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PREFACE

This study on the atmospheric effects on visibility was performed to satisfy
the requirements of government contract DAAK70-78-C-0109. This final tech-
nical report consists of two volumes:

e Volure I -~ Study Results, and

® Volure II -~ Results of Literature Search.
These two volumes are submitted per Item A0O2 of the Contract Data Require-

ments List and constitute the final technical deliverable for this contract.
The Contractor Office Representative (COR) was Dr. Llewelyn Williams.

The study was oriented to the non-specialist and addressed the fiwve required
tasks of the contract. The report covered the following areas in order to
achieve the aims and ocbjectives of the study effort (where the sections apply
to Volume I):

e Section 0 - Summary

® Section 1 - Nature of Light

@ Sectian 2 - Visual Detection

® Section 3 - Obstructions to Visibility

® Section 4 - Instrurents for Measurement of Visuzl Range

® Section 5 - Techniques for Determining Visibility
Section 6 - List of Definitions

e Volume II - Results of Literature Search

The study findings resulted in the principal conclusion that it would be
pract‘:ical to develop charts and graphs that could be used to determine
specific measurements of the effects of atmospheric obstructions on differ-
ent types of observations and ranging devices. To illustrate this, some
typical charts and graphs are included. The study also includes other con-
clusions and the principal recammendation that the methods presented in this
study effort be refined, expanded and applied to specific situations.
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RESULTS OF LITERATURE SEARCH

A large part of the total study effort involved an extensive literature search
and subsequent campilation of a reference and abstract bibliography related

to atmospheric effects on visibility. The literature search was essentially
conducted in the following manner:

® Defense Documentation Center (DDC) literature search.

-- Table 1 summarizes the DDC literature search number CX0476 that
resulted in work unit summaries and abstracts of 76 items.

-- Table 2 summarizes the DDC literature search number 072300 that
resulted in a report bibliography and abstracts of 603 items.

® Atlantic Research Corporation (ARC) literature search. RAMCOR
initiated and completed a search of the ARC INSPEC, MET/GEQASTRO,
and NTIS catalog files.

—- Table 3 summarizes the ARC literature search of the INSPEC file
that resulted in a report bibliography and abstracts of 111
items.

-- Table 4 sumarizes the ARC literature search of the MET/GEQASTRO
file that resulted in a report bibliography and abstracts of
199 items.

-- Table 5 summarizes the ARC literature search of the NTIS file
that resulted in a report bibliography and abstracts of 551
items.

® Special letter requests submitted to authors and organizations for
reprints or copies of pertinent reports related to the study. A
sanple letter request is shown in Table 6.

® Literature search of other sources such as the Pentagon library,
National Bureau of Standards library, NOAA library, Army library, etc.

® Personal contacts and communications with other individuals, organi-
zations, etc.

Following this literature search, RAMOOR persannel sorted out this information
into a reference list of publications and abstracts of reports on the atmos-
pheric effects on visibility. The reference list and selected abstracts are
included as part of Volume II.
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It should be pointed out that there is an overwhelming amount of information
related to atmospheric effects on visibility. As a result, it was not
possible to review all or even a large part of this information during

the course of this study. However, it is felt that some of the more important
references and reports were reviewed and were made part of this study. In
addition, because of the vast amount of information available, it is likely
that abstracts of some important references are not included here. However,
again it is felt that so many pertinent references and abstracts are included
in Volume II that it is unlikely that any important aspect of the study effort
is not covered.




TABLE 1
) DDC LITERATURE SEARCH NUMBER CX0476

DEPARTMENT OF DEFENSE

RESEARCH AND TECHNOLOGY WORK UNIT INFORMATION SYSTEM

B
.
REPORT ON
ATMOSPHERIC OBSTRUCTIONS
DDC REPORT NO., CX0476 JUL 12, 1978
1 REQUESTED BY
' £ Victor J. Lujetic, 281-1666
. RAMOOR, INC.
USER CODE: 23609
b | ’
3
;
s
PREPARED BY
DEFENSE DOCUMENTATION CENTER
: FOR
z SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA, VIRGINIA

;
|
|
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TABLE 1
(Continued)

SEARCH STRATEGY

The terms below were searched by the computer. Asterisk terms represent
weighted retrieval terms. Truncated retrieval terms indicate that all terms
with the depicted root have been searched. Hierarchy terms are preceded by
a dollar sign ($) and indicate that all terms with a hierarchical relation-
ship to the descriptor have been searched. Coordinate searches are portrayed
as search terms listed on various levels. Excluded retrieval terms are dis-
played under an exclude listing.

FIRST LEVEL SEARCH TERMS

Light Transmission
CGbscuration
Visibility

SECOND LEVEL SEARCH TERMS

Anticyclones
Atmospheric (Truncated)
Atmospheric Condensation
Atmospheric Electricity
Atmospheric Heave
Atmospheric Motion
Atmospheric Precipitation
Atmospheric Refraction
Atmospheric Temperature
Atmospheric Tides
Ba:;metric Pressure

Ogllmg

Cirrus Clowds

Clear Air Turbulence
Cloud Cover

Clowds

Cold Fog

Ooriolis Effect
Crosswind
Cumulonimbus Clouds
Cumulus Clouds
Cyclones

Dew

Dust Storms

Fog

Fronts (Meteorology)
Geostrophic Wind
Gusts

Hail

Haze

Hurricanes
Hydrameteors

Ice Fog

Jet Streams

Lapse Rate

Lightning
Meteorological Phenamena
Microbarametric Waves
Monsoons
Nimbostratus Clouds
Noctilucent Clouds
Nuclear Clouds

Rain

Sea Breeze

Snow

Snowdrifts
Snowfields

Storms

Stratus Clouds
Temperature Inversion
Thunderstorms
Tornadoes

Tropical Cyclones
Typhoons
Wind

s O i




TABLE 2

DDC LITERATURE SEARCH NUMBER 072300

A REPORT ON ATMOSPHERIC OBSTRUCTIONS, 11 July 1978

REQUESTED BY: Victor J. Lujetic, 281-1666
RAMOOR, Inc.

PREPARED BY: DEFENSE DOCUMENTATION CENTER

DEFENSE LOGISTICS AGENCY
CAMERON STATION, ALEXANDRIA, VIRGINIA 22314

SEARCH STRATEGY

The terms below were searched by the camputer. Asterisk terms represent
weighted retrieval terms. Truncated retrieval terms indicate that all terms
with the depicted root have been searched. Coordinate searches are portrayed
as search terms listed on various levels. Excluded retrieval terms are dis-
played under an exclude listing.

FIRST LEVEL SEARCH TERMS

Light Transmission
Obscuration
Visibility

SECOND LEVEL SEARCH TERMS

Anticyclones
Atmospheric (Truncated)
Atmospheric Condensation
Atmospheric Electricity
Atmospheric Heave
Atmospheric Motion
Atmospheric Precipitation
Atmospheric Refraction
Atmospheric Temperature
Atmospheric Tides
Barometric Pressure
Ceiling

Cirrus Clouds

Clear Air Turbulence
Cloud Cover

Clowuds

Cold Fog

Coriolis Effect
Crosswinds
Cumulonimbus Clouds
Qmulus Clouds

Cyclones

Dew

Dust Storms

Fog

Fronts (Meteorology)
Geostrophic Wind

Gusts

Hail

Haze

Hurricanes
Hydrameteors

Ice Fog

Jet Streams

lLapse Rate

Lightning
Meteorological Phenomena
Microbarometric Waves
Monsoons
Nimbostratus Clouds
Noctilucent Clouds
Nuclear Clouds

Rain

Sea Breeze

Snow

Snowdrifts
Snowfields

Storms

Stratus Clouds
Temperature Inversion
Thunderstorms
Tornadoes

Tropical Cyclones
Typhoons

Wind
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TABLE 3
] ARC LITERATURE SEARCH OF INSPEC FILE
DIALOG FILE 12: INSPEC 69-77: USER 1835: 20 JULY 1978: 111 ITEMS
SET ITEMS DESCRIPTION T
' 1 14 Atmospheric (W) Transmittance
2 71 Atmospheric (W) Transmission
3 81 Atmospheric (W) Absorption
4 50 Light (W) Attenuation
5 22 Atmospheric (W) Scattering
6 27 Radiation (W) Transmission
' 7 950 | Light (W) Transmission
8 67502 Effects
9 96 Weather (W) Conditions
10 542 Visibility
11 1195 1424 3+4+54+6+7
12 134 11*8
13 1 9*]11
! 14 7 11#10
T 15 7 Atmospheric (W) Visibility
16 16 Transmissameter
. 17 7 11*16
18 1937 Aerosols
19 2977 Clouds
l 20 390 Fog
21 118 Water (W) Droplets
22 2220 Dust
] 23 0 Hazesturbulence
24 32468 Thermal
’ 25 126 Haze
26 6645 Turbulence
27 586 Snow
: 28 1388 Rain
; 29 2397 Ice
30 363 Spray
’ 31 2467 Air (W) Pollution
32 51205 18+19+20421+22+24+25+26+27+28+29
33 140 32*11
; 34 | 48738 32-31
A 35 132 34*%11
;, : 36 48 Thermal (W) Stratification
! 37 36 Temperature (W) Inversions
: 38 56 Temperature (W) Inversion
‘ . 39 140 36+37+38
- 40 18737 32-24
v 41 | 18854 40+39
¢ 42 97 11*4]1
P s 43 111 42+413+15+17+14
k Atlantic Research Corp. 01835
g Attn Dr. Judith K. Kitchens
¥ Pollution Technology Section
4 1 5390 Cherokke Avenue, Alexandria, VA 22314
‘ -
¢
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TABLE 4
ARC LITERATURE SEARCH OF MET/GEOASTRO FILE

DIALOG FILE 29: MET/GEQASTRO ABS 70-77: USER 1835: 20 JULY 1978: 199 ITEMS

’ SET | 1TES DESCRIPTION
1 28 Atmospheric (W) Transmittance
2 0 Atmospheric (W) Transmission
3 212 Weather (W) Conditions
4 63 Atnmospheric (W) Transmission
! 5 86 Atmospheric (W) Absorption |
6 11 Light (W) Attenuation |
7 45 Atmospheric (W) Scattering |
8 120 Radiation (W) Transmission |
9 76 Light (W) Transmission ;
10 5 Atmospheric (W) Visibility }
n 305 Visibility |
12 13 Visian ,
13 10 Transmissometer ;’
14 400 1+4+5+46+7+8+9 1
15 1 3*14
16 8 14* (11+12)
17 3984 Weather
18 10 17*14
19 1994 Climatic
20 840 Aerosols
21 1761 Clouds
22 554 Fog
’ 23 65 Water (W) Droplets
24 141 Haze
25 576 Dust
26 1558 Turbulence
27 1486 Snow
28 0 Rain+Ice
' .29 53 Spray
30 805 Air (W) Pollution
31 1655 Thermal
32 1023 Rain
33 2182 Ice
34 8639 20421+22+23+24+25+26+27+29+30+31
z 35 128 35%14
37 0 14*13
38 133 16+36
39 57 Atmospheric (W) Optics

40 56 39-38 “

Atlantic Research Corp 01835

Attn Dr. Judith K. Kitchens

Pollution Technology Section

5390 Cherckee Avenue, Alexandria, VA 22314
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TABLE 5

ARC LITERATURE SEARCH OF NTIS FILE

DIAIOG FILE 6: NTIS 64-78/I15515: USER 1835: 20 July 1978: 551 ITEMS
SET ITEMS DESCRIPTION
1 14 Atmospheric (W) Transmittance
2 45 Atmospheric (W) Transmission
3 39 Atnospheric (W) Absorption
4 11 Light (W) Attenuation
5 246 Atmospheric (W) Scattering
6 1890 Light (W) Transmission
7 15 Radiation (W) Transmission
8 7707 Weather
9 49 Atmospheric (W) Optics
10 2189 1+2+3+4+5+6+7+9
11 1992 Visibility
12 3145 Aerosols
13 2528 Clouds
14 1254 Fog
15 12 Water (W) Droplets
16 153 Haze
17 2070 Dust
18 5241 Turbulence
19 1774 Snow
20 991 Rain
21 3498 Ice
22 27 Thermal (W) Gradients
23 36 Thermal (W) Stratification
24 | 24797 8+11+12+13+14+15+16+17+18+19+20+
25 579 10*24
26 120 10*11
27 | 17090 24-8
28 547 27*10
29 22 Transmissameter
30 7 29*10
31 551 30+28
Atlantic Research Corp 01835

Attn Dr. Judith K. Kitchens
Pollution Technology Section
5390 Cherokee Avenue, Alexandria, VA 22314




TABLE 6
SAMPLE LETTER REQUEST
RAMCOR INC.

