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ABSTRACT

The Cloud/ Fog Analysis System (CFAS) and the Cloud/ Fog

Application Routines (CFAR) were applied to weather data bases to

determine their sensitivity to control parameters and to type , density,

and distribution of observing stations . The data rich region of south-

eastern United States was selected and hourly aviation weather (Service

A), six-hourly Synoptic (Service C), and twelve-hourly radiosonde

(RAOB) observations were collected for weather scenarios of interest to

Army aviation . Computer methods were developed to process these data

and convert them into a form suitable for CFAS . Objective analyses

and output displays were generated using CFAS and CFAR , respectively,

on such weather variables as sky cover , lowest cloud base , ceiling ,

visibility , significant present weather , and cloud obscuration to pilot ’s

vision within discrete flight layers. Results , produced from large

variations in the computer control parameters and density and distribution

of stations , were used to modify the CFAS and CFAR to correct for

detected error s and to fix the control parameters so that users are now

relieved of that responsibility . This greatly simplifies the knowledge

and experience required to execute CFAS . A large number of color-

coded displays was generated to demonstrate feasibility , skill , and

detail that Is possible with an automated meteorological system in

ç*oviding weather information tailored to Army user needs .
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I INTRODUCT ION

1 .1 GEN ERAL

1. 1 . 1 Overview

The Arm y has more aircraft  and pilots th an the Air Force, flies

most missions in weath er  sens it ive  l iqht  displacement  aircraft  at low

altitudes over short distances and t imes , and yet prov ides the leas t

amount of metcoroloq ical  tra l n i n q  t or its pilots . it is not unusual that

Army pilots have con siderable  d i f f i c u l t y  md ~~i e error prone in re ad ing

and prope rly inter prct inq  weather  codes for aviation , sy nopt ic , rad iosonde ,

and pilot report observations.  The pres ent standard weather teletypc

sequences do not make the pilot ’s job easy.  They have to rnemor i~~ -

the weather station call letter and numbers , rummage through clip boards

to search for particul ar sta flons and t ime chanqes of weather , and

attempt to assimilate  the four—dimensi onal  d is t r ibut ion  of weather im-

portant to his f l ight .  The labor—s aving and real—time accurate analyses

of weather by a computer based Autom atic M & ’teoreloqj cal System (AMS)

offers  con~;i i er ab i e  potential  and value to the Army Avia t ion  C o m m un i t y .

As a part of the AMS program , the Ceo-Atmospherics Corporation

(GAC) developed the Cloud/Fog Analysis System (CPAS) to take any type

and age of meteorological observation and perform an objective analysis

12



to specify each weather variable on a three-dimensional array of grid

points . This cloud—fog data base (CFDB) generated by CFAS can be used

individually or its parts analyzed to tailor operational products to a given

application . The Geo-Atmospherics Corporation developed several Cloud-

Fog Application Routines (C FAR) to interrogate the CFAS data base ,

extract , analyze , and display a map of each chosen parameter , i .e . sky

cover , ceili ng,  v is ibi l i ty , cloud base , cloud top , sig nificant  weather ,

and cloud amounts  within nine d i f fe ren t  layers extending from the surface

to the 3,000 meter altitude.

This study was conducted to determine the sensitivity of the

Cloud Fog Analysis System (CFAS) and the Cloud Fog Application Routines

(CFAR) to type and distribution of observations , to select suitable C EAS

control parameters for routine use , and to perform a series of computer

runs on weather scenarios to demonstrate potential benefits of weather

automation to Army aviation.

I 3
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1 . 1 . 2 1~ icktj rou ii~l

‘l’h e . 1’A~ FAR is a c~ t i l l  p u t t - i  ~ ~I t wal e packaij e ot severa l i n t e r —

relat d :;uh ~troqi~ i i i i s coded l l ~ t h -  1~i nqii~t~ie el R)RTRAN V. The C1’AS

U FAR was  desiqned to he eiu ot th e  s~~~~-~ s t t  ot the U . S . ~~m y s

Automat ic  M et t ’et o leq ical  ~y s t e i u  (AMS ) . 1’he tunction ot the C FAS i~; to

create  a l it I m a t  uta li i  a cit  ud — I t  d a ta  I ~a - (C FDB) in near rca 1—time on

a s q u a re  qr t d  cevei i i i t i  0 t I S .~ - L  — pecit it -d ~ieo~i i ipi i1ca1 area i e locat ablL ’

anywhere  in th e  wet Id. TI FAR t h e n  u t i  I i :  es t h e  C 1’l)l ~ to  q encr at  e on

1’
it ’i u.ind , pmducts t i s e t u l  i i i  /‘u iii v a v i a t  IOU opera t ions . CI’AR i redu ct s

c u r r e n t l y  developed include (We - t l i i i i e i i s i o i i a l  t h T I c t  ions  et are~i :~ ot

c r i t i c a l  y is  i b i l i t i e s  en the qrouut l  , cei l l ih i  s , and 5ev crc ceiiv ect iv~ ’

~ict i \ ’  i t y .

l’h e data s t - t t i i c e s  tvi i ich the C FAS ocj  ec t lv e iy  analy.es and Item

w h i c h  the  Cl’1)1~ is  ~ie nera t e~1 inc lude :

I ~‘t ’1t ’cte d e lement : ;  tr oth :;chcdtiled t e l e t~ pe t ie tw ei k t t a i i s - —

l l i l : ~~5 L ~~~I 1 s  t -t t t i i t a c t ’ a nd uppe l  a n  t Th: -e i v~u t i o i i : ;  suc h  as

AIRWAYS , SYNOF , \1l :TAR ~u l i t ;  RAPh ~St ’)N 1~ l~ coded t u t : sa : s .

2 .  The th re e— hie u i  p1 o~i l i eS  1 5  ot layere d c t - t  -t a d cevei pi t  ~ hR

by t h e  Air Ft --tree t lob~~1 Wea the r  C e nt i i l ’  s Thre e 1)iuiens ioi’iai

N ep h a n a l y si s  ~h -t .Ie I .

1 .1



3 . Elements  of non—s chej ul& ’d and special weather reports F
corresponding to elements in either ot the above sources .

The CFDB consists of the e lements  l isted  in Table 1 . 1 spec i fi ed
at each grid point in a horL:ontal window 500 km en a S l i t - . rt1e t a i d
points are spaced 25 km apart .

15

- - -

~

--—- -

~

- • -

~

--



-~~

- -

TABLI: 1 . 1 E lem ents  ot the Cl oud !‘oq L\i(a Base (C 1’D13)

E le ment  U n j t ~ V

Total s~~y cov er oo — 100 Percent

U e i qh i t  ot c e t l i i l e  Liv er dekameters  , AGL~
(minus  if a var iab le  c~ il i~ t~)

f t e v a i l t n q  v i s i b i l i t y  at sur tace  meters (minus  if vari able)

Base hiei ~ ht et lowest cloud dekamet er s , ACL

rep heiqht  of h ioh est  cloud deka met t i  s , AG L

ñcscn t  weather \V?t I O~~ code .1 t~ 77

Percent cloud cover in the t el  lowi  rio Ia \ e r s

0 — 4 ‘1 meters  , AG L

~~t) — 1 t

100 — l~1°

200 —-

300 — ~--t~’h~

—

1000 — I

1 SOil — 1tl t
~)tl 

0 0

2 000 — 3i) 0O

*AG L — above tir oun~j level  ** \~ ML
) — or Id M~-i~’ei olo0 it -al

Ortiani . at ion
1 

-~~~~~~~~~~~~~~~~~~~~~~ --~--- -- 
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Previous work on OFAS and CFAR was directed towar d an

engineering solution to insure \ver k t r io  models and com puter prouro His

for analy:tng and applying cloud iou data . Und er  these  con dit ions ,

retinements were neither possible, nor required . Also , in order to make

the work effo r t tractable , a decision was made to manna 11 y in put para —

meters which control the C FAS and CFAR . I’hese input parameters  t h a t

are weather dependent and tha t  were varied in t h i s  s t udy  are Ii sted in

Table 1 . 2 .  They include such i tems as the t i m e  to begin an an a lv s  is

t ime of the oldest data to be used , number et possible gr id  squares to

search for observations surroundin g a grid point , t irst scotch square

su e  that wil l  be interrogated ( i t  no ob servat ion ex is t s  , second , t h u d

etc . , search square sizc) , distance bet~vee n two or mere observations

to be combined into one “bes t  report ” , and d i s tance  and t ime scale

factor to allow cellular convective cloud informat ion  to r~c extra t~~1a~ I

di f f er en t l y  in space and t ime than the more s t rataforn i  middle and h ioh

clouds.

(7 
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T h M C ( 1)  l’ i c l c  5¼ ule lacie r W V t  U O \  C ;i’: t - t ’av~ ‘ i d S

cr t  s~ u t  in a L L s t  i c. ’t -r i  ,

TIMC(2) l’i nic :-t ’il ~ : ict or  W i t  ri t ;ll V coa\ ct i v e  m d  c ic :lt
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T Y MC ( 3)  Time scale t actor ter a l l  0 i f l t~~ c d c e s , IS i u i u t t :
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A 500 km square qeour o phi cal  area wi th  in the southeas t  pou t ion

of the United States  was selected for a n a ly s i s  and demons t ra t ion  of the

CFAS C FAR . Three reason s ror st 1ectin ~ t h i s  area are (1 )  hig h data

a e ns l t y ,  (2 )  va r i e ty  ot ~v t a t h c r , Onti (3 )  locat ion Ai :sv av i a t ion  school at

Fort Ruck er , Alabama . Attempts  were made to cen te r  the orid window

sym etrica l ly  about the Army a v i a t i o n  t r a i n i n g  bases in A labam a .  All

rout ine and a periodic weather  r eport inct  s ta t ions  \v t ’re i d en t i f i e d  w i t h i n

the 500 km analy sis  window rec ion and b r  an a d d i t m o n m l  20 0 km border

surrounding that  window to insure  iota d i s t r i bu t ion  in a mann er th a t

allows analy ses  to be perforr~ed on the  outer boundaries  of th e window

region.

A weather wa tch was ins t i tu ted  to search for and select  syn opt i c

meteorological conditions that  provide sequences and scenar ios  im p o r t a n t

to Army avia t ion.  Situations depicting det eriorating f l i q h t  weath er  con-

dit ions received priori ty . P art icular  a t t en t ion  was a ivel i  to t i l t s e t t  - u t  LU - -c

effect ing sky cover , ceiling , v i s i b i l i t y ,  and s ic n i f i c a n t  weather  e v e n t s .

Three d i f fe ren t  synopt ic  weather  sets were  selected tor th e  dolt  -s

December 6 to 8 , 1976 , February 25 to 27 , 1 ~ 77 , and March 5 to 7 , I ‘)77.

Data included surface  observ at ions  of h our ly  lv l i t  IOU w t ’ m t h t ’r i n t l

hourly synoptic data , and upper air observations t r t - tm ra d io s t -tn t ( e  mu I
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p ilot reports . Lach data  set was e’~ O 1nu t i ( U c losely to el iminate errors ,
i n i n im i c e  m i s sj n a  d atj , and m o x i m i c e  Inc  im um b e r  of data sou rces and

i n p u t s .  Care wa s  e x t - r c i s t d  in L l t c e o l n q  the weather  data and encoding

it in a tu x :n c ‘si O t l i l t  wit r i  Lii e x ac t  in~ ut needs of the C FAS; C FAR

pre~; r m c s This iota sample was chosen to provide a technical  challeng e
to the  CL A Sj C I A R  Sy s t e m  wn ilc  at the Same t ime depicting features th at

art L - t p c r u t i e u l u l l v  if lte rcstj n q to p i lots.  Several typ es  ann changes of
w-t ~ th eu  S C L  h o n es w~-r L - captured to provide a large total data - sample

which i l lustrates  a wide ranqe ot op eration al f l igh t  weather condit ion s .

Operational perfo rmanc e and qua l ity  of in formation out put  from

C FAS G EAR Was s tudied to de te rmine  se n s it iv i ty  to type and d e n s it y  of

data sources,  Test runs  were made using max imum amount  of all t ypes

of d~ t~ and  us ing  every  avai l ab l e  reporting S ta t ion .  Resul ts  from these

runs  r ot med the b a se l i n e  an alysi s  or around truth for subsequen t  a n a ly se s

where no to amount  a rid d i s t r i b u t i o r i  sor ~ sy s t c m o t  ical lv  va r ied . :\ Cc

parative’ analysis was made to t let t -r s ; ine  a t g r ~1not i on as a funct i on  of

increasing sparsity of data . The data st a r :~i t - ~- was created in t t v w nec

The first way consisted ot withholdin ,3 data from selected st at ions  in

such a manner as to un it orml v  reduce the dens ity  throug hout  the entire

region . The second way cons~sted of wi thho ld in g  data from stations in

20
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such a manner as to create a subregion of little or no data (silent area)

and thus create a nonuniform distribution of data density. This latter

case having a silent area is typical of battlefield environments ,

The present manually inputted control parameters of CFAS were

altered to effect such things as the mesoscale and synoptic scale dis-

tance and time constant parameters , cut-off distances for best reports ,

and number of search squares allowable to find data necessary to

analyze and depict a weather value at a grid point. Three methods were

imposed to establish a quantitative measure of ‘goodness of f i t ” between

‘ground truth ” and analyses by sequentially changing control parameters .

The correlation coefficient and root mean square error (RMSE) were

computed where the ensemble included all values at every grid point

where an analysis was possible. Those grid points where an analysis

was not possible were tabulated and a percentage of missing analyses

was computed . A total of 16 test runs was made using all available

weather observations while only one control parameter was varied at a

time. Three different ranges of values were used for seven distance

and time control parameters to bracket the expected mean with high and

low values . The five search square control parameters were varied to

investigate performance versus computer execution time required for an

analysis. A fixed predetermined set of instructions was defined for



operating the CFAS and was incorporated in the final operating computer

program.

A time series of observations was selected to depict interesting

Army aviation weathe” scenarios for the Alabama area . The sequence of

events proceeds from clear skies to rapidly deteriorating flight weather ,

such as thunderstorms , low clouds , and visibility restricting fog moving

across the region. The CFAS/CFAR computer analyses show the rapid

changes that occur from one observation time to another , the detail of

weath er depiction that is possible , and the principle of displaying

weather according to weather categories indicative of weather threat to 
-

‘

flight operations . A packet containing highlights of these results was V
put together for the purpose of demonstrating some of the advantages

and value of automated weath er analyses to Army operations ,

22
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2 WEATHER DATA BASES

2.1  DATA AND ANALYSIS WIN DOWS

A square window 900 km on a side in the Southeastern United

States was selected as the source of data for the CFAS sensitivity

analysis , as shown in Fig . 2 .1 .  WhIle the CFAS program will accept

data from any point within this 900 kin window , actual grid point analyst ’s

occur only within the Inner 500 kilometer square whose southwestern

corner is 310 north latItude , 89° west longitude. Figur e 2 .2 is a topo-

graphic map of the 500 km Inner square where Intersecting lines

represent the grid points of points of analyses . The state of Alabama Is

enclosed within and encompasses nearly all of the 500 km inner square

where CFAS performs the grid point analyses .

These data windows were chosen due to the ~‘ar Iab ll ity of

weather conditions , or significant weathers , the high d ensity of weather

service stations which report regularly and the fact that the rort Rucker

Army Aviation Training Center Is located in the center of the square.

