000 hectares for
rye.

The comparison between the total value of 69,000 ha.with the conventional
method and the 67,200 ha. estimated with the digital analysis shows the similar
ity of both values.

Although the best way to compare the results of the classification analysis
would be to have a complete census of the Partido, the only data available to
be compared was this one provided by the Agricultural Ministry.

- The spectral separability of wheat and rye is almost impossible if it is
considered that the planting and harvesting dates of both crops are very
similar. It would be possible to separate with a multitemporal analysis the
portion of double purpose rye which is planted in March for pasture first and
is harvested then for grain. But anyway it is not a solution for wheat estima
tion, it doesn't discard the rye at all, because the one planted in July for
grain would be confussed with wheat. For that reason, in the present paper
they have been estimated together.

It has been reviewed the historical data to see if the relation between
the areas planted with the two crops had been constant in the last ten years to
allow knowing for future estimation which percent of the total value belongs to
each crop. But the behavior of wheat and rye was different from one year to
the other.

- The fact that the bigger the distance between the original segment and the
other ones was, the less efficient the classification performance resulted,
shows clearly that a previous stratification based on LANDSAT is necessary for
a new sampling design. A roughly visual analysis of the Partido in the LAND-
SAT image shows two different areas, one in which the percent of agriculture
is lower than in the other associated to a more defficient drainage pattern.
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It is very important that future estimations will be done based on a new
samping design based on stratum, and not based on administrative limits.
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Polygon Statistics Polygon Statistics
15. Wheat-LAN 1 3. Wheat-IAN 1

Mean values Mean values

Channel: 1 2 3 4 Channel: 1 2 3 4

22 25 52 66 22 24 61 83

Covariance matrix Covariance matrix

Channel: 1 2 3 4 Channel: 1 2 3 4

1 1 0 0 0 1 1 0 0 0
2 0 2 -1 -1 2 0 2 0 -1

3 0 -1 4 4 3 0 0 6 5

4 0 -1 4 9 4 0 -1 5 12

Polygon Statistics Polygon Statistics
1. Rye-LAN 1 10. Pasture-LAN 1

Mean values Mean values

Channel: 1 2 3 4 Channel: 1 2 3 4

24 28 54 68 25 30 79 111

Covariance matrix Covariance matrix

Channel: 1 2 3 4 Channel: 1 2 3 4

1 1 1 0 -1 1 2 0 1 1

2 1 4 0 -1 2 0 2 1 2

3 0 0 3 1 3 1 1 9 8
4 -1 -1 1 7 4 1 2 8 13

Polygon Statistics Polygon Statistics
1. Fallow-LAN 1 1. Seeded-LAN 1

Mean values Mean values

Channel: 1 2 3 4 Channel: 1 2 3 4

29 44 49 57 21 27 29 32

Covariance matrix Covariance matrix

Channel: 1 2 3 4 Channel: 1 2 3 4

1 3 3 3 2 1 1 0 0 0
2 3 10 6 5 2 0 1 0 1

3 3 6 10 7 3 0 0 3 2

4 2 5 7 12 4 0 1 2 5

Table N' 1
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3. Wheat 15. Wheat 1. Rye 10. Pasture l.Seeded l.Fallow
LAN i LAN 1 LAN I LAN 1 LAN I LAN I

3. Wheat-LAN 1 92 1 7 0 0 0
15. Wheat-LAN1 1 83 15 0 0 0

1. Rye-LAN 1 2 26 72 0 0 0

10. Pasture-LAN 1 0 0 1 99 0 0

1. Seeded-LAN 1 0 0 0 0 100 0

1. Fallow-LAN 1 0 0 0 0 0 100

Table N°2. Confusion Matrix
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LANDSAT-RELATED STUDY FOR THE MALI LAND

USE INVENTORY IN WEST AFRICA*

C.S. Bingham, S. Bouar6 and D. Thom

Tippetts-Abbett-McCarthy-Stratton
New York, N.Y., USA (Bingham and Thom)

Ministry of Rural Development of
the Government of the Republic of Mali (S. Bouar6)

ABSTRACT

This paper discusses the mapping and analysis
of existing land use and population distribution
within the framework of an integrated resource
inventory and evaluation--the Mali Land Use Project.
Discussion of legend development illustrates the
problems of classifying, at the scale of 1 :500,000,
land uses associated with traditional production
systems. The mapsheet of Mopti and its environs is
used to portray how differing resource character-
istics have contributed to contrasts in population
density and patterns of human exploitation.

1. RACKGROUND

Mali's National Institute of Zootechnical, Forestry and Hydrobiological
Research of the Ministry in Charge of Rural Development is implementing the
Mali Land Use project with funding from the U.S. Agency for International
Development and technical assistance from the French Fund for Aid and Coopera-
tion. The firm of Tippetts-Abbett-McCarthy-Stratton (TAMS) and its subcon-
tractors, the Environmental Research Institute of Michigan (ERIM) and American
Ag International, have supplied technical consulting services.

Mali depends upon its agricultural and rangeland resources for subsis-
tence and the bulk of its employment and exports, but has lacked a comprehen-
sive and consistent data base to help identify, select and plan their develop-
ment. The project provides an integrated summary of resource information in
the Mali Land and Water Resources Atlas, accompanied by a technical report.
The Atlas uses consistent classification schemes and legends; its maps and
overlays are presented all at the same scale. Coupled with the establishment
of a natural resources data bank in Bamako and a training component, the
project lays the foundation to guide development of Mali's natural resources.

The project area covers 582,800 square kilometers, all of Mali south of
the Niger River and a limited area to the north as illustrated next.

*Presented at the Seventeenth International Symposium on Remote Sensing
of Environment, Ann Arbor, Michigan, May 9-13, 1983.
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Figure 1. Mali Land Use Project Area

The study relied upon Landsat images and field work to cover this area,
in two and a half years. Sixty-five Landsat false color images, geometrically
corrected to conform to 1 x 1' topographic maps of the Institut Geographique
National at the scale of 1:200,000 were produced from computer compatible
tapes obtained from the EROS Data Center. 1/ These images served as the
medium to delineate preliminary resource units and record field interpreta-
tions. Reconnaissance surveys, extensive ground truthing and analysis of
aerial photography permitted verification of image interpretations and, based
on similarity of signatures, interpolation for inaccessible and remote areas.
Color images at the scale of 1:500,000 facilitated the transfer of information
from the 1:200,000 field sheets to the base maps used for publication, black
and white imagery mosaics produced from Band 7 and corresponding to IGN
topographic maps at the scale of 1:500,000.

The resource inventory includes maps of soil/vegetation units containing
soil taxonomic units, classified according to the U.S. soil classification
system, and keyed to vegetation descriptions. Water resource maps illustrate
precipitation, groundwater resources and surface water characteristics. Maps
of existing land use were prepared with transparent thematic overlays of
population distribution. The technical report describes these themes as well
as crop yields, range productivity, agricultural and grazing practices,
agroclimatology, economic characteristics of the agriculture and livestock
sectors and land tenure.

The analysis of resource potential focuses on suitability of lands for
crops and range at differing levels of technological input. Transparent

1/ The Environmental Research Institute of Michigan provided all image

products.
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overlays portray: (1) soil or land capability based upon the USDA's Land
Capability Classification, adapted to suit Mali's environmental conditions;
and (2) zones with potential for irrigation and/or groundwater exploitation
and precipitation constraints. In addition to resource plans, subsequent
steps made possible by this data base include: long-term monitoring of soils
and vegetation sampling sites; pilot plans to demonstrate application of
various analytical techniques; and transfer of resource information to a
geographic information system.

This paper focuses on the mapping and legends for population and land
use and the interpretation of the Mopti mapsheet, one of the eleven produced
in the Atlas.

2. METHODOLOGY: POPULATION AND LAND USE

2.1 LAND USE MAPPING AND LEGEND

Differing colors, tones, textures, spatial arrangement and other visual
clues on the Landsat imagery, dating largely from November and December 1975
and 1976, were the basis for preliminary delineation of mapping units.
Interpreters' familiarity with the landscape and repetitive patterns permitted
classification of the units according to a preliminary legend. Extensive
field checking by ground and air was undertaken to verify the image interpre-
tation. When necessary, the mapping unit was reclassified and adjustments
were made to the preliminary legend to produce the final legend. Population
maps provided a cross-check on imagery interpretation of agricultural density
and topographic maps helped to identify roads and landforms. Cattle routes
were traced with the aid of imagery and secondary sources.

Three issues arose in land use mapping and legend development. First, a
land use map derived from satellite imagery depends upon the interpretation of
land cover, but land cover is not always synonymous with land use. Second,
Mali's production systems tend to be a subsistence level, non-commercialized,
complex of associated activities. Exclusive, homogeneous categories of land
use do not generally exist, aside from areas of very low rainfall where only
livestock raising is possible and development projects of irrigated agricul-
ture. Thus, a classification system either is messy or distorts reality.
Third, the small map scale of 1:500,000 exacerbates the problems of showing a
composite of land uses and of formulating a classification. Therefore, a
fractional code using alpha-numerical symbols was devised to portray the
multiple features of each mapping unit in the following format:

Land Use Type/Site Distribution/Diy

Crops Livestock

Land use types are divided into three major categories which roughly
correspond to three principal climate zones of Mali: livestock raising,
including both nomadic and transhumant types of pastoralism, above the 400 mm
isohyet; an agro-pastoral zone where both pastoralism and agriculture occur in
different degrees; and below the 700 mm isohyet, a dominantly agricultural
zone, associated with sedentary livestock raising. Where agriculture occurs,
cultivation is classed as rainfed or irrigated. Four modes of irrigation are
distinguished: natural flooding or submersion for crops such as rice; par-
tially controlled flooding; total or modern water control; and recessional
(d~crue) flood irrigation in which crops, sown after floodwaters fall, benefit
from residual moisture in the ground.

Site identifies utilization according to physiographic characteristics
for agriculture and vegetation for pastoralism. On the imagery, cleared or
cultivated areas, including recent fallow, have a white/yellowish color; they
can follow river valleys, appear between dunes, or in other ways systemati-
cally relate to landform. In pastoral zones, localization of the land use
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with respect to vegetation as well as physiography proved to be the relevant

descriptors.

Distribution refers to the pattern of cleared or cultivated land within

the unit or the physiographic site. For example, on the imagery, cultivation

of stream valleys can appear as a continuous band, or discontinuous, as beads

strung out along a valley. Modern irrigated agriculture, typically intense,

occurs in a continuous pattern. A dispersed pattern refers to relatively

large, scattered patches of cultivation.

Density, ranked in four categories, refers to the proportion of the

mapping unit that is cleared or cultivated, as estimated from the images.

Crops grown and livestock raised are noted on the maps in order of their

importance, based on the field investigations and secondary sources.

The complete legend is shown below in Table I.

TABLE I. LAND USE LEGEND

LAND USE TYPE

100 PASTORAL 300 AGRICULTURAL

110 Pastoral Production 310 Mixed Agriculture
311 Rainfed Cultivation

200 AGRO-PASTORAL 312 Irrigated Cultivation

210 Pastoralism Dominant
211 Rainfed Cultivation 400 BUSH PASTURELAND

212 Irrigated Cultivation
220 Agriculture Dominant 500 UNUSED

221 Rainfed Cultivation
222 Irrigated Cultivation

Mode of Irrigation

a Natural Submersion Flooding, c Total Water Control

Depressions d Flood Recession

b Controlled Flooding

SITE (LOCATION)

1.00 CULTIVATION 1.60 Lacustrine Zone

1.10 Plain 1.70 Dunes

1.11 Depression 1.71 Interdune
1.12 Levee 1.72 Interdune and on dunes

1.13 Other 1.73 Old worn dunes

1.20 Flood Plain
1.21 Alluvial terrace 2.00 LIVESTOCK RAISING

1.22 Depression 2.01 Brousse tigree (Tiger bushland)

1.30 Valle 2.02 Dunes/Interdune
1.31 Depression, valley bottom 2.03 Sandy plain

1.32 Pediment 2.04 Swampland

1.33 Valley terrace 2.05 Denuded Zone (reg)

1.40 Hills 2.06 Denuded Zone (transhumance route)

1.41 Summit 2.07 Depression in valleys & wadis

1.42 Slope 2.08 Bourgouti~res

1.43 Summit & slope 2.09 Dry lakes
1.50 Delta 2.10 Pasture on hills or plateaus

1.51 Inactive delta 2.11 Mixed zone

1.52 Active delta
484



DISTRIBUTION

1. Continuous 2. Discontinuous 3. Dispersed

DENSITY

1. 0-10% of mapping unit cleared 3. 31-60% cleared or cultivated
or cultivated

2. 11-30% cleared or cultivated 4. 60% cleared or cultivated

CROPS AND LIVESTOCK

Crops* Livestock

Mi - Millet Ct - Cotton b - cattle
So - Sorghum Se - Sesame 0 - sheep
N - Ni~b (cow peas) D - Dah (Jamaica sorrel) c - goats
Ms - Maize T - Tobacco ca - camels
Rz - Rice Fo - Fonio (Foxglove) p - hogs
B - Wheat Tu - Tubers
Pt - Bambara peas CI - Calabash *Some crops have
A - Peanuts Ma - Vegetable Gardening no common English
P - Plantains V - Orchards equivalents.
Cs - Sugar Cane Th - Tea Abbreviations are

based on French
crop names.

OTHER

Classified Forest Existing Irrigated
and (Bu)Perimeters I

National Parks over 50 ha

Generalized Transhumance Route

2.2 POPULATION MAPPING AND LEGEND

The 1976 Census of Mali, listing the populations of over 10,000 villages
and nomadic tribes by arrondissement (smallest administrative unit), provided
data for mapping. IGN topographic maps at the scale of 1:500,000 served as
working maps upon which villages were located along with the notation of their
size. Because all villages did not appear on IGN maps and because spelling
discrepancies impeded identification or several villages bore the same or very
similar names, census takers' enumeration maps were obtained in order to match
names with locations by correlating features common to both maps. Neither
census takers' maps nor arrondissement limits were available for parts of the
northern study area; therefore, approximate limits were established by plott-
ing locations of known places; population groups, mostly nomadic, were then
mapped in the arrondissement of enumeration.

The legend, shown in Figure 2, is based on the following criteria.
First, representation of actual settlements rather than density by area was
chosen to avoid loss of detail and to illustrate settlement with respect to
landform, administrative centers and water sources. Second, the service
criteria of government agencies were examined to see if cut-off points for
services would provide appropriate breaks for population size classes. Third,
the distribution of settlement sizes, along with the service criteria, result-
ed in the selection of ten size classes, represented by circles proportional



to population class, with the exception of Bamako, the only example in the
largest class. Its population size (six times greater than the next largest
place) rendered proportional representation awkward. Fourth, legibility
dictated the choice of open circles on a transparent overlay to permit use of
the overlay with the land use base map and with other thematic maps. The
mapping scale proved adequate to show all settlements, proportionally, by
using a 2 mm diameter circle for the smallest class. Preliminary mapping of
the Mopti mapsheet, with the highest settlement concentration, demonstrated
that arbitrary reduction of the smallest circle size to 1 mm made a more
legible map. Lastly, to assist in the identification of surroundings, the
maps carry symbols and place names denoting the chief places of Mali's
administrative districts (7 regions, 46 cercles and 281 arrondissements).
Because of the problems in mapping some population groups, e.g., nomads, they
are shown symbolically inside a box, placed in the arrondissement of enumera-
tion, to indicate ambiguous location.

40,000- ADMINISTRATIVE

79,999 SEATS

_____ 20,000- NOMADGROUPSSHOWN
3999REGION WITH ARROWS IN THE

ARRONDISSEMENT OF
0,--- .000- ENUMERATION. SOME

GROUPS SHOWN WITH-ERCLE OUT ARROWS AND BYA
--. 5,000- ATPLACESHAVING

2,000( 9,999 SAME NAME AS GROUP.
4,999 1,000- ARRONDISSE-

500-999-- - ,999 MENT
200200-499

Figure 2. Population Legend

Final maps were derived by applying the circle legend to transparent
overlays placed atop the working maps. Village locations were adjusted to
compensate for differences between the IGN paper map and the black and white
mosaic, thereby achieving proper village placement with respect to topography.
Prior to placement of names, a list of all variant spellings (IGN, Census,
official ordinance, other sources) was prepared and criteria adopted to
ensure consistent spelling of place names.

3. ANALYSIS OF LAND USE AND POPULATION: MOPTI MAPSHEET

The mapsheet of Mopti and its environs mostly covers Mali's Fifth Region
(Mopti) and small parts of other administrative regions. The mapsheet not
only presents sharp contrasts in population distribution and land use types,
but contains some of the most productive and densely populated zones of Mali.
Physiographic differences and the interspersing of different ethnic groups
have resulted in a variety of production systems that influence land use and
population distribution. Physiographic conditions, at a very gross level,
appear to be the principal determinant of production systems and, in turn,
land use. Ethnic group tradition also influences the type of production
system, since particular ethnic groups in Mali tend to be associated with
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particular modes of life, e.g., pastoralism or agriculture. / The physio-
graphic regions are used as the organizing framework for this discussion of
population and land use. The major physiographic regions include the Sino-
Gondo Plain, the Bandiagara Plateau, the Inland Delta and the Lakes Region.

3.1 SENO-GONDO PLAIN

The S~no-Gondo Plain, located in the southeast corner of the Mopti map,
is populated by the Dogon, a people confined to the Bandiagara Plateau prior
to the colonial period, and the Peul. With the end of interethnic hostilities
during the colonial period and in response to needs for more land, the Dogon
have moved east onto the plain where they practice rainfed agriculture. The
Peul, in this milieu, engage in transhumant pastoralism (fixed villages from
which herders take livestock on seasonal itineraries according to available
pasturage) and some agriculture. Cultivation is practiced between the dunes
and on the worn dunes which comprise the plain. Density of cultivation and
population is low immediately adjacent to the plateau's escarpment. Cultiva-
tion becomes denser (31 to 60% of the mapping unit) to the east; population
densities are also relatively high, ranging from 20 to 40 persons per square
kilometer, and the distribution of settlements is relatively homogeneous over
this part of the plain. Bush-fallowing practices result in fallow periods of
five to eight years followed by cultivation for four to six years. Millet is
the dominant subsistence crop; sorghum, ni~b , dah, peanuts, fonio and sesame
are grown as secondary crops. Farmers mostly grow two or more crops in the
same field at the same time and often rotate crops over a four-year period in
a sequence including millet, sorghum and dah the first year, followed by
millet, dah and ni~b6 the second year, with a change to peanuts or fonio the
third and fourth years. Although the traditional land tenure system of the
Peul and Dogon does not permit the land's alienation (disposal of property
rights), selling of land in this area, while not common, is a notable excep-
tion to rural custom.