B00 FOLLIN LANE VIENNA, VIRGINIA 22180 (703) 281-16686

1 August 1978

Your name was included in a recent "Work Unit Summaries" which we requested
and which was prepared by the Defense Documentation Center, Defense Supply
Agency, Alexandria, Virginia. The summaries indicate that you have con-
ducted or are presently conducting research in one or more of the areas
outlined below.

Because of a RAMOR, Inc. contract with the U.S. Department of the Army
(No. DAAK70-78-C-0109) we are interested in current and past efforts in
probing the meteorological conditions of the atmosphere. The principal
areas of interest include:

1) Atmospheric/metecrological attenuation of ultraviolet, visible, infra-
red and microwave radiation transmission.

2) The methodology (including instrumentation such as transmissometers,
telephotameters, LIDAR, etc.) used in studying meteorological/atmospheric
conditions.

3) Modeling of atmospheric/meteorological conditions including turbulence,
temperature stratification, snow, fog, dust, rain, etc.

4) Effects of atmospheric/meteorological conditions upon instrumentation
performance (e.g., variation in instrument response/sensitivity with
tenperature, humidity, etc. changes).

5) General effects of the atmosphere upon visibility capability and the
methods employed in collecting corresponding visibility data.

We are interested in obtaining more detailed information on these topics and
would appreciate your sending reprints or copies of reports (including review
articles) covering your past and present work in these areas. Any additional
technical information which you can supply would also be appreciated.

Thank you for your assistance in this matter.

SilmIEIY yours,
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TITLE/SOURCE : (a) Contrast Transmission Data for Clear and Hazy Model
’ Tropical Atmospheres, DDC-AD-848 289 (December 1968)

(b) The Effects of Multiple Scattering on Backscatter Lidar
Measurements in Fogs, DDC-AD-781 801 (January 1974)

(c) Light Transport in the Atmosphere. Volume I: Monte Carlo
Studies, NTIS-AD-650 107 (September 1966)

(d) Monte Carlo Analysis of Searchlight Scattering Measure-
ments, NTIS-AD-675 153 (31 May 1968)

(e) Monte Carlo Studies of Light Transport Through Natural
Atmospheres, NTIS-AD-757 494 (31 January 1973)

! [} (f) Light Transport in the Atmosphere. Volume III: Utiliza-
| tion Instructions for the Lite Codes, NTIS-AD-650 109
" (September 1966)

(g) Monte Carlo Studies of Light Transport, NTIS-AD-651 815
(28 February 1967)

. (h) Atmospheric Path Radiance Calculations for a Model
Atmosphere, NTIS-AD-668 482 (13 March 1968)

E (i) Light Transport in the Atmosphere. Volume II: Machine
Codes for Calculations of Aerosol Scattering and Ab-
| sorption Coefficients, NTIS-AD-650 108 (September 1966)

*
AUTHOR: Collins, Dave G.; Wells, Michael B.; Blattner, Wolfram G.;
et al.
.i Radiation Research Associates, Inc., Fort Worth, Texas
' ) ABSTRACT: These publications address a number of atmospheric related

efforts concerning Monte Carlo data and related topics.

These Monte Carlo programs and codes include LITE-I, LITE-II,
i LITE-III, LITE~IV, FLASH, BRITE, FLARE, TPART-I, MIEl, MIE2,
" : MIE3, MIE4, and MIES5. These programs and codes were generated
to perform the following:

Scattering of light in clear and hazy atmospheres
Computation of atmospheric contrast transmission data
Effect of multiple scattering in the atmosphere

Computation of light transmission for point and plane
surfaces

Analysis of the measurement of scattered light from a
searchlight beam

® Procedures for calculating scattering in the atmosphere
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Tactical Considerations of Atmospheric Effects on Laser
Propagation

Allen, Robert J.; Uthe, Edward E.
Stanford Research Institute, Menlo Park, CA

DDC-AD-855 313 (April 1969)

The pertinent findings of a three-year study of the effects

of the atmosphere on laser propagation are presented,

primarily in connection with the Remote Target Designator and
Target Illumination System. In addition to data in support

of the basic design of tactical weapon systems, this study has
also produced information concerning available methods and
techniques with which to determine the probability of campleting
a mission successfully by inferring atmospheric transmission
properties at the 1l.06-micrameter laser wavelength fram
on-the-spot observations. It is shown that this is best
implemented by adding lidar (laser radar) capabilities to the
target designator/illuminator. This addition would also permit
atmospheric transmission to be determined at night, would
eliminate human error and the need for specialized training,
and would provide a more precise determination of atmospheric
transmission in space and time coordinates. The nature of Mie
scattering as investigated using Fourier techniques is reported.
These studies have provided a better insight into how atmos-
pheric scattering properties can be generally described if it
is shown that empirical backscatter—extinction relations may
exist for highly absorbing Mie particles, or for non-Mie
particles regardless of the particle-size distribution. (Author)

Photametric Properties of the Atmosphere: (Industrial Haze)

Beggs, S. S.? Monks, G. K.; Morse, J. W.; Waldram, J. M.
General Electric Company, Ltd., Wembler, England

DDC-AD-895 314 (October 1942)

This report records in detail experiments in industrial haze
made from a balloon in Birmingham and Coventry. Measurements
have been made of the distribution of scattered light, and
also an estimate of the absorption coefficient at various
heights and the air-ground transmission to various heights
up to 2000 or 2500 ft.
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Slant and Runway Visual Range Relationships

Lewis, William; Schlatter, Ermest E.
National Aviation Facilities Experimental Center, Atlantic City, NJ

DDC-AD-A041 134 (June 1977)

A study was conducted to determine if any significant relationships
existed between horizontal and slant visibility during fog
conditions. Approximately 11,000 sets of atmospheric transmittance
cbservations in fog were obtained at six horizontal levels from

5 to 155 feet and fram the 5- to 155-foot slant path by extinction-
type transmissometers mounted on two airfield towers separated by
250 feet. Each cbservation set was classified into cne of seven
vertical profile classes according to the transmittance difference
between the top (155-foot) and bottam (5-foot) transmissameters.
The implications of the various fog structures for aircraft landings
are discussed. Average 5- to 155-foot slant visual range versus

5- foot runway visual range (SVR-RVR) ratios and standard deviations
of ratios were camputed by profile class. An analysis showed that
results are definitive and could form the basis of a procedure for
estimating SVR from RVR through fog profile measurement. A multiple
linear regression analysis to predict SVR fram RVR, surface temper-
ature, wind speed, and atmospheric stability showed RVR to be the
best predictor of SVR, while the other variables showed some effect
only with dense fog. These results are considered tentative, since
they are based on a limited data sample. Fifteen-minute changes

in SVR by profile class were examined for certain SVR ranges.
Results showed that knowledge of the profile class would not
significantly improve.

Inprovement of Visibility Over Airport Rurways During Foggy
Weather. Part 1. Study of Fog and its Effect on Air
Traffic: Procedures of Improving Visibility

Fabre, M. R.
Atmospheric Science Lab, White Sands Missile Range, New Mexico

DDC-AD-831 589 (February 1968)
Contents: The formation of fog; Determination of visual
depth in fog; Conditions and methods of improving

visibility over airports; Study of fog dissipation carried
out abroad.
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Multiwavelength Laser Propagation Study

Kerr, J. Richard
Oregon Graduate Center for Study and Research, Portland, Ore.

DDC AD-681 346 (December 1968)

The major objective of this program is to experimentally
investigate the wavelength-dependence of turbulence effects

on optical propagation through the atmosphere, and to relate
the results to certain meteorological parameters, theoretical
models, and model-independent dimensional analyses. The
experiments are conducted with the use of simultaneous,
spatially-coincident laser beams at three wavelengths in the
visible and infrared spectrum, with real-time processing

for the various statistical results. Duaring the second period,
the low noise, stable lasers were acquired, the three-wave-
length transmitter and receiver optical systems were constructed,
and the camputer electronics were campleted. A newly acquired,
flat site was established with necessary power, cooling,
camunications, and protective arrangements. The above systems
are currently being installed at the site. The resultant
facility will be uniquely suited to atmospheric propagation
work, in terms of multiwavelength capability, data processing
versatility, meteorological instrumentation, and attention

to experimental detail necessary to achieve reliable results

in this difficult field of investigation. (Author).

Visual Range of an Object in the Atmosphere

Gazzi, M.; Vicentini, V.
Defence Research Information Center, Orpington, England

DDC-AD-917 124 (January 1974)

This article briefly demonstrates the elementary principles
which form the basis of vision in the atmosphere. Visual
range, elementary theory of vision, attenuation and light
of the atmosphere, contrasts threshold, and calculation of
visual range are all considered. (Author)
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TITLE:

Turbulence Environment Characterization

Miller, M.G.; Zieske, P.L.
Avco Everett Research Lab, Inc., Everett, Mass.

DDC-AD-AQ38 632 (March 1977)

This report covers same aspects of our investigations of atmos-
pheric turbulence as it relates to the propagation of electro-
magnetic waves. The major emphasis in this report is a presenta-
tion and discussion of data obtained during the last year with
a variety of experimental systems deployed at the ARPA Maui
Optical Station (AMOS) atop Haleakala on the island of Maui,
Hawaii. A brief discussion of the operational aspects and
status of the instrumentation is also included. Estimates of
the correlation scale, r sub o, were obtained on 24 nights

(a total data set of 228 points) using the Seeing Monitor. The
measured mean value is 9.6 cm with a range of (5.3 - 17.8) cm
at 5000 A. The uncertainty in the measurements is estimated to
be of order (5-10)%. Absolute calibration of the entire system
is the major uncertainty. A variety of effects including trends
and apparent nonstationarity effects were cbserved. Estimates
of high altitude turbulence profiles cbtained with the Star
Sensor indicate a flattening and in same cases an increase in
turbulent strength in the vicinity of the meteorological tropo-
pause. Log-Amplitude device have a mean value of 0.00058 and a
range of 0.00015-0.00028. Nonstationarity effects were often
cbserved. Comparative and simultaneous scintillation measurements
show good agreement. '

Environmental Support for Electro Optics Systems

Ruggles, Kenneth W.
Fleet Numerical Weather Central, Monterrey, CA

DDC-AD-B004 608 (April, 1975)

Environmental effects on Electro-Optical systems are
described, and the impact of these effects are crudely
assessed. From this discussion, environmental support
requirements are developed. The state of the science
in responding to requirement is reviewed, and recommen-
dations are made for a Navy research and environmental
support program. (Author)
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Airport Visibility: Its Observation, Variability and
Prediction

Chisholm, Donald A.; Hering, Wayne S.; Muench, H. Stuart
Air Force Cambridge Research Labs., Hanscom AFB, Mass.