23 
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FIg . 2.1 Map Showing the Outer (900 km) and Inner (500 km) Data
4 Acceptance and Analysis Square , Respectively
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2 . 2 ~~ RV R 1 A — I I O U R L V  WI A T I I E R  REPO RT S

2. 1 ~ ta t t ~ ‘n I -  c . i t i o i i  and Chat  oct et  i ct  ics

i’ht 1 ’  ,- $5 w~ -other  se t  v ic~ st a t io ns w i t h i n  the 900 k i lome te r

w in d  )W w ti t e l l  t i ~i i t s m  it  houj i y (SA) or s up p l em e n tar y  (SW) avi at ion we at l i&-i

ob se rv at i ons  over t e l e typ e  service  A . l or ty —two s tat ions  report regu la r ly

wh i t e  3 s ta t ions I -~ R ) r t  V t - i  y I h I i c q u ( ’ l I l  lv . These 45 sta t ions  report from

nine s tat e s :  Al ab am a , Ark a i e ;o s  , l’1or i~hi , Ge o i q i , i  , Louis iana , M i s s i s s i p p i ,

North  Carol ina , South i~ ,iro l in,i  , ~nd Venue s see . The s tat i on  locat ions

ra nqe f rom 29° to 3 b0 Nor th  L a t i t u d e  a tid t~ 1 ° to 90° West Lonq i tude

H The a l t i t u d e s  of the s tat ions  r oi -tqc f r om 0 to ~ O5 meters  above sea level .

Table 2 . 1 gives  a detailed account  of each Service A s tat i on , i ts

- i d e n t i fi e r , location , ta t  itude , lou~i it ude  and a l t i t u d e  in meters . l ’iqurt

4 2. 3 shows a l l  Sei~ ice A st at i o n s  and the i r  Ioco t ious  w i t h i n  the  900 k i l o —

-
~ meter window , plot  ted on o t l lercoter  ma 1’ pr oj  oct ion , 1:7 , 500 , 00(1 sea to

1 at l a t i t u d e  ~° 30’ . N o t i c e  t h a t  t h e  :~, - I v I c t ’  A t . i t i ~ ’in ;  no’  L l i h i t o i I n l \

d i s t r i b u t e d  I h t i o t i q i t o t i t  l i i i ’ 011$ L i e  Wi i i , 1~ ‘w I 0 * 1 1 ) 1

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



TABLE 2. 1 Service A Station Inform at ion

CALL lAr ITU l)E LONGITU D E ALT ITI I i  ‘t[
LETTERS NAM E NORTH WEST (M E TE RS) 4

ABY ALBANY GA 31 ° 32 ’ 084 ° 1 1 ’  ti ll
AGS AUGUSTA GA 33° 2 2 ’  081° ~~
AHN ATH EN S GA 33° 57 ’ 08 3° 19’ 247
AMG ALMA GA 31 0 32 ’ 002 ° 31’ e3 - -

ANB ANNI STON AL 330 35’ 085° 51 ’
AND ANDERSON SC 34° 30’ 002° .13’
AQQ APAIACH ICOLA FL 29~ 44 ’  00 .1° 59’ 1 I - 

-

ATL ATLANTA GA 33° 39’ 004 0 2t ~ 315
AVL ASHEVILLE NC 35° 2h ’ 082° 32’ io~S l
BHM BIRMINGHAM AL 33° 34’ 086° 45 ’  192
BNA NASHVILLE TN 3 0 07’ 086° 4 1 ’  104
BTR BATON ROUGE LA 30° 3 2’  09 1

° 09’ 23
BVE BOOTHV ILLE LA 29° 20’ 0890 2 4’ 0
CEW CRES’1VIEW FL 30° 47 ’  08h~ 31 ’
Cl-I A CHATTAN OOGA TN 35° 02’ 085° 1 2 ’ 2 1 0
CSG COLUMBUS GA 32° 3 1’ 084° ~- t ~ ’ I $0
CSV CROSSVILLE TN 350 

~~ 005° 05’ 570
DHN DOTHAN AL 31° 19’ 085° 2 7 ’  I l  3
DYR DEYERSBURG TN 36 ° 0 1’ 089 ° 2.1 ’ 1 05
FTY ATLAN TA GA 33° 47’  0010 3 1’ 257
GLH GREENV ILLE MS 330 29’  090 ° 59’ - 10
GNV GAI N SVILLE FL 29° 42 ’ 082 0 Ii ’ ’ Se
GSP GREEN VILLE/ SPRTN BG SC 34 ° 51’ 082 ° 13’
GWO G REEN WOOD MS 330 30’ 0900 

1 2’ 4 1
H SV H UN ‘rsv ILLE AL 340 3 9~ ~~ (i~~~ 4 (C 1 9
JAN JACKSON MS 32 ° 19’ 090° 05 ‘ 1 ~i 1
JBR JONESBORO AR 35° 50’ 0’) 0° 3’) ‘

MC B McCOM B MS 3 1° 1 ‘ 090° 20 ‘ I 1 3
MCN MACON GA 32 ° . 12’ 1103 ° 3’) ’ I I  0
MCI MERIDIAN MS 32 ° 20’ 088° 45 ’ ‘1. 1
MEM MEMPHIS TN 35° 03’ 089° 5’) ’ 01
MGM MONTGOMERY AL t ’°  18’ 0860 ‘4’



_  ~~~~~~~~~~~~~~~~~~~~~

TABLE 2 .1  (Continued)

CALL LATITUDE LONGITUDE ALTITUDE
LETTERS NAM E NORTH WEST (METERS)

MGR MOULTRIE GA 31° 05’ 083° .18’ 88
MKL JACKSON TN 35° 3e ’ 088° 55 ’ 129
MOB M O B I L E  AL 3 0°  4 1’  088° 15’ 67
MSL MUSCLE SHOALS AL 340  45’ 087° 37’ 171
MSY NEW ORLEANS LA 29° 59’ 090° 15’ 9

*NEW NEW ORLEANS LA 30° 02 ’ 090° 02 ’ 3
PNS PENSACOLA FL 30° ‘0’ 087° 1 ’ ’ 36

* RMG ROME GA ~4° ‘1’ 085° 10’ 196
*SPA SPARTANBURG SC 34 55’ 0810 57’ 2S1

TCL TUSCALOOSA AL 330 1.1 ’ 087 0 37~ 57
TLH TALlAH ASSEE FL 30° 23’ 084 ° 22’  2 1
TYS KNOXVILLE TN 3b ° 49’ 0830 59’ 299
VLD VALDOSTA GA 30° 47 ’ 083° 17’ 66

* Stations report never or only once in our data sample
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2 . 2. 2 Aviat ion Weather Code and Rita U sod

Three types of Service A r epor t s  were used to t ’u i Id the dat a 
4 -

sets • They were the r e gu l a r l y  scheduled  hour ly  r e p o r t s  , SA , the  in c~:ular  - -

reports from supp ~emontary  st at i ons  , SW , and t h e s pt ~~
- L i i  I el-o i t S , S I’ ,

made when warra ut ed by S iq n i t  icant weather cli anq es . Tb e tot mat  of each 4

of these repor t s  piov ides tot t h e  t o l lowi  nq in t ort -na t iou :

1 . Sta t ion  Id ent  it  t en

2.  Type ~ nd Time ot Report 
—

3. Sky Condit ion and Ce i l in g

4. Vi sibilt ty

5 • Weather  and Obstruct ion to Vis ion

e .  Sea Level  Pressure

7.  Temperatur e  and Pew ro int

0 .  \-\ - iu~l D ire ct ion and Speed

• A l t i m e t e r  Se t t i ng

10. Runway Visua l  Ranoc or Rem irk s

For the purposes of the s e n s i t i v i t  st u o y  \Vt ’ ‘vet c c onc c rnt  o n l y  w i t  i i

the station , type and t i me  of re port , s cond i t i on  and c e i l i i i ~ , v i s i b i l i t y

anu present weather  for those elements of the Ser vico  A report  h i a v i n o

some bearing on Army A~- ij t i~ n op era t ions .  Fi~ w e  2 . 4  is a t ,  examp le  of

the actual  Service A t e l e t\ -pe  tr aiisiui is S ion , ~vh ile l’igur e  2 • ~ is a s , i t i i  pie

of the coded messag e separated by i ‘i n i a t i on  gr oups .
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Figur e 2 . 4  Serv ice A Teletype Tr ansmitted Report
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Figure 2.5 Coded Service A Transmiss ion

L&icatj on V i s i b i l i t y ,
Idet- it i l ier  Weather , & Sea Temperature
and Type Sky and Obstruction Le-vel and A It i~u~- t~ - r
ot Report Ceil ing to Vis ion Pressure Dew Point Wind Setting Remarks

CEW Sr —x E3 OVC 1 2 RE ’ 123 /65 62 / 2 00 6  990 ’ R B 30

‘1’he C I’AS program searches for t h e  mos t  current and sig n i f i c an t

r i i fo rmat ion  , m ak i n g  the t i m e , in formal ion c o nt e n t  , and t y p e  cif repor t

impor tant . A special rep ort  indicated by the letters OP after the stat io n

des iqn~ tor as in Figure 2 . 5 , is weighed more he av i ly  by C FAS than  a

re gul ar  hour ly  Service A report because it is the most current report and

because Specia ls  occur only  when a sig ni f ic at i t  change in we a ther  has

‘ccurrt ~j . In the Service A t r ansmiss ion  the sLy cond i t i on  and cci I i t i ~i
in io i  mat ion tollo~’.’~ the locat ion and t y p o  ~‘t i~~~I~~iI t • t h e  sk ~ ~‘0ii~ t i t 1 .  i ,  

- 
-

is te pot  te~i h~ one , 1  seven s ky  covet it ’~ i ’ j H t I  ‘ ‘ I  ‘ ‘ j R ( I I  I i ,  la t h - .‘ • •
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TABLE 2 . 2  Summary of Sky Cover Designators

Designator Meaning Spoken

CLR Clear (Less than 0. 1 sky cover) CLEAR F ’
SCT Scattered Layer Aloft (0. 1 through 0. 5

sky cover) SCATTERED
BKN * Broken Layer Aloft ( 0 . 6  through 0.9

sky cover) BROKEN
CWC* Overcast La yer Aloft (More than 0.9 , or

1.0 sky cover) OVERCAST
-SOT Thin Scattered At least 1 ‘2 of the sky THIN SCATTERED
-BKN Thin Broken cover aloft is t r ansparent  THIN BRO KEN
-OVC Thin Overcast at and below the level of THiN OVERCAST

the layer aloft
X* Surface Based Obstruction (All of sky is

hidde n by surfaced based phenomena) SKY OBSCURED
— Y Surface Based P artial  Obscuration (0 . 1 or

mor e , but not all , of sky  is hidden SKY PARTIALLY
by surtace based phenomena) OBSCURED

* Sky condition represented by this designator may constitute a ceiling
layer

The height of the base of a layer of clouds precedes the sk~-

cover designator . Height is reported in h u ndred s of feet  above around

level . If the station designator is CLR , no height will be given since

no sky cover is reported . When more than one layer is reported , layers

are in ascending order of height.  The height  may he preceded by the

letter “M ”  — measured ceilings , “E” — est imated ceilIng , or “\V ”

Indefinite ceiling , meaning that regardless of the ipethod of determination,
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TABLE 2 .3  Weather and Obstruction to Vision Symbols

A Hail
BD Blowing Dust
BN Blowing Sand
BS Blowing Snow
D Dust
F Fog
GE ’ Ground Fog - 

-H Haze
IC Ice Crystals
IF Ice Fog
I? Ice Pellets
IPW Ice Pellet Showers
K Smoke
L Drizzle
R Rain
RW Ra in Showers
S Snow
SG Snow Grains
SP Snow Pellets
SW Snow Showers
T Thunderstorm

Severe Thunderstorm
ZL Freezing Drizzle
ZR Freezing Rain

Precipitation intensities are indicated thus :

-—Very Light; -Light; (no sign) Moderate; + Heavy

35



2.3 SERVICE C - SYNOPTIC WEATHER I -

2. 3. 1 Station Location and Characteristics

There are 27 weather service stations within the 900 kilometer

window which transmit Service C observations , 17 stations report

regularly while 10 stations report very infrequently. All those stations

reporting Service C also report Service A and report from the same states

as Service A , except Arkansas.  Again the station locations r a n g e  from

29° to 36° North Latitude and 810 to 90° West Longitude. The altitudes

of the stations range from 0 to 661 meters above sea level. Table 2 . 4

gives a detailed account of each Service C station , its identifier ,

location , latitude , longitude and altitude in meters . Figure 2 . 6 shows

all Service C stations and their locations within the 900 kilometer

window . Notice that in addition to being fewer in number , Service C

stations are not as uniformly distributed as the Service A stations.
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TABLE 2 .4 Service C Station Informat ion

STATION CALL LATITUDE LONGITUDE ALTITUD E
LETTERS NAME NOR TH WEST (M~:1’1;Rs)

* 72213 AYS WAYCROSS GA 31 0 15’ 082 ° 24 ’
72214 TL1-1 TALLAHASSEE FL 30° 23’ 084° 22’ 21

-4 * 722lt~ ABY ALBAN Y GA 31 0 32’ 084 ° 11 , t-~0
722  17 MON MACON GA ~32° - 12’ OIH ° 3’1 ’ I 10
7 2 2 1 $  AGS AUGUSTA GA 33° 22 ’  081 ° 58’
72 2 19 ATL ATLANTA GA 33° 39’ (‘)$4 ° 2 6’  .3 15

* 72220  AQQ APALACHICOLA FL 29 ° 44 ’ 084 ° 59’ 1 1
* 7 2 2 2 1  VPS ELGIN AFB FL 30° 291 08~° 31’ 20
* 7 2 2 2 2  PN S PENSAC OLA FL 30° ‘8’ 087° l~ ’

7 2 2 2 3  MOB MOBiLE AL 30° 41’ 088° 15’
* 7’’’4

~‘2 2 2 ~ M OM MON TGOMERY AL 32 ° 18’ 08b~ 2 4 ’
* 7 1 2 ~~~~ 7

-‘ 722  ‘8 R U M  BIR M INGh A M AL 33° 34’ 086° 4 5 1  10
72231 MSY NEW ORL EAN S LA 29° 59 ’ 090° 15 ’

7 3 2  E3V L ROOTHVILLE LA 2~ ° 20 ’ 089 ° 24’ 0
7223 1 MEl MERIDiAN MS 32° 20’ 088° 45 ’ ‘l I

722 35  J AN J ACKSON MS 32 ° 19 ’  090 ° 05’ 101
72311 AHN ATH ENS GA 330 57’ 0830 10’  2 1 /
7 2 3 1 2  GSP GREENV ILLE /SPRTN BRG SC 34° 54’ 1) 0 2 0 [3 ~

* 7 23 1 3 S PA S PARTAN BURG SC 340 55’ 08 1 57 • 1
72315 AVL ASHEVILLE NC 35° 26 1  082 0 32 ~

* 72323 HSV HUNTSVILLE AL 34° 39’ 086° lh ’ Mi t

7 2 3 2 4  CHA CHATTANOOGA TN 35° 02’ 085° 12’ 2 1 0
7232 ~ TYS KNOXVILLE TN 35° . l t ) ’  083 0 

~q ’
72327 BNA NASHVILLE TN 3t ° 07’ 086 ° 4 1 ’  164
72334 MEM MEMPHIS TN 35° 03’ 0890 50 ’ $7

* Those stations not reporting In our data sample
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2~~3~ 2 SYNOP Weathei- Code and Data t i sed

The complete form ot sur face syno pt ic report used in the  O FAS

t ’ I l S  i t i v  it y study is referred to a:; the  p r imar y  S yn op t i c  , t he  i t — h o u r l y

repor t or SYNOP. The pr im ary  sy i top t  ic is repo i t ed at  t i t  e s t , i  I i t i , m n t l  houi n

of observation wh ich are 1)000 , 0600 , 121)1), 1801) i- Ml ’ , The i i -pot Is  at

divided into the t in iversa I ~irou p and the su p p l e t t i e t i t  any q I t L i  I ’ . Fl ie ur

seven or e ight  groups ot t h e  SYN OP code, t h u  th r ou t -i t i  t I ~~, i ; ~:, I~ ,

the un iversal or mandatory groups . That i n f orm at i on  selected Ii o iu i  SYN ’, I I’

for the s e n s i t i v i ty  ana lys i s  is front the un ive r sa l  groups . The compl ete

symbolic  form ot message used by United States s tat i ons  in t he  40

contine ntal states for the prim ary synoptic report is r ep re s en tL -d i :i

Fig . 2.7.