3.2 BANDIAGARA PLATEAU

Despite the rocky, shallow soils of the Bandiagara Plateau (west of the
plain), the Dogon cultivate valley floors and slopes of valleys where streams
flow off the escarpment. The concentration of cultivation, villages and
population is along the edge c: the escarpment. Population densities in
Sangha and Douro are respectively 60 to 90 persons per square kilometer where
relatively nmall villages are suspended like acrobats in rocky cliffs. The
lack of soils and especially water, along with social changes, have not only
stimulated outmigration but resulted in relatively intense management of
limited space and resources. From east to west of the cliff's edge, popula-
tion densities diminish from 30 to 40 persons per square kilometer to as low
as 10 to 15, in a pattern of scattered villages larger (more than 350 persons)
than those on the cliff. Because cultivation is limited to the stream slopes
and valleys, density of cultivation is low--l0 percent or less of a land use
unit. Millet and sorghum are the dominant food crops, with intercropping of
niebe and dah. The Dogon are noted farmers and produce a wide variety of
vegetables, particularly onions, and rice by constructing small dams and
diverting water. This traditional, small-scale irrigation is not mappable at
a scale of 1:500,000. At the northern edge of the plateau, pastoral land use
typifies a largely uninhabited zone (about 5 persons per square kilometer),
used mostly by Peul and Dogon to graze livestock.

21 Ethnic identity has historical origins and reflects ancestry, language,
physical traits and/or a way of life. Some people change their ethnic
identity when they change their occupation, e.g., from pastoralists to
fishermen. Likewise, some groups lose their language and change their
occupation, but maintain their ethnicity according to their origins.
See Gallais (1962).

487



3.3 INLAND DELTA

The Inland Delta is or used to be inundated by the Niger River's annual
flood. Flood waters, which cannot be accommodated in the main channel, spread
out over a vast plain to create the Live or Active Delta. The flooding con-
tinues north, channeled by tributaries along 9xteirsive linear dunes into what
is known as the Lakes Region (Lacustrine Zone). To the east and especially
to the west of the Active Delta stretches a broad sedimentary plain, formerly
inundated, and known as the Dead or Inactive Delta.

The Active Delta encompasses the area south of Lake D~bo and Lake
Korientz6, bounded on the east and south by the main channel of the Niger
River. The western boundary is less well defined; several kilometers to the
west of the Diaka, it parallels that stream channel extending from the Niger
River at Diafarab6 to Lake Ddbo. The agro-pastoral production systems of the
delta are in rhythm with the annual advance and retreat of flood waters. Near
Mopti, flooding begins ir July and by August has inundated the Active Delta's
plain. In January flood waters have receded and lush, deep pastures called
bourgou (characterized by Echinochloa stagnina) remain.

In the interior of the inundated delta, land use units are classified as
pastoral or as agro-pastoral with pastoralism dominant. Transhumant herds of
the Peul and of nomadic groups converge on the bourgou pastures and follow the
retreat of the flood waters north. (The calendar, order of entry and use
rights are based on the Code of the Dina established by S~kou Amadou in the
nineteenth century to sedentarize the Peul and permit the co-existence of
agriculture and pastoralism.) With the onset of the rainy season, herders
lead the bulk of the herds out of the delta to escape its unhealthy conditions
and to graze on the rainy season pasture in the Sahel. In October-November
herds return to the periohery of the Active Delta to a waiting zone and then
begin the cycle again. Small herds of milk cows, remain in villages and
others, composed of young animals not fit for the transhumance, make shorter
treks. The large bourgou pa3tures are generally devoid of permanent settle-
ment or sparsely settle> by Peul groups; also uninhabited are the lowest parts
of the del p where only rare knolls appear.

The margins of the Active Delta favor more intense occupation. Land use
of the west margin is agrc-pastoralism with pastoralism dominant and some
irrigated agriculture, particularly rice, using natural flooding or simple
dams. Planted at the rainy season's onset, rice is harvested in the flood
season. Cultivation is dispersed or discontinuous and not dense (10% or less
of the mapping unit), except in an area extending along the Diaka (11-30%).
Population density ranges from about 10 to 20 persons per square kilo' -ter,
but settlements are especially concentrated along the length of the Diaka
distributary and other such branches from the Niger. The eastern margin of
the Active Delta is characterized by a similar type of agro-pastoralism and
near Mopti by modern, controlled rice irrigation in the casiers of a rice
development project. Population density varies between 25 and 4D persons per
square kilometer near Mopti and to the north, but to the sotr, is about 15
persons per square kilometer. Mopti, the third largest city in Mali, is a
port and center of commprce as well as the administrative center of the
Region. Although the ppulation of the Active Delta is dominantly Peul
pastoralists and Rimaib6 (former slaves of the Peul) cultivators, Bambara and
Marka agricultralists and especially Bozo fishermen also exploit its multiple
resources. The expansion of rice cultivation at the expense of pasture land
and increased numbers of livestock using the delta have created resource
conflicts and Pitered the traditional system of exchanges and of land rights.

The Inactive Delta stretches mainly to the west of the Active Delta, but
there are small ireas to the northeast and southeast. Sand dunes, worn dunes,
sandy plains, bush pasturelind and areas of sparse vegetation are typical;
overall lack of water is the dIetermining factor of land use and population
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distribution. Pastoralism prevails to the north. Toward the south, land use
units are agro-pastoral with pastoralism dominant and rainfed cultivation.

Agriculture is dispersed and 10 percent or less of a land use unit is culti-
vated, generally for millet, sorghum, peanuts, and ni~b6 and, in some units,
fonio, dah, corn, vegetables and pois de terre. In the area as a whole,
population density is low, generally about 5 persons per square kilometer or
less, but characterized by clusters of villages, often surrounding adminis-
trative seats, and a relatively high proportion of large (more than 1,000

inhabitants) villages. In the northern pastoral units, Peul are dominant with
some Bambara and, in the southern units of rainfed cultivation, the reverse is
the case. Lands of the Office du Niger are located on the Inactive Delta, in
the mapsheet's southwest corner. This large irrigation scheme dates from the
1930's; the total control of water, through a system of canals distributing
water from a dam on the Niger, has permitted rice paddy cultivation. Popula-
tion, mostly immigrants to the Office, is relatively dense, 25 or more persons
per square kilometer.

3.4 LAKES REGION

This region occupies much of the northern part of the Mopti mapsheet.
Characterized by lakes, pools and elongated dunes, its higher local relief
prevents complete inundation by Niger flood waters which flow along esta-
blished channels into pools and lakes. Relative uniformity of its physical
characteristics has resulted in a relatively uniform type of land use and
homogeneous population distribution. Agro-pastoralism with irrigated agri-
culture dominant is widespread. Both natural flood and recessional irrigation
are practiced. Cultivation is dispersed and of low density (0-10% of each
mapping unit). Crops are diverse and include millet, sorghum, rice, cow peas,
corn, wheat, tubers and vegetables. Near the larger lakes where the Active
Delta meets the Lakes Region are also vast bourgou pastures where pastoralism
rather than agriculture is dominant. The agricultural production system is
dependent upon the cycle of the annual flood, but is somewhat more precarious
than to the south in the Active Delta due to lower rainfall. Population
density varies between about 15 and 25 persons per square kilometer. Rather
evenly spaced villages with less than 500 inhabitants are punctuated by a few
larger villages and towns, mostly administrative seats. The population is
diverse: Peul and some Tamachek, and sedentary, cultivator groups of Bambara,
Sonrai, Iklan (Bellah) and RimaYbe.

4. CONCLUSIONS

From the perspective of methodology, the analysis reveals that Landsat
imagery at the scales utilized is a convenient starting tool but is not
sufficient in itself to show the complexity of the land use pattern which
ground checks and field interviews reveal. For population mapping, it serves
as a reference tool. Although one could establish a statistical correlation
between population concentration and cultivation density, the variation in
cropping patterns in Mali would lead to many distortions. The development of
a land use legend appropriate to traditional production systems results in
many overlapping and mixed categories; specialization in types of crops or
livestcck is often a matter of subtleties, rather than sharp contrasts.

Population distribution and the pattern of existing land use offer clues
about the effectiveness and the level of resource exploitation. In general,
the Mopti mapsheet illustrates that population concentration and uses of land
are highly dependent upon environmental conditions and that, given the level
of available technology, the most hospitable and environmentally favorable
resources are most exploited. The isolated Dogon in the Bandiagara Plateau
are a noteworthy historical exception. Availability of water seems to be the
controlling physiographic factor; soils maps are not yet available to test the
hypothesis that the best soils (in terms of productivity) or those most easily
tilled with hand implements are the most exploited. For this area, voids of
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population appear not to be explained by geographically specific disease as
is the case in other parts of Mali where onchocerciasis is present in river
valleys. While population concentration in the Mopti mapsheet is superfi-
cially related to available infrastructure, it also appears that the infra-
structure has followed rather than caused the population concentrations. As
additional project information becomes available, population density can be
calculated by soil-vegetation unit and soil characteristics can be ranked
or quantified. Use of multiple regression techniques would permit the more
sophisticated testing of hypotheses related to soil characteristics (depth,
available moisture, slope, etc.).

With the growing application of technologically sophisticated methods of
acquiring information about the earth, extensive areas can be evaluated and
compared. The inventory and evaluation of biological and physical character-
istics permit a more rational examination of development options. Certain
cautions are in order, however, for traditional production systems like those
of Mali. New levels of technology and/or new types of use are likely to
disturb old balances between population and resources and to have repercus-
sions on land holdings and rights (land traditionally cannot be alienated from
the family ancestry in Mali) and social-political relationships. For example,
the extension of irrigated rice cultivation in the delta occurs at the expense
of pastoral use, requires the redefinition of property rights and alters
social relationships among ethnic groups. The analysis of land use and
population helps to raise important questions, particularly when evaluation of
development potential runs counter to existing use. Many factors may have
acted in the past to prevent such a use from occurring--disease, ethnic
tradition, historical events, or the adaptive strategy of interdependent
relationships characterized by mixed rather than specialized uses. Land use
and settlement are thus reflections of complex and interrelated production
systems. In this sense, the inventory and evaluation of population and land
use guide the formulation of other critical questions. Development planning
depends, then, not only on finding physically suitable locations, but also on
uncovering the possible constraints to successful change.
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LANDSAT DATA
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Montrouge, France
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SUMMARY

The French national parks located in mountain areas lay in extended zones,
difficult of access, upon which homogeneous data about biophysical land cover
and vegetation are not numerous. These data are useful to spot and abserve: on
the one hand, protected areas or areas to be protected and on the other hand,
cultivated areas or zones planned to, belonging to the parks peripheral zone.

Landsat data provide numerical and cartographical information at the
1:100,000 scale which is specific and well fit to the study of the natural
spaced encountered in the national parks.

It is the reason why the following studies have been undertaken from 1979
to 1981 on the five French parks located in mountain by the Environment Ministry
joint to the parks authorities in order to collect a common bunch of homogeneous
and concise data about the whole territory of the national parks.

- Production by ERIM of enhanced false colour images (geometric correc-
tions, contrast stretching, edge enhancement, boundaries digitizing) at
the 1:100,000 scale from 4, 5, and 7 Landsat channels as such periods as
beginning of summer, and beginning of automn in the parks in which
versants are not too steep and shadow effect not too strong.

- Ecological zoning of the parks territory executed by a specialized inter-
preter using the existing maps and an aerial photograph sample of the
last available coverage.

- Biophysical classification of land cover into 10 to 20 categories for
each park means of photointerpretation assisted by the parks authorities
providing a classification in ten categories common to all the parks.

- Manual measurement of the surface of each land cover category on the
central and peripheral areas by means of a points grid.
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In order to improve the information accuracy on vegetation quality, the
band ratioing: Channel 7 - channel 5/channel 7 + channel 5 strongly correlated
to green biomass has been undertaken for certain parks.

The determination of classes of vegetation index is realized through ground
data from test sites selected according to previous studies.

The results are given in surface for each class corresponding to the dif-
ferent vegetation categories both for the central and peripheral zones and are
mapped into 24 classes in color at the 1:100,000 scale by ERIM.

This methodology was prefered to that of supervised categorization because
it is quite fit to the type of information needed, it is not expensive and
allows the interpreter to take into account the structural and textural features
as well as the characteristics of shape and nearness which are still badly dealt
with in available software.

On the other hand, enhanced false colour images permit to the staff of the
parks to get well acquainted with radiometric Landsat data and are a good com-
munication tool.

A restored image has been produced for one park as a trial and appeared to
be of greater interest for the photointerpreter than the classical enhanced
false colour images.
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EVALUATION OF CROP YIELD FORECASTING TECHNIQUES

BASED ON SATELLITE INFORMATION

Cecilia Espos
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Andres C. Ravelo

Consejo Nacional de Investigaciones Cientificas y Tecnicas
Buenos Aires, Argentina

SUMMARY

The capability of a space-based platofrm to provide information on grain
production for major crops grown in the "Pampa" humeda" of Argentina has been
one of the driving forces behind CNIE's Landsat program. During the last 10
years, several techniques were developed to use satellite information in asses-
sing crop yields. Different indicators of crop status have been proposed in the
literature (stress-degree days, radiance ratios, leaf-area index, etc.). Crop
conditions have been correlated with temperature differential between the plant
canopy and the air temperatures over critical crop growth stages. Grain yield
was correlated to various ratios of the red and near-infrared radiances.
Weighted differences of the infrared and visible channels of Landsat data were
related to growing vegetation. Those techniques showing the highest potential
for crop yield assessment were selected for testing and evaluation. Reflected
radiances measured by Landsat, corn yields from experimental sites in Rojas
(Buenos Aires) and daily meterological data for the 1978/79, 1979/80, and
1980/81 crop growing seasons are being used in the testing procedure. Additional
information on crop moisture conditions during the experiment are being obtained
by computing a daily soil moisture budget and agroclimatic indices. Results from
this study will allow the choice of one or more corn forecasting techniques
suitable for operational purposes.
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CONSTRUCTION, INTERPRETATION AND COMPARISON OF

THERMAL INERTIA IMAGES OBTAINED FROM

AIRBORNE DATA IN A HUMID AND IN AN ARID ENVIRONMENT

F. Bonn
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Santa Barbara, California
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Canada Centre for Remote Sensing
Ottawa, Ontario, Canada

SUMM1ARY

In order to assess thermal properties of the environment such as soil
moisture, leaf moisture, proximity of subsurface watertables and porosity,
thermal inertia images have been generated from day and night aircraft remote
sensing measurements (visible, near IR and thermal IR) in an agricultural

area of Quebec and in an irrigated desert in California.

The algorithms used were similar to those developed for the Heat Capacity
Mapping Mission satellite, but with a spatial resolution of 4m in Quebec and 10m
in California. In both cases, image generation needed geometric corrections
and spectral weighting factors to estimate albedo, and geometric corrections to
estimate temperature difference.

The analysis of the California image, supplemented by extensive ground
measurements, shows a good relation between thermal inertia and moisture proper-
ties in the upper 50 cm of soil, over bare soil conditions.

The Quebec image, under different crops and forest covers, showed no signi-
ficant relation between soil moisture and thermal inertia. However, thermal
inertia appeared to be correlated with heigth of vegetation and total w :ter-
content of the soil/vegetation system.

This comparison raises a discussion about the applicability of thermal
inertia mapping to different climatic environments, and the limitations of
thermal IR for soil moisture studies when the hydric conditions are close to
field capacity.
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I - INTRODUCTION

As part of a contract between tile Societ6 Europdenne do Propulsion (SEP) and the Spa-
ce Research and Remote Sensing Organization (SPARRSO) aiming at the implantation of a SPOT
receiving ground station in Bngladesh, an airorne remote sensing experiment was carried out
in Jzuiary 82. Its purpose was to allow the generation of Spot-simulated data over a set of
given areas.

The interpretation of the data collected was focused on three main to-)ies i.e.rice,
coastal areas, cane-sugar.

During the campaign seven zones were covered with the aircraft flying at an altitu-
de of either 3 500 m (I 500 ft) or 7 000 m (23 000 ft). Data from the L)aedalus scanner (vi-
sible and near infrared banids) were recorded while infrared color photographs were taken.
Daedalus data %ere collected in order to generate ,adiometric Spot simulations while the pho-
tographs are necessary for the geometric simulations.

The geometric approach is aimed at simulating SPOTI parameters wich affect the geo-
metrical quality ot the images collected by the satellite. These parameters include satellite
position and attitude, earth rotation and sphericity, instrtnent geometry, type of projection
and stereoscopy effect. The radiometric approach is aimed at simulating SlOT parameters which
affect radiometry (spectral band, the line of sight, local time, the satellite track orien-
tation ...).

This paper deals with the first results gained from the interpretation of the data
collected from the scanner over one of the stud) areas, namely the "flail llaorl area which is
located south of Syhlet.

II - BACKGRVN,) INFORNIATION ON TifE STUDY ARA

11.1. - Generalities

The area under stud) covers alil Ilaor, Balishira hillsand Satgaon hills. These are
located approximately between the latitudes 240 18' N to 240 26' N and longitudes 910 34' E to
910 S0' L in the southern part of the eastern district of Sylhet, Bangladesh.
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The area drains into Meghna river which is one of the three major river systems of Bangladesh
- the other two being Bhrahmaputra and the Ganges systems. The climate of the area is sub-tro-
pical with a year round growing season for the crop and is characterized by a monsoon season
of extremely heavy rain and a dry winter season during which soil moisture is too insufficient
fora satisfactory harvesting. The Hail Haor proper, is a saucer-shaped depression covering a
s nclinal basin bounded by north-south oriented anticlinal ridges of SO' to 300' high. The
eastern anticline constitutes the Balishira hills which goes up to 250' and where the tropical
semi-evergreen forest of western Bhannugach is located . Surrounding these forests, there are
tea gardens and pine apple orchards. In the west Bhanugath forest reserve, there are artificial
plantations of teak and other tropical trees dating back as early as 1927. The anticline in the
west constitutes the Satgaon hills which goes up to the elevation of 300'. This hill range also
have tropical forest vegetation and plantations. Growth of the forests is less Juxuriant in this
hill than in Balishira hills and the earliest forest plantation is dating back to 1947. There
are tea gardens and pine apple oarchards also in this hill range.