DDC-AD-A003 368 (1974)

New techniques for visibility observation, variability analysis
and prediction are being explored and tested as part of an ex-
perimental mesoscale prediction program now underway at the

Air Force Cambridge Research Laboratories. A new visibility
meter, the forward scatter visibility meter (FSM) dewveloped by
EB and B, Inc., has been found to be highly correlated (0.98)

to nearby transmissometer observations, very reliable and stable,
and subject to minimal calibration drift (1-3 percent) based on
over two years of nearly continuous use at same mesonetwork
stations. An analysis of the temporal and spatial (horizontal
and vertical) variability of visibility during different types
of restrictions (precipitation, radiation fog, advection fog)
has been conducted with observations taken at three locations
along the runway and on towers into alternative means of describ-
ing prevailing visibility, runway visual range, and slant

visual range in airport environs will be discussed. Enlarging
the temporal andspatial variability analysis to include the
entire network permits an evaluation of the prediction potential
of mesonetworks over and above conditional climatology in short
range (15 to 60 minute) airport visibility forecasting. (Author)

The Measurement of Visibility on Aerodromes (Measure De La
Visibilite Sur Les Aerodromes)

Cecchini, M.
Royal Aircraft Establishment, Farnborough, England

DDC-AD-835 349 (March 1968)

The note lists the various factors affecting the visual range
of lights in fog and points out the variability of ranges
measured by human cbservers. An alternative method of visual
range estimation using transmissameters is explained and leads
to a description of an apparatus designed by La Compagnie des
Compteurs which accepts transmissameter outputs, converts

the signals to RVR and displays the reading to Air Traffic
Controllers on an airfield. (Author)
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Measurements of Visibility and Radar Reflectivity during
Snowstorms in the AFGL Mesonet

Muench, H. Stuart; Brown, H. Albert
Air Force Geophysics Lab., Hanscom AFB, Mass.

DDC-AD-2049 258 (July, 1977)

Field experiments were conducted with the AFGL Mesonet and
FPS-77 digital radar during snowstorms for evaluation of

the use of radar to cbserve and predict snow. Simultaneous
measurements of optical extinction coefficient, radar
reflectivity, and snow depth were made, together with deter-
minations of visual range. The measurements verify both the
calibration of the vi s£i lity instruments and the relation-
ship between visual range and extinction coefficient. A
relationship found between extinction coefficient and

snowfall rate compares well with relationships found by other
investigators. Radar reflectivity is found to be related

to extinction coefficient, with the correlation being improved
by time averaging and by allowance for velocity of snowflakes
from the radar beam to the ground. However, the specification
errors are of the order of + or - 42 percent to + or - 65
percent, and with the small spatial and temporal variability
of extinction coefficient in snow, the radar is of marginal
use where cbservations are available from the airways network.
(Author)

Turbulence Environment Characterization

Miller' M. G.; zi%ke' P- LQ; SOfia' A. J.: m' R- Jo
Avcoo Everett Research Lab, Inc., Everett, Mass.

DDC-AD-A052 994 (July, 1977)

This report contains discussions of a variety of activities
and results relative to the characterization of atmospheric
turbulence and its effects on optical propagation at the
DARPA AMOS Cbservatory on Maui, Hawaii. Work carried out
during this reporting period has included: (1) deployment
and testing of new and/or modified instrumentation;

(2) routine data collection; (3) special experiments

for instrument characterization and calibration, and,

(4) theoretical and statistical analysis of the resulting
data.
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A Review of Atmospheric Transmission Information in the
Optical and Microwave Spectral Regions

Downs, Alan R. ]
Ballistic Research Labs., Aberdeen Proving Ground, Md.

DDC-AD-A035 059 (December 1976)

Much information has been generated over a long period of time
on the transmission through the atmosphere of radiation of
various wavelengths. This report represents an attenpt to con-
solidate same of the available information into a single report.
This report addresses five wavelengths each in the optical and
microwave regions. Attenuation mechanisms considered are Rayleigh
and Mie scattering and absorption by both water vapor and water
drops. Atmospheres characterized by visibilities between 0.1 km
(fog) and 325 km (clean air) and by rainfalls at rates up to 64
my/hr are considered. Pertinent formulations and tables are
provided to assist in calculating attenuation coefficients
characteristic of a wide variety of atmospheres, and the adequacy
of the data bases upon which such calculations rest is assessed.
A limited amount of information is also provided on the attenu-
ation characteristics of smoke and dust. (Author)

Attenuation of Electramagnetic Radiation by Haze, Fog,
Clouds and Rain

Chen, C. C.
Rand Corporation, Santa Monica, Ca.

DDC-AD-AO11 642 (April 1975)

The report assembles, under one cover, the values of aerosol

attenuation coefficients of regions in the electramagnetic (EM)
containing so-called 'atmospheric windows,' in which

EM radiation suffers the least amount of atmospheric gaseous

absorption. The purpose is to enable rapid quantitative

assessment of target acquisition terminal guidance sensors

using the windows during adverse weather. Both calculated

and available measured values are presented. Being a compila-

tion drawn fram numerous sources, the report is intended more

as a handbook for ready use than as a theoretical treatise.

40

&~ - s e "
e G 2 ; 1




R T A A e

-

P

Effect of Weather at Hannover, Federal Republic of Germany, on

Performance of Electrooptical Imaging Systems. Part 1.
Theory, Methodology, and Data Base.

Biberman, Lucien M. )
Institute for Defense Analyses, Arlington, VA

DDC-AD-A032 182 (August 1976)

This paper examines the effect of weather on the probability of
electrooptical detection of tanks at various ranges. The paper
employs actual weather data recorded hourly at Hannover, Federal
Republic of Germany, for a full year (1970) and a mathematical
model of the electro-optical detection/recognition process de-
veloped by R. L. Sendall and L. M. Biberman from the perceived
signal-to-noise concept of F. A. Rosell. The mathematical model
makes use of a slightly modified version of the LOWTRAN 3 atmos-
pheric transmittance model developed by the Air Force Geophysics
Laboratory. The results show a wide variability in the probabil-
ity of detection caused by wide and frequent variations in the
weather. (Author).

Optical Beam Propagation in Turbulent Media

Fante, Ronald L.
Air Force Cambridge Research Labs, Hanscom AFB, Mass.

DDC-AD-A018 061 (August 1975)

The most recent developments on the propagation of microwave
and optical beams in turbulent media, such as the clear
atmosphere are discussed. Among the phenamena considered are
beam spreading, beam wander, loss of coherence, scintillations,
angle-of-arrival variations, and short pulse effects. Also
included is a discussion of methods of compensation of the
effect of turbulence on cammnications and imaging systems.
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An Extinction Coefficient Matrix for Atmospheric Transmission
in the 0.32 to 0.70 Micron Wavelength Range

Ouellette, R. J.
BG&G, Inc., Boston, Mass.

DDC-AD-829 393 (February 1968)

This report describes a method for evaluating atmospheric
transmittance in the 0.32-0.70 micron wavelength band for
arbitrary locations of source and receiver in the 0-~700 km
altitude range. The formulation utilizes a detailed matrix
of extinction coefficients as a function of wavelength and
altitude, and includes (1) molecular (Rayleigh) scattering,
(2) ozone absorption, (3) aerosol scattering, and (4) water
vapor absorption. Input data appropriate to the Dominic high
altitude series are given special attention, and extinction
coefficients for Starfish, Kingfish, and Checkmate are tabu-
lated in the appendix. These coefficients and the atmospheric
model are to be used to calculate transmission for Daminic
events only when actual transmission measurements are lacking.
The transmission matrix presented in this report for the 0-50 km
altitude range is nearly the same as that reported by Elterman
in 'Handbook of Geophysics and Space Environment' (1965). In
the 50-60 km altitude range, the total extinction coefficient
is made up of ozone absorption (cbtained by extrapolation from
lower altitudes) and calculated Rayleigh scattering.

Comparison of the 3-5 Micrameter and 8-12 Micrameter
Regions for Advanced Thermal Imaging Systems: LOWIRAN
Revisited

Milton, A. F.; Harvey, G. L.; Schmidt, A. W.
Naval Research Laboratory, Washington, D.C.

DDC-AD-A049 448 (December, 1977)

Four spectral bands for advanced infrared imaging systems

are compared on the basis of calculations of at:tospl'nenc
transmission, using the LOWIRAN 3B atmospheric transmission
model. Slant paths, MIF effects, and Maritime and Rural
aerosol models are included in the analysis. The relative
advantage of the 3- to S-micrometer band is shown to be
strongly influenced by the choice of aerosol models. (Author)
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Atmospheric Transmittance and Radiance: Methods of
Calculation

LaRocca, Anthony J.; Turner, Robert E.
Environmental Research Institute of Michigan, Ann Arbor, Mich.

DDC-AD-A017 459 (June 1975)

The report is broadly divided into the categories of scattering
and absorption, with the greater stress laid on absorption.

The first of these is the socalled line-by-iine direct inte-
gration method, which requires a detailed campilation of the
characteristics of individual molecular lines. The second

of the absorption methods of calculation presented is the
band-model technique. In this method, the line spectrum is
approximated by same mathematically manipulatable distribution
function with undetermined band-model parameters. By comparison
of calculated results with laboratory experimental data the
parameters are defined, and the band-model is used for calcu-
lating transmittance under any required meteorological conditions.
The third general set of techniques is given the heading 'Multi-
Parameter Analytical Procedures.' These techniques are derived
fram the band-model concept, incorporating a larger number of
parameters, with presumably greater accuracy in the resultant
calculations.

Optical Properties of the Atmosphere (Revised)

Volz, F. E.; Garing, J. S.; McClatchey, R.A.; Fenn, R.W.
Air Force Cambridge Research Labs., Hanscom Field, Mass.

DDC-AD-726 116

A series of tables and charts is presented fram which the
atmospheric transmittance between any two points in the
terrestrial atmosphere can be determined. This material
is based on a set of five atmospheric models ranging from
tropical to arctic and two aerosol models. A selected set
of laser frequencies has been defined for which monochro-
matic transmittance values have been given. For low
resolution transmittance prediction, a series of charts
has been drawn providing the capability for predicting
transmittance at a resolution of 20 wavenumbers. Separate
sections are included on scattered solar radiation, infrared
emission, refractive effects, and attenuation by cloud and
fog. (Author)
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LIDAR-Tracer Atmospheric Diffusion Measurement System

Ross, Richard A.
Desert Test Center, Fort Douglas, Utah

DDC-AD-889 028 (August 1971)

Development of the Raman LIDAR (Laser Radar) system has realized
marked progress in recent months. It will provide a unique
method for determining the camposition and concentration of
atmospheric constituents as small as gas molecules. Thus,

this system will not only provide a method for monitoring the
status of the atmosphere but also provide instantaneous por-
trayals of changes of the density of a portion of a tracer
cloud, as well as identify the content of the clouwd. This is
most easily accamplished by utilizing the phenamenon of

Raman scattering in conjunction with an appropriate tracer
cloud. A RamanLIDAR system would allow an indirect measurement
of turbulent diffusion processes, concentration profiles, and
camposition identification that would be orders of magnitude
better than the existing standard field sampler techniques.
Employing information from such a system would allow the com-
putation of such things as downwind hazard prediction with
marked improvement in the precision because of the higher grade
data which would incorporate continuous real time sampling
fram a sensor located at a site remote from the tracer cloud.
(Author) .