Figur e 2 .7  Symbolic Primary Synoptic Report
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Figure 2.8 is an example of an actual Service C teletype transmitted

report . Only a meteorologist who works daily with these codes can

remember and ra pidly interpret s ign i f i can t  weather informat ion  contained

within this string of numbers .

Fig ure 2.8 Service C Teletype Transmission
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Table 2~~~ 5 defines those symbols ot the SYNOP code used in the O FAS

com puter sensitivity analysis .

TABLE 2.5 Definition of SYNO!’ Cone Syiu ib uls

I l i i i  Numer ic  code for reporting s ta t ion
N Fraction of celest ial  dome covered E l y clouus
Nh Fraction of ce les t ia l  dome covet ed b y a l l  the  lo~v

cloud (s) prese nt.  If no low cloud(s) is
presen t , t ha t  f rac t ion  covered by all th~ 

-

middle cloud(s) present
CL Type of low cloud if low cloud is pi tT -s ent

(Sc , St , Cu , Ch)
h h e ight  , above ground , 01 the base ot lowest c loud

seen
Ty pe of middle  cloud if midd l e  cloud S pr esent

(Ac, A5, N5)
Type of high cloud if h igh  cloud is present

~~~~~~~ C5)

VV Hor i~ onta1 vis ibility at surface
W Past weather
ww Presen t wea th er

Service C reports arc similar to S i ty  ice A reports in  t h a t  l i t ,  ~
-

art ’ surface based Obs ervat i ons and iep i ) r t  l u u n c u  I I t  th e  s,i I i  n li l t  - - - i : ,

such as , v i s ib i l i t y , present weathe r , st -a h \ i ’l ~ i 5. ’w i , I t - i l ,  t I C

and dew point temperatur e .  l-’or the  pur poses ot the  :.e i s i t  iv ii~ lh , s 1\ - i ;

the important Service C in f oi  mat io n  which  :;up p l t ’mt  ii t ~ t h e  i i  ~~
- u - c  -“i

reports is the detai led cloud information.

I I  
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2.4 RADIOSON DI ; — U PPER AIR DATA

2.  4.  1 S tat i on  Location and Ch aia i - t t ’n i st i c s

There arc 6 woath t  - u s e rvice  s tat i o n s  wi th  in the  900 kit 1 t f l l e t  en

window wh ich t r an s  mi t  r odiosoude observations (RAUN , / sta t io i ~s

r eported r e gu l a r l y  wh i l e  one never reported i t t  our data sam plc.  Thes~ 7

s ta t  i~ ~s u e~ tort  t rom l i v e  s tat e s :  1’I orido , (~ coi t l i l t~ Lou is ia h a  , M i s  si ~ ij

J i lt ]  Tennessee . The s tat i on  locations r a n g e  from 29 0 to 3 + ’ ’  N o u t h

Lit i tude  and 13 to 90 0 West I t  t U g i t ude  . The a l t i t u d e s  ot U ie sI ~i t  ion

ra t u g e t r i ) un  0 to ~3 26 meters  a bovt ’ se a 1 c\-- e I . Table 2 . it g i ve s  a deta i

account ot each s tat ion  which traii smuts radiesouide reports , the  s t a t ion

i d e n t i f i e r  , locat ion , lat i t ude , long i tude  and al t i tude  in met~-r s . F igure  2 .~~

shows the s tat i ons  and their  locations with in the 900 k i lomet e t  ~v inJow .

Notice that  there are no radiosonde s tat ions w i th in  the ent i re  s tat e  ot

JU ,t b am ,u  , w h i c h  corres ponds r ather c lo:~ ely wi t h the inner  Si) Ii k n wi  : ao~

w i eri ’ ,i11 detai led computer a na l y si s  at e  m ade .
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TABLE 2 , 6  Radiosonde Station informat ion

STATION CALL LATI T UDE LON GIT U DE ALTIT UDE
LETTERS NAME NORTH WEST (METERS )

72213 AYS WAYCROSS GA 31 0 15 ’ 082 ° 24 ’ 4 6
72220 AQQ APALACHICOLA FL 29° 44 ’ 084 ° 59 ’ 11
72221 VPS ELGIN AFB FL 30° 2 9 ’ 086 ° 31 ’  2 9

* 72227 MARIETT A,”
DOBB INS APB GA 33 ° 55 ’ 084 ° 31 ’ 3 26

7 2232 BVE BOOTHVILL E L.A 29 ° 2 0’ 089 ° 24 ’ 0
72235 JAN JACKSON MS 32 ° 19’ 090° 05’ 101
7 2 3 1 1  AHN ATH ENS GA 33° 57’ 083° 19’ 247
72327 BNA NASHVILLE TN 36° 07’ 086° 41 ’ 184

* Never reports in our data sample

2 . 4 . 2 RAOB Weathe r Code and Data Used

Upper ai r soundings or radiosonde observat 1ons (RAOB) are report~-d

in the radiosonide message. The standard times of RAOB messages arc

0000 , 060 0 , 1200 , and 1800 GMT. The repo rts are divid ed into  four

parts , PARTS A , B , C , a n d D , each one able to be handled as a

separate message. Pa rts A and B report only data for levels up to and

i ncluding the 100 n lb level. Data for levels above the 100 mb level are

-I-I



— —i-- - _
~_,s1 

~-$I- 
________________ 

~~~ ~~
‘ ~~~~~~~ ~~~~~~~~~~~~

reported in Parts C and D . Parts  A and B report the leve ls  of obsci- v,1 —

tion of Arm y avia t ion interest , c o n s e q ue n t l y ,  b r  the purposes c’i t h e

CFAS sensit iv ity  study we were concerned o n ly  with  Parts  A ari d B .

The corn plete symbolic form o~ rad iosonde message  used by U n i t  C1 I S La ’ C’S

statio~~ for Parts A and B is represented in ñi~ure 2 .  10 .

-
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Figur e 2 . [0 Symbolic Form of Radiosonde Message

PART A TTM YYGG Id 11111

9 ’ o~ o~ o ToToTao~~ D0 d0d0t~ f 0t 0
OU h h h  TTT~ DD ddf f f
B 5hhh TTTa DD ddf f f
7Ohhh  TTTa DD d d f f f

TTT~ DD ddff f
40hhh TTT~ DD ddf f f
,3ohhh TTT~ DD
25hhh TTT a DD ddf f f
2Ohhh TTTa DD ddf [f L

l 5hhh TTT~ DD ddf f f
l 0hhh TTT a DD dd ff f

88Pt Pt P~ ; T I J~D~ dt d t f t u t f t

77 t~

or ~ ~ m~~IIi~~rn d mdrn f rn f rn f rn 4VbV bVaVa

66)

PART B T FB B ~~GG/ uiii

)O P O PO PO ‘r0ToT~0Do Do
1 IP P P  ‘rTT a DD - 

-

2 2 P P P  TTT a DD
3 3P PP TTT a I)D

4 4 PP P TTT~ DD 
IC.

5 15 15 l O l
~~~~~it A df

-to
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Standard isobaric surfaces are referred to as mandatory levels

which are reported in PART A of the radiosonde message.  Data for these

mandatory levels used by CFAS are the standard isobaric surface indica-

tor , geopotential height , temperature and dew point depression.

Significant levels are defined as levels at which temperature

and/or relative humidity data are sufficiently important or unusual  to

war rant the attention of the forecaster , and/or are required for precise

plotting of the radiosonde observation . These signific a nt levels are

reported in PART B of the radiosonde message. A suff icient  number of

sig nificant levels must be reported so that a linear interpolation between

any two consecutively transmitted levels will give a close approxim at ion

to the observed data . Once again for the pur poses of the sensit ivity

study the level indicator , temperature and dew point depression are the

im portant pieces of information. With this information a determination ds

to whether or not a cloud layer exists at each mandatory or significant

level can be made. CFAS will consider this RAOB information along with

the Service A and C information and weigh that information presumed to

be most reliable and combine that information unique to each ,creating

the most accurate fully detailed synoptic pictur e possible , before making

the final grid point analyses . Figure 2.11 is an example of a RAOB

teletype transmission. Table 2 .7  defines those symbols of the radiosonde

47 
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TABLE 2 . 7  Definit ion of Radiosonde Code Symbols

l i li l  Numer ic  code for r ep orting s ta t ion

29 Indicator  f i gu r c s  . l d c n t i r i c s  t hc  surf ~ice dald j t  )U~ )~,

( i . e . ,  99P 0P0P0)

hhh Geopotential  iii ge’spotentta l meters , or tens of
geopotential meters , of the s tandard isobaric surfac€
specified by the surface indicator . *

T~ T0 Observed temperature of the a i r  in wlio l ’. decrees
Celsius at the surface

Tao Approximate tenths  value and Ius or m i n u s  sign
indicator of the air temperature at the surface

00 , 85 , 70 , Standard isobaric surface indicators .  Ident i f ~’ the  - :
50 , 40 , 30 , data groups for the 1000 , 850 , 700 , ~0O , 4 i~-~~, 300 ,
25 , 20 , 15 250 , 200 , 150 , and 100 mb levels in PART A
and 10

TT Observed temperature of tne air  in whole degrees
Celsius at the specified pressure level

Ta Approximate ten ths  va lue  ar i d  p lus or IT~I f lU S  s i - i n
indicator of the a~r tCfl i~~L i 1 i t U i O  t ~~L ’
isobaric surface  or s i gn i f i c a n t  Iced

11 , 22 , 33 , etc . Signif icant  level indicator numbers in  PART i~

*Geopotentlal he igh t s  arc- r epor t Lu  in whole y op o tcn t i a l  b ; c t i  r~. 1 ip  :~
but not including the 500 nib surface.  Geopotential  he ights  dre r~~ ort ~
in tens of geopotential meters ( i .e .  , oo a r utc - t~ r s)  for the 50~1 m. ~~~ ~
and higher



T T ’ m~---- --~-- - -- - -- --~.~--- - -

code used in the C FAS s e n s i t i v i ty  a n a l y s i s .

Figure  2 .  11 RAOB Teletvpe Tr ans rut  t ed Report (PARTS A and B)
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2.5  VARIABLE STATION DENSITY DISTRIBUTION

Several station density distributions were used in the perfor-

mance of the sensitivity analysis. The maximum station density avaiiable

in the “Alabama Square ” consisted of all of the Service A Airways station .

included within the square. The fractional density distributions were

created by eliminating selected stations from the data set .

The several station densities selected are listed in Table 2 .8

together with the number of stations in the distribution and the mean dis—

tance between stations . Figures 2 .12  through 2 .18 illustrate the various

station distributions listed in Table 2 . 8 .  Tables 2 .9  through 2~~14 show

for each of the station distributions a list of the stations used and for

each station the closest neighboring station and the distance between

them.

The stations selected for elimination to produce the fractional

density distributions were chosen subjectively such that the resul tant

station distribution was as uniform as possible. Starting with Figure 2 . 1 2 ,

the full station density, the analyst eliminated 1/’4 , 1/2 , 3/4 , 7/8 and

15/16 of the full density stations to produce respectively the 3/4 , 1/2 ,

1/4 , 1/8 , and 1/16 density station distributions . In the case of the

3/4 density station distribution we compared the results of the subjective
1’

I
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method with an obj ective technique. in the objective technique we elimi-

nated 13 stations from the ful l  station distributions which were closest

to one another as per Table 2 .9. The results  obtained by the objective

technique are shown in Figure 2 .19  and Table 2 . 1 5 .  It wi l l  be noted tha t

there is fa irly good agreement between these resul ts  and those obtained

by the subjective method .
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TABLE 2.8  Station Densities Used in CFAS Sensit ivity Analysis

Mean Distance
Densi ty  No . of Stat ions Between Stations

Full 4 1 93 km

3/4 27 i i~ “

1/2 19 131 ‘

1/4 1 0  198

1/8 5 277

1/16 2 540 “

S.A . 20 N .A.

S .A. - Silent Area
N .A . - Not Applicable

~~~~~~~
--- —r-
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TABLE 2.9 Full Station Density

Nearest Distance Nearest Distance I 
-

Station Neighbor Km Station Neighbor Km

ABY MGR 55 GLH GWO 83
AGS MIN , AND 150 GNV VLD 150 I”
Al-IN AND 90 GSP AND 65
AMG VLD 110 GWO GLH 83
ANB BHM 85 HSV - 

MSL 81
AND GSP 70 JAN MEl 125
AQQ TLH 96 JBR MEM 110
ATL FTY 15 MCB BTR 98
AVL GSP 68 MCN CSG 125
BH M AN B 82 ME I JAN 1 25
BNA CSV 150 MEM JBR 110
BTR MCB 98 MGM CSG , DHN 145
BVE MSY 105 MGR ABY 55
CEW PNS 71 MKL DYR 68
CHA CSV 110 MOB PNS 100
CSG MCN 125 MSL HSV 81
CSV TYS 103 MSY BTR 105
DHN CEW 115 PNS CEW 71
DYR MKL 68 TCL BHM 92
FTY ATL 15 TLH AQQ 96

VLD MGR 68

b()
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• TABLE 2.10 3/4 StatIon Density

Nearest Distance Nearest Distance
Station NeIghbor Km Station Neighbor Km

ABY VLD 118 DHN ABY - - 121
ANN ATL 110 IiSV MSL 81
ANB FTY 128 MEL TCL 150
AMG VLD 110 MEM DYR 125
AQQ TLH 96 MCN CSG 125
ATL FTY 15 MGM CSG , DHN 140
BNA IISV 170 MOB MEL 188
BTR MSY 105 MSY BTR 105
CHA ’ TYS 145 TCL MEl 148
CSG MCN 125 TLH AQQ 96
DYR MEM 125 TI S CHA 145
FTY ATL 15 VLID TLH 110
GSP ANN 150 MSL HSV 81
GWO MEM 179

TABLE 2.11 1/2 Station Density

Nearest Distance Nearest Distance
Station N~~~~bor Kin Station Neighbor Km

ANB ATL 135 GSP AVL 70
AMG TLH 212 GWO MEl 181
AQQ TLH 96 HSV MSL 81
ATL CSG ,ANB 140 MET TCL 150
AVL GSP 70 MGM CSG ,DHN 140
BNA HSV 170 MSL HSV 81
BTR MSY 105 MSY BTR 105
CSG MGM ,DHN ,

ATC 140 TCL MEl 150
DHN MGM ,CSG 140 TLH AQQ 96
DYR M~L 222

61
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TABLE 2 . 1 2  1/4 Station Density

Nearest Distance Nearest DistanceStat ion Neighb or Km Station Neighbor Km

AQQ DHN 180 DHN MGM 140ATL MGM 240 GWO MEl 181AVL ATL 271 HSV BNA 170BNA HSV 170 MGM DHN 140BTR MEl 305 MEl GWO 181

TABLE 2 .13 1/8 Station Density

Nearest Distance Nearest DistanceStation Neighbor Km Station Neighbor Km

AQQ MG M 315 H SV A-rL 248ATL MGM 240 MGM ATL 240GWO HSV 341

TABLE 2.14 1/16 Station Density

Nearest Distance Nearest DistanceStation Neighbor Km Station Neighbor Km

ATL GWO 540 GWO ATL 540

b2
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TABLE 2. 15 3/4 Station Density by Objective Technique

Nearest Distance Nearest  Distance
Station Neighbor Km Station Neighbor Km

ABY DHN ,VLD 120  GWO JAN 13U H
AGS AND 150 HSV BHM 1.!5
AMG VLD 110 JAN MEl 125
AND AVL 105 JBR ME M 1 10
ATL MCN 130 MCN CSG 125
AVL AND 105 MEl JAN 12s
81-SM HSV 125 MEM JBR [10
BNA CSV 150 M(; M CSG , Dl-IN 1— i O
BTR MSY 105 MKL MEM 1 2 2
BVE MSY 105 MOB A~NS ~~)fl
CHA CSV 110 MSY BTR 105
CSG MSN 125 PNS MOB 100
CVS C f I A  110 TLH VLD 105
i ) I I N  ABY 120 VU) AMG , TLH 1u3
(~ NV VU’) 150 

_
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Thus , Figures 2 . 1 2  to 2 . 17 show graphically the number and

distribution of weather stations used to study the effect of data density

on the objective analysis results.  These cases are mor e representative

of the type ot, data distributions expected , ranging from highly  to sparsel’1.

populated reg ions. Figure 2 .18 , on the other hand , is more repr esentatj v4~ 
I

of a battlefield situation where observations exist in the fr iendly territory 
—

but none exist from the opponent ’s region , called a sile nt ar t- a . The

influence of these data distributions on the C FAS analysis  program is 1-
discussed in section 4 .