The haor basin is blanketted by recent alluvium and the hills bounding the basin are
occupied by sedimentary rocks ranging from Miocene to Pleistocene age. The Hail Haor alluvium
consists of two categories : the high land alluvium occupies the area above the normal flood
level and consists of light grey clay, silty clay, yellow and brown sand and is slightly conso-
lidated at places. The surface cover of this formation is homesteads, kitchen gardens, orchards
around villages etc .. The low land alluvium is distributed in the flood level plan, occupying
river bed, natural levee, swamp areas etc. It is mainly light grey silt and fine sand. The sur-
face cover is agricultural lands, fallow lands, meadow lands and homesteads above haor, ponds,
etc. T e sedimentary rocks is the central part of eastern hills are geologically know locally
as Tipum sandstones and consist mainly of sandstone with occasional alterations of siltstone
and silty shale. The sandstone is brownish to grey and thick bedded to massive. The silt stone
and silty shale are light grey to grey. The surface cover is mainly forest. The sandstone for-
mations in the entire western hills as well as the flanks of the eastern hills are locally
know geologically as Dhupitila formation and consists of mainly yellow and brown coloured mas-
sive sandstone and thinly bedded and banded and lens type claystone. Surface cover is forest
land, tea gardens, horticulture, deforested lands etc . In the hill tops and elevated grounds
red to reddish brown clay with dominantly ferruginous concretionary modules, pillets, and bands
locally known geologically as Modhupur clay occurs. The surface cover is scrubs fallow land,
homesteads etc.

11.2. - Cliiate

The climate of the study area is tropical and humid, with three district seasons
a warm sumer (March through May), a rainy monsoon (June through October) and a cool winter
(November through February). Mean annual temperature range from 62'F to 83'F. Relation humidity
remains quite high round the year with a mininu of 74 ', in March and a maximum of about 90 %
in December. Mean annual rainfall in the study area is quite heavy and varies from 2 500 mm to
2750 mi. Distribution of rainfall is in general unfavourable to agricultural production. During
the monsoon season it is so excessive as to cause flooding (S months from May through September),
and in the other months (7 months from October to April) of the year it is insufficient for
growing crops.

11.3. - lydrology

There are in all 352 charas or streams which drain into Hail haor from the adjoining
hills covering a water shed area of about 240 sq. miles. The lmgla river coming from the north
and formed by the joint flow of tow bigger streams. Udna and Bilash, constitute the main tribu-
tory to the Hail aor. The natural outlet of the Hail Haor is the Gopla river. It flows in a
northerly direction from the Hail aor and eventually drains into Nleghna river. A common prevai-
ling saying depicts more or less the whole picture of Hail haor which runs as follows

Ha-il iaor is a Gara (depression).
In which fall three hundred and fifty two charas (Streamlets).
Gopla is the only khara (outlet).

Many of the streamlets and streams which once flowed into the Hail Haor have dried out.
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The number of existing prominent streams are about 43, out of which 21 are from eastern hills,
' from southern hills and 20 from the western hills. The beds of all these streams are very
shallow due to accumilation of sand coning down from upper reaches of the hills. Excessive rain-
fall in the watershedalso causes flush flood bringing in with the flow sand to be desposited
over the standing crops and in the main body of the haor.

The water surface area of Hail Haor varies for about 6000 acres to 20,000 acres depen-
ding on the seasons. The lowest being in April-May and the highest at the end of the peak of the
monsoon in August-September. The volume of water in the Hail haor was estimated from ground
truth data collected during January-February, 1982 at about 9.35 ft. (G.T.S.) over 5829 acres
feet. The depth of the water area varied from zero to 3.50 feet during the ground truth mission,
but during the peak monsoon it varies from 10-15 feet. As Langla and the Copla flow through the
western side of the haor and have their own depth, their flow channels constitute the deeper
areas of the Hail Haor. It is the deeper channel as well as other deeper areas where the "Dhal"
fishing technique is widely used in the months of February-April. The local fisherman put bran-
ches of trees in the deep water areas, then surround these with floating bamboo and put water
hyacinth and other floating weeds within the blodcade.These blockades are rectangular or square
in shipe and are called "Dhal". Fish take shelter in the blockades where water is deep and cool.
These "Dhals" are then surrounded by fishing nets to catch fish almost every forthuight starting
from the month of February till April. These "Dhals" are seen in regularly shaped rectangular
blocs both in Aerial Photographs and the SpaT simulated data.

11.4. - Landuse

The study area has three main land types viz hilly land, agriculatural land, and haor
land. In the hilly land the existing landusc are

a) - Forestry

semi-evergreen forests

artificial plantations

b) - Horticulture

pineapple gardens

citrus and other fruit trees

c) - Tea gardens

old tea crop with overhead shade

young tea crops

d) - Bushes

sun grass (thatch grass)

bamboo

cleared areas

e) - Ibmesteads

. tea estate factories & conpounds

* residential nomes

11.4.1. - Agricultural land

In the agriculture land which covers the area from the foot-hills to the fringe of the
haor when fully flooded, the landuse are :

a) - Double-cropped area - These are the areas which are never flooded and where through natural
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water supply two agricultural crops such as Aus (rice planted during Mlarch-April and have-
sted during July-August - both broad cast or transplanted) and Aman (rice planted during
monsoon and harvested in November or December - both broadcast or transplanted) can be
grown. These are the areas, which remains mostly fallow during the dry season.

b) - Villages - homesteads, yards, kitchen gardens and village groves fall within this category.

c) - Ponds - Large number of ponds which are used for drinking and washing purpose as well as
family or community fisheries.

11.4.2. - liaor area

The lowest area is the ltaor area which can be divided into the following categories

a) - Single croped area - These are areas where only one crop can be planted as the areas go
under water after the planting season and surfaces when the crops are mature. The water
then receeds quite far and the irrigation becomrs.li fficult. These areas grow deep water
Aman crops and are suitable for IRRI (high yielding varieties of rice developed by Inter-
national Rice Research Institute) varieties of rice cultivation or for growing Boro (rice
planted during winter and harvested during April to June) with irrigation facilities deve-
loped.

b) - Boro areas - These are areas at the fringe of the haor and also along the beets (small,
lakes, swamps or body of year round standing water) in the haors. These are the areas
when Boro rice or Braus (paddy planted in the late Poro season and harvested in the Aus
season) are grown.

c) - Grassland : These are large areas in the ain haor which go under water durin,' mansoon.
During this period tall grass grow in the area and are cut by boats for stall feeding. These
are comparatively higher areas and when the water receeds, these land are quite away from
the water fringe. As a result no agricultural effort is made through irrigation. These
are used as pasture lmd bY cattle from neaiy villages, as well as from far flung areas.

d)- ,ater area : T is is the lowest area. Here water renmins permenently during all season.
ihis area niy again be divided into a few different categories viz :

clear water areas: these are areas where no vegetation, either rooted or floating can
be seen.

water areas with thick lotus and lilies : these are permanent water areas, but the clear
water surface is not always visible from above, as leaves of lotus and lilies float on
the water surface.

grass areas : areas where aqlatic grass ann reeds grow. Here water surface can be seen
from above, but from the side the area looks lile green meadows.

It is interesting to no'e that water hyacinth grow gregariously and moves over the
water surface with wind. As a result these could be seen in different areas of the lake at dif-
ferent seasons. ihe penrmnent water body in the haor therefore gives different spectral look in
different times of the year and also in different Years.

III - RESIITS

Several processings were carried out on the SIT simulations data nad false colour

pictures generated. The following features could then be noted.

a - The lake

- "Dhals" are clearly visible even when their overall size is smaller than the satel-
lite's ground resolution due to a processing which enhances the constrasts locally. However
the " ohals"situated in the channel leading to the lake are less visible since they are
even smier and closer to the banks.The best band to locate these rafts is the near infra-
red one (S3 for SPCYr).
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-Several areas can be identified within the lake due to differences in the aquatic
vegetation and in their coverage

- There is a close relat ionship between the colour of the water and the bathynetry.

- In spite of their small width (a few meters) the different channels leading to the
lake are clearly visible and could be mapped. However one does not see the actual channels
but rather the vegetation on their banks. Here again, local optimisation of the radiome-
tries en hanced their features.

b- Land use

January is not the best moment of the year to investigate the rice crops since "boro"
(winter rice) has just been or has not been planted yet while summer rice has been have-
sted. However the boro growing areas are clearly visible Eastward of the lake. Slight va-
riations radiometrv'ise in the near infrared bar over this area might be due to diffe-
rent planting times. Rice is most probably planted earlier in the North East than in the
South. In the North West of the lake, boro planted areas mapping seems much more difficult
and data collected in February or Mlarch appear to be necessary for such a study.

lea gardens are clearly visible thanks to their geometrical features (textural para-
meters). Several plantations gave different radiometric responses. This proved to be due -
after ground truthing - to the fact that they correspond to : either young plantations or
less dense plantations.

Sorting out this two particular cases is rather difficult since radiometry is influen-

ce by the canopy coverage and the two phenomena have the same influence on this parameter.

Finally villages are quite visible as well.

IV - CONCLUSION

As part of this program, studies are to be carried out over the coastal areas by Ban-
gladeshiiur French experts. No classifications have been done yet.

The results exposed in this paper are the very first gained from studies which are to
he carried on in Bangladesh on an interactive image processing system.
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CHESAPEAKE BAY PLUME STUDY (SUPERFLUX)

RELATIVE TO THE BIOLOGY OF THE CONTIGUOUS
SHELF, FISHERY RESEARCH A14D MONITORINgG

0James P. Thomas

0National Marine Fisheries Service
Northeast Fisheries Center

Sandy hook Laboratory

iHighlands, New Jersey 07732

ABSTRACT

A study was initiated in 1980 to study the influence of the Chesapeake

Ba.' plume on the contiguous shelf using both in situ and remote sensing
techniues. The combined use of in situ and remotely sensed data has enabled
us to define the area of the continental shelf that is influenced by the
Chesapeake La'.' plume. Water emanating from the Bay contained biostimulants,
contaminants and other materials as well as increased biomass and biological
activity, and a different assemnlaqe of phytoplankton. Remote sensing added
to our ability to understand the complex and dynamic plume and adjacent shelf
area by, 1) :orovidinq synoptic and detailed information for the surface field
in which in situ measurements were made, and 2) directing surface ships to
key areas to maximize their sampling ability. Surface ships provided infor-
mation concerning ) the vertical structure of the water column, and 2)
variables not directly relatable to those measured by remote sensors.

INTRODUCTION

A study, waa initiated in 1980 to delineate the role of remote sensing in
Federal programs concerned with the monitoring and assessment of the effects
of pollution on marine resources. Sponsored jointly by the Northeast
Fisheries Center of the National Oceanic and Atmospheric Administration and
the Langle;' Research Center of the National Aeronautics and Space Adminis-
tration, the study -- called SUPERFLUX -- concentrated on the use of airborne
remote sensors to study the impact of estuarine outflows on shelf ecosystems.
The Chesapeake Bay plume and offshore waters were selected as the site for a
series of prototype experiments (Figure 1), and a number of state agencies
and universities participated in the study. Three interactive aircraft-boat
experiments (March, June and October 1980) focused on techniques to character-
ize the spatial extent, variability and biological and chemical properties of
the plume and adjacent shelf waters

1 . Seven different remote sensors were
used during the course of these experiments (Table 1). This paper reviews
some of the findings of the SUPERFLUX program relative to the biology of the
contiguous shelf, fishery research and monitoring.

Definition of the Chesapeake Bay Plume

In terms of the biology of the contiguous shelf, fishery research and
monitoring we would like to know where the Chesapeake Bay plume goes off-
shore, how it behaves, what it carries, what it deposits and what its effects
are on the biota. We have been interested in defining such an area for long
term monitoring and for planning an initial strategy for combatting catas-
trophic spills of toxic substances and other such occurrences. Boicourt

2

examined the plume area from February 1971 to August 1972, and determined
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that the major influence of the Chesapeake Bay plume was southward from the
mouth of the Bay along the Virginia coast.

AAECANADA a

* .- UN17ED STATES t*

Figure 1. Sample locations

Table I. Remote sensors used during SUPERFLUX.

51.



Through SUPERFLUX, we demonstrated via remote sensing that a definable
area exists over the continental shelf that is influenced over a period of
years by the Chesapeake Bay plume. Munday and Fedosh3 examined the historical
satellite data available from LANDSAT since 1972 to define an area influenced
by the Chesapeake Bay plume over the contiguous shelf. From the 81 images
they examined, covering all seasons of the year, stages of the tide and winds,
they defined areas of influence. In general, they found that the plume fre-
quented a relatively well defined area east and south of the Bay mouth, along
the Virginia coast (Figure 2). The thickest part of the plume also was found
close to the coast (Figure 3).

-

3-

4

I .-LO.11909

A.7 wind iuadrants.

Figure 2. Areas visited by the plume Figure 3. Cross-section of Chesapeake
under different wind conditions. Based Bay plume salini+y off Rudee Inlet on
on analysis of LANDSAT imagery the 19 March 1980.

4

numerals represent sector/zone counts
as follows: 1: 0-5; 2: 6-10; 3: 11-20;

4: 21-30; 5: 31-40; 6: 41-50.
3

A similar pattern is exhibited in terms of in si~u data as indicated by
salinity (Figure 4); total suspended material (Fiure-4); biostimulants such
as the phytoplankton nutrients orthophosphate and ammonium (Figure 5); biomass

such as bacterial numbers and chlorophyll a (Figure 6); community structure
in terms of phytoplankton assemblages (Figure 7) ; and ecosystem function such
as heterotrophic potential and total plankton respiration (Figure 8). Con-
taminants such as hydrocarbons associated with total suspended matter, had a
similar distribution (Figure 4).

Likewise, remotely sensed data, as evidenced by salinity derived from the

L-band microwave radiometer in conjunction with the PRT-5 infrared radiometer
(Figure 9); turbidity based on the Ocean Color Scanner (Figure 10); chlorophyll
(relative fluorescence) based on the Airborne Oceanographic Lidar (Figure 11);
and the Testbed Airborne Multispectral Scannerl 4 a,' phytoplankton community
composition derived from an Airborne Lidar Oceanographic Probing Experiment
fluorosensor (Figure 12) confirmed a similar distribution of variables. Thus
a rather well defined plume or outwelling area from Chesapeake Bay extends
over the continental shelf.

1The area of influence, however, may contract or expand depending on fresh-
water discharge from the Bay mouth. During the latter half of 1980, a severe
drought caused the plume to contract (Figure 13). Eight years previous
Boicourt 2 found a greatly expanded plume caused by excessive rainfall and
freshwater runoff following hurricane Agnes (Figure 13)
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Fiqure 4. Map illustrating concentration of total suspended matter (m(411)
salinity Wooo), and hydrocarbon (119/mq) in surface water (I m) adjacent to
thu, Chesapeake Bay entrance durinq uo18.,lO2
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Fiqure 9a. Remotely sensed salinity Figure 9b. Remotely sensed salinity
map of Chesapeake Bay plume on 23 map of Chesapeake Bay plume on 25 June
June 1980 (06:6E-08:33 EDT) .ll 1980 (05:53-08:51 EDT) .11

Influence of Chesapeake Bay Plume on Contiguous Shelf Ecosystem

The waters emanating from the mouth of Chesapeake Bay exert an influence
on the contiquous shelf ecosystem. Some examples of the kinds of influence
that the Chesapeake Bay plume has or could have on the shelf system, based
on information obtained during the SUPERFLUX experiments, are presented here.
We are interested in defining the actual and potential influences of the plume
so that with increased understanding our ability to assess and manage the
system might be improved.

Flowing out of the Bay with the estuarine water are higher concentrations
of total suspended matter (Figure 4) which not only affect light penetration
for prinary production, but also provide a source of both food and contamin-
ants for particulate feeders, both in the water column and on the seabed.
Evidence suggests that particulate material outwelling from the Bay settles
to the seabed down the length of the plume (Figure 14).

The Bay also is a source of nutrients for primary producers (Figure 5).
These nutrients simulate primary production, resulting in increased biomass,
and higher concentrations of phytoplankton and chlorophyll over the area
influenced (Figure 6). This increased biomass, plus particulate and dissolved
organic material from the estuary, acts as a food source to stimulate and
support other trophic levels (Figure 6). Functionally, the response is a
biologically more active system in the plume than in adjacent shelf waters.
We see this with heterotrophic potential and total plankton respiration
(Figure 8), both indicators of rates of utilization and decomposition of
organic matter.
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Figure 10. Mosiac of flight lines 1 and 3 of the
OCS flown on 20 October 1980.12

In terms of community structure the phytoplankton assemblage of the
Chesapeake Bay plume is different from surrounding shelf waters (Figure 7 and
12). Thus not only do quantitative and functional differences arise between
the plume and the surrounding shelf waters, but also qualitative differences
which would affect higher trophic levels through their feeding habits.

Oertel and Wadel0 reported on the characteristics of total suspended
matter and associated hydrocarbon concentrations in shelf waters adjacent to
Chesapeake Bay. Of particular interest was the fact that there was no
congruence in the plumes of total suspended matter, hydrocarbons, and salinity
(Figure 4). Each was characteristic of a separate, definable subplume eman-
ating from the Bay mouth. During the June 1980 experiment the total sus-
pended matter subplume was closest to the beach, the hydrocarbon subplume was
furthest away, and the salinity subpluzre was in the middle. Such a distribu-
tion, with all flowing from one single bay mouth, suggests different primary
sources from within the estuary and the maintenance of the continuity with
each of these sources as the materials are carried from the Bay to the shelf.
Thus, not only is there stratification or vertical layering and partitioning
(between the plume surface waters and tile benthos) as suggested earlier in
the paper, but also separation of the various stimulating and contaminating
influences on a horizontal basis, as demonstrated by Oertel and WadelO. This
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means that the potential exists for different biological responses to occur
in different parts of the outwelled water as well as on the seabed beneath
the several subplumes emanating from the Bay mouth. Oertel and Dunstanl

7

describe a similar phenomenon for the Georgia estuaries with foam-line
fronts forming between the various sources within the estuary and subsequent
"uncoupling" at the seaward ends of the plumes offshore. Therefore, this
phenomenon is not unique to Chesapeake Bay, but probably is found with most
dendritic-patterned estuaries and their offshore plumes.