Atmospheric Contrast Transmission: Application to the
Visual Detection and Electro-Optical Lock-On Problems

Duff, Edward Aloysius A
Air Force Institute of Technology, Wright-Patterson AFB, Ohio

DDC-AD-743 560 (June 1972)

Models for the prediction of detection range are evaluated
in this report. The contrast available at the eye or the
electro-optical sensor is assumed to be the limiting factor.
The atmosphere provides a transmission factor for the
target-background contrast. A model for the prediction

of contrast transmission proposed by Duntley in 1948 is ex-
amined. Duntley's work provides an analytic solution based
on an equation which relates visibility to air-transmittance
along an inclined path, and a table of sky-ground ratios. An
improved relation for visibility is developed by the author.
More realistic sky-ground ratios are cbtained from calculated
data and from flight tests. (Author)




TITLE: Automated Probability Forecasts of Ceiling and Visibility 1
¥ Based on Single-Station Data

AUTHOR: Crisci, Richard L.; lewis, Frank
National Weather Service, Silver Spring, MD

¥ SOURCE: DDC-AD-762 461 (February 1973)

ABSTRACT: A set of computer programs was developed to produce multiple
linear regression equations for predicting the probability of
specified ceiling and visibility categories at air terminals.

[ The equations were based upon weather abservations made solely
at the terminal and were derived with the REEP screening
technique fram 329 possible predicators. The program(s)
accepted raw data in a standard National Climatic Center
format, and a camplete set of prediction equations for five
time projections was produced for each of 50 stations in a
single camputer run. The accuracy of forecasts generated
by the equatians was evaluated for 20 terminals. Three
measures of accuracy were used to compare the abjective fore-
casts to persistence and climatology. Computer programs were
developed to prepare forecasts on an operational basis for 20
terminals in the eastern U.S. and 23 terminals in Alaska.
(Modified author abstract)

-

TITLE: Visibility Concepts and Measurement Techniques for Aviation
Purposes

AUTHOR: Schappert, G. T.
Transportation Systems Center, Cambridge, Mass.

SOURCE: DDC-AD-744 688 (July 1971)

ABSTRACT: The report reviews present techniques for measuring atmospheric
transmittance and its conversion to runway visual range. The
response of the pilot to visual cues used in determining the

# visibility is discussed as a function of his cockpit environment.
2 The lights used by the FAA as targets for visibility determinations
[ are discussed and used in the camputations. New techniques for

¢ visibility measurements and new concepts and definitions are

’ discussed and analyzed. The emphasis is on techniques for

f measuring slant visual range by means of optical remote sensing

: devices. Various problems relating to atmospheric modeling,

‘s signal processing, and eye safety aspects are discussed. (Author)
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A Study of Water Aerosol Absorption and Emission Effects
(Including Fogs) in the 8- to 13-Micron Infrared Window

Carlon, Hugh R.
Edgewood Arsenal, MD

DDC-AD-753 345 (December 1969)

Water aerosols theoretically are capable of very strong
absorption and emission in the 8 micrometers to 13 micro-
meters infrared atmospheric window, owing to the 10,000
increase in the absorptivity of water in this spectral

region for the liquid phase as campared to that for water
vapor. The author reviews his earlier papers in light of
subsequent developments reported in the literature and

finds strong evidence for water aerosol activity in measure-
ments relating to atmospheric transmission, radiance, and
turbulence. Several examples are given of experimental
increases in optical activity of the atmosphere with relative
humidity increases, even though absolute humidities (reflecting
water vapor concentrations normally stated to cause similar
effects owing to wing absorption of distant lines) are quite
constant. Availability and suitability of condensation nuclei
are thought to be significant in determining the degree of
water aerosol absorption and emission. Emission effects are most
pronounced. (Author)

Statistics of Global IR Atmospheric Transmission

MIT, Lincoln lLab., Lexington, Mass.

DDC-AD-A024 311 (March 1976)

RAND weather data tapes have been used to obtain statistics
of visibility, relative humidity and cloud ceiling heights
for weather stations throughout the Northern Hemisphere to
generate global probabilities for atmospheric attenuation in
the infrared spectral region. The present analysis predicts
seasanal probabilities for horizontal sea level transmission
losses for several narrow IR bands (1.0-1.2), (3.8-4.2),
(8.0-11.5 micrameters) and four laser lines (1.06), (3.83),
(4.73) and 10.6 micrometers). The results also include
cloud-free-line-of-sight probabilities and attenuation losses
through rain. (Author)

46




TITLE: Field Test of a Forward Scatter Visibility Meter

AUTHOR: Hering, Wayne S.; Muench, H. Stuart; Brown, H.. t
Air Force Cambridge Research Labs., Hanscom Field, Mass.

v SOURCE: DDC-AD-726 995 (May 1971)

ABSTRACT: Field tests of a forward scatter visibility instrument were

carried out in August 1970 at Cutler, Maine. The performance

characteristics of the new instrument were examined through g
) camparisons of simultaneous measurements of atmospheric ex-

tinction coefficient with a conventional transmissometer and through

comparisons with human observations of visibility. During periods

of dense coastal advection fog, which restricted visibility to

less than one mile, the correlations coefficient between forward

scatter and transmissameter measurements was about 0.91 with a |

standard error of estimate of 26 percent. The disparities be- 4
' tween simultaneous measurements were caused primarily by high 3
) frequency fluctuations in fog density that were detected by the
small volume measurements with the forward scatter instrument,
but were smoothed out by the measurements of transmittance over
a baseline of 500 ft. Additional comparisons of forward scatter
measurements and transmittance measurements in winter snow situ-
ations gave results similar to those obtained in fog conditions.
(Author)

TITLE: Visibility Improvement Graphs: A Synoptic
4 Forecast Aid.

AUTHOR: Sabin, Robert C.
4th Weather Wing, Ent. AFB, Colo.

SOURCE: DDC AD-697 960 (November 1969)

'3 ABSTRACT: The paper describes a new technique for producing a useful
; synoptic climatological forecast aid which is different

{ : fram the conventional climatological product. Data is
1 : limited to a specific weather element (radiation fog)
M associated with a specific synoptic weather regime. Thus,
£ it is probably the first true synoptic climatological
£Es forecast tool. Its superiority over aids which do not
takte:mtl;e synoptic pattern into account is clearly evident.
(Au )
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Determination of Atmospheric Transmissivity from Laser
Backscatter Measurements

Halsey, H. W.; Gray, E. L.
General Electric Co., Missile & Space Division, Philadelphia, Pa.

DDC-AD-715 550 (1966)

In the paper single ended and double telephotometers are analyzed
in the light of the Mie theory for the scattering of light by
isotropic spherical particles. It is shown that the double
ended telephotometer has an inherent possibility of error when
used to measure atmospheric transmissivity. The single ended
telephotameter, on the other hand, offers the optimum technique
for obtaining an error free measurement. The analysis of the
single ended device is expanded and by deriving a relationship
between the transmissivity the intensity of light backscattered
fram the atmosphere and the elements of the scattering matrix,

it is shown that the atmospheric transmissivity can be predicted
by examining the backscattered light fram a pulsed light source.
An experiment is performed in which a Q-switched ruby laser is
used as the light source and atmospheric transmissivity is
obtained by measuring the backscattered light. These measurements
are compared with simultaneous transmissivity measurements taken
on stars by conventional methods. (Author)

Visibility Measurement for Aircraft Landing Operations

Collis, Ronald T. H.; Viezee, William; Uthe, Edward E.;
Oblanas, John
Stanford Research Institute, Menlo Park, Ca.

DDC-AD-716 483 (September 1970)

An experimental pulsed neodymium lidar system was modified
and calibrated to cbtain accurate data on atmospheric
extinction properties in fog and low cloud conditions.

The objective was to establish the theoretical and practical
basis of a system for measuring slant visiblity conditians
for aircraft landing operations. To operate in conditions

of fog and low cloud the lidar system's dynamic range was
extended to 50 dB by using a two-stage receiver system. In
addition, the transmitter and receiver beams were made coaxial
to make close-range observations. (Author)
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TITLE: The Variability of Visibility in the Hanscom Mesonetwork:
A Preliminary Assessment
AUTHOR: Chisholm, Donald A.; Kruse, Horst
» Air Force Cambridge Research Labs., Hanscom Field, Mass.

SOURCE: DDC-AD-784 791 (June 1974)

ABSTRACT: A preliminary assessment of the temporal and spatial variability
B of visibility in the Hanscom mesonetwork has been conducted
with approximately eight months (September 1972-April 1973) of
data. The variability of measurements obtained fram forward
scatter visibility meters (FSM) was found to be greatest in
radiation fog episodes and least in precipitation in both time
and space. Time variability was found not to be greatly
' affected by local topography and to be less at 45 m than at 4 m |
above ground level. An examination of interpolation error, |
through the method of optimum interpolation, revealed an im- ,
provement in the error of about 20 percent when the distance
between observation points is halved in advective situations
and about 10 percent in radiation fog episodes. Relating the
interpolation errors to the natural variability of visibility
prescribed the prediction potential of the Hanscom mesonetwork
for short range prediction experiments. (Author)

TITLE: An Objective Method for Alerting Forecasters of Potentially
Low Visibilities at Travis, AFB, California

AUTHOR: Lund, Iver A.
Air Force Cambridge Research Labs., Hanscom Field, Mass.

. SOURCE: DDC-AD-778 125 (1974)

TR B

at Travis AFB, California in late fall and winter months. How-
- ever, the temporal and spatial variability of visibility is so
s great that estimating the exact time and place low visibilities
2 will occur is difficult. Objective procedures for alerting
5 forecasters of impending low visibility conditions are under
v study. Eighty-six potential predictors cbserved at Travis and
£ four surrounding stations were screened to estimate the lowest
9 visibility that will be observed during the next six hours.
* The predictors selected appear to be in good agreement with
physical reasaning. (Author)
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Effects of Various Runway Lighting Parameters Upon the Relation
Between Runway Visual Range and Visual Range of Centerline and
Edge Lights in Fog

Haines, Richard F.
NASA Ames Research Center, Moffett Field, Ca.

DDC-AD-785 320 (December 1973)

Thirty six students and 54 cammercial airline pilots were tested
in the fog chanber to determine the effect of runway edge and
centerline light intensity and spacing, fog density, ambient
luminance level, and lateral and vertical offset distance of

the subject from the runway's centerline upon horizontal visual
range. These data were obtained to evaluate the adequacy of

a balanced lighting system to provide maximum visual range in
fog viewing both centerline and runway edge lights. The daytime
system was compared against two other candidate lighting systems;
the nighttime system was campared against other candidate light-
ing systems. The second abjective was to determine if visual
range is affected by lights between the subject and the farthest-
most light visible through the fog. The third objective was

to determine if college student subjects differ from cammercial
airline pilots in their horizontal visual range through fog.