(,
~)
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2.6  SELECTED WEATH ER SEQUENCES

This section contains plots of weather observed within the

900 km square centered about the state of Alabama . Eight time sequences

of weather are plotted beginning 26 February 1977 at 1640Z and enciirig

27 February 1977 at 0810Z , as sho wn in Figures 2 . 20 to 2 . 2 7 .  This time

series was used in analyzing and preparing material which demonstrates

capabilities of automated weather depiction for pilois. Anotner weather

plot is given for 7 March 1977 at 0026Z since it represent~, data used in

the sensitivity study on the effects of changes in control pardmeters and

type , distribution , and density of observations . Individual weather plots

were made at each station location because the standard facsimile surface

w~iather cha rts were not suff iciently legible , which is often the case when

attempting to read printed detail from facsimile charts. The weather data

were plotted from the teletype paper strips as follows:

1. scattered and broken clouds are indicated by a s ingle  u i :

double vertical li ne through the std t i on  circle ,

2. overca st skies are repres~ nied by a solid circle ,

3. visibil i ty is given in miles to the left of the station circle ,

4. ceiling is given in hundreds of feet below the station

circle , dfl d

5. present weather symbols are located on the lower left side

~
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of the station circle. Three horizontal lines indicate fog , the fig ure

eight laying on Its side implies haze , a comma and period represent

drizzle and rain , respectively , a triangle depicts showers , and the

capital letter R with an arrow represents a thunderstorm .

Progression of weather throughout the February time sequences

varied considerably froiu good to bad flight conditions. The t ime series

beqins 26 February 1977 with l600Z routine hourly weather observations

and special observations up to 40 minutes past the hour plotted on the

same chart. Whenever a special occurred , it was plotted in lieu of the

hour ly value to show the most current wea th er . One of the re asonthqs

for presenting data in this manner is because the computer can rapidly

update an analysis to account for significant weather changes . This

feature of rapid updating and displaying most current weather is a distinct

advantage made possible by the computer analysis  system . Rather th an

have a pilot hover over the teletype output searchin sj for s pecials ol

interest to him , the computer system can accomplish th i s  t a s k  auto-

matically plus properly assimilate , incorporate , and tailor th is  informa-

tion to his needs . Thus , many of the weather plots were purposely

selected at times other than those corresponding to the standard on-the-

hour report . Not only does this allow for and Incor porate more non-

routine special observations but It is actually more realistic in terms of
67 
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what  pi lots  experience. That is to say, a pilot may prepare for his

f l i gh t  at any  t ime dur ing the  day and it would be u n u s u a l  to correspond

precisely with  the  f ixed  ti ne of a routine m~~t eorolcs q icil  observat ion -
Not ice that the 26 l’ebru ary 1 640Z m ap  begins the weather

sequence with clear skies in the eastern and cloudy condi t ions  in the

western section of map.  V i s ib i l i t i e s  are h i gh  at a l l  locat ions with  the

only  reported restr ict ion to v i s ib i l i t y  he inq  h aze at one locat ion .  Ceil ing s

range from 2000 feet to u n l i m i t e d  in Alabama .  Eour hour s later the f i rs t  —

ra in  showers and thunders torms beq in  to appea r at the westernmost

st at iofls , yet the visibiliti es r emain  h i g h .  Three hours later at 0000Z

February 27 , showers and thunders torms  begin to restrict  v i s i b i l i t y ,  lowt-r 
- -

ceil ing s , and CaUse fog resul t ing fro m precipitat ion.  A p at tern becomes

more d i sce rn ib le  at 0340Z rebruary 27 showing a nor theas t—southwes t

ax e s  of ra in  , showers , and thunder s to rms  • This  pa t t ern  prevails through

s ’~t , t  t he  r e ’nea l n i i i q  t l I n t  St qni -n c t ’ , inovt ’s s lowiy eastward , and i l i t eu s  i f I t

Ah e.~~j ~~1 5  the ’  sqtia 11 l ine  i i i  the  clear eastern sect ion , rad iat 1( )fl

t e t i  is t orming and res t r i c t ing  v i s iuj i l it i e s  under clear -skies .  Th e- r ad i a t i on

toq is pronounced only in the southeastern portion of the  map and reduces

v i s i b i l i t i es  to as low as one quarter of a mi le .  Many changes in me s o—

scale weather features are contained within th is  t ime sequence . Deta i l s

( .5) 



and changes will become more apparent when viewing resu l t s  i i i  chapter

S provided by computer analyses.

The map for 7 March 1977 0 0 2 — Z , Figure 2.  2t ~, c o n s ti t u t e s  the

verif icat ion data used to study s e n si t i v i t y  ot an a lyses  due tu t ype ,

d is t r ibution , and densi ty  of weather data . In addition to special weath er

observations at 0026Z , the avai lable  computer  data bab e  in c ludea  a l l

standard and non—rout ine  observat ions for the  previous 1 2 he , ir s  . 1’!’ e

horizonta l d is t r ibut ion of weather shows clear skies in the northwest

sectio n of the m ap,  cloudy condi t ions  alon g a noi t h e a s t— s o ut h ~ L 5 t  l ine ,

and lia~~e , fog , d r i:~zle , and ra in  dominat ing the ent i re  Sou th east c i  n

sector . Vis ib i l i t ie s  r anged from one m ile in r a in and fe~i t~ - 1 ~
- ii; i les

undee- clear skies . Ceil ing s ra nged from being non—exi s t en t  du~ i n~ clear

and partly cloudy skies to a low of 300 feet in fog and ra in .  Thus ,

weathe r  events depicted on the ver i t ic at ion  map show considerable

d i v e r s i t y  in typ e ’ ami d r ang e t - 1 v a lue s  .

-
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2 . 7  DATA ENTRY PROCEDURE

The Service A aviation hourlies , Service C Synoptic and Upper

Air data were obtained in the medium of teletype printed paper f r om the

N ational  Weather Service Field Off ice  in Atlanta , GA. A problem t i-tat

had to be solved was that of putting a rather large amount  of data onto

a computer card or magnetic  tape  in the format  r equired h y t l i ’ C I’AS .

Our approach was to enter the data into the b u ft c i  I ll em o l  y of

our Decwrj ter II LA— i (~ t ermin a l  in a 1on n~ I convrw em to th - ,~ b r .

Thi enabled the dat4i to be cntei ed l U  co Iu -  iderab ly less t im e  th an

would have been required li~ d ws’ used t h e  (~ [‘AS f o r m a t .  The Decwi ~ter ’ ~

S memory was suf f i c i en t  to allow sev era l I sours worth of Serv icu A , ~ and

Upper Air data to be entered . However , for convenience , we ent e  r ed  , ‘s I ’,

an hour ’s worth at a t ime .  The o f f — l i n e  text edit ing capab i l ity  of the

I )t ’cwi-eter was used to check and correct em rors in the d~ t~ ~ l •s t t ~~- . Ait c i

eh 5- ’ck ing and correcting any  errors , eac lì Iioui ’ 5 Worth t d5 -s t~ ‘t_ - -~ I —

put tO d e 5- l S S Ot t O  tape ’ and t h e ’ lliCll10I’~’ cle,ir ed tom ’ e’ilte ril1e 3 ~ ii o th t _ i

how ’ s worth of data . The format used in enteri ntj the  t I i I e ’e t ypc~ I. I t

data is ele ’scr 1hed in Tables 2 . 16 , 2 .  1 7 , and 2 . 18 .

Sev era l hours ’ worth of data were accumulated on a casset te .

The ent i re  data sample required fourteen cassettes . l’hc C5- 1S~ ’e ’ t t( ’ da ta

7( 1
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were input to mass storage files on a Decsystem 10 computer . A

FORTRAN 10 program was written and implemented on the Decsysteni 1 0

to convert the data from the fast entry format to the format required by

the C FAS . The C FAS formatted data w ere then output to mim e track

binary tapes which could be read by the Univac 110i ~s on which our

version of the C FAS is implemented .

Using the procedure outlined above a data base Co f l s i st i i i q  ot

9100 reports was created for analysis  and use in th i s  s tudy.

110
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TABLE 2, 16 Format for Fast Entry of Service A Airways D~~a

Li ne Data List

1 MM dd , 1-lHmm

2 III , Ty~ N c, N~~, V

3 to 3 -F Nc ”l  hhh , N 5, hc

~I f N c W 1, W , W8

3 N~ s- I FTP , TT , Td Td

MMdd - Four digi t  date code M M  = Month of year , 01- 12
dd = Day of month , 01-31

I--I
HHmn i  — Four digit  t ime code HH Hour of day, 00-24

mm - Minute  of hour , OC ~~e

III — Three letter station identifier

- Type code A = SA , hourly airways
S = SP , special

- Number  of cloud layers reported , enter I if a clear sky

~~~ — Number  of weathers

V — Vis ib i l i t y  in miles , fractions coded as a f loa t ing  point  dt -c i s i ia l

hhh — Height  of base of cloud layer in hundreds of feet

N~; — Literal description of cloud cover in the layer , i .e. OVC , SC]’,
BKN , CLR

lii
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TABLE 2 .16 (Continued)

hc - Ceiling layer designator , blank if not a ceil ing layer
M if a measured ceiling layer
E if an estimated cei l ing l3yer
MV or LV if the ceiling layer is var iaWe

W1, W2 W8 - Present weathers as per ~~FAS code App endix II
Table 11 — I Ref .  1

PPP - Pressure , mb

TT - Temperature , OF

TdTd - Dew point temperature , O
[’

Consecutiv~’ commas ‘ , , ‘ are used to indicate mis s ing  data i t ems .

112
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TABLE 2.17 Format for Fast Entry of Service C Synoptic Data

Line Data Lis t  
_______

1 M Mdd , HI l m ii i

2 III , Ty~ N~~, N~~, VV

3 N , N 1-~, CL, h , 
~~M ,  0H~

4 ww

5 FTP , TT , Td Td

M Mdd — Four digit  date code , aS described in Table 2.  l h

‘ H I l r n m  — Four digit t ime code , as deScfibed in 1’a i- i c  2 .  1 e~

III — Three letter station identi fier

T~ = C for synoptic data

= Nu mb er  of iavcr ej  c1~ ud (JroU PS . This  i iUi i lb  r was e ) ior a I t  ~~i
the Synoptic 11~CS5d~~e S  in our daI.I  ~~ t

~~~ Numbe r  of weathers , c-qua! to 1 b r  al l  ut  tL -Ic s’~ 1 t i L~~~~~’,~~~ I ’~~ -~~~~~1I 1’S

in our dat i set

PIT E’r essurc , n ib

TI’ = Surface temp erature , ¼)
C

Td Td = Dew point temperatur e , °C

N , N h , CL, Ii , C M ,  C~ , ‘N and ww are descr lhe l in ‘ I1u i ’ Ie

Consecutive commas ‘ , , ‘ are used to ind ica te  ii i ss ing duta  i t ’~ 1~ S

13
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TABLE 2.18 Format for Fast Entry of Radiosonde Data

Line Data List

1 MMdd , Hl Imm , III , T~,

2 to Lt ÷ 1 
- PPPP , hhh , TT , TdTd

MMdd - Four digit date code , as described in Table 2 .16

F{Hmm — Four digit time code , as described in Table 2. l o  - -

III — Three letter station identif ier

T,. = R for Radiosonde Data

= Number of levels of data

PPPP = Level pressure , mb

hhh = Level height , m

TT = Level temperature , °C

TdTd = Level dew point , °C

Consecutive commas ‘ , , ‘ are used to indicate missing data i t e m s .

134
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3 UTILITY PROG RAM

3.1 PURPOSE AND DESCRIPTION —

Numerous specidi purpose LI uULt~- 1~ ojiai’~ •‘~~~It :  c:~~-:~~.~- 1 :;~

use in performing specific tasks in the sensitivity study and demonstra-

tion run. The pur pose and description of each of these programs togethei

with a listing is given in the subsections which follow. Each subsecti’JrL

title states the name of the main program which is describe5l tn~ i € i i m

togeth er with associated subprograms. The system ort which tn~ ~JLO~~ 1dm ~~ r. .

were implemented is indicated. The program listings are given in the appendix.
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3.1 .1 Program COLUMN (Decsystem 10)

Program COLUMN reformats the printout of data via the fast

entry format. The reformatting done by COLUMN results in the data

being Output five columns to a page rather than one column as on input .

This intermediate reformatting was done to facil i tate error checking .

I —

LIt,

_ _ _ _  _ _ _ _ _ _ _ _  
5-- .5- ----~~~~~~~~~~~~~~~~~~~~ —- --~~ -- 
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1

3.1. 2 Program CONVER (Decsystem 10)

Program CONVER derives the relative UTM coordinates of each I

station in the data sam ple and genera tes the FORTRAN codes used in

subroutine CONVRT which convert the three letter station code to

relative UTM coordinates . Program CONVER utilizes subroutine UTM and 
- 

-

requires the specification of the longitude and latitude of the southwest

corner of the CFAS window and the central meridian of the window. -

17



3.1.3 Program SYNOP (Decsystem 10)

Program SYNOP converts Service C Synoptic data from the fast

data entry format to the format readable by the CFAS . Subroutine

CONVRT is called by SYNOP to supply the relative UTM cooi~dii-,ate~ ri~
the stations which are identified in the fast data entry format by th€-ii ’
call letters.

1313
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3. 1 .4 Program AIRWAY (Decsystem 10)

Progra m AIRWAY converts Service A Airways reports from the fast

data entry format to the format readable by the C FAS . Subroutines

CLOUDS and WH ETR are ca lled by AIRWAY to convert the cloud and

weather data from the fast data entry to the C FAS format . Subroutine

CONVRT is called by AIRWAY to supply the relative UTM coordinates for

the stations which are identified in the fast data entry format by their

call letters. I.

4

L
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3.1.5 Program . NEWtJTM (Univac 1106)

Program .NEWUTM derives relative UTM coordinates for all

stations In the data base. The latitude and longitude of the southwest

corner of the window , as well as the central meridian are contained in

a data statement. Subroutine .UTM Is called by .NEWUTM to calculate

the UTM coordinates. Program .NEWUTM was used In finding the

optimal location of the CFAS window , I.e. a location which would

maximize the number of stations Included within the window and its

border .

F

90 
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3.1.6 Program .CFMAIN/STAT 1 (Univac 1106)

Ma in program .CFMAIN/STAT1 and subroutine . D(ECI/STAT 1

which are modifications of .CFMAIN and EXEC1 , respectively , were used

to interpret at or’e time the airways , synop, and RAOB observations con-

stituting the complete data set for the statistical analyses and sensitivity

evaluations of the CFAS. The interpreted observations are ouput to a

mass storage file to be subsequently accessed by the routines which

create the reduced or fractional density data sets.

91
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1.

3.1.7 Progra m .INTPRT (Univac 1106)

Main progra m .INTPRT reads and print s out in a concise and

readable format a selected mass storage file of interpreted observations

created by .CFMAIN/STAT1 , .OBSTIM , or .STDENS. The purpose of

.INTPRT was to verify the contents of the fractional density data sets .