:3

-S.. 3'
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Figure 11. Contoured plots of relative chlorophyll a
fluorescence from the AOL flown on 23 June 1980.13

Combined Use of In Situ and Remotely Sensed Data

The combined use of in situ and remotely sensed data and comparisons
between the two provide insight into the potential use of remote sensing in
fishery research and monitoring programs such as those described by Pearcel

8 .
During the June 1980 experiment a salinity plume was defined east and south
of the Chesapeake Bay mouth along the Virginia coast based on data collected
from a research ship over a period of several days and a number of tidal
cycles (Figure 4). The result was a smoothly contoured plume which gave the
impression of a discrete tongue of water with a central core emanating from
the Bay mouth.

521



V. ,

Figure 12. Flight paths and contours from calculations of fluoroscence
ratios from ALOPE for 23 Juno 1980 mapping mission. (N'umbers on contour
lines are fluoresconce ratio, R, x 102.) Tefursec ai R x 102)
varies from about 100 when members of the "golden-brown" color group
(Bacillariophyceae and Dinophyceso) are 100 percent of the phytoplankton
population, to about 33, when the members of the "green" color group
(Chlorophyceae, Euglenophycoao, Prasinophycese, Eustigmatphyceae, and
Xanthophyceae) are 100 percent.15,l 6
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Figure 13. Surface (1 m) salinity distributions Wooo)
for October 19801 andJuly-August 1972.2
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Figure 14. Lengthwise section of the Chesapeake Bay plume
for t5 , total chlorophyll a5 , total suspended matter6 ,
particulate hydrocarbons 2 0,-and heav, metal concentrations 21 .
See Figure 1 for station locations.

During this same experiment, but lasting for periods of two hours,
instead of several days, an L-band microwave radiometer was flown over the
Chesapeake Bay plume area on several different days to map the distribution
of surface salinity (Figure 9). These data are nearly synoptic compared with
the in situ data collected over several days. The contouring is not as smooth
and regular, even though the same general pattern is seen in both the in situ
and remotely sensed data. Notice the change in salinity distribution between
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23 June and 25 June. The low salinity water still ranges from the Bay mouth
south along the Virginia shore. However, what is particularly interesting
is the presence of high salinity water between two tongues of low salinity
water exiting southeastward from the Bay mouth (Figure 9b). Isolated pockets
of lower or higher salinity water are present. This so called "pocketing",
added detail in contouring, and the rather large change in salinity distribu-
tion over a period of several days was not in evidence in the more general-
ized in situ data (Figure 4). This is new information in terms of under-
standing the dynamics of an estuarine plume. We are unable to obtain this
kind of synoptic, repeated and detailed information using a single surface
shipt Similar detail is seen in the Ocean Color Scanner (OCS) data (Figure
10). The outline of the plume is not regular; nor is the plume of uniform
density.

Additionally, remote sensors have the capability of providing real-time
or near real-time output of data sufficiently reduced to be useful in
directing operations during the course of an experiment. The OCS data
collected by Ohlhorstl 2 during June 1980 were transmitted in real-time from
the aircraft to a ground station and used to direct operations. The Airborne
Oceanographic Lidarl 3 , the L-band microwave iadiometerll, the PRT-5 infrared
radiometerll, and the Multichannel Ocean Color Scannerl9 all produced data
capable of being reduced in near real-time for purposes of directing opera-
tions.

A particularly graphic example illustrating the usefulness of airborne
remote sensing for defining major regions of the shelf and then directing
surface ship sampling was presented by Grewl 9 . He used real-time output
from a Multichannel Ocean Color Scanner (MOCS) to define the shelf regions
and then direct a surface ship to each of the key areas. Approximately 8 to
9 hours prior to the aircraft-directed sampling, the NOAA Ship KELEZ was
requested to collect and process surface bucket samples (one every 10 to 15
minutes) for chlorophyll and phaeopigment (for Fo/Fa ratio) from the mouth
of Chesapeake Bay east across the shelf to the continental rise. Although
processed immediately, the data from these samples were not relayed to air-
craft personnel for directing in situ sampling. Once offshore over the
continental rise we were asked to proceed back toward the mouth of the Bay
along the same line we had just sampled. The difference, however, was that
we took many fewer samples and those we did take were at locations selected
by airborne MOCS operators on the basis of the real-time output they observed
from MOCS.

In our charted data (Figure 15), notice that the cross-shelf profile as
defined by both the remotely sensed and the in situ data, are similar. Also
that the in situ data derived from the aircraft-lirected sampling (Figure 15B)
does describe the basic features of the chlorophyll a cross-shelf profile.
Thus, a degree of confidence can be had in the remotely sensed data to
1) characterize in real-time the major features of the shelf and slope surface
waters, and 2) to direct in situ sampling of these waters. This is particu-
larly relevant to fishery research and monitoring in that the ability to
define major type areas in real-time enhances our ability to effectively
utilize our ships and personnel.

CONCLUDING REMARKS

In terms of fishery research and monitoring the combined use of in situ
and remotely sensed data has enabled us to define, for each experiment as
well as over time, the area of the continental shelf that is influenced by
the Chesapeake Bay plume. Based on historical as well as present infor-
mation we know that this area contracts and expands based on freshwater
discharge from the Bay mouth and meterological and physical factors
affecting the shelf. From SUPERFLUX we know that the waters emanatinq
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from Chesapeake Bay contain biostimulants, contaminants, and other materials
as well as increased biomass and biological activity, and structurally
different assemblages of organisms. These waters emanating from the Bay
are not homogeneous, but rather appear to be a series of discrete subplumes
each with it,. own set of characteristics. We also see evidence to suggest
that particulate materials settle from plume waters to the seabed down the
length of the plume. Thus, by way of expansion, contraction, changes in
direction, and the fractionation or partitioning of materials, the Chesapeake
Bay plume exerts greater or lesser, positive and negative influences on the
living marine resuarces of the cont-guous shelf.

A

Figure 15. A) Multichannel Ocean Color Scanner (MOCS) data; B)
in situ surface chlorophyl. a; and C) Fo/Fa ratios along transect
from the mouth of Chesapeake Ba' across shelf to continental rise
and return on 21 October 1980.19

From remote sensing we have learned something of the complexity of the
Chesapeake Bay plume and adjacent shelf surface waters. Remote sensing of
the plume and neighboring shelf waters provided us with more synoptic and
more detailed information concerning the distributions of temperature,
salinity, turbidity, chlorophyll a, and phytoplankton assemblages in these
surface waters than was obtainable using a single surface ship. In certain
cases, repeated coverage by remote sensors informed us of some of the
dynamic changes that took place over a period of several days. Additionally,
sufficiently reduced real-time output from the remote sensors enabled defini-
tion of surface water masses over the continental shelf. Such ability to
define the various water masses was used to direct in situ sampling of surface
waters in near real-time. Thus, remote sensinq adds to our ability to under-
stand complex and dynamic areas by 1) providing synoptic and detailed infor-
mation for the surface field which in situ measurements at isolated locations
are being made, and 2) directing surface ships to key areas to maximize their
sampling ability.

Surface ships, however, not only provide "sea truth" for the remote
sensors, but also examine the vertical structure of the water column and
investigate variables not directly relatable to those measured by remote
sensors. Thus, it is the flow of information back and forth between remote
sensing and in situ sampling that provides the real power to 1) overcome the
temporal-spatal problems of in situ sampling, and 2) expand the interpret-
ability of the remotely sensed data to variables not measured directly by the
remote sensors.
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In future years remote sensing will be used to monitor environmental
quality and to assist in manaqing resources (e.g. directing fishing opera-
tions) and habitats (e.g. ecological zoning for development or waste disposal).
Finally, because of its perspective vantage point and ability to describe
surface flow and transport of materials, remote sensing will be utilized
increasingly to respond to catastrophic events and major spills of toxic
substances.
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ABSTRACT

Information regarding variations in the summer ice cover
in the Canadian Arctic for 1976 and 1977 was obtained from
NOAA and Landsat satellite images. Maps of areal and temporal
variations in sea ice cover revealed several interesting fea-
tures. The retreat rates of the pack ice edge in the western
Canadian Arctic, particularly in the Beaufort Sea were faster
in 1977 than in 1976. On the other hand, in the eastern
Canadian Arctic, particularly, in Baffin Bay the rates of
summer ice melt were faster in 1976 compared to 1977.

Three climatic elements, accumulated summer melting
degree days, 1000-millibar pressure patterns and 700-millibar
height departures were used in this study. The first two cli-
matic elements had a strong impact on ice cover variations.
The higher values of accumulated summer melting degree days in
the western Canadian Arctic in 1977 as compared to 1976 were
related to maximum expansion of open water in the Beaufort Sea.
The second most important factor for the vast expansion of
open water in the summer of 1977 appeared to be the locations
of high and low pressure cells and the resulting southeasterly
winds in the southern Beaufort Sea. By contrast, during the
1976 summer season, the southern Beaufert Sea experienced calm
conditions or northwesterly winds which kept ice close to the
shore.

1. INTRODUCTION

Each summer, the retreat of the pack ice edge and the emergence of open water in the
Canadian Arctic plays an important role in the navigation and offshore drilling for gas and
oil. Atmospheric circulation patterns are known to be the principal factor in the areal and
temporal variations in pack ice edge retreat and expansion of open water (Markham, 1975; Marko,
1975; Rogers, 1978; Walsh and Johnson, 1979a; Dey, 1980a, 1980b). This paper reports on
an analysis of the impact of climatic elements on the variations in summer ice cover in the
Canadian Arctic during two markedly different but consecutive years: 1976 and 1977.
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2. SOURCES OF DATA AND METHODOLOGY

Satellite images particularly of NOAA and Landsat were the main source of sea ice in-
formation. Sea ice charts produced by the Ice Climatology and Applications Division, Atmos-
pheric Environment Service (AES), Ottawa were also consulted. Climatic data such as surface
temperatures and 1000-millibar constant pressure charts were obtained from the AES, Ottawa.
Mean monthly departures of 700-millibar normal height were extracted from the mean monthly
700-millibar charts published in the Monthly Weather Review.

Manual photo interpretation techniques were used to map sea ice conditions in the Canadian
Arctic. The techniques and the problems associated with NOAA satellite image interpretation of
sea ice cover have been discussed elsewhere (Dey et al., 1979). Mean temperatures above DoC
have been used as base for calculating accumulated summer melting degree days. The 1000-millibar
constant pressure charts indicate the locations of high and low pressure cells and the direc-
tions of the geostrophic winds. The mean departures of 700-millibar normal heights along 720 N
latitude have been drawan for the western hemisphere covering the Canadian Arctic.

The analyses of the variations in summer ice cover in the Canadian Arctic are divided into
two parts. The first part, on ice cover and monthly variations, provide a general description
based on the analyses of two years of satellite images and sea ice charts. The second part re-
lates thr:ee climatic elements (surface temperatures/accumulated summer melting degree days,
100D-millibar atmospheric flow patterns and 700-millibar height departures) with variations of
ice cover in the Canadian Arctic for the summer seascns of 1976 and 1977. Finally, the study
explains in general terms the impact of climatic elements on summer ice cover variations.

3. VARIATIONS OF SUMMER ICE COVERS: 1976 AND 1977

On 30 June 1976, the retreat of pack ice and the emergence of open water area was small in
the southern Beaufort Sea (Fig.1). However, the pack ice retreated northward during the month
of July (Fig.2). The open water area extended eastward from the southern Beaufort Sea to the
western Amundsen Gulf. The open water area in the southern Beaufort Sea almost remained the
same during the months of July and August of 1976, although Amundsen Gulf and part of the
southern channels of Queen Elizabeth Archipelago became icE free (Fig.3). However, pack ice
significantly retreated from August to September in the Beaufort Sea (Fig.4),

In the eastern sector of the Canadian Arctic, particularly over Baffin Bay and northern
Davis Strait, the rates of emergence of open water were faster during the months June through
September, 1976 when compared to the rates for the same period over the Beaufort Sea (Figs. 1-4).
Baffin Bay and northern Davis Strait became ice free in September, 1976 (Fig.4).

In June 1977, the area of open water was almost the same as it was in June 1976, but the
eastern Beaufort Sea adjoining Banks Island was ice free (Fig.1). However, the pack ice signi-
ficantly retreated towards the north by the end of July 1977 (Fig.2). The area of open water
extended over 400 km northward from the coast of Mackenzie Bay. The pack ice in the Beaufort
Sea moved further north by the end of August (Fig.3) and continued in September (Fig.4) of 1977.

Over Baffin Bay and northern Davis Strait, the rates of emergence of open water during the
summer of 1977 were much slower than that of the summer of 1976 (Figs. 1-4). One significant
feature in 1977 was the presence of ice east and northeast of Home Bay by the end of September
1977 (Fig.4).

Figures I to 4, indicate both areal and temporal variations of ice cover during the summer
months of 1976 and 1977. In the Beaufort Sea, the retreat of pack ice and the expansion of open
water were very slow during the months June through August, 1976 when compared with the same
period for 1977. However, over Baffin Bay and northern Davis Strait, the rates of emergence of
open water during the summer months of 1976 were higher than that of the same period for 1977.

In summary, the summer of 1976 was associated with light ice conditions in Baffin Bay but,
heavy ice conditions in the Beaufort Sea, Conversely, the summer of 1977 was associated with
light ice conditions in Beaufort Sea but moderate ice conditions in Baffin Bay.
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4. IMPACTS OF CLIMATIC ELEMENTS ON SUMMER ICE COVER VARIATIONS

Three climatic elements, surface temperatures/accumulated summer melting degree days,
1000-millibar pressure patterns and 700-millibar height departures for the summers of 1976 and
1977 have been analyzed and related with the variations of sea ice cover during the same period.

4.1 Accumulated Summer Melting Degree Days

The accumulated summer melting degree days, derived from mean temperatures above 0OC are
plotted in Figure 5 for four Canadian Arctic stations: Clyde and Cape Dyer in the eastern
Canadian Arctic, Sachs Harbour in the western Canadian Arctic and Resolute in the central
Canadian Arctic. The most significant features are that, in 1977 summer season, the first
occurrance of melting was earlier than in 1976, and the accumulated values of melting degree
days were much higher (Fig.5). This was particularly important for Sachs Harbour which is
located in the western Canadian Arctic. Note that the areal and temporal variations of sea ice
cover in the Beaufort Sea were very significant between the 1976 and 1977 summer seasons.

The climatic station Clyde, located near Home Bay, where sea ice remained at +he end of
1977 summer season shows higher values of accumulated summer melting degree days for 1977 than
in 1976 (Fig.5). However, the difference of accumulated melting degeee day values were much
smaller between 1976 and 1977 when compared with the same period for Sachs Harbour which is
located in the western Canadian Arctic.

In summary, strong relationships between accumulated summer melting degree days and sea ice
cover variations have been noticed for the Beaufort Sea sector of the Canadian Arctic. How-
ever, the relationship was not strong for the Baffin Bay sector of the Canadian Arctic.

4.2 1000-Millibar Pressure Patterns

Though ice cover responds to a single major storm, the areal variations of open water and
ice cover at the final day of a month have been satisfactorily related with the mean monthly
atmospheric conditions over the Canadian Arctic (Dey, 1980a, 1980b).

The 1000-millibar charts for the months June through August, 1976 (Figs. 6-8) show either
calm conditions or northwesterly geostrophic winds (apparent in the pressure gradient and high
pressure cells) over the Beaufort Sea. The calm conditions and the northwesterly winds kept sea
ice close to the southern coast of the Beaufort Sea (Figs. 1-3). However, in September 1976,
the winds were southeasterly (Fig.9) which helped to push pack ice northwestward and as a result
more open water emerged in the Beaufort Sea by the end of September 1976 (Fig.4).

During June through August, 1977, the geostrophic winds were southeasterly over the Beau-
fort Sea (Figs. 6-8) and the winds pushed the pack ice northwest. The southeasterly winds
during the months June through August are related to the vast expansion of open water in the
Beaufort Sea (Figs. 1-3).

Over Baffin Bay, the geostrophic winds were northwesterly during the months June and August,
1976 (Figs. 6 and 8). The northwesterly winds along with the northwesterly currents (Baffin
Island Current) helped to move pack ice from Baffin Bay to Davis Strait and Labrador Sea. On
the other hand, during the summer of 1977, the Baffin Bay area remained calm or winds were north-
easterly, which caused the pack ice to concentrate northeast of Home Bay.

In summary, the southeasterly winds are related with the vast expansion of open water in
the Beaufort Sea. However, the expansion of open water in the Beaufort Sea may be limited
during calm conditions, or when the winds are northwesterly. In Baffin Bay, the northwesterly
winds are related with the removal of pack ice from Baffin Bay while calm conditions, or north-
easterly winds, are related to pack ice concentration northeast of Home Bay.

4.3 700-Millibar Height Departures

Heavy ice conditions in the Beaufort Sea during the surmmer of 1976 were associated with
higher heights than the same period for 1977 (Fig.1O) which is considered to be light ice summer
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season. Over Baffin Bay, the light ice summer season of 1976 was associated with below normal
heights for the months June through August. This is contrary to the previous findings for the
1978 summer season, the year of heavy summer ice conditions in Baffin Bay, which was associated
with below normal heights for the months June through August (Dey, 1980c). Walsh and Johnson
(1979b) also found that heavy ice conditions in eastern Canadian waters were associated with
below normal 700-millibar heights in the Greenland-Baffin Bay area.

In summary, the 700-millibar height departures could not be satisfactorily related with
the ice conditions, particularly over the Baffin Bay sector of the Canadian Arctic.

5. CONCLUSIONS

These analyses of two years sumner seasors~ata indicate that the climatic elements of
1000-millibar atmospheric flow patterns (particularly the positions of pressure cells and re-
sultant winds) and the surface temperatures (accumulated summer melting degree days) have sig-
nificant impacts on variations of sea ice cover, especially over the Beaufort Sea sector of the
Canadian Arctic. These efforts support earlier findings (Dey, 1980a, 1980b). The southeasterly
winds move pack ice from the southeastern Beaufort Sea northward into the Arctic Ocean, whereas
the northwesterly flow keeps pack ice close to the coast of southern Beaufort Sea. The pre-
vailing winds, southeasterly or northwesterly, resulting from the locations of high and low
pressure cells cause advection of warm air masses from the southeast or cold air masses from
the northwest thereby increasing or decreasing air temperatures/accumulated summer melting
degree days, particularly over the Beaufort Sea sector of the Canadian Arctic. Over the eastern
Canadian Arctic, particularly over Baffin Bay, the northwesterly winds and high values of accu-
mulated summer melting degree days appeared to cause light ice conditions for the summer of
1976.