Two studies were conducted.

D T N P T TR D ST PO, T OO

Atmospheric Attenuation of Laser Radiation from 0.76 to 31.25/um

mClatCher mrt At; Selpr Jd]n Eo A.
Air Force Cambridge Research Labs., Hanscom Field, Mass.

DDC-AD-779 726 (January 1974)

High resolution atmospheric transmittance curves are presented for
the spectral region 320 to 13,200/cqm (0.7576 to 31.25 micrometers).
These spectra are useful as a guide for selecting laser wave-
lengths for atmospheric propagation studies in this spectral
region. In addition, this report provides attenuation coefficients
for those lines of the 00, HF, DF, and (02 laser systems which
suffer the least atmospheric attenuation. A new aerosol model

is introduced here, taking into account recent measurements of

the camplex index of refraction of aerosol particles. (Author)
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Atmospheric Effects for Ground Target Signature Modeling. III.
Discussion and Application of the ASL Scattering Model

Gomez, Richard B.; Petracca, Carmine; Querfeld, Charles;
Hoidale, Glenn B.
Army Electronics Command, Fort Monmouth, N. J.

DDC-AD-A009 722 (March 1975)

The aim of the atmospheric modeling project is to predict
absorption and scattering effects of the atmospheric medium
on the transmission of ground target electromagnetic (EM)
signatures in the spectral region 0.4-14 micrometers, for a
wide range of meteorological conditions. Special attention
is being given to low visibility atmospheric states which

can exist under battlefield conditions. Two important
related aspects of the program are the atmospheric extinction
and radiative transfer models. These models will be inte-
grated into system performance models for the evaluation of
terminal homing, surveillance, and target acquisition systems.
This report will describe the Atmospheric Sciences Laboratory's
(ASL) single scattering model, which was developed for input
to multiple scattering codes for the determination of EM
extinction caused by the atmospheric aerosol. Sanple appli-
cations will be made to the cases of haze and dust.

Development and Calibration of the Forward Scatter Visibility
Meter

Muench, H. Stuart; Moroz, Eugene Y.; Jacobs, Leo P.
Air Force Canbridge Research Lab., Hanscom AFB, Mass.

DDC-AD-783 270 (March 1974)

A new visibility instrument, the forward scatter visibility
meter, has been developed. This report describes the develop~
ment of the instrument, including the various field tests.
Same thirty instruments have been operationally deployed in a
network of automatic weather stations near L. G. Hanscom Field
in Bedford, Mass. Oamparisons between field instruments and
transmissameters yield differences of about plus or minus 19
percent. Comparisons with visual observations show differences
of plus or minus 34 percent and greater. Analyses of individual
cases uncovered difficulties with the response time of cbscrvers
and with ability to diagnose spatially varying visibility. The
accuracy of visibility measurements is assessed and the report
m&tﬂ)es by looking at the future of visibility instruments.
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Airborme Infrared Transmissameter Design Study, Subsystem
Design Analysis Report

Block Engineering, Inc., Cambridge, Mass.
DDC-AD-A009 991 (April 1975)

This report describes the design of an airborne instrument to
measure the transmissivity of the atmosphere to infrared
radiation at wavenumber resolutions between 0.5/cm to 20/cm

at ranges between 300 and 50,000 feet. Discussed are the
general design approach, the detailed study of that approach,
and the development of an instrument based on that study.

The instrument uses a Michelson type interferameter to modu-
late an infrared source and Cassergrainian optics to transmit
the signal into the atmosphere. A target mounted retroreflector
returns the radiation to receiver optics mounted parallel

to and exactly alike the transmitter optics. One of three
available detectors senses the total signal and appropriate
electronics discriminate the modulated fram the unmodulated
signal. A Fast Fourier Transform of the resulting interferogram
and appropriate geametric scaling result in a high resolution
spectrum of atmospheric transmissivity.

Camparison of Slant and Runway Visual Range
Relationships for 100, 124, and 155 Feet

lewis, William
National Aviation Facilities Exp. Ctr., Atlantic City, N. J.

DDC-AD-A052 870 (April, 1978)

Ratios of slant visual range measured fram heights of 100,
124, and 155 feet to horizontal visual range measured at
15 feet were camputed for low-visibility regimes. These
ratios were found to be related to the linear fog density
profile expressed as the difference in horizontal
atmospheric transmittance between the top (100-, 124-,
and 155~foot) and bottam (15-foot) levels. It was deter-
mined that useful estimates of slant visual range could
be provided through these relationships. The predictions
would be most accurate when the visibility decreased with
height (most common fog structure). A slight increase in
accuracy would also be expected with decreasing slant
height.
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Workshop on Atmospheric Transmission Modeling

Corcoran, Vincent J.
Institute for Defense Analysis, Arlington, Va.

DDC-AD-A026 354 (December 1975)

This is a report on a workshop on atmospheric transmission
modeling. The workshop was divided into a morning session

in which papers relating to the topic were presented and an
afternoon workshop that was divided into a physics and engin-
eering session and a session on computer modeling. The purpose
of the workshop was to bring together those people who have
contributed to camputer modeling of atmospheric transmission,
those who use the programs, and those who have evaluated the
programs so that a consensus could be obtained concerning present
models, the problem areas, and what must be done to evolve a
model or models that would be acceptable in the future. (Author)

Atmospheric Transmission Measurement Program Report for
1 July Through 30 September 1976 (TQ 1976)

Cosden, T.H.; Curcio, J.A.; Dowling, J.A.; Gott, C.O.;
Garcia, D.H.
Naval Research Lab., Washington, D.C.

DDC-AD-A046 794 (September 1977)

A facility has been campleted to measure atmospheric transmission
by cambining measurement techniques based on laser-line ex-
tinction, high-resolution Fourier spectroscopy, and gas filter
correlation spectroscopy. Essential features of this measurement
system are described, and initial measurements are presented

of 0.1/cm-resolution atmospheric transmission using a 5-km
overwater path at the Patuxent River Naval Air Station, Patuxent
River, Maryland. Concurrent absolute transmission measurements
at several DF laser wavelengths between 3.6 and 4.1 micrometers
have been used or provide absolute transmission calibrations for
the spectra. (Author)
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Extinction Coefficient Measurements on Clear Atmospheres
and Thin Cirrus Clouds

Guttman, A.
General Electric Company, Missile and Space Division, Philadelphia, Pa.

DDC-AD-828 644 (February 1968)

An experimental investigation was carried out to determine
possible differences in visible light extinction properties

of continental and maritime air. Urban, desert and oceanic
atmospheres were prabed by means of a stable photodiode radio-
meter using direct sunlight as the source. No major differences
were found for the three locations. Experimental coefficients
generally lie slightly below mode data, though significantly
higher than would be expected from purely molecular scattering.
Day-to-day variations of up to 30% were found. Results of
similar extinction measurements on thin cirrus clouds show a
slight increase in scattering coefficient in going from 4000
to 7000 A wavelength. (Author)

A Portable Spectrophotameter for Geophysical ‘
Applications |

Roulet, Ronald R.
Washington Univ., Dept. of Atmospheric Sciences, Seattle, Wash.

NTIS AD-715 790 (Dec 70)

Specifications, design considerations, and
construction of an advanced spectrophotameter
are discussed. This spectrophotameter repre-
sents a significant improvement over existing
light measuring instruments. It is designed
to measure light intensities in the visible
spectrum (0.4 - 1.1 microns) with a relative
accuracy of 1%. Transmitted or scattered
light can be measured as a function of wave-
length and direction. The wavelength resolu-
tion is adjustable down to 100 A. A small
remote pickup unit, consisting of a photo-
diode and a lens system, is connected to the
instrument by optical fibers and allows measure-
ments up to six feet fram the instrumentation.
Although the spectrophotameter can be used in
any work where extreme wavelength resolution is
not needed, it was primarily designed for ex-
periments with ice and snow. (Author)




TITLE: Atmospheric Optical Environment

AUTHOR: Vats:.a Mishri L. )
iect.rmms Command, Night Vision Lab., Fort Belvoir, Va.

SOURCE : NTIS AD-750 610 (September 72)

ABSTRACT: A knowledge of the fundamental optical properties of
the terrestrial atmospheric environment is essential
for solving various problems in the multidisciplinary
field of visionics including the areas of vision,
psychology, atmospheric physics, infrared physics,
simulation, astrogeophysics, and electro-optical
technology. The aim of the report is to generalize
the recent work of the author and summarize the data
fraom other worldwide sources published by the first
quarter of the year 1972. The report included a
treatment of the atmospheric radiation, the atmos-
pheric transmission, and the transfer of contrast by
the atmosphere. The fundamental characteristics of
the daytime and nighttime radiation including some
important recent measurements of the solar, twilight,
and nightglow radiation spectra are presented. An
extensive chapter on atmospheric transmission includes
the fundamental properties of the terrestrial atmos-
phere and basic principles of atmospheric absorption
and scattering. A fairly camplete collection of the
most important data on atmospheric transmittance in
the 0.4 micrameter to 15 micrometers spectral region
is presented. The effects of atmospheric turbulence
on the propagation of imagery are described. A de-
tailed analysis of the transfer of contrast by the
atmosphere is presented, and its significance on the
performance of electro-optical devices is emphasized.

TITLE: Study of the Transmission Spectrum of Fog in the
Infrared Spectrum

AUTHOR: Malyshev, V. I.
General Dynamics/Astrcnautics, San Diego, Ca.

SOURCE:: NTIS AD-668 901 (July 59)

ABSTRACT: The study deals with the transmission spectrum of
fog droplets of 2-15 microns in the infrared spectrum.
(Author)
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UV, Visible, and IR Attenuation for Altitudes to
50 KM, 1968

Elterman, Louis
Air Force Cambridge Research Labs., Hanscom Field, Mass.

NTIS AD-671 933 (April 68)

An atmospheric attenuation model for the ultraviolet,
visible, and infrared was developed in 1964, based

on scattering (molecules and aerosols) and ozone ab-
sorption. Since then more measurements have been
made and our knowledge of aerosol attenuation has
widened. These circumstances result in attenuation
model changes which are relatively unimportant for
most exploratory calculations. In this paper the
optical parameters are camputed spectrally and with
altitude as follows: (l) pure air attenuation para-
meters are determined by utilizing Rayleigh scatter-
ing cross sections with molecular number densities
fram the standard atmosphere; (2) ozone absorption
parameters are derived based on Vigroux's coeffi-
cients applied to a representative atmospheric ozone
distribution; (3) seven sets of aerosol measurements
are campared and a profile of aerosol attenuation
coefficients vs altitude is developed. Attenuation
coefficients and optical thickness due to molecular,
aerosol, ard ozone attenuation are camputed and tabu-
lated individually so that the influence of each can
be campared. The newly derived tabulations permit
various exploratory calculations, including horizontal,
vertical, and slantpath transmission at kilameter
intervals to an altitude of 50 km, individually for
each attenuating camponent or for overall atmospheric
extinction (molecular + ozone + aerosol). (Author)

‘Characteristics of a Signal Data Converter for a
Multi-Runway Visibility Measuring System

Ingrao, H. C.; Lifsitz, J. R.
Transportation Systems Center, Cambridge, Mass.