92
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H
3 .1 .8  Program .OBST 1M (Un ivac 1106)

Main program .OBSTIM reads a selected f i le  of interpreted

observations and sends to an ~issign ed  f i le  those observations t aken

between specified t imes . .UBSTIM was used to create data sets of

observat ion s pa nuing part icu tar t ime  periods



3. 1.9 ~~~gram .STDENS (UnIvac 1106)

Main program . STDENS creates the fractiona l density and silent

area data sets from the full  density set . The procedure em ployed ~n

.STDENS is specific to stations within the “Alabama Square ’s . The 3/4 ,

1/2 , 1/4 , 1/8 and 1/16 full  density and silent area data sets are

created by deleting from the full data set the observations from specific

stations .

94



3 . 1 . 1 0  Program .CFMAIN / 1JF’L (Un iv ac  i i  tTh)

Main program . CI’MA IN / l J L ~L and subprogram . EXEC I 1J !’L whi ch

are modi f ic at ions  of . Cl’MAIN and . l~~LC 1 , ~e~; pect i~’e 1y,  were designed

to create the IFI L C , J l’I LE and BA~ l t i le t~ r each ot th e tr act ional , as

well  as the f u l l  and si l en t  ~I t t ’~ t da ta set s .



1

3. 1 . 11 Program . GFMAIN/TSK3RI (Univac 1106)

Main program .CFMAIN/TSK3RI and subprograms . D(EC 1/TSK3RJ

arid .EXEC2/TSK3RI are modifications of .CFMArN , .EXEC 1 and .EXEC2.

The modified routines were used to perform only the functions involved

in analyzing the observations and creating the cloud-fog data base.

This was done to facilitate the rapid and economical evaluations of the

results obtained with the fractional and silent area data sets.
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3. 1 • 12 Progra m . Cl’S’l’AT ( Un i v a c  11 Oh )

Ma in pr& ~t 1z a in . C I’STA T r k ‘ads in  a us ‘r selected cloud — I o~ data

base (C r i M~) tr em as~ St I l l e  a r id  ca l c u l a te s  \ I r i ~~~s st d t i st ic .s ~t the

v c ~~~~ ‘r , c~ i i i  n i  , ‘ ‘ I :  i h i  l i t  v , ~ ~ nt x ~ t h t  i I i  ~ i ~i cli ~~ cove r.

[‘li t ’ t t I I ~v i n t j  ~ il  i i i t e  ~~~~ l i t  t I ‘ . e~ I’~~ A 1

• CI I i . I N C  .~~t A’lTk
• ~ ‘~ ~k [ ~

I ~: . \\ 1A 1’U R

l ’~~~’~~~t w ;  .Cl: I L l N ~~ , .Ce~V l R , .LAYCR S , .V I S I R L  and .WLA l’iiR

: ; c i I l , I t : l ’ e c t i v t  ly , t t i i  v a l u t s o~ e c i i i n~i • t o ta l  sky  c~~’ve ~~, Ia ted  c l i t . d

c~ t r , ~~i:. ‘i I i t  ~ in  I ~ i ‘:~~ nt weather  stored in 11w C FDB to det c ’rn i i i it ’

the numb~’i ‘t l i l s .- ir l i i  cnt r i e~ and sends to su b p r o q i a n i  . sTA rt~ thu on—

iii iSs  in~ n tx  t e s  t i t I n  w I t  ich the  : 1  it  i s t  ic ar e calculated .

Subpro~i iam . ~ l’A l’I’K ca lcu lates  the mean value’ and var i anc e ot

a s pec it  ic parameter  (i • e • coil i n i  , v i s i b i l i t y ,  etc.)  t Ot  a se 1cc ~i ~ni

P ground tr u th C l ’ I~t ’ . l’he cova r iance , c~ rr e lat ion cocit  ic i u t  and  i ~‘o~

mea ii squar e error ot th e  p aramet t ’r wi th res pect to ~round tru~ It C l’l ~

are a! ~o calculated by . ST..\ FPK .

h
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4 C FAS SI NS 1T 1VI TY AN ALYSiS

4.  1 ALL l~ATA

4 • I . 1 C I’AS Contr ol  Par i t i i e t t ’i i t  t t ’ tS

An a n i l v s i s  was pe i t on i i t d to  det e r m t u e  Se l u S i l  iv it  y ot the  C } ‘A~
a nt !  vs is out put to cha n¼1 es tn us ~ i inpu t t e d  c o n t r o l  par~t met er s . A ll dat a

tor ‘ t \ t arch  I t t  ‘ ‘ 002 t’ .’ and the p1 ev iou~ 1 2 lioui s w~ r e  used i i i t h e

contro l  parameter  s e n s i t i v i t y  ait a ly Sis  . i’abl ’ 1 • I con t a in s  a m i t t  ix ot

the contr ol p arametc i s ari d va lue s  used b r  e t c h  et 1 ~ scp5t r a t ~ coi i tp u t e ’i

runs  . The ~uo und t ruth  values  ot th e  control p a ram et er s  a re  idet i t  i t  ied

separa te ly  in the t able. Pach run was made by s y st  t ina t  ica 1 ly var~ i i i i

one coritro I para in et er Sit a I t  me

Rather than at t e m p t  a sub lec t iv e  comp ar i son  ot cite map ou t p u t

wit h anoth  ei tot the  m any r u n s  , a set ot oH e ’ct r y e  m et h ods was u sed to

a quan t  t t a t i v e  measur e  ot ” ‘ l i ¼ ’t 1 l t e ~ s ot t i t ” . T h r e e  s~ L ’h ni~ t i n ’

wer e used • n a me ly , correlat i on cot ’ t t i c  t en t  • root m e a n  square error (RMS1’ ) ,

and ~ rcer ~ta~t 0 0 t ~ir Id pot nt ~ in 1SS I . Pacti ot t hese  methods  was app l i ed

to the 400 t ir  id p o in t s  tor the  an a l  vs is window e tconi p t  s s i r n i  A lab ama

i.)nly those  ~ir td  p oint s wher e an ana lv s is was pos su He ~vere included in

cciii put t  nq the cor r ela ti on an d RM S1 . flie ~m r i d  po int wher e ar t  aria 1 v s  is

was not p ossib le  (miss  t r i a l  wer ’ tabul ated sep a ra te l y  and a per cent~iae’
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of mi ssing grid points was computed . Thus , a single value for each

method represents a “ goo dness of fit ” for the entir e analyzed map.