Among the three climatic elements (accumulated summer melting degree days, 1000-millibar
pressure patterns and 700-millibar height departures) considered in this study, the first two
have a strong impact on sea ice variations. The results of this study are preliminary because
only two years data sets have been used in these analyses.
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VEGETATION ASSESSMENT OF TIlE NORTHERN ARABIAN SIIIELD
POI, GROUND-WATER EXPLORATION USING EDGE-ENHANCED MSS IMAGES*
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ABST, AC T

Landsat-3 Multispectral Scanner (,ISS) digital image data of the Ha'il
region of northern Saudi Arabia were sulected to edge-enhancement processing
with multiple original data add-back options to highlight small stands of
phreatophytic veetation--an important jround-water indicator. On the basis
of a rating detectability scheme for 16 vegetation targets, an edne-enhanced
N.U 4, 5, 7 image with O percent add-b-ack contained the highest level of
vegcetation detail. The primary reason for this was that diminution in
original data add-back reduced radiometric or aIbedo maskinn effects.

1. I NTROI)UCT I ON

The discovery of new qround-water reserves in the Arabian Shield of
Saudi Arabia is becoming increasingly important as the need for water
accelerates and the quality of much of the known recoverable water
deteriorates. The objective of this study was to determine the usefulness of
edge-enhanced LandsnF-I Multispectral Scanner (MSS) color composite imaqes
(bands 4, 5, and -1 for highliqhtin vegetation known to be, or behaving as,
phreatophytes ir the H. 'il region of northern Saudi Arabia. The edge-
enhancement alorithm kncorporated a 5 X 5 pixel window with 100, 50, and 30
percent oriqinl data add-back options. For comparative assessments,
unenhanced an( contrawt-stretched color composite MSS images were also
eva luated.

Phreatcphytic vegetation, with its potentially deep rooting system,
draws moisture from the water table under natural conditions throughout the
year (Robinson, 1958). Meinzer (1927) notes that phreatophytes

...are without question of great practical value as
indicators of the occurrence of ground water in arid
regions. They give evidence which supplements that
furnished by the topography and geology and which is more
specific as to the precise localities wher the water
occurs near the surface. They can not properly he
ignored or relegated to casual consideration in any
qround-water survey of a desert region.

*Presented at the Seventeenth International Symposium on Remote Sensing of

tnvironment, Ann Arbor, Michigan, May 9-13, 1983.
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The thesis for this study was that if the MSS detected natural
vegetation during the dry season the flora would he vigorous, abundant, and
most likely phreatophytic. These vegjetal characteristics could in turn
indicate shallow ground water, for it is generally aqlreed that phreatophytes
become scattered and less vigorous as the depth to the water tahle
increases;. To reduce notential false identifications, between PhreatophYtes
and ephemerals, an MSS scene generated] on 29 June 1979 was selected for
compulter processing to increase the prohahililty that the rain-derendent
ephemeral plants Would he unable to survive the dry summer conditions. For a
Suimmer scene, it was assumed that a comparatively Ilush phreatophyte pattern
would contrast sharply with immediately adjacent desert areas which typically
support only a sparse growth of xerophytic vegectation.

2. D['SCRIPTICON OF' THil STUDY AIFA

The St~idy are-i lies in the northern ;art of the Aralkion P-hie Id in 1a i 1
Province (center coordinates-?

7 0 F . 4'0 .). The re'ien is indrla in Ily :in
assqesh laqe of Proterozoic pl utonic, me tavol. asic, and metased i-intary
rocks. In seve ral Ilaces those a,,sesent rock!- have t Pen i5ntrudedl by 5u5e roair
rhyoIi te am)] dial as1e di kern. BasalIt ic ci nder cones!, tiff rinse-. sand lava
flows of Pleistoce-nel 2) age are found in the eas-tern part Of ter'-eion
(larrat IlUtaymah ,afa It field, 'iqu re 1) . A, rolatively this veneer of

Oua ternary surf icia 1 deposits Covers Much of the area; these desiosits inc ide!C
Wad i sediments, eel ian and playa deposits, am) poorly-sorted pediment
materials (Dodge, 1979). The terrain is moderately rugged, and local relief
exceeds 350 m. The drainagle system is comprised of niimerOul e.phemeral wadis:
which dra in from three primary catchment h iah lands--Jahal A ja, Jal al Sa Isa,
and JebelI ar Ilummin (igure 1) . The2 most irrortant wateir-yield inn. formiat ion!-
are unconsolidated aIluvial depFosits, ty:.ica illy less- than 30-rr deep.

The reg ion is in the "arid bioclimat ic zone" Which is; characterized !y
recipi tat ion/potential evapotranspirat ion ra-tio H/ Its) of beotween O. C 1 as)

0.2 (ITHLSCO, 1977). F'or the period 1970-19)79, precipitation at lla'il
(flia;trc I) averaged 120 mm per year with FT etrcent of the rainfall OCCUrri ne-
hetween Noveriher and April1. MeaSUraleI prec ipi tat ion (01.83 MI occurred only
once, hetween Jtun and September for this 11-year period. Total ainnual
evaporat ion at 1a 'il t or the per ic) 1971-19;/ 3 averagled 4, 63 i.

Vegietation types inmlicat isa a0,uindant f-i Il Stuire or near-surface(
irouni) wa,.ter in the test region incIlde the tol lowing species.

A.!Ca__c ia rad~i a via (Tia)I, a l lyco!,hyt, , is- con f ined a lmos t e xcl IVi yy to
w,.ad i I asnks!;. These spi ny trees have len-, vertical roots ) tamari x type)
brws) by. reoch a seepand camels'I 0'e smal,1and, exclus ilO bycael
trwch. tny reachs a perm an camelso wtefrialay 16). aal, is xlsvlyh ae
When mature. The cutting of Acacia trees is now forbidden in the
K3 sq~i lom.

2 . Ihoon i x dlc ty i fora ((late pa lm) is a true phreatophyte an(' as the "old
Aratl says, -The (late palIm, queen of trees, Must have her feet in running
water and her head in the burning sky'." )Furr et al. , 1952; lMoustafa
ot al., 1971)). [Date palms can live without irrigation if the water table
is 1.5-2.0) P. below the surface; if deeper, they Will survive but will not
fruit (Hu irhea (, 19 611

i. 11a IoxyLon saIi corn icum (Al Iamith) is a deep- root i nn, evergreen perennial
shrub (301-70 cm higqh) with green succulent terete tranches (Milahid,
1978). Al Ramith may develop alona the, frinuies of playars and in larger
wadis before the onset of high salinity (Adams et al., 1978). I t is
b~rowse d by sheep and goats and is use(l as a ground-water inidicator if the
plants are large and lush dluring the dry season.
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4. _Iyohyllum decumbens (harm') is a low-lyinq perennial shrub with
prostrate branches (,iiqah id, 1978). Althouuih not browsed as extensivelIy
as Al Ramith, sheep are of ten fed Harmn' one (lay prior to s laughlterina1
because of thle extremely h igh water content of the leaveIs.

'.Ci tru IIas col ocyth i F (11a ntha I ) isq a nerennialI herhaceous rpla-nt wi t h l one
tra ilinc branches; the s)ul of the fruit is an official drastic ca-thartic
(Miujah id, 1978) . !vre (1963) describes; the hewilIderment of enroaint-r is
this :'la!!t in the SahaI 'lra:

Tb is plIant. ... has lonei, soft shoots bearing larg;e, broad
leaIves wh ich it retains throug(hoat thle Whole Of the
summer. On e ncounterinn this plant in the midlst of its,
xeromorph ic no ieIhours one Would alImost ho prepared to
a-c'cept the rostulato that it is protected from excessive,
traInspiration in (omr, unknown, almost magical way; it
dio-' not !---m aihl that Suich a plast could remain
firm and unwi (ted throughout the savage heat of the
Saharan (lay. In fact it is able to do so only because' Of
its unbelievably efficient and extensive rooting system
which taps the water-table permanently and suppl ies water
to the ste ms and leaiv-s, sui fficiest ly rapidly to offset
t h- enormous trainspiration rat,,.

'Zorjis tattora (i!7 is com,.mon througihout the ree iion. Farming is
r-tict, j ~o eai hr rouind wateIr is- raidi Iv a -va ilabl. fl',ilI in the

',r' on i sr;j!n C". t'r p our" I) i ts 19 80 popu'l a t ion was esqt i ma fi to
55 Ural zcoup tiI91

3 1)DG-EIIAELFI) IMgAGlES

!1' li were i rst compujter processe-d throunh th- M1<0 Da ta
Peter's; !IP S (1<I00; lDiuital IacProcessing System) routine. The I D] P'5

Proes i7, nu" foll(ow(-d four s teps, (Short, 1982):

1. Padiomtric correction of data to adjust for satellite and
sensor anomaliesI:;

2. Comet r ica I correct ion and rosamnl i ng of da ta to Hlot i n, lab] igue'
'5ercator i:robectbon. . .

C.ompenqat ion for atmos;pheric scattor (haze removal);

4. Display and analysis of the distribution of brightness values
(DIP-) leading to mappingi of image( nrey levels to preassigned
film density levels via logjarithmic (nonlinear) tables.

At the l'.S. Geological Survey's Image Processing Facility (IPSI in
Iausita if, AXri zona, the YISS 4, 13, 7 formatterl dlata (i.e. , data bases) were
t ri -i0-ecte( to -dge,--nhanceme(nt processine. This type of digital

pinOo-s i 5' was used 1 ecause Of its potent ial1 for enhancing higih-frequency
slformat ion (i.-. , rapid chasers in brightness intens-ity over a short spat ial

limnsinl-inthis case ccentuaitinet the, local contrast between small area)
conc'ntra lions- of natural veget at ion and the surroundingi desert evrnet

L .



The IP. edge-enhancement algorithm is expressed as

DN o = K (1-X) + DNi (I+X) - A

where: N= Output digital number
= Constant to keep all values positive; default 127 (median of

the output range for 8-bit data)
X = Fraction of input digital number (DNi) to he added back to the

hiqh-frequency component
A = Local averaqe or low-fr.quency component for a neiqhhorhood or

window centered around a central pixel

An image processed in this manner contains radiometric (alhedo) Iow-trequf.ncy
information (i.e., gradual briqhtness changes over a relatively large numrs-r
of pixels) and exaggerated local contrast or hiqh-frequency spatial
information.

Varying the X parameter in this equation enables the analyst to control
the amount of original data (DN i ) that is added hack to the hiqh-frequency
component. Such an option makes it possible to reduce the dynamic canoe
between light and dark image areas in direct proportion to diminutions
in X. This can permit greater recognizability of high-frequency tarnets
because low-frequency albedo masking effects are reduced. For this study,
30, 50, and 100 percent DN add-hack options were used. Color composite
images (bands 4, 5, 7) incorporating 30 and 100 percent DNi add-back are
shown in Fioures I and 2.

A 5 X , pi ixle window was used in the edq-enhancement algorithm. Th is
pixel size was selected by a quantitative methd that us.s the standard
deviation of the horizontal first difference of MSS 1,and 7 (hovez and hauer,
1982). Additionally, window shape was made equidimensional to ensure that
all imanye directions wer., weiuhted equally (Berlin and Chavez, 1983). 1 ach
output image was contrast stretched to utilize the full 8-bit range (0-255)
ef the IPi system.

In addition to the three edno-enharnced color composite ima.if-, .n "1a> 4,
5, 7 standard (unenhanced) IFIPS imag_, and an '11S 4, 5, 7 imane ineorporatin
cont rast strtch s w(ar,. produced for coma rat yive vegtat ion asssst-nt5
(Tab1,le I ).

4. 1ITI.'.1,FTATION IHCI'I)NFS AN) ITSUITS

As a means of assess na the quality of natural vegetation detail
portrayed on the imales, 16 sites were sel acted as ground-control tarniets to
,stablish a detectability rating scheme. Field surveys conducted in

Soptomber 1980, March 1981, and September 1982 indicated the sites supported
vegetation known to be. or behavinq as, phreatophyts. The density of cover
ranged from 3r to 73 percent. Vegetation types associated with each site are
presented below.

S ite No. Invironment Ven etation

I wad i Zygophyll u decTmlens
2 wadi Acacia radd iana, Ila loxyon sal icornicum
3 fracture Phoenix dactylifern

4 fracture Phoenix dactylifera
5 wad i Acacia raddiana
6 laya Ha loxyIon sal icornicum
7 fracture Acacia radiana , Haloxy Ion s 7i corn icum
8 wad i I loxy l on sa Iicorn i cIm
9 playa Ilaloxy Ion salicornicum

. _ -- ,,



10 playa ilaloxylon salicornicum, Citrullus colocynthis
11 playa Haloxylon salicornicum
12 wadi Haloxylon salicornicum
13 playa Haloxylon salicornicum, Citrullus colocynthis
14 playa Ialoxylon salicornicum
15 playa Haloxylon salicornicum
16 wadi Acacia raddiana, Haloxylon salicornicum

Each vegetation anomaly was subjectively rated on the following image
detectability scale: 0 = not detectable, 1 = poor expression, 2 = good
expression, and 3 = excellent expression. The ratings were determined by
interpreting 1:1,000,000-scale color transparencies with an 8-X maqnifyinq
lens. A light table with fluorescent lighting was used for viewing the
transparencies.

MSS image scoring results for the 16 vegetation sites are presented in
Tables 1 and 2. Table I presents cumulative scores, and a summary tabulation
of the overall value of each image is given in Table 2. This table contains
the numbe'r And percentages of not detectable, poor, good, and excellent
ratingu for each isat.

The principal t indiinas of the image comparisons are as follows:

1. The three imaqes incorporating edge enhancement contained the highest
level of vegetation detail; the unenhanced and contrast stretched only
imaqes receivd significantly lower scores (Tables I and 2). This
quh stantiateS the thenvis that isolated stands of natural vegetation in a
desert environment represent high-frequency spatial targets and that
their recounizai ity can 1,e improved by edge-onhancement process inq.

. (vural taraiots wre either undetectable or poorly defined on the
standard (Lunenhnccd) lDI'lS isaroac, and it is possiblo that several of the
vesel ta astand rat,:d as poor Could have heen overlooked if there had been
no around control ('I'ill 2). Althouah this product is provided routinely
by the PO5 nato Cnter, a us(,r without access to a disital image

-oess-is system s hIoLd consider or, erinq, b'y special request, I'DIPS
images that incorporat. edgt enhancement and contrast stretches for
stu lie Of a a.imilar nature.

3. Of the three edge-enhanced composite, images, the one with 30 percent ON
add-back r'ce iv1'd the hiolaest scores (Tables I and 2). ta qctation
fe ature. were more .eaily identified in originally dark imaqe areas
because alibdo v-.kins wis dramatically reduced in this image.

ii  ,~. ,~',lL5,'. IO(N,

The findings of this study indicate that edige-enhanced, contrast-
stretched images dtisp, lay vegetation detail not discernable on standard film
and contrast-stretch d only MSS imaues. u rthermore, correct use of the Ni
add-back option maximized the display of several vegetation targets. Because
this p ilot study showed Such promisina reslts, the data will be presented to
personnel in the Ministry of Ag;riCulture and Water, Kingdom of Saudi Arabia,
for a proposed oeophysical and/or test well exploration program for several
of the anomalous' veg1otation sites. In addition, we propose to expand the
image processing program to MSS scenes coverino more remote areas of the
Arabian Sb i ,I wherre conventional exploration prog rams are in the plannin
staqe s.

,-- ........ . . - -~ ~,.I 1 I i II . .-. . .
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CDEVELOPMENT OF OPrRATIU,.AL SNOW"IELT FORE&CATING MODALoFOR VERY 1AAGE WATERSHEDS 11 HIAIAAYAS

A.S. Ramamoorthi & P. Subba Rao

National Remote Sensing Agency, Secunderabad-500 003, IDIA

ABSTRACT

During the sumnrer months some of the major
multipurpose reservoirs in North India critically
depend on the snowmelt runoff for power genera-
tion, irriation and drinking watersupply. Snow-
covered watersheds of perennial rivers of India
are very large varying from about 2000 sq.miles
to about 15,000 sq.miles. They are situated at
very high altitudes above 8,000 feet. They are
not easily accessible and are hazardous; there-
fore practically no data is available about the
snowfall conditions, te:peratures etc. The snow
depths vary very widely from a few inches to
many feet within short distances. Determining
water equivalent is a very formidable tas,: con-
sidering the heterogeneous nature of the snow-
cover in Himalayas.

If the expected seasonal or fortnightly
runoff could be forecast well in tiire before the
on.set of snow;3lt season, it would be of i::uLense
value to water resources project managers to plan
in advance the operation of the reservoirs for
achievin, optimum utilisation of te scarce
su;:uovr flows. 1ihis paper describes in detail
the development of a model th .t has been evol-
ved for the data-scarce very large watersheds in
himalayas, wita snow cover area (SCA) derived from
NLAA imageries as the uain input, and used suc-
cesL~ully for predicting the snow:elt flows of
river Sutlej in the years 1980 and 1981.

IITRCDUCTIuN

India is a vast country the seventh largest countrj in Le wor±d, boun-
ded in the nort. by the great mountain zone of hi;Alayas extenIdin: over a kiis-
tance of 24J0 kms with depths varying from 240 to 320 kus. InJia has nany
large rivers. The rivers origin-ting from li:ialayas, like the Inlus river
systen, Ganga and its tributaris, and brahiauutra are .erennial as they are
fed both by snowmelt runoff arid monsoon rainfall ru . , whereas the rivers
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of Peninsular India have flows only during rainy season. To support its
millions of people, increase in agricultural and power production is a prime
national necessity, and water is the most important input to agriculture and
hydropower gener;,tion in the country.

Snow is the solid form of water. The precipitation of snow occurs as
part of nat-re's ,idroloiic cycle. Large quantity of fresh water lies it
the form of snow, ice and glaciers in the Himalayas. The snow occurs at an
average elevation of over 2,500 metres approximately in India. Snow starts
accumulating from the beginning of the winter season arid the snow-melt begins
in March-April, the maximum being generally in Juze. Because the snow areas
are extensive and are situated at great heights, mostly inaccessible and
hazardous, not many snow surveys nor regular collectioi, or data on snow
depth, density, etc. by conventional surface and or aerial :eans have been
done hitherto in the Himalayan watersheds. DurinC the suimer months some of
the major multipurpose reserm irs in North India critically depend on the
snow-melt runoff for power generation, irrigation and drinking w- ter-supply.
If the runoff during the snow-melt season could be predicted in" the beginning
of April, it would be of immense vatlue to water resources project managers to
plan in "-'trce ..e operation of the reservoirs for achievinLg optimrm utilisa-
tion of the scarce summer flows. With the advent of satellite remote sensing
technology, it has now beco:e possible to obtain information about snow
covered areas and predict seasonal snowmelt flow within reasonahle level of
accur. cy.