NTIS AD-744 873 (Oct 71)

The report summarizes the results of a task to
define characteristics for a signal data converter
for camputing visibility values fram inputs from
several transmissameters with reference to several
kinds of target lights (e.g. centerline lights,
approach lights, edge lights, taxiing lights).
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Laser Beam Attenuation in the Lower Atmosphere

Langer, R. M,
Bege (JRM) C, Arlington, Mass.

NTIS AD-604 735 (22 Nov 63)

Small angle spreading, aerosol scattering and mole-
cular absorption are considered the important mechan-
isms for the weakening of a laser beam in the open
atmosphere. Three different transmission laws are
worked out for these three mechanisms. Both the
physical principles and the numerical values encountered
in the lower atmosphere are discussed and illustrated.
Randam density fluctuations in the turbulent atmos-
phere are discussed as the cause of small angular de-
flections in a narrow pencil of light. Beam attenua-
tion due to atmospheric aerosol scattering is treated
for an aerosol size distribution described by the sum
of two inverse powers of the droplet radius. Laser
beams can help find the parameters of such distribu-
tions. Molecular absorption is examined in terms of
the narrow infrared lines of water vapour. An effort
is made to present this difficult topic in as simple
and useful a form as is campatible with the observa-
tional material. The formulae are designed to make

it possible to estimate in detail how the atmosphere
would weaken a laser beam under a wide veriety of con-
ditions. It is found that same effects are serious
even at short ranges of a few meters, while in
favourable circumstances, laser signals would not be
drastically attenuated out to any practical distance
in the lower atmosphere. (Author)

Measurement of the Transparency of Fogs Produced in
Experimental Equipment

Volkovitskii, D. A.; Pavlova, L. N.
Foreign Technology Div., Wright-Patterson AFB, Ohio

NTIS AD-702 962 (6 Jan 70)

A description is given of equipment used to measure
transparency of fogs in experimental installations.
Measuring errors of transparency and determination
of the meteorological visual range in fogs are
given. (Author)
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TITLE: Attenuation of Visible Light by Falling Snow

AUTHOR: O'Brien, _Harold W.
Cold Regions Research & Engineering Lab., Hanover, N.H.

SOURCE: NTIS AD-702 905 (June 69)

ABSTRACT: The attenuation of visible light by falling snow was
studied by making simultaneous attenuation measure-
ments and snow concentration measurements. The

' attenuation coefficient was calculated fram photo-
metric measurements and from visual observations.
Snow concentration in the air was evaluation by two
methods: fram Formvar replicas collected during the
snowfall, and by mass accumilation of snow in
collecting pans. The snowflakes were arbitrarily
classified by crystal types according to their
estimated fall velocity. It was found that the
correlation between extinction coefficient (attenua-
tion) and snow concentration was generally much
higher by types than when all snowflakes were con-
sidered together regardless of crystal camponents
and degree of riming. Two types, apparently im-
properly classified, displayed lower correlations
than the overall group. When no fog is present during
the snowfall, the experimental results coincide well
with attenuation theory if a reasonable correction is

g applied to the values obtained in the measurement of

‘ ' snowflake diameters. Measurements of mass flux indi-

cate that for a given intensity the attenuation caused
by snow is in order of magnitude greater than that

j caused by the same mass flux of rain. (Author)
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TITLE: Rain-Attenuation and Side-Scatter Measurements of Millimeter
] Waves over Short Paths

AUTHOR: Mink, James W.
Army Electronics Command, Fort Monmouth, N.J.
: S8
| SOURCE:  NTIS AD-AO12 167/3ST (June 1975)
3
o ABSTRACT: Results of rain-attenuation and side-scatter measurements at

millimeter waves are presented that have been obtained with
k a shuttle-pulse technique. This technique requires a path
4 length through rain of only a few meters, so that rainfall
¢ rate and drop-size distribution can be considered uniform
:L along this path.
A
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Features of Tropospheric and Stratospheric Dust

Elterman, L.; Wexler, R.; Chang, D. T.
Air Force Cambridge Research Labs., Hanscom Field, Mass.

NTIS AD-699 609 (16 Dec 68)

A series of 119 profiles obtained over New Mexico
comprise aerosol attenuation coefficients vs alti-
tude to about 35 km. These profiles show the
existence of several features. A surface convective
dust layer extending up to about 5 km is seasonally
dependent. Also, a turbidity maximum exists below
the tropopause. The altitude of an aerosol maximum
in the lower stratosphere is located just below that
of the minimum temperature. The colder the minimum
temperature, the greater is the aerosol content of |
the layer. This relationship suggests that the 20~km |
dust layer is due to convection in tropical air and :
advection to higher latitudes. Camputed averages g
of optical thickness show that abatement of |
stratospheric dust from the Mt. Agung eruption be- |
came evident in April 1964. Results based on
seventy-nine profiles characterizing dust abatement
indicate that above 26 km, the aerosol scale height
averages 3.75 km. Extrapolating with this scale
height, tabulations are developed for uv, visible,
and ir attenuation to 50 km. Optical mixing ratios
are used to examine the aerosol concentrations at
various altitudes, including a layer at 26 km
having an optical thickness 0.001 for 0.55-microns !
wavelength. (Author)

Clear Air Turbulence Detector

Dahm, W.K.; Delgrego, D. J.; Goldstein, I.; Huffaker,R.M.;
Jelalian, A.V.
NASA Marshall Space Flight Center, Huntsville, Ala.

NTIS N75-15028/4ST (patented 24 December 1974)

A system to be employed by an aircraft for the detection of
clear air turbulence is described. The system employs a laser
light beam which is directed ahead of the aircraft along the
flight path. The portion of the light reflected back to the
aircraft by atmospheric aerosol is detected and analyzed for
Doppler shift. The velocity and intensity of the turbulence
is determined by the type and amount of the light reflected.
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TITLE:
8-14 Micrameters
AUTHOR: Stacey, J.; Arnold, J.
. SOURCE: NTIS AD-915 878/3ST (28 Sep 73)
ABSTRACT:
]
¥
TITLE:
T Phenamena
AUTHOR: Dovgyallo, Y. N.
Kanner leo) Associates, Redwood City, Ca.
SOURCE: NTIS N73-21525 (April 73)
¥ ABSTRACT:
of atmospheric transparency to the determination of
haze, snowfall, snow storms, rain, and drizzle. It
1

— e

Atmospheric Propagation in the Middle-Infrared and at

Technology Service Corp., Santa Monica, Ca. 1

This study considers the problems of propagation through
the lower troposphere in the middle-infrared and in the
8 to 14 micrameter regions of the spectrum. The atmos-
pheric constituents that scatter and absorb energy at
these wavelengths are identified and the losses are
calculated for several air-to—-ground transmission paths.
Examples of the atmospheric transmission losses are
calculated for several passive sensor bandpasses and

for a radar at 10.59 micrameters. In these examples,
the atmospheric constituents that contribute to the
total propagation loss over the sensor bandpass are
individually identified and the accumilated losses are
separately reported as a function of slant range. The
performance for active and passive sensors is calculated
and plotted for a host of weather conditions: Variations
introduced to demonstrate the relative degradation to
the S/N for the sensor system. Aircraft measurements
of atmospheric constituents are examined to determine if
an empirical relationship exists between haze visibility
and slant-path transmittance. Bmwpirical expressions for
haze attenuation are derived for selected wavelengths in
the middle-infrared region and at 10.59 micrometers.
Attenuation fram cammon chemical smokes is estimated.

Visibility Range in the Presence of Various Meteorological

The application is made of a local statistical study

the recurrence interval of various gradations in the
meteorological visibility range in conditions of fog,

is found that the visibility is impaired most by fog,
snow storms, and rainfall., in this order. (Author)
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TITLE: Correlation between Atmospheric Backscattering and
Meteorological Visual Range

AUTHOR: Fenn, Robert W.
Army Electronics Labs., Fort Monmouth, N.J.

SOURCE: NTIS AD-604 255 (June 64)

ABSTRACT: On the basis of present knowledge of the distribu-
tion of natural haze particles in the atmosphere, the
relation between the back-scatter intensity and the
visual range on the extinction coefficient has been
analyzed. It can be shown that the various processes
which cause the changes in visibility (increasing
haze-particle number, change in haze particle-size
distribution, etc.)result in rather different back-
scatter conditions. Therefore, it cannot be expected
that a unique relation between visibility and back-
scatter signal can be found. A relation, visibility =
f (back-scatter signal), with useful accuracy can be
established only for specific atmospheric conditions;
this relation, however, may be characteristic for
certain geographical areas. These conclusions, de-
rived fram natural aerosol distributions and processes,
are found to be in agreement with same published
empirical data on scattering and visibility corre-
lation. (Author)

TITLE: Atmospheric Transparency in the Visible and the
Infrared

AUTHOR: Zuev, V. E.
National Science Foundation, Washington, D.C.

SOURCE: NTIS TT-69-55102 (1970)

ABSTRACT: Contents: Horizontal absorption of the infrared
radiation in the atmosphere; Oblique absorption
of infrared radiation in the atmosphere; Scatter-

s ing of visible and infrared radiation in the at-
mosphere; Applicability of bouguer's law to

aerosol scattering in the atmosphere; Atmospheric

transparency in the visible and the infrared.
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TITLE: Light Scattering and Particle Aggregation in Snowstorms

AUTHOR: Mellor, Malcolm
Cold Regions Research & Engineering Lab., Hanover, N.H.

SOURCE: NTIS AD-633 539 (Feb 66)

ABSTRACT: Attenuation of visible radiation by falling snow was
studied by a method based on brightness contrast be-
tween topographic features and the adjacent sky. Ex-

. tinction coefficient and visual range are related to
snow density, and are campared with data for Antartic
blizzards. Since attenuation depends more on the
size and concentration of discrete particles than on
the mass density of suspended snow, the process of
particle aggregation and snowflake formation during
fall is considered by collision theory, and an ex-
pression describing aggregation effects is developed.
This offers an explanation for the relative constancy
of particle concentration observed at ground level
during snowfalls of varying intensity. Since there
is no strong justification for relating extinction
coefficient to snow density, an empirical correlation
between extinction coefficient and precipitation rate
is given for practical use. It is shown that visual
range estimated by eye in hilly terrain may ke less
than the true value, since sky brightness is locally
reduced over broad hilltops with low albedo. (Author)

'
TITLE: Visibility as an Estimator of Infrared Transmittance
3 ' AUIHOR: mm' J!; }bidale, Gc B.
Army Electronics Command, Fort Monmouth, N.J.
SOURCE: NTIS AD-A031 040/9ST (July 76)
b 3

? ABSTRACT: To assess the utility of visibility as an indicator
{ b of transmittance in the infrared, models depicting
& haze, fog, smoke, and dust were constructed such
that all yielded identical transmittances at 0.55
3 micrometers (center of the visible spectrum), and
transmittances at several infrared wavelengths (due
to scattering only) were calculated. Results show
that significant errors occur if visibility is
relied upon. (Author) :

R T i
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TITLE:

AUTHOR:

TITLE:

AUTHOR:

RPN CEEY |

Further Studies of Space and Time Variations in
Atmospheric Transmission Along Airport Runways

Hage, Keith D.; Entrekin, Herbert D.
Travelers Research Center, Inc., Hartford, Conn.