Let us now consider the control parameter values used in the

analyses , as shown in Table 4 . 1 .  The TIME and TYMOLD are const ant

values for the entir e run series because the time to start accepting

observations was alwa ys 30 minutes into the day of 7 March 1977 (to

include specials reported at 0026Z) and extended back 720 minutes in

ti me (12 hours) to include old observ ations . Two different patterns were

used to search squares for observ ations surrounding a grid point . The

ground truth values had four possible search squares to implement , 1 , L

2 , 3 , or 8 grid squ ares. All observ ations within one grid square wou ld

first be used in deriving an analysis at the grid point . If no observ a-

tions were obtained , the program would index to the second search square

value and search for available observ ations to perform an analysis . This

procedur e would be repe ated until the maximum number of search squares

allowable had been attained , i .e .  8 for the ground truth ru n . A separate

run was made using only two possible search square values , i . e .  1 and

4. The performance of this latter run compared with ground truth is

shown in the bottom row of Table 4. 2 for four meteorological parameter s ,

total sky cover , ceiling , visibility, and present weather , and for the

100

~ 



TABLE 4 . 2  Results Using Variable C FAS Control Pa r ameters

-~~ ~. Cloud C ’ver In N ,i,e Liyers
‘~ ~~~~~— - - - ,- ~ -~~~ -

~~~~ - : —; i - ~ 1 3 4 5 C. 7 t~ 4

~~ i~ -ht t i~’,, C , I 1 L ) • ’ L L t  _ -t I • i 4  - - ~4 73 • C.’t - 1 15 ‘3
‘I ~‘t L.( LI l’L ’ I I i I L .  Mi~- 11) 1 I_i 13 13 13 Li 13 Li Li I) )i LI 0 13

‘~~‘ i  i i  ‘4 - I ~~4 00 14 .!0 0. 4 3 4 30 0 4  04 0~L i st ’  I S ) ’

1 i i i I I I I i I I I
I s r ( i t Io  L1 11 13 13 Li 0 Li Ii Li 0 (i )) 13

3 Ii 0 1i Li Li )1 Li ii 13 13 0 13

1 i 1 1 I i I I I I I 1 I
i ’ IS  1 ( 1 )  4~ 13 i 3 13 13 ii 0 ii 13 13 13 13 ii

Li ii Li 13 13 L1 13 1~ L )i 3 —

1 1 1 1 1 I 1 1 1 1 I I I

~ 1S 1( — ) 4 Li i i 3 13 13 13 13 C~ 3 ii  Li 3 0 13

3 t~ 13 Ii ii Li 13 ~i )i 3 )i Li Li

I I 1 1 1 I 1 I I I I

~IS 1 ( 0 )  I L i 3 ii 0 Li Li 0 Li 3 )i 13 3 ) i 3

~i (1 13 Li Li 13 )i 13 )i 13 13 13 13

_ —>.3 —1-1 ~I-i ‘I~i ) ‘4 • 3~. - -~ — • —i ii ‘4~i ~~~~

I i I S T (3 )  :‘ ~i L 1 13 ~i 13 ) 1 13 Li 0 13 13 13
-L t ’  0 l . S  I 4 3 S .~ 3 .1 i C~ - L I  4 . -i 4~~ ~~~~~ 

‘ 7  
~~. - - . 4 :- . i

- ‘4’1 ‘~1 - > ‘~ -i - ‘4 . - i - I  - L L  - C - 1 - - - - 1  - LI 
-

(1 )i 13 13 ~i o Li Li Li
3 IIC ~~(-(  S I 1 0 -~ 3 4 3 -~

1 1 i 1 1 I I I I 1 1 I
F\~~lC ( I )  - Li 3 Li Li 1i 13 1 Li )i Li ~ 

1

Li 1) ,i 3 1~ 13 )i 1 Li ii 13 3 13

1 1 I I I I I 1 1 1 I
F\ MC)  1)  1 OLi 13 I i 13 1 Li 13 )i 13 1 13 13

)i )i 13 L1 Li 13 ii 13 13 13 0 13 13

i 1 1 1 1 I 1 1 1 I I
- ( ) i Li Li 3 ii 0 )i 13 0 0 13 13 13 13

13 13 13 Li Li 0 (1 13 13 ~ 13 13 Li

1 1 1 I 1 1 I 1 1 1 1 1 i
r\ MC ( ) - o ~~~i 13 0 0 13 ti 13 t) 13 13 )i 13 0 13

Li 0 3 13 3 Li 13 13 13 Li ~3 13 13

—7~ . ‘49 ~~~~ 1313 •~ ) 13 • ) ‘Li _ i9 - 1 )  —LI
- 13 4) 0 Ii 0 ~i )i Li 13 L1 13 )i Li

1 1 h I  0 i 1 1 1 1 1 1 I 1

I I I I I i ~49 ‘LI . L iil • -49 I i • ‘ 4 )
3 1i~i 0 Li 0 )i )i )i Li )i 13 Li 13 Li ,)

I I 3~ 0 1 I I 1 1 1 I I I

NSSQ - 2 14 . 92 .~~4 .‘4~~~~~~ . ‘3 .~~Li . ‘4 Li . 43 . ‘33 4 1  . 43 .9 i  .~~9
I~~SL 2 ( I )  - I  .1 . - 0 . ? 0.  - .! .~~ 0 . 2 . ’ 2 .  0 .~’ 0 .
ISS 13(01 4 1 3,4 0 t O i ’  7 ) 1 3  I I  13 14 I I  13 I - I  I -
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~ & I  C C I~t ~J 1i l L ) CCV t I  W i t h i n  th ~ ‘ I l l  l i t ’ Li yers S Pt ’C i t  lt ’d 111 C I ’AS to CL i \ L ’F

th e a l t i t u d e  rali q e trom th t3 S U F I I C t ’ IL ~ 3 )~ 1~s~ i li e t e l s . The coi 1~at i o n

C L I t l ~ ’ i L I I t  • 13413 F L’t ’I it  Ot I l I i S S i l i I ~fl I t l  ~\ i j l l t 5 , 1I1d (~~~1sl \ ‘ a l I l t 13 a r ’ ’ I t  —

se n ted i l l  t h a t  or a -i tor ea~’h I l t  t L L ’I L ‘1 tC~~ 1 parame t -r 15 L i ) ’ l at  i~~ l W I  1 1

NSS~~-- ., l~ s~~( 1)  1 a n i  lS~~~( 1 )  -1 . !oi  ~-k ~ ’ cover , t I l L ’ cL ’ r I  L ! I t I ¼ ~~I1 wa-

0. - l .~ , t I I 3 ’  per cent  mi~~si i i ~i U I  I i  p - l I l t  L i l t - I  w i : .  . - n t h e  l~ \~ —~1 ~va ‘:

S ~‘erc~- II t . r u e  u n i t s  ot th e  RMSL t L ii each I C I L - L ’I - I L ’L I I C a I  \ - a rL i ( ’l~ I L

thL same as those l isted in Ta~’le 1.1 .

No t ice that ot all the r u n s , t h e  o : i lv  t I I l L i t  wa 11) 11 ~ OSS Ii ’l~’ ~
- -

to obtain an analysis at a arid ~\~int ‘V.15 \VIIL ’II on ly  two  S e I I  L i i  S1~U i I C ~S LV -I -

Us e d.  A deuradat ion is a iso S i l ow l i  via the c o r r L ~ lat l O l l  ) L ’
~(’ i t  IL ’ i t  - l I t  .1 l id

RM SE tor all ii teoro loq  ica 1 var i ables .  The iveI 1~ie Ui\iV - 13tC 1 i~~ t l r . 4. t .

coin p1et~’ an analysis was 3 m in u t e s  j O F  all data and I seal ch L i Llu a r e s .

i~v h ay  i ia L ’fl l\’ two search va lues the corn puter I i  I1~ 0 I1OCOS sar\  1 01 CCII -

a l- I a :I a l V : . i s  wa s  R- ) lucej  by 15 perc ent . r i iu s  i t  is  ~ . s s i b l

to redUce t h e  CL i I i IpU t t r t i m e  s i a n i t i c a n t l ~- by  ~‘aryIIILi t i l t  I l l I i11~ ’L F L i  SC d I C I I

SOOLI r OS . The results do Show , howe\-ei- , that care must I L L ’ ex t ’ t C l  SeL i  I f l

the cno : ce (s)  of search squar e values .

The et i t c t  of chanq inq the di stance parameter , DSP • irom ~
-‘ S

to 150 t -.m had the most pronounced in f luenc e  on ch a l i a  l f l ( I  the  uial  s is
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output . The purpose of this parameter is to form a single “best rep ort ”

on weather observed by two or more very c lose stations , those within

a DSP distance of one ancther . The advantage of this parameter in the

obj ective analysis scheme is that it aliows an operatonally more

important observation to supersede a less critical nearby observation.

This procedure is applied on a variable oy variable natur e so that the

“best report ” could contain a ceiling observation from one station and a

visibility observation from another c lose station,, The intent was to use

this procedure only to handle simultaneous observations in time that

were also very close in space , say within, plus or minus , one grid unit

of the final analysis mesh. From the results in Table 4 .2  it can be

seen that increasing DSP to 150 km or , plus or minus , three grid units

is too coarse. Although this parameter has no effect on missing grid

points , it does provide the worst correlation and largest RMSE for all

thirteen listed weather variables. It is clear that this parameter is

vitally important to the quality of the analysis.

The standard DSP value of 50 proved to be perfectly acceptable

for the data dense region of southeastern U.S.A . There were no “dual”

stations reporting within 50 km of one another for this region so a DSP

of 50 was the best value to se lect to provide spatial resolution for
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ground truth analyses. A question that does not arise with this normal

type data sample but that could be important under close and conflicting

battlefield observations is , what is the optimum DSP value that pwvides

discrimination among reports , maintains spaUal resolution, yet e,ItpI I~~~~ I~~.L

operationally critical features ?

Distance and time scale factors , used to weigh the vulUe (i t ’

influence of an observation on a grid point , were varied to allow for a

range of values from half as small to twice as large as the ground truth

value , as shown in Table 4.1. The first , seconct , and tnic d ai~~taii~~~

and time constants (DIST ( ) and TYMC ( ) ) appear in the analysis

scheme to treat convective (local) , convective with Iniddle ck~uds

(mesoscale) , and all other weather conditions separately . In cjeneral,

the sphere of influence of local weather is limited to small distaiices

and time , i.e. DIST (1) = 10 , 20 , or 40 km and TYMC (I) = 2~ , 50 , cx

100 minutes . The range of the mesoscale omd other d~siancu ~ni~ t . i .j

constants is given in Table 4.1. It can be seen from Table 4 .2  that

variations in the local and mesoscale ciEtance and time COiistaiits hove

no effect upon the analysis results . The third distance and time coii-

stants that applied to all non-convective weather situations did produce

variations in th’3 computer output analyses. However , these differences
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were extremely sma ll for all variables except visibility, which should be

looked into further in view of the importance of this parameter to many

Army operations. The main point to be made is that the analysis results

are not sensitive , nor critical , to distance and time weighting factors .

Overall it can be stated that no violent changes in the analysis

due to changing input parameters were detected that would indicate my

instabilities in the analysis procedures.

• l0~
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4 . 2  VARIABLE DATA DENSITY AN ALYSES

4 . 2 .1 Correlations and RMS Errors

The ground truth CFAS control parameters described in section

4 . 1 . 1  were applied separately to every available stat ion observation

and then to variable station densities to perform a series of analyse: ;

tL ) r  002hZ March 7 , 1977.  Maps showing full , 3 4 , 1 ~
‘ ? , I ‘~‘1 , I

and 1, ‘1 b station density distributions are given in Fi gu re s 2 .  1 2 to 2 . 1 1,

inclusive . The correlation coefficient , R M S E , and percentage U t !  g r iL l

points missing an analysis were derived for each stat ion density UbIflLJ

the full data set as ground truth . These computations were ni~ dc for

each analysis of the 400 inner grid points that encompass A lalama . i’h-

correlation coefficient and RMSE computations were made only w it h

respect to those grid points where an analysis was possible. The per-

centage missing value accounts for the number of grid points where an

ana lysis was not possible even though the’ maximu.n search squar,-

available for use was eight grid units or 200 km. Figure -1. 1 s nows

that the percentage of missing grid points r e ma in s  essential ly . .~ ru UIit 1!

an average distance of 300 km or mor e exists between stations . ‘l’his

average distance of 300 km corresponds to only 1/8 the number of

stations where all are included. These missing grid poin~ results a~-

I I ) () 

-- .•  ~~~~~ - - - . - ---- - -~~~~~- _- • - • -.• • - ~~~~~~~~~~~~ - .
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Fig. 4 .1 MissIng Grid Point Analyses vs. Station Density
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independent et the t ype  ot mt ’teL)ro loqlL -a 1 vari able . It Lan also be : et’ii

f rom l itiure 4 .  1 , that thu ‘,~ I’AS iiialy:- is plegram , usit iq i max imum t i

ei t l i t  ‘ , L l t l  unit st u,-h t~~~U i L t ’ t - , t ’ ,i l i  i t t , - ’ iii iIi~l I \ ’ : - t : -  it  l i l tU i C h i m  ‘ i i i ’

1 t ie ; t i , i  i t i l i l : -  t V S t I t ~ ’ u H  ‘n~~\ S i~~~- , ;j  1 s i t I , e l l , - II

0 • 
‘

l i t  I UI t ’ .. ‘ . ‘ . ‘ ‘ - ‘ I ‘ - ‘ - i ’ ’  - I  I ‘~~~ ‘L eu H.

I~ t \V ‘ ‘ii ~t ,it ittn:- 111, - i  c,i :- ‘s • t ” 
~. ‘C  u, - i i hl ~V CI  e ‘Lii i t t  ‘ ti i t !  It ‘i ii

l i l t  t ’o rol hJ ica I viriiL It -:’ , ;L ~~
‘ 

~~
‘ ‘vet , 1 : - i  ‘ii it y C l  Ii i i i  , a ILl ‘; es ,  i t t

Al l  t i t ’c my cui’vL -; ; i t t ’ 1 ( 5  ‘ iiil t ly \VL ’h l  ht t ’ i i , t ~’ ’ J  t -\L ~
( - l ’ t I~~I O t t ’

t )i t ’.V~’ i ’ i I i t s  Oil t h e  et -I l i l i t i  L h l S } ’ L l ~~ . Iii (iL ’i tCuil , i t ;  t h e  , o( ’i~~iq t ’ t h i s —

t~ltK ~ ,” ite tWt ’t ”ii St t ’ i t i t ’ l i t ;  ( IOULt I(’ L I ti-ouii 1 0() to 20i) Liii , t hit CLtI ’ i’ L4 1i ion

L’U ’L ’ t t  i, R”iit tL’r sky cover auid Visll )ility dropped I L )  0 .7 which l i i e m i ) :’ t h u

~~ii ’)~ t ’ t  the variance was unexp lained . I ~on~hit ioii ;; ate even ~V I  5

anu ly;-~niti cei linUt dna pu t ’st -in wt - ,mthit’ r \‘ irii I h’:, t u t t i t i  l iilii t t ’tl ~~ t ’ i t i i t  t

- ervations . lii th us ci s~’ a doubling ot d is Ia rice L t ’t \Vt ’ , U s t a t  i~~-t

r~’ ulteti iii only abo ut I t ’ ’
~, of t he vai i~ubi h t t y  lteiiiti ex i ’ I ,mi i i t ’d.

Root liieaii : ;t t U,I i ’ t_ ’ e ruet  (l~M’~1~) ie:,u It :; i t t  i ‘ - , ‘ ; I I t ’ t i  iii l’ t l i l I t -: ,

4 . 1 to .1. ’) iou s ky  c t )V t r , v i s i l t u l i t y ,  t ’ v t l t u i t l  , anti pt e ; -t - i i t  we i t h i t -i’ . Al l

~ t h t i e s t ’ netL - t tr IL U UIIC aI V ,uulal ’ l( ’s ;- hi . ov a t’ upi d dete u’ioi’a tuou i  iii t h e

, is d istance between U lIst u \ ‘ i l i t ;  s t ~~t i ori: ; u t e r i -a t ; , -: ; from 1 Ott tL ~

2 i ) ( )  km . Bt’yLmd that point , It-h-i it ‘ra t ion t it lieu s lows down , levels ,tt
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or i niproves . The wot st R MS 1 is 20 percent tor sky cover , 1 km for

ceiling , 13 km for visibi l i ty , arid 30 category units for pr ese nt weather .

ThU if lhhtact ot d~ t~ density on the qua lily oi th ana lys is is  shown

QIti phica lly by the rapid d & - c i y  or deteriou at ioui as ~‘ L’ s~ ’ u vat  i~ i t ~~ i ~It’it s it

decrease . Another factor that is adversely mt t t ’c t t ’~i as st ,itioui Lit ’ l i S  t v

decreases in the increased running t ime required to maLt a Cesq ut , i

aiiily sis. it was found that the computer ex t ’ C k I u i t t l  t i l i ;e to ) cr tU ) r Iu d i i

a nu lys is doubled as the number cd obse rvat ion s ta t  ions deerea s 4 by a

hal t .  ‘Fe state this anothiot w ay,  lt ’~ :- data 1t’quiu~ S lo i i - i t ’i L U  ‘iii~ t i it t  t

runs. Th e roason ior this is the tac t  that the CU U f l I ;  uter tak t s t s r  C 
U

time to searc h t h e  area . ‘l’hiis 1ncrt,’a~,eS a:- thu square et tn~ i s t ~~ i~~ ’~-

to the nearest station , and , in t he process , a lai’qeu iiunto~’i ‘I ~1is t~: it

observations are found that must be interpreted and wciqhted properly

to complete the analysis at t ach grid point . It is ~~~~~ lt~1t i~
’t

this time t ’i ’ t’ ect for an~’ ~IiVen data distribution l y  ~~-l~’~ i u i iq  1k ’ .- • ~ . 1

C I’AS control para meters , such as the number urid i i i !  ei-val ot t ’ t l t  ‘11

Squar es allowable.

Although all data dens ity ana lyses , iuicltidiuit ; silent at t i , ut -et i

• only routine surface ~nd upper air ohsei va t  tons , it should be i;t ’ iht lonec

that the C FAS has the built—i n cd~)a bi1ity to incor porat& - pilot repot t s  an t

10’



meteorological satellite information. Such observations could gi-eatly
improve the available data density. At the present state-of-t he_art ,
sate llite data would definitely be helpful in improving sky cover and .
to a far lesser extent , present weather , ceiling , and visibility resuj t , .

h o

_ _ _ _ _ _ _ _ _ _  
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grid point analyses in the sout heast portion of FIgures 4. 10 to 4. 12.

The maximum number of search squares allowable for this study

was eight. Increasing the number of search squares to ten for the

northeast sector and to thirteen for the southeast sector of the map

wou ld have forced an analysis at all grid points so that there would be

no mi ssing analysis points . The CFAS search control parameter can

always be set as the greatest distance between a grid point and the

nearest observation to Insure no missing grid point analyses even in

silent areas. The further a grid point is removed from a data point arid

the smaller the scale of the phenomena the more questionable the

analysis . On the other hand, some have argued that such an analysis

expanded to include climatological and forecast or extrapolated informa-

tion would produce more reliable estimates than a pilot ’ s gues s of

si lent area conditions . The CFAS can accept forecast Information as

dat a inputs to its objective analysis. The CFAS does not presently

have , however , the capability to perform its own trend or forecast

ana lysis for extrap olating information into a silei1t area .

It can be seen from Figure 4 1 0  that the CFAS s ky cover

analysis not only has no enor s in the data region but also does re-

markably well In the silent area . It Is Interesting to note that neither

statement can be made concerning analyses of mesoscale features
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associated with visib Ility or base of the lowes t cloud , show n in 4 . 1 2

and 4 . 1 1 , respectiv ely. In both of the latter cases , lack o f statio ns

in the southern part of the data area adversely effects analyses in both

the si lent and data area . It can be stated that , iii oenera l , lot’ a l l

three weather variables , results deteriorate as dist1ii-ice j f lcrt—~~s es into

the silent area . In fact , the lar g est visibi l i ty error exceeds Ii i kin ai~ I

the largest error in t he low est cloud base exce eds 3 km . The impoitanct -

of having some observatio ns , especially of mesosc ale feat ures , can nt’l

be overemphasized , and , as discussed previously, reconnaissance or

sate llite reports woul d be valuable additions to silent area ana lyses. r
This is furt her emphasized by the ‘ good ness of fit ’ results shown in

Tab le 4 . 3 .  In this table the correlation coefficient • percen t of missin g

grid point ana lyses , and RMSE are tabulated for nine meteorolo g ica l - 

-

variab le analyses complet ed within the 500 km squ are reg ion th at in-

c ludes half a data rich and half a silent area . A maximum ot IlL 3 ’~

of the grid po ints were missing an analysis for the first cloud laye r ,

wh ereas all other variables had a 16 .5% missin g data analysis rate .

The correlation coeffi cients and RMSE values were the lowes t and

highest , respective ly, for such weather variables as cei ling and layere d

c loud cover. A corre lation coefficient of only 0 .31  was obtained for
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TABLE 4. 3 Silent Area Goodness of Fit Values

•

Corre lation Missing
Coefficient Grid Points RMSE 

- - :
Sky Cover .88 16. 5 14%

Cei ling .55 16 .5  .96 km

Visibi lity .94 16 .5  2 .9 km

Present Weather .94 16.5  9 category units

Cloud Layer 1 .31 18.5 23%

Cloud Layer 2 .46 16.7 25%

Cloud Layer 3 .51 16.5 24%

Cloud Layer 4 .61 16.5  31%

Cloud Layer 5 .58 16.5  38%

Cloud Layer 6 .77 16 . 5 28%

Cloud Layer 7 .91 16 .5  1-5%

Cloud Layer 8 .7 9 16 .5  23~\-

Cloud Layer 9 .73 16.5 25%

IA
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the percent clo ud cover In the f irst layer wh ich extends from the surface

to 45 meters above ground level (AGL) . The correlation Improved for

percent cloud cover within the second layer (from 45 to 91 meters AGL)

and essentially continued to improve for each successively higher layer .

Thus , the greatest difficult y in analyzing percent cloud cover within

particular layers occurred In layers closest to the ground . It is pre-

cisel y in this region that there were fragmented clouds and low scud which

drift rapidly Into and out of sight of the observer and present the

worst objective analysis results .
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• 5 ARMY AVIATION WEATHER
DEMONSTRATION MATERIAL

5.1 MAP DISCUSSION OF RESULT S

The pur pose of this section is to demonstrate a variety of

capabilities that are possible using computer applications to Army

aviation weather problems. In order to appreciate some of the problems ,

a typical teletype weather report is reproduced in Fig. 5.1. The problem

that a pilot encounters in attempting to acquaint himself with the

current weather is compounded by the fact that weather information is

coded primari ly for meteorolo gists , requires a knowledge of loca l

station call letter s and/or numbers , is fi led on cli p boards according to

FAA transmission circuit number , or appears on diff icu lt to read facsimile

weather charts . In order for a pilot to obtai n the latest weather sigriifi-

cant to his f light it is necessary for him to screen or sift throu gh all

speci al weather observations to obtain and dec ifer those important to

his mission. Often on urgent missions and in the hustle of immed iate

operation s it is not possible for a pilot to maintain proficienc y in his

primary function whi le maintaining cognizance of weather restrictions on

his performance.

The present Arm y weather supp ort system evolved fr om ex-

tension of the labor Intensive conce pt of having trained meteorolo gists
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providing pilot we ather briefings. The time period of the 1980’ s and the

expected avai lable trained personn el and support logistics sugg est that

an automated method of providing we ather information can not only

provid e better , up to date , and oi~erat ioiia lly tailor ed information, but

can do so in a manner  th a t ~rcat 1~- reduces manp ower while increasing

efficiency within a battlefiel d environment. -

A pilot controlled and oper ated computer weath er system can

provide upon his command not only the latest update of weather informa-

tion tailored to his needs but can also provide the past sequence of

events and , if necessary, can provide a short -time projection of future

weat her events .

For any geogra phica l or wea ther analysis region , the co mput er

can provide su ch operationally important features as the top ography and

geop o litica l boundaries upon which an analysis can be made. For our

pur poses , Fig . 5 .2  shows these features for the Alabama region whei c

we wi ll focus our attention for this study to demonst rate some of the

produ cts that are possible to support Army operations .

Before proceeding to discuss the many figures that des cribe

the computers capability to present time series of weather events or

many weather events for one time period , it should be mentioned th at
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this is ~ very limited sample of what is possible. It should also be

emphasi.’ed that in order for the maximum benefit to be achieved from

automated weather applications to Army operations , it is necessary that

both the Army operational and meteorological community identify their

mutual problems , assign priorities , and work collectively to attain

defined goals.

We have se]ectcd a time ser ies of meteorological events

that would be of interest to aviation personnel. Computer analyses

were made at odd times to be more characteristic of pilots inteiroga t:ii’:

the computer terminal on a random basis. The time series analyses are

given for five meteorological variables. Figs. 5 .3  Lo 5 . 7  p rc~~e:~t ~~~~~~~~~~

puter analyses of per cent sky cover for five separate times beginning

2130Z 2€, February 1977 and ending 0640Z 27 February 1977. Figs. 5 .8

to 5. 11 present  the height of the lowest cloud base beginning 004tJZ

and ending 0640Z 27 February 1977. Figs. 5.12 to 5.15 present t Oe

ceiling height and Figs. 5.16 to 5.19 depict the horizontal visibility

at the surface for the same time interval as the lowest cloud base

analyses. Fig. 5. 20 to 5. 24 also cover the same time interval , plus

an additional analysis of present weather conditions at L)720Z

27 February 1977. A color code was used for all the analyses to depict
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categories of weather conditions . In all cases , red was used to indicate

the worst aviation weather conditions , then came yellow, green, and

blue, in that order , with white areas representing the best flight weather.

Sky cover analysis for 2130Z 26 February in Fig. 5.3 shows

the series begins with most of the area having clear or partly cloudy

skies . Only in the southwest and northwest corners do broken clouds

exist. Four hours later , Fig. 5.4 , spotted regions on the map have

overcast conditions but as time progresses , the entire area , as seen in

Fig. 5.7 , becomes engulfed by nearly an unbroken solid mass of clouds .

The lowest cloud base analysis series shows the detail

character that is attainable with the computer system . This is one

parameter that is difficult to obtain a mental picture of what exists by

reading teletype reports . It is also a parameter that is not routinely

analyzed and transmitted on the facsImIle circuit. Yet it is a parameter

that has value , especially to helicopter pilots that do not have

sophisticated instrument s to fly In clouds . Notice In Fig. 5.8 , there

are two small regions where the lowest cloud bases are below 0.15 km .

The corresponding sky cover m~ , Fig. 5.4 , shows overcast skies for

these same areas but the ceiling map, Fig. 5.12 , shows the overcast

skies are above 1 • 2 km. A correspondin g map , Fig . 5. 16 , shows

132
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visibility exceeds 4 km for the same geographical location as those low

clouds while the present weather map, Fig. 5. 20 , shows fair for one

and rain for the other location. Thus , by looking at several of these

maps for the same time period one can obtain a good mental picture of

weather conditions prevailing at a given location. This feature will be

demonstrated more in the later discussion on Figs. 5 .25 to 5.33.  As

far as the lowest cloud base map series is concerned, the patchy

nature and detail of this variable is clearly illustrated along with its

rapid time changes as shown in Fig . 5.8 to 5. Il. Field Army flights

are frequent but usually less than an hour in duration. Having a

system that keeps a pilot “weatherwise ’ of the latest details would

prove valuable in planning and executing a mission .

H Categories desired for displaying an analyzed variable can

be inputted by the user to provide flexibility in satisfying requirements

of different missions . Since most Army flights are flown at altitudes

below 1 . 2 km , the ceiling and lowest cloud height categories were

chosen to provide analysis resolution in the lowest layers . A cloud

cei ling is only reported for those clouds that cov er a sufficient portion

of the sky to constitute either broken or overcast conditions . For this

reason considerable differences exist between the lowest cloud base

L— 
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maps and the ceilin g ttme series maps in FIgs. 5.12 to 5. 15.  Very

low ceilings , below 0.15 km , remain stationary in the southern part of

Alabama while very low ceilings move systematically from west to east

across the northern part of the state. Horizontal ~-tsi b i l i ty ‘ i ins the

series exceeding 4 km for all but a small (25 to 50 kin) portion ot the

m ap, Fig . 5. 1 t~ . Only the southern part ot the s tat e  exper iences

visibilitics less than 1 km and (or two different reasons . A small strip

of low visibilit ies produced by toq remains st at  ~ in t he southeast

corner of the state . Those low visibi li ties in the southweste rn cot n -r

of the map, Fig . 5. 19 • are i’odnced by ra l  ii from thunderstorms , a:

shown in Fig . S . 23 . f~t a ti Ia I-ice it is pt s ib Ic to delineate i eu ions ot

high visibility and to track the movement or stagnation el v Is ihi I i t  les

within operationally defined cat eqories

Present weather analyses begin with a touch ot snow , rain ,

and showers or thunderstorms , I’iq . . 20 , but most ot Ala bam a is ui~id -m

the influence of (air weather . Three hours later • in Fig . . 21 , t he

snow In the nor th has changed to rain , the r a i n  in the south has stopped

thunderstorms remain In the west but beg In to appear in the noi th ahead

of the steady rain , and radiatlonal cooling under fair skies has resulted

In fog conditions in the southeast corner. An hour and halt liter ,

Fig . 5.22 , the radiation (o~i remains , the rain returns  in the south and

1 :3-1
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expands In the north , and showers and thunderstorms ring the northern

- r~uin area . After another hour and a half , Fig . 5.23 , rain and showers

progress southeastward and the radiation loq rem ains entrenched in the

southeast corner . Only 40 minutes Iatem , [‘ iii . 5. 2-1 , a 20t) km wide

band of thunderstorms ex is ts  about a northe.i st — southwest ax is  ex t  end m im ~

from CIIA (Chattanooga , TN) to M1~W (Mobile , Al-) w hj le the :;out l ic- ist

radiation leg continues to pets i :- t . t_ ~o in put er analyses ol t i- ic la tes t

present wea th or phenomena should find ~~rea t acceptance by pilots and

prove to be very bt ’ mn- t ic i ~m l .

At any one instant in time , a pilot m a y  wish to s-mew all

weather variables that exist with in his area et i nI em e:; t . Such a set 1:;

p. ovided in I’i~ms . S . 25 to 5. 33 tom nine weather paramott ’rs . ‘flie entire

st at e of Ala bama has overca st s k i e s , I’mg . S.  25 , with a qeod port ion et

it containing low clouds , Fig . 5.  2b , who:; e l’a :; r:; are Ic:;:; than 0. -~ km.

Although all of Alabama has a cloud ceil in~i , only the nort l iemmi 
- 

a i-id

southern portions have ceiling s below 0. t~ kin • l’hl . S.  27 . It is

interesting to note t hat only s~nithcrii pol l lens ex pet i em ice low \ I S ibil it irs

Fig . S . 28 , pm oduced by to~ in the ea :;t , ra in  i ii the iii mdse ~ t ion , amid

showers in the western part ot the state , ~ jg~ S. 2~
)

A pilot may wish to have information tailored to h i : -  Iii g hI

altitude. One suc h output is pm-esented to show the extent that a

L _ _ _ _
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particular flight layer is obscured by clouds. Figs. 5.30 , 5.31 , 5.32 ,

and 5.33 display the per cent cloud cover as overcast , broken , partly

cloudy, or clear for the flight layers from surface to 45 m , 45 to 91 m,

91 to 183 m , and 183 to 305 in AGL, respectively. Notice the detail

and structure that is attainable via the computer and how a pilot can

quickly assimilate his ability to maintain visual contact within each

layer.

A number of other candidate com puter output products include

such items as:

1. severe weather tracks

2. areas below minimum ceiling s and/or visibilities

3 . VFR and IFR flight paths

4 . vertical sections of flight plans

5. air to ground clear lines of sight

6. best flight plan for not being seen from ground

7 . best flight plan for photo recon mission

8. plus many others where weather factors influence Army
operations .

I :t~
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6 RESULTAN T MODIFICATIONS OF
CFAS-CFAR PROGRAM ELEMENTS

6.1 SUM MARY

In the course of this effort , the CFAS—CFAR was used extensively

on a large data base exhibitiny a w ide range of cloud formations , surface 
- 

-

visibilities and weather phenom~-~ion. As a result of this activity, the

need for modifications to several CFAS-CFAR program elements was identi-

fied. These modifications were prompted by one or more of the following

reasons:

1) Results of the sensitivity analysis

2) Discovery of errors or bugs

3) Improved operation of the system - 
-

The program elements affected and the modifications are described in the

subsections which follow .

6.1. 1 FORTRAN PROC .BAS E (Univac 1106)

In order to minimize the data storage and instruction code size

requirements of the C FAS-CFAR , the dimensions of several arrays con-

tam ed in COMMON (BASE) must be tailored to the number of stations or

reporting sites within the CFAS window and border and the frequency of

the reports . In order to facilitate the changes that are required when
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the window Is relocat ed COMMON (BASE) and an associated DATA state-

ment have been placed in FORTRAN PROC .BASE. This permits the

incorporation of t hese declarator y statements contained in . BASE into the

severa l sub programs which reference them through the use of a simple

INCLUDE stateme nt . The affected subprograms are: - :

. BEGIN 
- 

.GET1FW 
- 

-

.D(EC1 .ITOJ

. FIND1B .NOSECT

.GETOB1 .STOREC

.GET1BW .SECTOR

6. 1 • 2 Main Program . CFMAIN/DSK (Univac 1106)

Main program .CFMAIN/DSK which runs the CFAS was revised

to incorporate the findings of sensitivity analysis. The analysis control

parameters whose values have now been fixed as a result of this study

are now contained within DATA statements and are no longer input via

READ statements . The revised input data stream now required for TASK 3

is given in Table 6. 1. In addition to these changes , there has also

been incorporated into .CFMAIN/DSK a provision to allow the interpreted

observations to be printed Out following a TASK 2. This feature is

actuated by Inserting a SETC command in the runstream at some point

prior to the XQT command. The printout of the interpreted observations
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TABLE 6.1 Input Data Stream for CFAS TASK 3 
- -

Liuc- Data Elements Format

1 TASK , N PRT , N OWTYM 3110

2 NBKOUT 110

3 TIME , TYMOLD 2110

5 IDENT I OAG

Data Lic-ment Definition

TASK TASK 3 for an analysis at all grid points in the
w indow

NPRT NPRT 0 the grid point analysis is printed out

NPRT O no printout of the grid point analysis

NOWTYM The current clock time

NBKOUT The number of the most recent record on the
C FDB file

TIME Time of the most recent observation to be used in

the analysis

TYMOLD Time of the oldest observation to be used in the

analysis - 
-

IDENT A user  defined sixty character label which identities

the CFDB record

170
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is indepen dent of the option al echo prin tout of the observations on read-

in which has always existed in the CFAS.

6. 1 .3 Subprogram . CFMAP (Univac 1106)

A minor bug was discovered in CFMAP relating to situations in

which the nearest observation to a grid point was nevertheless distant

enough so as to produce a very small weighting function. The modifi-

cation incorporated into CFMAP established a minimum value for the

smallest weighting function. If the smallest weighting function is less

than the minimum value, a missing value is inserted at the grid point

for the parameter being analyzed.

L ~~~~~~~~~~~~~~~ 
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6.1. -I Subprogram .COMOBR (Univac 1106)

The criteria for ranking observations in the building of a best

report were modified and reordered . The criteria for ranking observations

used in creating a best report are now applied in the following order:

1 - Time of observation

2 - Type of observation

1 - Airways
2 — Metar
3 - Synop
4 - Raob
5 - AFGWC-3DNEPH

3 - Value of observation

4 - Urgency of observation

5 — Distance from best report site

5. 1.5 Subprogram .EXEC 1 (Univac 1105)

Modifications of subprogram . EXEC1 ~vere made in connection

with the use of PROC . BASE (Section . 1. 1) and the optional printout

of interpreted observation (Section 6.i ._ ).

172

- 
- 

- — - 
- - ---—-—-