ShOWLLr .HUIUW7' FORCj2l:; :o 1Z I, IL,..

In USA ;aostly and in aurope considerable amount of wori: as bet!L done
since 19$ for sivauladti:. snowmelt yields. A NAjA Applications Systems
VerificLtion and Transfer (AVT) project on the Operaitional Applicatiis of
S±tcllite Snow-Cover Qbserv;tions was begun in 1975 and completed in i)79 in
cooperation with nine operational water fan:-;3e:it aaencies. Both Landsat
and 'NOAA satellite data were supplied to these agencies for use in improving
snownelt ruioi" forectszs.

vbr tte watersheds of Wind liver RaHnge, Wyoming, U.S.A. significant
relationship between snowcuvered area (SCA) derived from I.DSAT imageries
and snowmelt runoff was obtained (±qango, 1975, Ja;,es 2oster 1979). However
it was concladed that not enugh years of data yet existed1 in orler to provide
a narrow confidence interval around the forecast volume, when forecisting
seasonal flow for a new year was attempted. In the Martinet -tMango 'bdel
originally applied on small european mountainous basins and subsequentl.,
tested in basins ol 75 to 200 sq. miles in yominl, the input was SCA from
LAJ;DSAT plus ground based temperature and precipitation data on a daily basis.
The daily runoff amunts were sim.lated and seasonal volanes were tot-lled.
Several minor maodifications were made to the :irtnec-lango mdecl by Shafer.
B.A.. et al (1)81) to bettor approximate the hydrologic conditions, and
applied to both Conejos watershed (282 sq.rn.iles) and South 2or, Aio Grainde
Watershed (.10 sq.miies)So/r-tdo U.z.A. The si::Iulitio, iodel is stated to
have performed remariably well except in one out of seven years. The moal' s
aility to be scaled up and applied on watersheds in excess of 1,000 sq .miles
wis envisa Wd and the iodel was proposed to be adopted in a predictive mode
in an operatiinal ti:Ie frt, fro:.i 1960. In the King's diver Snow.elt Model
applied to 1560 sq. ,rles of watershed (Sierra :hevada, USA) by Hannaford J
(197)), the input data is LAXDSAT imager' (supplemented by .CAA imagery where
interpolAtion was necessary for daily data), the daily temperature, daily
precipitation and snowpack water content. The daily snowrielt runoff wps
successful.y siMulated and it was concluded that SCA c:in be used as a
parame t,.r in defining the migtdtude aid timing of snowelt w,ith an adequate
degree of accuracy for operational analysis.
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IL would thus be seen that the models developed in U.S.A. are mostly
simulation models with the following inputs; snow covered area (SCA)derived
from Landsat and 1OAA imageries, daily precipitation and temperature data
from standard climatological stations. They have been developed in respect
of watersheds of about 75 sq. miles to 1560 sq. miles which have a very
good network of hydroeterological stations and reliable information about
the snowfall characteristics; these models are being tested and improved
for adoption in an operational mode for forecasting purposes.

DEVELOPE'ET OF MODn&L FOR SNOWMFLT FORECASTING FOR VERY LARGE WATERSHEDS IN
HIMALAYAS

Compared to those in USA the snow covered watersheds of perennial
rivers of India are very large varying fro., about 2000 sq.miles to about
15,000 sq. miles. They are situated at very high altitudes above 8,000
fe-t; some of the world's highest peaks of about 20,000 feet and above are
found in the Himalayan ranges. They are not easily accessible and are
hazardous; therefore practically no data is available about the snowfall
conditions, temperatures etc. The snow depths vary very widely from a
few inches to many feet within short distances and hence depth measurements
have no meaningful use. The density of snow may vary from as low a value
as 0.01 to as much as 0.. Determining water equivalent is a very
formidable task considering the heterogeneous nature of the snowcover in
HimalaYas. Consequently under these circlimstances, SCA which can be fairly
accurately detormined from satellite imageries obviously becomes the main
parameter on which snowmelt runoff simulation and forecasting have to be
made in India.

Snow has a high reflectance. In the NOAA visible chdnnl and LANDSAT
IMSS-5 band, snow can be easily identified because of the strong contrast
between snow-covered and snow-free areas. But considerable skill and
experience is required in delineating snow from clouds, especially in
mountainous catchments, since both snow and clouds have high reflectance.

The Landsat provides data at 18 day intervals and this is a major
constraint in snow studies of watersheds in Himalayas where snowfall
conditions abruptly change at short intervals. Hence NOAA data which is
received daily at the NRSA iEarth Station near H1yderabad, India, though
of coarser resolution than LANDSAT, obviously is more useful in developing
snowmelt models. Fiather although the snow-covered watersheds of interest
to India are very large in extent they are covered in one single date NOAA
imagery itself; this is not so the case if LANDSAT imageries have to be
used. Hence in the forecasting moiel which is the first of its kind that
has been developed in India for a very large snowcover area of about
15,000 sq. miles of 6utlej river watershed and tested in the years 1980
and 1981, the percentage of snow covered area determined from judiciously
selected NOAA satellite imageries have been used.

FO± OASTING SEASI.AL SNOWM6LT RU:.C1F OF SUTLZJ U7IR CATCI-. 'T IN HIMALAYAS

The Sutlej river rises in the Tibetan region of the Himalayas at an
altitude of over 16,JjO feet, close to the Rakas-.Ranasarovar lakes and
flows at high altitudes. For considerable distance it flows through
hilly rugg~ed terrain in India before entering plains. Quite a large part
of its hilly watershed is covered with glaciers and snow. There are no
major abstractions from the river flow upstream of Ehakra reservoir across
Sutlej.
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From NOAA picturu (of April) of the years 1975 to 1978 the percentage
of SCA of Sutlej river watershed above Bhakra reservoir during these years
were determined using Zoom Transferscope and planimter, A preliminary
regression model was developed using these percentages of SCA and the total
snowmelt runoff that occurred during the season April to June in the same
years. This model was used to predict the snowmelt runoff of 1980. All
the NOAh imageries received during the winter period January to March 1980
were examined and the areal extent of snow cover on the days of very heavy
snowfall was delineated. Using the regression model the total snow-melt
runoff that could be expected was predicted. At the end of June 1980 it
was found that the difference between the forecast quantity and that which
actually occurred was nine per cent.

The forecasting model was improved in the light of the experience of
1980and the revised model was used for predicting the 1981 snownelt runoff
of Sutlej. From the daily NOAA imageries of January to March 1981, the
imageries of heavy snowfall were selected for determining the SCA to be
adopted for forecasting. At the end of the snowmelt season, it was noted
that the runoff as predicted and which was infoi -ed to the user agency in
the first week of April 1981, was only five per cint more than that which
actually occurred in 1981. Thus the forecasting model was used in
operational mode.

R&ZER&NCES

Applications Systems Verificatin and Transfer Project Reports on Operational
Applications of Satellite Snow-cover Observ tions.

B.A. Shafer, E.E. Jones and D.,'. Frick: Sn melt runoff simulation using
the !lartinec-.ango Model oi: the South .'ork hi, Grande and Conejos River in
Colorado.

Jack:F. Hannaford: Application of satellite imagery to hydrologic modelling
snow-elt runoff in the Southern Sierra Nevada.
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PLATE No. IV

HYDROGRAPH SHOWING SNOWMELT RUNOFF (Year 1981)

FROM SUTLEJ RIVER BASIN
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THE IMPACT OF THE DIFFERENT CLIMATIC ELEMENTS ON THE

SUB-iRGION OF THE "DEPRESSED" CHACO

Jesus Maria Gardiol
Gloria Christina Pujol

Silvia Simonelli
Gustavo Ruben Talamoni

Servicio Meteorologico Nacional
Buenos Aires, Argentina

SUMMARY

The sub-region of the "depressed" Chaco, a typical exponent of seasonal
variability, is a major study source with reference to the impact occurred in
this zone by a determined weather system.

From a statistical data it is practicable to determine or corroborate the
existence of two seasons: one being the dry winter season and another one the
summer season in which daily rainfall values may go beyond to those of winter
time. This contrast has a special interest for climatologists and meteorolo-
gists from the viewpoint of the inference of the effects produced, on the
area, by the different meteorological systems and, as far as the length of the
forecasting period of the said effects is concerned.

For that purpose a research from conventional meteorological satellite
photographs was initiated by using them in its first stage in order to:

(i) Characterize meteorological systems with a greater influence on the zone.
(2) Make correlations with the field measuring.
(3) Assessment in situ of the main effects.
(4) Make a geological and geomorphological characterization of the sub-

region; once this stage is performed Landsat image requirement is
made, on the 7 infrared bands in order to:

(a) Study, in mesoscale, the development of a given meteorologi-
cal system.

(b) Adjust items b and c for a better understanding of the
impact.

From the analysis of the above, it emerged, first of all, the possibility
of demarcating the areas more affected by maxima rainfalls and its range period
and, this should be the only circumstance for altering the water balance.

This goal leads us to analyze the phenomenon behavior, in a subsequent way,
by means of Landsat satellite image interpretation.

And as a final goal which is now in development, water balance is attempted
to be explained and, once the necessary correlations are made, it should be
taken as a field data for the diagnosis of the change and different crop
rotation feasibleness of the above mentioned sub-region.
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SPOT AND REMOTE SENSING PROJECTS IN LATIN AMERICAN COUNTRIES

C. Veillas

Centre National d'Etudes Spatiales
Paris, France

SU NARY

Latin American countries have been involved in space remote sensing for
several years. Two Landsat receiving stations are operational and the user's
community is organized.

The next generation of compatible Land Observation Satellite System
Landsat-D (1982) and SPOT (1984) will offer the opportunity to provide deversi-
fied services to Latin American users in the mid 80's.

The first SPOT Land Observation Satellite System, SPOT 1, will be launched
by the European Araine Launcher in June 1984.

The launch of SPOT 2, decided by the French Government in October 1981,
could take place as early as 1985. Furthermore, it is considered that two or
three more satellites could be launched between 1988 and 1994 in order to ensure
the continuity of the service over a ten to twelve year period because this
condition is essential for developing operational use of remote sensing in most
fields of applications.

A subsidiary of the French Space Agency, CNES, the SPOT Image corporation
is responsible for promoting and maroting SPOT products on a worldwide basis.
The decision to set up this corporat:n (CNES along with its partners of the
G.D.T.A.) was taken in October 1981 by the French Government.

CNES being the manager of the SPOT system encourages direct reception of
the data by receiving stations in Latin American countries. Some of them
already expressed their interest to do so.

CNES has undertaken with its partners of the G.D.T.A a large simulation
program over France since 1979, a campaign was carried out over Africa and
Southeast Asia last year and in Ja-uary 1982. Simulations are in progress with
some Latin American countries. CNES and GDTA have been participating in educa-
tive programs in Latin America and will pursue next year.

As for the simulation and educative programs undertaken with countries in
Africa, Southeast Asia, Latin America, CNES is willing to extend such programs
in cooperation with other countries, as a preparatory exercise toward an
efficient use of the real data from space when they become available.
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SPECTRAL STUDY OF THE MAJOR CROPS IN TAIWAN

WITH A DUAL-LOOK GROUND-BASED RADIOMETER SYSTEM

Quocheng Sung

National Central University
Chungli, Taiwan, China

SUMMARY

Paddy rice is the major crop of Taiwan. How to use remote sensing techniques
in monitoring the growth condition and predicting the vield of paddy rice in
nation-wide scale is one of the major thrusts to be fulfilled by the local
remote sensing group. Several pilot projects have demonstrated the potential
of remote sensing technique in the field of resource inventory. About 88,
accuracy of acreage estimation of rice paddies has been achieved by automated
analysis of Landsat imagery with some ground-truth data. More and more workers
have come to realize that ground-based in situ remote sensing studies are needed
to better understand the basic relationship between natural materials and
reflectance of radiance and will substantialize the usage of Landsat data. The
aerial photography a:;d terrestrial photography were both applied to the spectral
study of the paddy rice and sugar-cane. The in situ spectral reflectance data
were also collected by sequentially measuring the target and the standard plate
using only one radiometer. Variations of reflectance data within groups are
often found greater than those between groups due to the atmospheric fluctuation.
This kind of error can be possibly reduced by simultaneously measuring radiance
and irradiance with two intercalibrated radiometers. However, the analog
recording system of simultaneous measurements can be costly and time-consuming
in the process of the collected data

A low-cost, dual-look, ground-based radiometer system is then designed to
meet the requirement of simultaneous measurements of the spectral data. A
single-board microcomputer, Rockwell AIM 65, facilitated with a thermal printer,
a character display and a full-size keyboard, is used to control the recording
of two Exotech four band radiometers and provides the basic capabilities of
statistical manipulation and calibration of the measurements. Two multiplexers
were used to select correct channel and appropriate gain according to the atmos-
pheric conditions. The selected input signal was then digitally converted by
an eight-bit A/D converter. The conversion time of the commercially available
A/D converter ranges from a few micro-seconds to a few milli-seconds. The
atmospheric fluctuation is presumably ignored in the order of milli-seconds
and the "almost" simultaneous measurements can thus be achieved.

In the field operation, the system is powered bv a portable generator. Two
radiometers were properly mounted on the top of a five-meter high tripod, with
one looking upward and the other looking vertically toward the target. The one
which measures irradiance is fitted with a cosine receptor and the other with
an apertured receptor. The two instruments are read "almost" at the same time
and the ratio of the irradiance and the reflected radiance is calculated
immediately. An intensive field test has shown that the variations of the
spectral data due to the atmospheric fluctuation can be reduced substantially
using this system, and the field operation of the system is greatly time-saving.

An one-year project was then initiated to studv the spectral characteristics
of the major crops in Taiwan at this fiscal year. Four major types of paddy
rice were transplanted under the same conditions at one of the experimental

561



fields in central Taiwan. The system is used to monitor the daily changes of
spectral reflectance of each crop type. The first crop season begins at
February and the second ends at early November. Field measurements of the four
crop types were recently completed. The statistical work of the collected
data is being processed and the results will he available at the end of the
year. A better understanding of the spectral charrcteristics of paddy rice
,an be expected with the intensive in situ measurements using the dual-look
radiometer system.
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pI i t C - rI'l reLIC fsso rlitzi nit~ ddiii' i ip thle home fti CIat iou process. 1st '5.000 tolls,

1-i at1 prte reLs,1iCus isitl 4-Ik S~ ire- Used nit a SUlfuric aicid plaint. locaited
ii tIne' cantI Iii t our 01' I ni iithiJ I 'nit :01.. 19' ).

kInrup thle prlt'Iiminaitry wasI flit prIocedurte mient iotned nibove . time StillttitII
col1t a imm ed 1% i tiii thle oytc I I cS )udro sSev-eral cac inc liresence

of want er ;t1d a i ri (Bar ton ,190S Im5 I yiite

AIi 21, 0i + I eSti + 'II in 4

11~ ~ ~ ~ ~~~~~I +~i21t.t 1e 'tit*21-

's .I S 0 ili ~ 31 ~ ' ~ 3

Iem IC~ + P I I e 0 1 ' + l+ I(0H

Illi ''1 tit uitl I I1 the sill f ate ion0 is or ip i united by an oxi dat ion of i ion distilfide.
Ill cijitni ( ion 1 fe I ' -rots i nitol tecotneLS nloit-I li d r'oso S i I e H le ' frio i -l'Oi. Mhen the
, l;iicelt mul Iunit o f SitLlItI rIC -ai d de:cea se s I n sa tct'. ferr ic i ron i s hy'drolIey ed

at e- l it I VIIIC1 t1:1\ PtA' tetpil t i i wh I it cit or i p inrs ii red-ye I l ou i sin
cal trni t I(it i t~ 1 ii n t ie nic IdII tt' Another' react ion of' pyr ite wilth nitet' is
I ti ida OI i ti 011',V feItti i irun I tpni t it -I . Accord i ngly to the samte nutlhot' the

v lp r I it elriupt iott o r tens iltip of Miil i tip nit i v i t i es can i nc rease t hese tic idI

564



producing reactions if the water is no longer drained or pumped. This
situation is verv often found in the area around Cricitma. Another type of
refuse from the coal mining activity, the "sterile spoils", are the overburden
material, originated at open pit mines, which prevail around and north of
Siderdpolis, where the coal beds are localized very close to soil surface. Its
polluting potential is much lower than the pyrite-rich spoils, since the latter
contribute almost only with fine sediments to silting in the drainage from the
area.

hie second area under study mentioned, the coastal plain at the lower Rio
lbiiario, presents several lagoons, conected by narrow channels with the open
sea. The prevailing vegetation is an association of low and high marshes,
partiallY drained for rice paddies and pastureland. The coal refuses and
Slurries from the Coal Washing Unit and thermoelectrical power plant are
deposited at one of tile upper edges of this ecossystem. The resultant very
acid drainage pours into the lagoons destroying a great portion of the
fis hing 'rounds for shrimp and fish. It should be emphasized that the
fishing activity is tile feeding basis for over 2000 fishermen families living
a round these lagoons. .An undesired consequence of the destruction of tile fish
grounds has been a massive proliferation of m1osquitos, hence impeding cattle-
-breeding in that area.

tonsidering tile bra: ilian Na ional Coal Plan (Ramos, 1982) a reliable
forecast . it is expected, at 18 5, a total annual product ion of 1 mill ion
tons of I' C. 'he Southern S. Catarina Coal Basin. will certainly participate
With at least two-thirds of this amount, namely with around 12 million annual
tons of 'W '. ihis production will correspond to at least 24 l7i ./tOns of refuses
and slurries With imprevisible consequences for the environment and men.

3. MAfR IAI1.S

- Color infrared jC.l.R.) aerial photographs from A\ugust. l98. at the
scale of I: 15.000.

- Coa I refuse charts compi led by the E . .P. (Lngenhiros Consul tores 6
Pro et istas) staff.

- NSS- I. \N)SAI'S L" I, row pa t 1 annot i 0 1 o - S 32 from Apr i 1 24, 19 8 .

- General ll ccltric Corllpanv's Multispectral Image Analyser Image-lO0 1-100.