NTIS AD-617 774 (March 65)

Space and time variations of transmission of visible
light in the atmosphere during fog and precipitation
are examined in detail as a preliminary step in the
development of suitable short-period prediction tech-
niques to be used at aviation terminals. This study
is based primarily on data fram three transmissameters
along runways at John F. Kennedy International Air-
port, New York. The relative space scales of various
classes of obstructions-to-vision are estimated and
campared with similar estimates based on data fram
the National Aviation Facilities Experimental Center
at Atlantic City, N. J. The apparent movement of the
transmission field is derived and is related, insofar
as possible, to advective and warm frontal movements.
The potential predictability of linear translation
of the transmission field is evaluated for periods
of 5 to 25 minutes. Conditional frequencies of run-
way visual range for selected space and time lags
are presented and campared with those found for
Atlantic City Airport. (Author)

The R.A.R.D.E. Portable Visibility Recorder

Bestley, B.; Crockett, G. H.; Parry, E.
Royal Armament R&D Establishment, Fort Halstead, England

NTIS AD-691 588 (May 69)

This memorandum describes portable equipment
developed to record variations in visibility when
conducting field trials of night vision aids. The
variation in the atmospheric transmission is measured
by recording the apparent brightness of an incandes-
cent filament lamp viewed over ranges which may be
varied to suit the particular trial. The equipment
has been used successfully out to a maximum range of
1000 metres. (Author)
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AUTHOR:
SOURCE:
'
ABSTRACT:
'
]
'
’ TITLE:
E - AUTHOR:
|
t SOURCE:
3
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| | ABSTRACT:
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Optical Properties of the Atmosphere (Third Edition)

McClatchey, R. A.; Fenn, R. W.; Selby, J. E. A.;
Volz, F. E.; Garing, J. S.

Air Force Cambridge Research Labs., Hanscom AFB, Mass.

NTIS AD-753 075 (24 August 72)

A series of tables and charts is presented fram which
the atmospheric transmittance between any two points
in the terrestrial atmosphere can be determined.

This material is based on a set of five atmospheric
models ranging from tropical to arctic and two
aerosol models. A selected set of laser frequencies
has been defined for which monochramatic transmittance
values have been given. For low resolution trans-
mittance prediction, a series of charts has been drawn
providing the capability for predicting transmittance
at a resolution of 20 wave-numbers. Separate sections
are included on scattered solar radiation, infrared
emission, refractive effects, and attenuation by
cloud and fog. This third edition differs fram the
others in that the low resolution spectral curves for
the uniformly mixed gases and in the short wavelength
region for water vapor have been revised, providing
same overall improvement in accuracy; and more im-
portantly, an appendix has been added providing model
data and equivalent sea level path data for the U.S.
Standard Atmosphere, 1962. (Author)

Infrared and Submillimeter Extinction by Fog

Stewart, Dorothy Anne
Army Missile R&D Cammand, Redstone Arsenal, Ala.

NTIS AD-A045 181/5ST (July 14, 1977)

A thorough literature survey of fog drop-size distribu-
tions throughout the world is discussed, and data fram

36 references are sumarized. The review of an exten-
sive list of over 100 references includes additional
important information. Ranges of liquid water content
and problems of relating this to visibility are examined.
Changes in fog characteristics fram place to place and
fram time to time are also considered, and the discussion
includes small-scale spatial and temporal fluctuations.
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% TITLE: Calculation of the Attenuation Coefficients of
0.6-14 Micrameter Waves Passing through Fog
4
AUTHOR: Zelmanovich, I. L.; Lobkova, L. M.; Milyutin, E. R.
Foreign Technology Div., Wright-Patterson AFB, Ohio
o SOURCE: NTIS AD-714 786 (8 Sep 70)

ABSTRACT: Precise and approximate equations are derived for
use in determining the coefficient of attenuation
alpha 1/km of electramagnetic waves in mists and

' fogs. The simplified equations are given in un-
absorbed pclydispersed aerosols and absorbed poly-
dispersed acrosols. Camparative calculations wera
made for several laser wavelengths in the spectrai |
windows of atmospheric transparency. The optical ,'
properties of the water drops used as sols, drop- |
let sizes used, and the mean droplet radii were

E given. Results obtained in a given calculation

using a M-20 electronic camputer and those obtained

in using given equations are tabulated. They indi-
cate that the use of these approximate equations
results in errors which are only about 18 percent
larger than those derived fram precise and tedious
equations. Electramagnetic waves in the 10-12 nu
spectra passed through fogs with minimal attenuation.

In heavy, optically dense fogs (for short wavelengths)

the coefficient of attenuation was not selective.

(Author)
’
TITLE: A Camparison of Camputed and Experimental Spectral
! Transmissions Through Haze
" AUTHOR: Eldridge, Ralph G. ;
Mitre Corporation, Bedford, Mass.
SOURCE:  NTIS AD-676 603 (July 68)
b 3

|

Spectral transmission through haze are camputed using
meteorological observations to specify aerosol
scattering and water vapor, carbon dioxide, and ozone
N absorption. The camputed spectral transmissions are
campared with the appropriate experimental transmis-
sions to evaluate the degree to which a natural
spectral transmission can be simulated by a camputed
spectral transmission. The comparison indicates that
the daminant atmospheric attenuating parameter is

the absolute distribution of aerosols. (Author)
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TITLE:

AUTHOR:

AUTHOR:

Backscatter Signature Studies for Horizontal and Slant
Range Visibility

Brown, Richard T. Jr.
Sperry Rand Research Center, Sudburg, Mass.

NTIS AD-659 469 (May 67)

Analytical and experimental results of a study of a
backscatter signature system for measurements indi-
cative of horizontal and slant visual range are pre-
sented. The physics of the concept, including the
relationships between characteristics of a time
display of backscattered laser energy and the extinc-
tion coefficient of the visibility restricting
scattering medium, also is discussed. Data obtained
simultaneously fram the backscatter signature system
and conventional transmissometers were used to in-
vestigate the effectiveness of the measuring technique
and the changes in the operating characteristics
obtained by varying the system configuration. The
backscatter signature measurements, converted to
atmospheric transmittance, compare well with those
of the transmissameter, considering certain incom-
patibilities between the measuring systems. The
optimum system configuration and design parameters
are discussed with respect to the design of a back-
scatter signature system. (Author)

Visibility Calculations for Microphysical Computer Models

Johnson, David B.
Environmental Prediction Research Facility (Navy), Monterrey, Ca.

NTIS AD-776 228/9 (June 1972)

The calculation of visual range in microphysical camputer
models is discussed. Part I combines material fraom a number
of references into a single discussion of background theory.
Part II discusses applications of the theory to actual
computer models and presents sanple FORTRAN listings. Specific
topics include: calculation of visual range in a cloud of
either water drops or ice crystals; and, simulation of slant
visual range in a multi-level model, A FORTRAN subroutine for
calculation of the scattering area coefficient is appended.
(Author)
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AUTHOR:
SOURCE:
$
ABSTRACT':
]
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TITLE:
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AUTHOR:
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Design and Evaluation of Visibility Sensor/Runway Visual
Range Camputer Interface Circuitry

Newcamb, James E. AN G
National Aviation Facilities Exp. Ctr., Atlantic City, N.J.

NTIS AD-AO51 175/8ST (January 1978)

Runway visual range (RVR) is an aviation visibility value
obtained by utilizing a special purpose signal data converter.
Atmospheric transmittance, one of the processing parameters
used, is provided by a National Bureau of Standards type
transmissameter that samples clarity of the atmosphere by
measuring the amount of incandescent light fram a known

source remaining in the beam after passing through a baseline
distance of 500 or 250 feet. New types of visibility sensors
are now being produced that operate on a lLight-scattering
principle rather than attenuation. These new types of sensors
are being considered as alternatives to the NBS transmisscmeter.
If found suitable, these new sensors will rec signal con-
ditioning circuitry in order to operate in cor -ion with
existing, standard-type RVR camputers. This renor “escribes
the design and testing of such an interface circ i@ to permit
use of the EG and G model 207 Forward Scatter ‘~ter (FSM) with
the RVR camputer. It was concluded that the circuit design
does provide accurate interface between the EG and G model

207 FSM and FA-7871-type signal data converters.

Mie-Lidar

Tenkate, R.; Lamberts, C. W.
Physics Lab RVO-TNO, The Hague, Netherlands

NTIS N77-10757/1ST (August 1975)

Backscattering fram aerosols was studied both experimentally
and thecretically. Using a low power lidar installation,
backscattered light can be detected up to a distance of 3 km.
The transmission of the hamogeneous parts of the atmosphere,
for different wavelengths, can be determined fram the re-
ceived signal. The possibilities for detemining particle
sizes fram the backscattering at several wavelengths seems
to be restricted to specially shaped particles. This result
however is of importance for the evaluation of atmospheric
limitations imposed on far-infrared equipment. (Author)

67




2 TITLE: Atmcspheric Transmission Measurement Program and Field
: Test Plan

AUTHOR: Dowling, James A.; Horton, Richard F.; Trusty, Gary L.;
" Cosden, Thomas H.; Haught, Kenneth M.

Naval Research Lab., Washmgtm D.C.

SOURCE: NTIS AD-A049 186/0ST (30 November 1977)

ABSTRACT: An atmospheric measurement program combining laser-line-
extinction, Emrier-spectmscopy, and gas-filter-correla-
tion-spectrameter experiments is described. A brief
sumary of the NRL experimental propagation effort since
1970 is presented followed by an abbreviated discussion
of the current status of linear propagation riodeling.
Objectives of the current NRI, atmospheric transmission
program are stated. An experimental field test plan is
presented followed by detailed information contained in
several appendixes concerning procedures and facilities
for laser-line-extinction measurements and calibrations,

‘ scanning-Michelson-interferameter experiments, gas-filter-

1 correlation-spectrameter measurements, meteorological and

aerosol data acquisition, and on-site data processing.

f Information concerning project staffing and a schedule |

~ for preparation and performance of a field experiment to :

be carried out at the Patuxent Naval Air Station, Patuxent

River, Md., are contained in two final appendixes. (Author)

TITLE: Far Infrared and Submillimeter Scattering. II. Attenuation
by Clouds and Rain
B
AUTHOR: Deirmendjian, D.
| Rand Corporation, Santa Monica, Ca.

e SOURCE: NTIS AD-AO1l 644/2ST (February 1975)

g ABSTRACT: The report provides reliable estimates of the attenuation

5 of radiation at such wavelengths through various types of

R water clouds as well as moderate and heavy rain. The attenu-

ation properties of hydrameteors are of prime interest. In
particular, the use of same new cloud- and raindrop-size

distribution models that were developed for this study is
described and justified. Attenuation camputations for these
models are presented, and these estimates are then analyzed
Y and campared with other work and with observation. Results
imply that interference with current tactical air operations
by clouds and fog can be substantially reduced if target
acquisition and munitions guidance systems that operate at
frequencies near 230 GHz can be developed.
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TITLE: Atmospheric Transmittance fram 0.25 to 28.5 Micrameters:
’ Support LOWTRAN 3B (1976)

AUTHOR: Selby, J. E. A.; Shettle, E. P.; McClatchey, R. A.
Air Force Geophysics Lab., Hanscom AFB, Mass.