~~~~~~~~~

— . -- - - - -  

~~~~~~~~~~

— --

~~~~~~~~~~

5---



--

6.1.6 Subprogram .EXEC2 (Univac 1106)

Subprogram . EXEC2 was modified to permit the incorporation of

the grid point altitudes via an INCLUDE statement . The grid point

altitudes are carried in FORTRAN PROC .GRDPOINTALT.

6.1.7 FORTRAN PROC •GRDPOINTALT (Univac 1106)

The PROC .GRDPOINTALT contains the DIMENSION and DATA

statements in which the array of grid point altitudes are stored. As is

the case with PROC .BASE, PROC •GRDPOLNTALT is dependent upon the

location of the CFAS window. The use of PROC elements and the

INCLUDE statements which are available on high levei FORTRAN’s , such

as FORTRAN V , provide a convenient and relatively error safe means of

entering semi-permanent parameters and constants into the CFAS elements.

6.1.8 Subprogram .SFDINT (Univac 1106)

A modification was made to subprogram . SFDINT to incorporate

a test and rectification, if necessary , to insure that the maximum heights

of cloud tops which are derived from weather information are equal to or

greater than the observed minimum bases of clouds .
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6.1 .9 Subprogram .SHADE

An error was uncovered in subprogram .SHADE which resulted in

the incorrect shading on most significant present weather maps of weather 
-

categories 40 — 49 The error was corrected 

I
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7 CONCLUSIONS AND
RECOMME NDATION S

1 - Reduced station density adversely affects the accuracy of the

analysis at individual grid points sinc e more distant o tse ivat ions

must be used in analyzing the C I’AS parameters a t  the grid point.

2. The worst obj ective ana lysts  results were as expected , a s s o c i a te d

with regions having no data ( s i len t  area) and with small s pact~ and

time scale phenomena , such a rapidly moving scud type cloud -

near the earth ’ s surface.

3. The inclusion of oldei observations at stations at which there

exists current observations is of value only to the ex te nt  that

missing elements in the current observations k - i n  be suppleiu~-nte~1

by n o n— m i s s i n g  va lues  in  the older observations .

4. Reduced station density causes an increase in running tiiiie . This

is due to the fact that the CFAS is desRined to systemat ically

search square areas of increasing size around the grid point until

a minimum number of observatioti~
; I ~ found . l’he t i m e  required

for the search is inversely proportiona l to the density ot the

observations. The time impact of observation density will have to

be carefully considered when a computer is selected for operationa lly

-— - - -5 - - - -- - - -  -- -- - - - 5 - -  - -  -



implementing CFAS . It is a lso possible to modify and optimize the

CFAS for s pecific observational densities and distributions . This

should also be considered before implementation of the system.

5. It is possible to trade off analysis accuracy against computer time r:.

required for an analysis by varying the allowable search square

control parameter .

6. Consideration should be given to handling a problem likely to exist

within a battlefield environment where close and conflicting observa-

tions dictate the need for a technique that provides discrimination

among reports , maintains spatial resolution , yet emphasizes

operationally critical features -

7. The distance and time factors used to weight the influence of

distant observations to a grid point value proved totally adequate

to handle all meteorological variables tested , with the possible

exception of visibility which should be €-xplo red iiior e thoioughly

in view of its importance to many Army operations.

8. No instabilities were detected in the C FAS analysis procedures .

9. A most significant result of this study was the establishment of the [

fact that the CFAS/C FAR objective analysis and display techniques

remained stable and continued to perform under excess ive variations

of control parameters and type , distribution, and density of

17ô



observations . This made it possible to fix control parameters and
eliminate these as user inputs . The computer programs have been

modified to incorporate these advances and a Univac 1100 series

compatible tape containing the new program his bc -eu deliv~-i- e~j to
Atmos pheric Sciences L~bora tory.