I . M ii 1 I):S

In tile following two sect ions tile pre-processing procedure will be briefly
described:

* I1 .\NX l'-; P l[I C 111C I ' lL tlRI CII CX

In order to minimi -e the atmospheric effects of backscattering from still
radiation and target reflection of diffuse sky radiation, the following
procedures were dveloped aillel a personal communicat ion with k. P. Lyon

.\n area of the edge of the basaltic plateau in Santa Catarina Slate.

wheie deep vallevs occur. therefore featuring extended rel ief shadows,
Was enlarged to a scale of I:100.000 at the display of the 1-100.

- Ilsinig the '"cluster s\-nthetiZer" algorithm (General Electric Colp. ,19-5)
those pixels whose channel - values ranged from 0 to 1 in a 255
reso I1ti on . were a Ia rmed and des i gna ted to one of the I- themes.

1 his theme was used as 3i s;imple in a "single-cel 1 parameter extraction"
algoritlhm iGeneral Ilect ri,'tomp.. 19 -5 and the mean values of these
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ixeIs for each other channel were s.ilbtracted from the whole frame.

I.: RAIlliI lRl C CORRElAI ION

in order to C Iiminate the St riping effects derived from different
responses of tie MSS- I.A\DISAI sensors from tite same band, a rout ine procedure
based on i local operator Was :1pp 1 I 1o t e fI are.

1i1C' h 1ole:1ator COm1: teL'S the I I . ige of a line wit h1 th1 loc; I a verage
of the zinterior t ine and if the di It orence is greater than a given threshold.
th is d if fCrence is added to the o int ol tile current I ine. in order to avoid
error propagation another threshoid is inpuit to the systeI, wihich estab Iishes
a I imit to bo added to each po itt Puti ra e t a I i i , ititpub I i shed

1.5 I Rn ' I I Ri 11 III ANAl.1 Si I

lHic rollld t ruth ax:ai i ble tot the L'l tI i UMra dIc,t Was a se ties of coal sii l
area chi ts, lie fo i . 1, i nit ci as-R s -r, these charts Were used ill this sttjdv:

sterile spoil - Ict Ie
- tbandollned lltu. uLvIageta:tled

-lt iinduniOcd itd \ eet ated

pyrito-rich spoils - active
SabaILdonedI and Utiivcet:ttC.
-abandoned and vegetat . .

1 ,, t ie ubartao 1t tea . . .I . phot og taphs re t i Iable. I I rou h i sua I
Iiterpretat ion. 21 iand-use,'iand cover classes could be ident~ified and were

cla s I i 2I into ,t h Iierarchi cal svstemr tAiidcrsonl et aliti . l (I :lie level I
fro t iI sy\s tcm is presented beo,

S o i I I It ved areis

I , ti cult i t 1 ireas
I , ,t I Iands

I fot r t .lids

I i t L' I'

\i ' ,' \I i \ \\I 1 < ,1' \1" ,-I \\II ,\1  i

I li -lit I ir p toA lt to1 b th St ,I i eas a 111 uilolipel vised c lts III cat ioti
= a~tuiing ,it tle styriificaltiou on the rotsa, into sctrlir alike cl.is,¢s. ]his isdone I ,i g l t t a t 1t sI t ' . tiet e I"-tCIA I i Igotrith -J 1\ l tta I a I' 1. un .ub 1 ished

lie cliCster .lgot-ith iimle l i0t 1l s - lI sairts COtit ting tile

Iir(l. 'L ' o pi xe I Is oc c Fip I t 11g c i': I c1 Il iI i a J I t - cii. iAt I ' s spa ce. I lien it o rde s

these cells decies itglI accor *,t to the itunber o pxels withi: th e Is.

iC tI I rst k e I Is I I t be t he k start ing centers of the I1 , or iIt In.
It clctlat.es the etc lidean distances beteen these centers .'nd the rest of the
cells. ii Ith a nearest neighbor rout e 1 , it attributes each cell to oirof the centers.
i lie Ilein a I Ities of eag I anne I 1 each POI)la't ion w111 be tie new cente rs.
atnd tilt, it t r a c t lot] is t epea ted. \ ri I Iit tiim nttiibe t o f cel s is g i ven in order
to a poplar ion be lo(/s tder0ed a1 o n. ll is procedure stops 'hen it achieves a

I liell iiiu'bher of ite t t I otls or wI+henl tie di stance between the new cel ter and
the lIAst one is below i giv e threshold. 1he mean vector and the covariance
1,i1 t nix of thle po t I;i t i ons ellt er it to tlax iMuIln I ike I i hood" a 1 Qo rit hllm 1 asLo

Ct a I II, t 9- 9 1 ill ordet to class i f the whole frame.
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Considering that the objectives for the two study areas were different, so
were the procedures used for each one.

In the Crici~ima area, the aim was to identify and to locate only the
coal related areas. So these areas were sampled and the pixels obtained were
used for the unsupervised classificat ions with six centers. On the other hand,
the objective in the Tubar io area was to identify acid stressed vegetation as
well as healthy vegetation and coal related areas. fherefore, to use the
entire scene as a sample would be the best procedure. But this cannot be done
at [NIT 's 1-100 because of physical restraints of the system. To solve this
problem, the resolut ions of channel.N 5 and - of .ISS-LANDSAl were reduced to
o-1 levels and the whole scene with only these two channels was input to the
unsupervised cla.sSification with . centers.

Both classifications were not satisfactory. Lrrors (commissions and
omissions) were presented in all classes. The next step was to subdivide tie
unsupervised classes into specific ciasses using the C.I.R. aerial photographs
01 thie refuse deposit charts as ground truth, and the unsupervised
classification for sample orientation in a supervised procedure,(l.yon , Prelat,
19-8) .

lhe S classes of tile lubaraio area were divided into 18 classes
correst'onding to most of the level II classes identi fied in the aerial
photogriaplis. [l1e o c lasses Ot the k rici nina area were reorgani zed according to
tile o classes found in the coal refuse area charts.

Alhe supervised class if i cat ioil for both areas Was based on a "maximum
likelihood decision system" algorithm \elasco et alii . 19.-9).

lhe visual iMpression of the elassification of the lubirio area into Is
classes was much too confusing, with an excessive fragml-entationof the scene.
lhe discrimination of the acid stressed vegetation I rom other land cover

classes was not possible.

1he study in the 'lubaro a rea then turned to a land useland cover
classification where the following 8 classes were well identified:

coal related areas
-urban ll(ea5
hi gh marshes
I O , IrurSl 1' es

- tgr icul t trl areas
p1 owed lands
f o rest 1 :11 !S

- ,at er

In the Cricitima area, the six coal refuse classes were ag ,,regated into
two. and new land use classes were identified. The final c lass i ficat ion was
fa i r Ix ood, featuring the fol lowing classes:

p vrite-ricl Spoil areas

sterile spoil areas
- iban resident ial areas
indus trial areas
water bodies

IISCUtlSSION OF RI0SULlS

The ilentification of acid stressed vegetation in the lubarao area was
not fe;sible, probably because of the date of the satellite overpass (April).
.lust at the end of the wet season in the region. So. both acid stressed
marshes and acid stressed pastures were identical to the corresponding health"
veget a t ion.
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The results from the Criciiima area met better the objectives of this
study. The bire coal refuse areas were well identified and localized with a
fairly good internal classification. The urban land use classes, identified in
order to help the localization of the spoil areas, presented also a good
accuracy (figure 2).

1he class "industrial areas" ident i fied most of the large industries of
tr icitma as well as tile ceramic plant near Cocal.

Ihe class ''urban area" had a good performance in C rici ima, including the
small vil lages Iletropolitana, Rio .laina,etc.) spreading chaot ical lv towards
the northwestern mining axis. The city of Sider6polis was well identified and
few conission errors were noted over abandoned surface mines.

The class corresponding to water bodies is present only within thespoil
areas. In the strip mine areas it is the location of the abandoned trenches.
which became artificial, channel-like acid water impoundments. The presence of
watcr in pyrite-rich spoil areas indicates sometimes traces of abandoned
slurry ponds.

[he combined distribution of tile two refuse classes gives a good
description of the largt spoil areas both in shape and localization. Coal
refuse areas as small as 3 ha were at least located. The larger ones were
located with their actual shaDe and size.

hie interial cl ass ificat ion of the coal refuse areLsset a corprorise: if we
better the clIssi fication of the sterile spoils, we would incur into
coonL Iss on errors on the pyrite-ri ch ;poiI areas and vice-versa. There are many
cau11SeLs for tils simi larity among the two refuse classes, namely:

there is some coal mixed in the sterile spoils originated from non-
-econIomIic Coa1 I alvers

theL is also coal along tie haul roads iitliin the sterile refuse area:

ithe dJ !ken iIl effect of the shadows caused be" the sterile refuse piles:

the spolt AInCois comltlst ioff of the pyri te-r ich spoil areas leaving oln the
sir face the i nert part of the coal, which resembles to the sterile
spoi I s.

In spi te of these constraints, the classification of the si, Ii1 areas
sh owed tile fo lou ing results:

I - Ihe "sterile refuse'' class Josc ribed %Ill the strip ine near
deropol is. Omiss ions occured on the lnatural l" rel\imed areas

covered with grasses and shrubs and on tile artificially reclaimed
' areas covered by .1,.-h ' ',. lbis class is also present ill tile

pyrite-rich spoil areas, generally occupy ing thie periphery of the
refllse area.

life pyr ite - ich spoil areas Were weIl represented by its corresponding
class, except for tile borders where the sterile refuse class
predominates. possibly due to the smoothing characteristic of the
r-d i oflet ric cor'rect ion procedure.

o. (' X ' , I oNS i

\s a i rst step towards tile tit Ii at ign of MSS-LANIISA[ di cit aI data to
moni t or coal mine reffuse si t es in Bra: iI tie object ives of thi s study were

It I y i chieyed,
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fHi resut s demonst rate that tilc discrimination of rcfuse sites against
thle baCkgr-ound is feasible and this product will be useful in a1 change-
-detct i onl sur'Vey

]he Confusion amlonlg thle two coal refuse classes can be solved by
detailed srtudies over each one of thle large refuse Sites,, in order to
cateigor iT. thle mlain classes pre.sent in these areas. Actually, this will be the
nexOt step of the project viili", tob developed on two strip mines: One
abandoned and the other act ive. anld onl a pyrite-rich spoil area, sti11 to be
chlosenl.

THeV ident iflit ion Of %vegetaltion stressed by acid ndiicdra inage probablN
ill be possible by- a mult i-date aIpproachl. 'Ibis will certainly botter describe

the combined effect of ;ca-iit~lit v ofkvegetation and the variations of the pil
vat .tes acodn otK e fi Yd ro log ic featutres 01f the region.

Ifihe auithors are indebted to Mrl. Ni lton Rodrigues , Mrl. doaqtiim Arantes de
Fiet: and Mir. WlIes Bortat. all from IAINMA (the Sant a Catar ina ,tlate
inv ronment il Protect ion Aipencv) for their generous supports during field
wo rk ill sot bhetit Sant a Cat al ina . Mr. RonialIdo G. Cout o from PPT - Consult ing
I-litgin''.rs' kind lvy Jet ivered nion-publIi shed Maps On coalI re fuse areas.

Pt C li- . f. Piut zecr , from the Ge riall Gol . Survey , permi t ted thle p)ubIi c at ion
i 1, U ItrC I.

A 1.\ XN li 1,. 5. S . 1) : 1N . G 11. 1C ) , 1). 1. L19 7.) He use of CR15- I NISS data for
rvappi ti ;tr )F r pigm and acid mniire dr-ainrage in PennsyIvan ia - 'SymplIos i ul Otl

;vnfi lat results Obtained from the I.RIS-l . NASA, l->.p 1).3t- .

A\Il RSC\N A . I . SCII I , [). 'IICIMAN . N. I NOCK, F.M. (19- t L l.Nl)S.\ imagery
f or >ttr faIce mu iC i uVenltorv . lit'. I rig. , Remt. Senls. k:4-3, lilt. I( l~

.\Ni[RSON ,. LI . IANNIIR, ..1, . 1 -FS ) Remiote monitoringz of" coal strip mine
IrelltaI) i I i t at ion. U .S. L 1 V1nt .i T rnetaJ I Protec t ion Agency - Las Vo a s N .X.

A Nl). R SoN ,. .R. IFARPY. CL. I.. Rnt..CI...... . fNIINLR., R. L. (l19-o) A land use
and land coverl classificationt system for tise with remote sensor data. U.S.
600eol0gi'.I- S1urIkey\ , W~aSh i Tltot l I.( C. F pape) r nq 9 o Pt'.

BAR I ON .1. 19% -S I lire acid mine di~ ainage. Ini: NRIAGI .d J.C. ( I d) Snil fur- in
ire litironmntt Part I!I: Icleoti, a mat.P~33 5 .lbiW e

Sons., Inc. g c l Ip c s l. 3 3 -; . .Oi ic

PAYNLS. .l.N. .AhIAINP. IF. I19-o) A111 I ieation of Satellite data to surface
itric Moni1 toring in selected coutie is of Soth Carolina. Bureau of Mines,

U1.S. Dlept ?Interior.

IlUF I A . 1 . . MOREI IRA . Jd.C . : I i: I. A .NI. Ltinpib I ished F Matrira I do lisliaitios dos
sr stemas de t rataietitos do imagetus d igi tais . INPL. Sao .Iosc dos Campos.

I1S1I. P.R. F l)i-l A feasibility- atnaly-sis of thle employment of satellite
illtai I-Vr to Mon it or and Inspect stirface mtin ing operatiotis in west e rn
Kenitucky. %. I. NASA, Goddard Space Fl1ighit Center-. Greerbel t . il).

GFNIRA I Il ILI R I ( PuMPI'. (19I F I mage- 100F use r tiatralI . Diay-t ora Peach . IA.

lItIGIIIS. 1 .11. ' ll 111.10 N. . . .. F IC. 1 .R. : DRUMMOND,. S.C. lUCKoO S. 1%. . F(19-5)
Assessment if prat ital itv of remote sn'nsitig technuiques, for a study of the
etffects of strip mining itt Alabatma. Ulniv. of Alabama.
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MULTIDISCIPLINARY STUDIES IN DEL NEUQUEN PROVINCE, ARGENTINA

J.A. Ferrer
N.J. Onesti

Consejo Federal de Inversiones
Buenos Aires, Argentina

SUMMARY

Upon request of the Government of the Province of del Neuquen, the Consejo
Federal de Inversiones - through the Project and Studies Division, started in
1978 several studies and actions tending to identify and give priority to areas
apt for agriculture and livestock exploitation. The studies cover the 16
political departm, .ts of the province with a total surface of 94,708 km

2
.

According to its surface, the province is considered the four in importance
within the Patagonia region and the thirteenth within the total territory of the
Argentine Republic.

The climate in del Neuquen can be divided in two areas, east and west, with
an intermediate variable zone. The east is a desertic area with very little
rain and the west is quite rainy and cold, therefore, the relief altitude
decreases from west and east and the central and western geological complexity
is simplified in the eastern plateau.

The province of del Neuquen, due to its natural characteristic, offers the
possibility of developing several irrigation works. However, to date, the
existing potential has not been systematically nor rationally investigated,
nor have the different possibilities been evaluated.

On account of this, the Consejo Federal de Inversiones has prepared a
program of studies, which in general terms includes the following points:

I. Climate

Most of the information is obtained from the National Meteorological
Service. This information is statistic and graphics are provided in order to
point out elements and principal facts of climate.

IT. Superficial Hlydric Resource:

H ydrology: recopilation, analysis and processing of the existing
information in order to delimit irrigated and potentially irrigateable areas.

Availability of water per area in study: the hydric resources will
be calculated and delimited as per information available.

IlI. Soil

Regional stud%': the hackground to be employed are either scarce and
certain or quite general.

The primary and secondarv information of the separation obtained from
the aereal and satellital convr'ional ;inalv.sis is processed.

573



Irrigational studies in the basins of Colorado and del Neuquen rivers: a
larger amount of information can be obtained from this than from the regional
studies with a larger amount of original information obtained in camp.

IV. Social and Economic Aspects:

- Analysis of spatial order: is used to know the relations which are
established between different geographical spaces in the province.

- Social analysis of population centers: the cities next to the areas
to be irrigated and their principal characteristics are studied.

- Economic analysis of preselected areas: the economic and campaign
studies will allow to distinguish the activity centers next to the
areas.

- Social and economic provincial regionalization and insertion in pre-
selected areas: analysis and characterization of particular and
differential aptitudes of the areas in order to evaluate their
possibilities of insertion to the actual provincial social and
economical organization.

V. Expeditive appreciation of necessary works in order to capture, conduct
and provide defence in the basins of the Colorado and Neuquen rivers. The
available information is analyzed for each area establishing probable demands
for irrigation, drainage and works.

VI. Explicit rules in order to give priority to irrigation areas: will
be elaborated by provincial functionaries and technicians for different areas.

VII. Priority of areas selected: the identified areas will be made based
on natural resources as well as social and economic rules.

For the different studies, the use of Landsat images (El, 2, and 3; MSS
sensor, bands 4, 5, and 7, black and white, composed false color) has allowed,
together with an exhaustive analysis of existing conventional aereal photographs,
to separate each one of the areas in units of landscapes using patron elements
as relief, topographic differences of elevations, evidences of erosion proces-
ses, sediments, etc.

Working scales are 1:50,000; 1:100,000 and 1:500,000; and principal
representation scales are 1:50,000; 1:500,000; 1:1,000,000 and 1:2,000,000.

Finallv, the different study disciplines and excellent photographic
definition helps to draw limits and allows for economy observations and effi-
ciency of necessary camp works.
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ANALYSIS OF MULTI-DATE LANDSAT-GEOPIC

FOR MAPPING VINAL (Prosopis ruscifolia)

qAND ITS TEMPORAL EXPANSION

Carlos M. Viola Binaghi, Alberto B. Viola, and Eduardo G. Viola

Aeroterra S.A., Buenos Aires, Argentina

and

William G. Brooner
Earth Satellite Corporation, Chevy Chase, Maryland, USA

ABSTRACT

'Rapid proliferation of Vinal, a tree found in the Gran Chaco region of Argentina,
impacts both the economy and ecology of Formosa Province. Landsat-GEOPIC digital
imagery, combined with effective ground sampling surveys, provided new information on
the occurrence and distribution of Vinal in a cost fnd time effective manner. Changes
in extent and distribution of Vinal over a 6,822 km study area were analyzed using
1975 and 1980 Landsat data and digital change analyses in the EarthSat GEOPIC Interact
system. Results indicate a seven to ten percent annual area increase of Vinal. Landsat
GEOPIC processing was used to generate images and distribution (land cover) and change
analysis maps at 1:100,000 scale.