SOURCE: NTIS AD-A040 701/5ST (November 1, 1976)

ABSTRACT: This supplement provides several additions and updates

? to the LOWTRAN 3 camputer code, which can be used to
calculate the transmittance of the atmosphere from the

ultraviolet to the middle infrared portion of the spec-
trum (0.25 to 28.5 micrameters) at a spectral resolu-
tion of 20 an. The major additions are the inclusion
of water vapor continuum attenuation in the 3.5 to 4.2
micrameters region, and a temperature dependence to the
H20 continuum attenuation coefficient in both the 4
micrameters and 10 micrometers regions. The contribution
of foreign gas broadening in the 8-14 micrameters region
has also been reduced. Four aerosol models are included
in this sypplement. These include three boundary layer
aerosol models for maritime, urban, and rural conditions
in the lower 2 km of the atmosphere, and a tropospheric
model for use mainly above 1 or 2 km altitude. The
rural model is a replacement for the average continental
model presently in LOWIRAN 3. A temporary provision is
also given to accammodate fog conditions when the visual
range falls below 2 km. (Author)

TITLE: Fog Droplet Growth and Precipitation-Rate Measurements
with an Ultra-Violet Wavelength Transmissameter

AUTHOR: Bollay Associates, Inc., Santa Barbara, Ca.

SOURCE:: NTIS AD-692 436 (31 Jul 67)

ABSTRACT: This report describes measurements of radiation fog
droplet growth and precipitation-rate. The instrument
used was an ultra-violet wavelength transmisscmeter

. developed previously by the Federal Aviation Agency
as part of its research activities in airfield instru-
mentation. Measurements were made at Portland
(Oregon) International Airport in FY66 and Corvallis,

. Oregon in FY67. The fog droplet growth measurements

i : were inconclusive, apparently because of an invariance

’ in the .1 to 1.0 micrameters droplet size spectrum as

radiation fog forms in continuously saturated air.

Precipitation-rate power spectra are found to be

. similar to those obtained with conventional rain-

“ rate gage data. (Author)
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AMOS (ARPA Maui Optical Station) Seeing Quality Measurements

Greenwood, Darryl P.; Tarazano, Donald O.; Haugen, Duane A.;
Kellen, Paul F.; Miller, Merlin G.
Rome Air Development Center, Grifiss AFB, N.Y.; DARPA, Arlington, VA

NTIS AD-A021 943/6ST (January 1976)

During the month of August 1974, a series of experiments was con-
ducted at the ARPA Maui Optical Station (AMOS) on Mt. Haleakala,
Maui, Hawaii. The cbjectives were to quantify astronomical
seeing conditions, and to determine if the seeing quality has
been degraded by the presence of the site structures. Instruments
used were an acoustic sounder (to probe the altitudes of 100

to 1000 ft), finewire microthermal probes (to measure local turbu-
lence in and around the dames) and a Hartmann sensor (to provide
integrated strengths of turbulence for the entire atmosphere).
According to fine-wire probe data, local turbulence can be on
occasion a significant factor in degrading seeing. These sensors
noted same thermal contamination from one of the dames which was
in a nearly operational configuration. The acoustic sounder
indicated that the strengths of turbulence in 100 to 1000 ft
altitude are not sufficient to degrade seeing. Finally, the
Hartmann device recorded significantly more degradation than was
seen by either of the other two probes. It is speculated that
there is significant turbulence at high altitude temperature
inversions such as at the tropopause.

A Method to Obtain Diffuse Reflectance Measurements from
1.0 to 3.0 micrameters Using a Cary 171 Spectrophotometer

Gillespie, James B.; Lindberg, James D.
Army Electronics Command, Fort Monmouth, N. J.

NTIS AD-A035 031/4ST (November 1976)

This report describes a way to perform diffuse reflectance
measurements over the 1.0 to 3.0 micrameters spectral in-
terval by using a Cary 171 Spectrophotameter equipped with
inexpensive standard accessory cell-space integrating
spheres. The method involves coating the cell-space
spheres with a powder of pure grade quenched sulfur with
carbon disulfide used as a solvent and making a minor
alteration in an electronic amplifier, A spectrum of
ground gypsum crystal in the 2.6 to 3.0 micrometers spectral
region and a spectrum of a layer of Hectorite clay in the
1.0 to 3.0 micrameters spectral region are presented to
illustrate the applicability of the above technique for making
diffuse reflectance measurements in the near infrared.
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. TITIE: Far Infrared and Submillimeter Wave Attenuation by Clouds and
Rain
AUTHOR: Deirmendjian, D.

Rand Corporation, Santa Monica, Ca.

SOURCE: NTIS AD-A021 947/7ST (April 1975)

’ ABSTRACT:  Newly determined optical constants for water at far infrared
and submillimeter wavelengths are used to estimate water cloud
and rain attenuation over the wavelength range between 12
micrameters and 2cm. For this purpose new analytic dropsize
distribution models simulating fog, nimbostratus cloud, and
rain corresponding to rainfall rates of 10 and 50 mm per hour
' are set up. The corresponding volume extinction and absorption
coefficients are camputed according to polydisperse Mie
scattering theory at specific wavelengths and presented in
tables and graphically in plots for purposes of interpolation.
It is found that cloud extinction may exceed 50 nepers per
kilameter in the wavelength region less than or approximately
equal to 100 micrometers region whereas for wavelengths langer
than 200 micramreters, under near saturated conditions, water
vapor absorption should be the dominant attenuator. The results
also suggest that, in the presence of non-precipitating water
clouds or fog there may be a relative transmission 'window'
centered around wavelength 1.3 mm. |

- |
! TITLE: Spectral Absorption Characteristics of the Major
Camponents of Dust Clouds

= L AUTHOR: Flanigan, Dennis F.; Delong, Harry P.
% Edgewood Arsenal, Md.

SOURCE: NTIS AD-712 989 (Sep 70)

¥
; ABSTRACT: It is well known that dust clouds selectively absorb
' radiation in the 700 to 1300/reciprocal cm. atmos-
t pheric window region. Studies have shown that dust
: clouds are camposed of the same minerals as surface
3z soils, although in different proportion. Seventy

soil samples were examined fram a number of locations
around the world to determine their campositions and
spectral characteristics. The results indicate that
there are five major camponents that selectively
absorb radiation in the 700 to 1300/reciprocal cm.
region. These are three clay minerals, silica, and
calcium carbonate. Absorptivety coefficient spectra
of representative soil samples are given in the body
of the report, and transmission spectra of all soil
samples are given in the appendix. (Author)
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TITLE: A 50-am Fog Disdraometer

AUTHOR: Faller, Harlan L.
' South Dakota School of Mines and Technology, Institute of
Atmospheric Sciences, Rapid City, S.D.

SOURCE: NTIS AD-727 184 (May 70)

| ABSTRACT: A description is given of an ultra-sensitive dis-
3 drameter to be used in the analysis of fogs and
' aerosols. This device operates on a wavelength

of 0.9 microns over a 50-am path and utilizes the
principles of optical transmission and scattering
of light by small particles. It was originally

2 developed to analyze aerosols camposed of particles

| as small as 1 micron and as large as 14 microns

in diameter. The primary region of operation is

I in the 97.0 to 99.9 per cent transmission coeffi-

i cient range with an ascribed sensitivity of 4

| parts in 100,000. The device is capable of

determining the average size and average density

i of particles per cubic centimeter of light to

i moderate fogs. Other suggested uses of this

disdrameter include the investigation of smokes,
hazes, and air pollution. (Author)

TITLE: The Meaningful Use of the Secchi Disc

AUTHOR: Williams, Jerame
X Johns Hopkins Univ., Chesapeake Bay Institute, Baltimore, Md.

SOURCE: NTIS AD-679 166 (Nov 68)

ABSTRACT: The Secchi Disc is examined in temms of a target

{ seen by the human eye under threshold contrast
conditions. Results indicate that the Secchi Disc
Reading is related to both the extinction coefficient
and the beam transmittance coefficient. There
appears to be no way to separate the two from the
use of the Secchi Disc alone. In addition, if these
readings are to have any meaning at all it is strongly
indicated that an optical filter be placed in the
system when readings are taken. Special colored
glasses are suggested for this purpose. (Author)
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TITLE:

The Effect of Atmospheric Scattering on Optical Beam Intensity
at Low Visibility

Miler, M.: Chamat, M.
Foreign Technology Division, Wright-Patterson AFB, Ohio

NTIS AD-850 030/8ST (November 21, 1968)

Atmospheric attenuation of an optical beam caused by scattering
in fog was measured using an incoherent GaAs diode emitter
in the 900 mm infrared band. The beam was concentrated to
about 10 angular minutes by a 1-kHz moderator. The receiving
photamiltiplier and interference filter were placed at a
distance of 600 m (through thick fog) across an artificial lake.
Three forms of light scattering are described and a formula
is presented for visibility based on the attenuation coefficient
and wavelength for Rayleigh scattering. A formula for attenu-
ation is given, and other experimental findings, such as the
effect of size of moisture droplets, of nonhamogeneous waves |
of thick fog, and of hamogeneous fog cover, are given. In
eous fog, minimum visibility was 300 m and the maximm |
attenuation 20 db/km; in extremely dense fog visibility was
50 m and attenuation 180 db/km, which indicates why optical
navigation signals are not reliable under such conditions. (Author)

Experimental Observations of Forward Scattering of
Light in the Lower Atmosphere

Curcio, J. A.; Drummeter, L. F. Jr
Naval Research Labs., Washington, D.C.

NTIS AD-607 487 (30 Sep 64)

The report deals in part with the experimental re-
sults fram seven measurements on the forward scatter-
ing of light by the atmospheric aerosol. In addition,
considerations of the problem of detecting forward
scattered light in the daytime show that estimated
results agree with the available experimental data.
Considerations of the feasibility of using over-the-
horizon propagation as a cawmnications link leads

to the estimation that communication between fixed
points at Morse code rates is currently feasible over
ranges of the order of 50 km in the daytime for
metecrological ranges of 16 km or more, using a
narrow-beam projector as source. Ship-to-ship com-
munication would require sources of very high power
or precise stabilization and pointing of exising
high-intensity searchlight sources. (Author)
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TITLE: Field Testing and Evaluation of Methods for Measuring Visibility

AUTHOR: Cwalinski, Rusgel; Lansinger, John M.; Tank, William G.
Nort'mwest I-rm_rlronnmtal Technology Labs., Inc., Bellevue, Wash.
National Environmental Research Center, Research Triangle Park, N.C.

SOURCE: NTIS PB-251 548/4ST

ABSTRACT: This report presents the results of a 3-month field study which
was conducted to evaluate four methods for determining visi-
bility. Three of the methods employed instruments to cbtain
visibility related measurements: a telephotameter measuring
contrast between 'black' targets and the horizon sky; a trans-
missoreter measuring light extinction over a folded horizontal
path of approximately cne mile; two integrating nephelameters
measuring light scattering by aerosis in a local volume of air.
One nephelometer was operated at a fixed location throughout
the duration of the field tests and the other on occasions at
random locations. The fourth method used a trained cbserver
estimating visibility in four compass directions, and this
method was used as a standard for camparison. Measurements
were made under a variety of meteorological conditions and
results are classified by the range of relative humidity under
which they were obtained. The results of this project identify
the telephotometer as the best choice of instrument for routine
estimates of daylight visibility as an indicator of air quality.
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