I. INTRODUCTION

Vinal Prosopis ruscifolia) is a tree found in the Gran Chaco region of northern
Argentina. t commonly grows to approximately 7 to 9 metres in height, with breast
height diameters (bnd) between 15 and 25 cm in its mature form (20 years of age).
Dispersed trees may have up to 45 bhd. Vinal grows rapidly, and at 3 to 5 years of age
it may achieve heights of 3 to 5 metres. An important characteristic is the presence
of sharp thorns of up to 15 cm in length.

Vinal is considered an invader species, aggressively colonizing different environments,
and is often found in association with diverse vegetation types. Massive colonization
of Vinal over extensive areas has created serious problems for pasture and range management,
loss of pastures, and contributed to soil erosion through replacement of other natural
vegetation cover types.

The invasion of Vinal has been aggravated since 1935 due to interactions of natural
as well as cultural factors, including land clearing for cultivation, pastures, and
roads, drainage of esteros (shallow, marshy depressions), irrational use of fire,
periodic flood inundations, etc. As a result, there are presently areas with densities
of Vinal as high as 2,000 to 3,000 plants per hectare. The explosive diffusion of
Vinal has impacted large areas in the Argentina provinces of Formosa and Chaco, as well
as Santiago del Estero and Salta.

In recent years (particularly the past decade), numerous studies and field experiment
station investigations have addressed problems associated with Vinal control of expansion.
New areas of research have been identified as well as solutions, particularly in terms of
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alternative control techniques. A continuing problem is the rapid proliferation of this
aggressive species which impacts both the economy and ecology of Formosa Province.

The present study focused on demonstrating applications of Landsat and other
remotely sensed data to the mapping of Vinal and its temporal dynamics. The investigations,
conducted in 1980 and 1981, were without precedent, represent a unique application of
Landsat and which successfully met many of the original project objectives.

2. OBJECTIVES

The present study was designed to investigatelnd demonstrate the application of
digitally processed Landsat data (using the GEOPIC system), complemented by aerial
reconnaissance and ground surveys, for mapping the distribution of Vinal, its occurrence 2
in different ecosystems, and its temporal dynamics. The study was conducted in a 7,500 km
project area located in Patino and Pirane Departments of Formosa Province (Argentina).
Specific objectives included analyses to:

a. Stratify areas occupied by Vinal from other principal forest species.
b. Stratify associations of Vinal and other classes of Proopis species.
c. Detect areas of instability or potential invasion by Vinal.
d. Assess changes and rates of expansion by Vinal over a 5-year period.
e. Develop and transfer methodologies and techniques applicable to other forest

inventories in Formosa Province.

3. STUDY AREA

The study area is contained on Landsat images for WRS Path 243/Row 078, and lies
approximately 180 km northwest of the city of Formosa. Settlement is concentrated in
and around several towns and colonies and along road networks, and population density
within the study area is low.

Several rivers and streams cross the study area, trending in a southeasterly
direction. Between the rivers and streams, the terrain has very minor relief, undulating
on the order of only a couple of metres or less, and characterized by poor drainage.
Much of the land is seasonally wet; marshes occupy extensive areas known as "esteros"
which are shallow depressions (commonly from 0.5 metre to no more than 1 metre in depth)
with internal drainage. Standing water levels within esteros varies seasonally, and in
some years surficial water occurs throughout the year. In periods of excessive water,
the esteros will overflow and drain across adjacenr areas.

The majority of the study area is covered by natural forests and grasslands of
several principal types and associations. Much of the area is grazed by cattle, a
significant economic activity in the Province. Settlements and roads occur in higher,
and hence, drier sites and are typically surrounded by concentrations of cultivation
activity.

Simplistic descriptions of land cover in the project area include High Forest and
Low Forest (both open and closed canopies), and non-forested areas, principally grass
covered marshes (esteros), pastures (both natural and artificial), and cultivated areas.
The location and distribution of each type is closely related to soils and correlated to
the microphysiography of the region.

4. CHARACTERISTICS OF VINAL DISTRIBUTION

Some believe that Vinal invaded only grass covered areas until the past 30-40 years,
at which time settlers began agricultural developments leading to the present landscape
patterns. During this latter period, Vinal distribution has extended to additional
sites and includes associations with other Prosopis Spp. which do not have similar
aggressive invader characteristics.
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When forest cover is cleared, such as for road construction, pasture development,
etc., Vinal is typically the first species to colonize sites which do not have well
established woody vegetative cover. Its aggressive character allows it to become established
quickly, and to grow in the absence of competition in the form of a small shrub, reaching
1-2 metres height in only one to two years. Left without eradicative control efforts,
it will become a woody tree reaching 3-4 metres height in 15-20 years, and in sone
instances as much as 7-9 metres height.

Vinal will also typically border the esteros, invading herbaceous environments
above the waterline, but will not tolerate inundation. During drier years, Vinal may
occupy large portions of esteros, but the tree will d e and recede to slightly higher
sites when surficial water returns.

One hypothesis holds that esteros are gradually becoming more shallow. When Vinal
and other species (principally herbaceous) die due to inundation, plant materials deposited
on the estero floor gradually build the organic soil base. Over time, the estero becomes
more shallow and the surface area extends outward.

Vinal seeds are transported to new sites by several mechanisms whereby it may
further expand its occupancy. Seed pods and young leaves are eaten by cattle which
browse on low forest trees; cattle, however, cannot digest the seeds which are expurged
through the animal's digestive system and deposited to organic sites. Seeds are also
transported by water, both the fluctuations of water levels within esteros and through
rapid sheet runoff during periods of intense precipitation (which may typically exceed
150 mm/hour).

Soil type appears to not be an important factor for the establishment and growth of
Vinal (although soil formation processes resultant from extant landscape morphology
influences distribution of other forest associations). Vinal appea.,s to be able to
establish itself and thrive on any soil, limited only by inundation of water. In fact,
flooding of Vinal sites for a period of six months is considered to be one of the effective
control mechanisms resulting from research conducted in recent years.

5. SELECTION AND PREPARATION OF LANDSAT DATA

Two Landsat scenes for WRS Path 243/Row 078 were selected and acquired for use in
the Vinal analysis: 1) Image No. 20142-13090, 13 June 1975; 2) Image No. 22086-78115,
8 October 1980.

The most recent scene (8 October 1980) was acquired by the Argentinean earth receiving
station (CNIE). This scene was processed in EarthSat's GEOPIC system in November 1980
and used in the reconnaissance field surveys during December 1980. In addition, the
spectral classification analyses were applied to the 8 October 1980 scene.

The 13 June 1975 scene was acquired at NASA's Goddard Space Flight Center. It also
was processed in EarthSat's GEOPIC system in January 1981 and was used in the temporal
change analyses conducted in February 1981.

The GEOPIC system is a digital image processing system which by definition utilizes
only Landsat CCT's. The image corrections and enhancements applied in the GEOPIC process
are state-of-the-art for commercially available digital image products worldwide. While
most of the image products used in the study were at 1:100,000 scale, GEOPIC color
prints were also prepared at 1:60,000 scale for successful use as field survey working
materials.

Previous Landsat investigations and applications in Formosa Province used only the
bulk Landsat photographic image products. The Vinal project was the first application
of digital Landsat image processing in Formosa Province, and it utilized GEOPIC processed
data exclusively. Further, the CCT generated by CNIE for the 8 October 1980 Landsat
scene was the first CNIE scene to be digitally processed outside of CNIE.
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6. FIELD SURVEYS

Reconnaissance field surveys were conducted in December 1980. The objectives of
these surveys were to acquire field observations of Vinal, correlate these observations
with features presented on the Landsat GEOPIC imagery, and acquire field documentation
of Vinal characteristics and distribution.

Provincial personnel participated in all aspects of the field surveys. The objectives
were efficiently and satisfactorily met, due largely to preparations and support provided
by Provincial personnel.

Terrestrial surveys enabled observation of most ecological systems, landscapes and
land uses contained on the Landsat GEOPIC image, and included areas where Vinal was
extensive and dominant, areas where Vinal was observed in various associations, and
areas where Vinal was not observed.

The terrestrial field surveys were severely hampered by extensive flooding resulting
from extreme rainfall throughout Formosa Province in preceding weeks. The flooding
complicated making detailed correlations between field observations and the Landsat
GEOPIC imagery. The Landsat scene was acquired 8 October 1980, following a period with
little precipitation for several months. As a result, for example, water levels in
esteros, when imaged, were low. In mid-December, following extensive rains and inundations,
water levels in the esteros were abnormally high, and the surface area exceeded normal
limits as well as those indicated on the Landsat images. Most pastures and many cultivated
fields were under water. Nevertheless, due to the resolution and clarity of the Landsat
GEOPIC image (at 1:100,000 and 1:60,000 scales) it was consistently possible to identify
ground position to image location throughout areas visited in the study area.

In addition, several aerial reconnaissance overflights of the study area were
conducted. These observations confirmed further the extensive flooding and landscape
inundation which hampered ground travel. They provided effective overview to the project
area and facilitated Landsat GEOPIC comparisons. The Landsat image, in fact, was used
for infliht navigation and documentation when over the Vinal study area.

Both terrestrial and oblique aerial photographs were acquired to document obse, - ns
of Vinal and related landscape features. These photographs included scenes for use
"ground truth" in subsequent Landsat analyses, and multispectral photos for subseque.,.
analyses of the spectral characteristics of Vinal and associated land cover features.

7. APPLICATION OF METEOROLOGICAL DATA TO THE LANDSAT ANALYSIS

The Gran Chaco region is situated in a humid subtropical mesothermal forest climate
which is constantly moist and which may receive rainfall all through the year. Climate
in the study area is an important environmental characte, stic, particularly precipitation
which is highly variable both in frequency and intensity and impacts management of the
region's natural resources.

Although the average annual precipitation in the project area is slightly less than
one metre, it is evident that averages are of rather limited value when data are examined
over a period of a number of years.

In addition, evaporation rates are high, exceeding precipitation throughout the
Chaco region resulting in an annual net deficit water budget in a region which experiences
excessive water during portion of the year.

Daily precipitation records were analyzed for short periods (90 days) prior to each
Landsat scene data to understand the landscape conditions, viz a viz surface water
extant at each time period. This is noted because the meteorological conditions preceding
the field work created landscape conditions significantly different than those imaged on
the two temporal Landsat scenes.
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8. SPECTRAL CHARACTERISTICS OF VINAL

One purpose in acquiring field photography was to provide data for analysis of
spectral characteristics of Vinal and associated land cover features. The approach was
very simplistic, and was not intended for quantitative spectrometric analysis. Rather,
using analytical spectral density measurements, of ground and aerial photographs provided
qualitative and comparative data for the Vinal project area.

Measurements were made using MacBeth TD-504 and RD-519 densitometers on ektachrome,
ektochrome infrared, Tri-X (47B, 58 and 25 Wratten filters), and Black-and-White Infrared
(8913 filter) film type for six categories of land cover:

" Vinal associations bordering esteros
" Mixed estero vegetation
* Low forest with high associated Vinal density
* Low closed forest
• High forest

Water

Multiple measurements were made and averaged; variations between measurements are attributed
primarily to atmosphere (varying distances between camera and target), varying density
of vegetation (introducing ground and other "noise" into the sample measurements), and
varying moisture conditions extant in the study area at the time of field surveys.

9. LANDSAT MULTISPECTRAL CLASSIFICATION

One of the objectives of the Vinal project was to investigate the application of
Landsat multispectral classification for analyzing the occurrence and distribution of
Vinal and other land cover types. The Landsat multispectral classification was applied
to the 8 October 1980 scene, using the EarthSat Interact System.

The multispectral classification procedures used a unique approach involving combined
supervised and non-supervised techniques to "map" nine (9) categories of land cover in
an area of approximately 294,400 hectares. The categories represent land cover and can
generally be related to ecological environments of the project area. The results were
presented both cartographically in a color classification image at 1:100,000 scale, and
in tabular format as summarized in Table I.

TABLE I. Land Cover Classification Results

Category Hectares % Total

Cultivation, Urban Areas, etc. 16,265 6.5
Estero-type Vegetation 26,885 9.1
Young Vinal 41,415 14.4
Vinal/Low Forest 58,295 19.8
Low Open Forest 29,760 10.1
Low Closed Forest 33,340 11.3
High Forest 75,685 25.8
Water 5,335 1.8
Unclassified 3,420 1.2

10. ESTIMATED DISTRIBUTION OF VINAL

An attempt was made to estimate the occurrence of Vinal in the 294,400 hectare
study area of Landsat classification.

Such estimates require certain assumptions of the percentage of each category
representing Vinal as opposed to other vegetation species or land cover types. The
assumptions were derived from carefully prepared definitions for each of the nine
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categories contained on the land cover classification map, and which were generated
through field experience and corollary data.

The estimated percent of Vinal area for each land cover category is shown in
Table II, along with the resulting tabulation estimate that Vinal occupies approximately
82,270 hectares, or 28 percent, of the classified imago area in October 1980.

TABLE II. Estimated Occurrence of Vinal

Estimated Hectares
Category % Vinal Total Vinal

Cultivation, Urban, etc. 0 19,265 0
Estero-type Vegetation 10 26,885 2,688
Vinal 90 42,415 38,173
Vinal/Low Forest 50 58,295 29,148

Low Open Forest 30 29,760 8,928
Low Closed Forest 10 33,340 3,334
High Forest 0 75,685 0
Water 0 5,335 0
Unclassified 0 3,420 0

29i,400 82,271

This estimate has been supported by Provincial personnel envolved in related Vinal
programs. It may be refined through additional work involving, in particular, field
surveys designed to better define the characteristics and occurrence of Vinal in each of
the existing Landsat classification land cover categories.

Only in areas where Vinal is extensive and is the dominant land cover type is it
possible to identify the plants using Landsat imagery, whose resolution is 0.4 hectares.
Individual trees cannot be detected nor identified. Further, mixtures of different
species will create a composite reflectance value within the 0.4 hectar resolution area.
Hence, it is possible to classify and map Yinal in some of the environments in which it
occurs, e.g., bordering esteros, but in other areas the ecological unit or land cover
category rather than individual or dominant species is classified and mapped. The
resulting Landsat GEOPIC classification image is a realistic description and "map" of
the imaged landscape.

11. LANDSAT TEMPORAL CHANGE ANALYSIS

A final objective of the Vinal project was to examine multi-date Landsat imagery,

and to apply GEOPIC system techniques to the detection and analysis of changes in the
spatial distribution of Vinal. This analysis was performed using Landsat scenes acquired
on 8 October 1980 and 13 June 1975.

Although this analysis ultimately achieved useful results, it was frustrated by i
variety of problems ranging from different computer tape formats (EROS vs. CNIE), different
geometrical characteristics, different seasons and hence, environmental conditions, etc.

The Landsat change analysis was performed in an area of approximately 6,882 km
2
,

using techniques which differenced MSS 5/7 ratios of each scene. Three (3) categories
were generated in both image (cartographic) and tabular format:

S Area (has)

Areas where vegetation increased 14.2 97,724.4
between 1975 and 1980, which
commonly corresponded to increases
in Vinal.
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Areas where vegetation decreased 16.5 113,553
between 1975 and 1980, which
are generally in esteros and cul-
tivated areas and are interpreted
to be residual effects of images
acquired in different seasons.

Areas of no significant change 69.3 476,922.6
between 1975 and 1980.

The first category includes changes in Vinal area, as well as esteros. It correlates
closely with the Estero and Vinal categories of the land cover classification where
Vinal is the dominant low forest type and is often of young age as indicated by shrub
form. In an analysis of the Temporal Change, it was estimated that approximately 50 percent
of the first category represents Vinal or potential Vinal sites. This results in an
increase in Vinal of over 9,000 hectares per year with an annual area increase rate of
between 7 and 10 percent.

12. ADDITIONAL RESULTS

In addition to the findings and results presented above, the following are summarized
from the Landsat investigations:

It is possible to differentiate and stratify Vinal occupied areas from other
principal species in some but not all ecosystems. It is possible to differentiate
and stratify ecosystems, and Vinal occurrence may be estimated when its probable
density in each ecosystem is known.

It does not appear possible to differentiate associations of Vinal and Algarrobo
(also Prosopis Spe.) using Landsat except in those areas where distinction may
be made on ecological environments and supported by field data.

Areas of instability or potential for invasion of aggressive woody plants may
be identified by surrogate means of associated land cover, correlated with
ground observations. These include grass covered areas bordering esteros,
along roads and in pastures, as well as areas of low forest with open canopies
(which are also typically grazed).

The Landsat GEOPIC image displays pixel reflectance values whose patterns
correlate well with forest inventory maps. Hence, Landsat can be very useful
in a Forest Inventory of Formosa Province in the initial stages of delineating
land cover types. Subsequent field surveys, sampling including photointerpretation,
and Landsat GEOPIC/Interact system classification may be used to identify land
cover types. A suitable scale for this work is 1:100,000.

13. CONCLUSIONS

While the rapid proliferation of Vinal continues to impact both the economy and
ecology of Formosa Province, the reported Landsat investigations represent original and
unique applications. Objectives were successfully met, and new areas of research were
identified.

A combination of existing published information, effective ground sampling techniques,
remote sensing systems, and state-of-the-art digital image processing and analysis
techniques have provided new and additional information on the occurrence and distribution
of Vinal in a cost-effective and time-effective manner. Such information is essential
to resource development planning in Formosa Province.

Many completed studies of Vinal have been significant in their findings and results.
They can certainly be considered successful, but our measures of success in the present
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research investigations must account for the rapid improvements in technology and technique
over only a few years. To be successful this year or next, approaches and techniques
must stay abreast of the rapid technulogy improvements.

The success of a resource inventory, such as the Vinal investigations, and a resource
development program using remotely sensed data requires a variety of professional skills
and experience if the program is to result in useful information for planning and management.
It is our belief that the principal skills and professional experience required lie in
three areas: resource inventory and mapping; resource development planning and management;
and remote sensing technologies. The Vinal investigation team, including Earth Satellite
Corporation (USA), Aeroterra S.A. (Argentina), the Subsecretary of Natural Resources and
Ecology (Formosa Province), and the National Commission on Vinal (Ministry of Interior),
completely and expertly met these requirements.
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