10. Presentations of the CFAS and C FAR analyses should be made to
Army personnel to demonstrate some possible types of output , to

solicit critical comments and support , and to generate a list of

additional products that would increase the value to Army users.
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8 A P P E N D I C E S

8.1 UTILITY PROG RAM LISTINGS
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F ROGRAM COLU MN
IIIMEP4SION PAGE ( 55,5,20)
LIO UBLE PRECISION I N F I L E r O U T F I L
LOGICAL EOF

• FALSE •
t Y P E  1

1 FORMAT ( ‘  IN PUT INFILE.EXT,INUNIT,IOUr .ExT,ouruN-r’)
ACCEPT *, INFILE,INUNI-r ,OuTFIL,Ic)uT
OPEN (UNIT=INUNIT,FILE=INFILEPACCESS= ’SEQIN’>
OPEN (UNIT~ IOUT

,FILE=OUTFILPACCESS= ’SEOOUT’) I ,

5 Lii) 2 1=1,5 —

110 2 J=1,~~5110 2 K=1,20
2 PAGE (j,I,K)-= ’ ‘ - s

[‘0 10 1=1,5
110 20 J=1y55

REAL’ ( INUNIr ,30 ,ENLu= 31) ( P A G E (J , I , K )  ~K=1 ,20)
20 C O N T I N U E
10 CONTINUE
30 FORMAT (20A1)
35 [‘0 40 J=1,55

• WRITE (IOUT ,60) ((PAGE (J,I,K),K=1,20),I=1,5)
40 CONTINUE

WRITE (IOUT,11) —

11 FORMAT (16X,100(’*’))
60 FORMAT (1X,3(20Ai~ SX),20A1~ 7Xv2OA1> H

IF (.NOT . EOF) 6010 5
GOTO 99

31 EOF= .TRUE.
GOTO 35

99 CONTINUE
ENE’
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F:.ROGRAM CONVER
INTEGER ALTPESTPNTH,LAB,1IEG,rIEG1,;1IN,MIN1,NExL~ B
REAL REFLON ,REFLAt ,CMPD,REFEST,REFNTHPLON,LAT,EASTPNORTH I 

-

OPEN (UNIT=20,FILE-= ’JACK.L’AT’)
OPEN (UNIT= 22,FILE— ’RAF-P.r’Ar’ )
TYFE 1

1 FORMAT ( / REFERENCE LONG’ )
ACCEPT* , REFLON
t YPE 2

2 F ORMA l ( ‘ REF LAT ‘ )
ACCEPT*, REFLAT
TYF - E: 3
FORMAT ( ‘ CMRLV ) 5

Ac(:;EPT*,cMRri
WRITE (5 ,4 )  REFLON,REFLAT~ CM R D

4 FORMAT (3F 10.3)
LABEL=()
CALL. UIM ( REFl...ON ,REF LAT , REt EST,  REI NTIl , CMRLi )
REAl’ (20 ,20) STATlt-4 ,riEG~ f1IN~ r’E(3 i~ M1Ni ,ALT
LON—FLOAT (t’E0)+ (Fl OAT (MIN)/60. )
LAT=FL OA T (L , EG 1) .f ( l LOAt (M IN 1)/6 0 ,)
CAL.L (JT~-1 (LON p LA T , EASt ,N0R 114, CMRD)
E S l — I N r  ( 1000 • * ( EA S T -- REFEST) )
N TI - - l = INr  ( 1000, * NORiH---R EFNTI- -l ) )
WRITE (22y 3 0 )  s rATIN ,Esr ,NTH~-A LT

10 READ (20 ,20~ ENti~ 50) STAT IN~ DEG,MIN,LIEG1~ MIN1,A LT
LADEL . —LAB EL-f iO
LON=FL..OAt (DEC ) f ( FL_ OAT (MIN )/60.
L .~ T—F LOA T ( 1’ E(31 ) +( FLOAT ( MI N1)/6 0 . )
CALL UTM ( LON ,LA T ~ EASr ,NORT HrCMRl’ )
EST :_ INT( 1000, * ( EAST -- -REF EST )
NrH=INT 1000.*thORTH---REFNTH))
NEXL AB :~LABEL+10
WRITE (22,40 ) LAI IE- :L,STATIN,NEXLAL {,EST,NTH,ALT
0010 10

20 F O R M A T  (A , 5 1 )
30 FORMA r (6x,17HIF (STArIN •NE. ‘,A3,1OH’) 0010 10~ /~ 10X ~~’JX= ’,I5,

f / ,1OX , ‘.JY= ’ ,15,/ ,1OX , ‘JZ ’ ~i:s~ /~ iox , ‘0010 500 ’)
40 FORMAt (2X ~ I3,1X ,17HIF (STAl IN •NE . ‘ ,A3,7H ’ 6010 ~I3~ /,iOX , ’JX—~’,

+ i s ,/ , i ox ,  ‘jy=~’ ,is,/ ,iox, ‘Jz = ’ ,I5,/,10X, ‘6010 500’)
50 C O N T I N U E

EN!)
8LJ8F.:OUTINE urM( LoN ,LAT ,EAST ~ NoRTH~ cMRt’ ) - -

REAL LAT , LUN, NORTH
A=63 • 782064
AREti~ 63 • 350345

• 0068147849
• 01 1453292*LAT

1 =3600 • * C CMRD----LON)
C=COS (0)
S=SINCO )
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1=8/C

1’=1. -- ( 2.*S*S)
S4 =2.*S2*D
RHO :A/ SO RT( 1. - - (6 .768658 0 E--03* S*S ))
r,-=a+c .005076492* (Q—( .5*52))  )+

f (4.29 513E- --- 05 * ( -( 1 . 5 *O)  - i32 +(S4/8 . ) ) )
XN 1 -=ARE LI * [I
D~ C*S*1.1752215E--i1*P*F’tt-=EI-f((C**3)*S*2.3015189E 23*(P**4)*

(5.— (T*T)3(9.*( (E*C)**2) )+(4.*( (E*C)**4))))
NORTH= .9996*(XN1+ (t’*RHO)) —

ti-~C*4.8481368E--06*P
i’=t’+( (C**3)*( 1 .-~(l*T)+( (E+C)**2) )*1 .8992115E 1 7 * ( P * *3)  )
EAST--(RHO*D*.9996)+5
RETU R N
END

I .
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PROGRAM SYNOP
INTEGER INUNIT,OU Ttj NT ,T ESTE R ,DAT E,TIM E ,tAYE RS ,W ET H RS ,V IS IBt ,

+ MISS NG ,N, NH,CL ,H ,C M ,C H,W ,W W ,F- F- F- ,TT ,T DT[ I ,JX ,JY ,JZ ,TY PEC
LIOULILE PRECISION :[NFILE~ OU T F I L
DIMENSION TE ST (7)

TYPE :L0
10 FORMAT C ‘ NAME THE INPUT UNIT AND INI U T FILL.EXT’  )

ACCEPT *, INUNIT,INFILE

TYPE 20
20 FORMAT ‘ NAME THE OUTPUT UNIT ANti OUTPUT F ILE .EXT’)

ACCEPT *, OUTUNT , OLJTF :[L

OPE N (UNIt — INUNIT, FILE= INFILE~ ACCiiSS= ‘SEQIN ‘ )
OPEN (UNit  OU~~UN t ,  F1LE= OUTFI L~ ACCESS-  ‘SEQOUT ’

MISSNG— ---32768
TYPEC= 3

30 REAL’ C INUNIT, 100, ENLi= 90, ERR= 40) TESTER
REREAD :1 10 [lATE ,T1 ME
REAL’ ( INUNIT,120) (TE ST ( I)~~I=1,5)

40 REREAD 130, STAlIN, TYPE , LAYERS, WETHRS , VISIBL H
REREAD 120 , (TEST ( I) , I=1,5 )
IF (TEST ( S )  •EO. / ‘)  V I S I B L =M I S S N G
I F  (TYPE ,NE, ‘C ’  •OR. LAYERS .NE. 0 •OR , WE TH RS •NE. 1) GOT O 70

READ (.tNUNS(T ,110) N~ NH~CL,H~ CM ,CH,W
REREAD 120, (TEST (I),I=1,7)
Ii- (T1 t3T (1) •EQ. ‘ ‘ ) N=MISSNG
i:r (IEST (2) •EQ. / ‘)  NH=MISSNG
t i : (TEST (3) .EQ. / ‘)  CL=MISSNG
IF (TEST (4) .EQ . ‘ ‘)  H=MISSNG
:tr (T E S T ( S )  • EQ • / / ) CM=MISSNc-;
IF (T L ST (6 )  • EG. ‘ ‘)  CH=M I SSNG
II  (T EST 7 ) . E Q .  / ‘ )  W= MISSNG

REAII (INUNIT ,100,ERR=50) TESTE R
REREAD 110, WW
0010 60

SC) WW =MIS SNG

60 REAL’ ( IN UN :T ,110)  PPP, TI, rt~rt~
RE:REAL ’ 120, (TEST ( I) , I= 1,3)  LJF (T EST ( 1)  .EQ. ‘ ‘)  P F P MISSNO

4 IF (TEST(2) •EQ. -• / ) TT MISSNG
IF (TEST(3) .EQ. / ‘ )  Tt ’T D=
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CALL CO NVRT (S TAT IN r .J X ,J Y ,J Z ~ T IME, IT IME )
WRITE (OUTUNt, 140) jX,JY,JZ,ITIME,TYPEC,VISIBL,LAYERS 

- 
-

WRIT E: (OUT UNL,140 ) N~ NH~ CL,11~ CM~ CH,W
w R] :TL . (OUTUNT ,140 ) WW ,MISSNG,MISSNG,M1ssNG,M1SsNt;,MIssNc .Mis~;Nc; H
GOTO 30

70 lY LE 80, DATE , TIMI :,STA t iN, T Y I E ~LA Y ERS.WE tHR5,V I5JBL
So FORMAT C ’  ERROR AT ‘~~2 i 7~ 2AS~ 3I4)
90 CONTINUE

100 FORMAT (11)
110 FORMAT (UI)
120 F ORMAT (f lA )
130 FORMAT C 2A ,31 )
14() F ORMAT (SIlO)

EN))
‘ U F F~OIJrINE CONV R I (~~ I A I I N , J X v JY , )L~~l 1t1k [ l IME )
INTEGER JX,JY~ JZ~ T I M E , H OUR S~ h1N

HOURS =TIME/ 100
MIN=TIME--- (HOURS* 100 )
IT IME=(HOURS*60) 4-MIN

IF (STAT IN .NE . ‘A BY ’ )  60 10 10
JX= 5821
JY= 2058
•JZ= 60
6010 500

10 Ii (STATIN •NE . ‘AGS’) GOIC) 20
JX = 7834
JY = 4169
JZ= 45
0010 500

20 IF (STAT IN .NE , ‘A NN’) 6010 30
JX~ 6552
JY — 4764
JZ:~ ~47
ijo rO 500 - —

30 i F  ~STAT IN .NE . ‘A CW ’ ) GOTC) 40
JX-~ 5097-
J Y —  46j z — 11
GOrO 500

40 IF (STAlIN •NE . ‘AlL’)  GO-to 50
• JX— 5527
JY-- 4400
.JL— 315
0010 500

50 IF (STAlIN ,NE . ‘AYS’) GOTO 60
JX = 7531
JY= 1801

-
~~
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i l— 4 o
GO lf) 500

60 IF (STA l IN •NE . ‘AVL ’ ) 6010 70
JX 7204
JY= 6439
JZ -- 661
0010 500

/0 [I- ~ST ATIN •NE . ‘DHM - )  0010 80
JX — 3370
JY -~ 4 2 ;O
JZ~ 192
6010 5O()

[Ic- IF (ST~ T I N  •N[ . 14N~~’~ 6010 90
JX— 3431
JY — 7106
J Z —  184
GO 10 500

9() ~f STAlIN •NE . ‘ By E ’)  0010 100
JX -  [316
jy

~ 389
JZ s  0
GOl f )  500

100 [I- STATIN •NE . ‘CHA’) 6010 110
JX — 47(3 8
JY’  5919
.iZ - = 210
001(3 500

110 I F ~S )AT i N  •NE . ‘(3SF ’ )  6010 120
JX— 7521
JY 5061
J~~— - 296
otJ ro soo

120 ti ( ST A l i N  .NE . ‘HSV ’ ) 6010 130
JX— 3360
JY= 5419
il— 196
0010 5O() - -

130 ii- (STA lIN •NE . JAN’ ) 60 10 J40
JX— 243
ii— 2934

) z — 101
00 10 500

1 40 ii ‘SJAT1 N •NL . ‘MCN’ ) 60) 1)  150
iX = 62~~fJ

JY— 336!
i i - - - 110
60 1(1 ~,00

t ,~
) ii ( S I A r r N  .NL. ‘1~EL ) 60 1 1) 160

• IX - — 1499
•j Y . — _ -~9_ -.~4
J Z —  94

1t~bl



- -

0010 S00
160 IF (STAlIN •NE. ‘MEM’ )  6010 170

JX= 425
JY= 5963
JZ = 87
6010 S00

170 IF ( STATIN ,NE . ‘MOM’ )  0010 180
JX= 3711
JY = 2875
JZ- 62
6010 500

180 IF (STAlIN •NE. ‘MO B’ )  6010 190
JX = 1949
JY= 1089
JZ= 67
GOTO S00

190 IF (STAlIN •NE . ‘MSY’) 6010 200
JX= 9
JY= 3S1
JZ= 9
GOTO S00

200 IF (STAlIN •NE , ‘FNS’ )  60-to- ~210
JX = 2954
JY= 842
JZ 36
GOTO 500

210 IF (STAlIN •NE . ‘SPA’) 6010 220
JX= 7764
JY=. 5891
JZ= 251
6010 500

220 IF ( STAlIN •NE , ‘TL H’ )  6010 230
JX= 5677
JY- = 779
JZ= 21
0010 S00

23() IF (STAlIN •NE . ‘T Y S ’ )  0010 240
JX= 5873
JY= 6815
JZ= 299
6010 S00

240 TYPE 250,STATIN
250 FORMAT C ’  YOU BLEW IT AT STATION ‘ ,AS )

500 CONTINUE
R E t  URN
END

1 II~
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PROGRAM AIRWAY
INTEGER JX,JY,JZ,TIME ,TYPE,VISIBLrLAYERS,WETHRS,IVISC,ICLG,ICLGv ,

+ COVAGE ( 10) ,HEIG HT ( 10 ) ’T HIN( 10 ) ,W EAT HR(7), F- RESSR ,TEMF- ,
+ LIEWFT ,MISSNG , INUNIT,OUTUNI

LOG ICAL EOF
DOUBLE PRECISION INFIIE,OUTFIL
COMMON MISSN6, INUNIT,OUIUNT
MISSN6~ ---32768
EOF= • FALSE
1 YFE [0

10 F ORIIA I ( NAIl! 1141 1 1 F F • F X 1 1)1 THE IN)- 01 111 E )
ACCE PT *
I ‘(P E 2  0
1 ORM A I C I ‘(I I T ill I 01,1 CAL UN,! I NU MBER OF tHE INF Ui F ILE )
ACE EPI *~ INUNIT
ly l E : ~o3() F i)RMAT C ‘ 1 ‘ ( IL  IHE (JUTFIJ T Fl LE • EXT / )
ACCF:F- T * O!.J rF IL
-i ‘(FE 40

40 FORMAT C ‘ TYPE TI-IF LOGICAL UNIT NUMBER OF THE OUTF-UT FILE’)
ACC EF * OU T U NT
OF-EN (UNIT~ INUN [1, F:[LE= INFILE, ACCESS = ’SEOIN’ )
OFEN (UNIT oUrUNT- F:LLE= OUT FIL, ACCESS= ’SEQOUT’

50 CALL ID (JX,JY,JZ,TIME,TYFE,VISIBL,LAYERS,WETHRS,IVISC,EOF >
IF (EOF) 61)10 6()
CALL CLOUDS (LAYERS , ICLG.. .ICLGV p COVAGE ,HEIGHT, THIN>
CALL. (4HETF4R C W ETH RS , W EA TH R FRESSR TEMP ~ LIE WFT >
CALL.. PRINT (JX ,JY ,JZ ,TIM E,TY PE,V ISI I4L ,LAYE RS,ICLG,

+ :[CLGV ,IVI SC ,W E.ATHR,COVAG E,HEIGHT ,TH IN)
6010 50

60 CONTINUE
END

SUI-IRCIIJTINE Ili (JX ,JY , IZ ,T IME ,TY F~E,V ISIBL,LAY ERS,WETH RS,IVI SC,EO F )
INTEGER JX,JY,JZ,TIME,TYPE,VISIBL,LAYERS,WETHRS ,1VISC,l’ATE
REAL. vis:tr~
LOc- .I~ CAL. EOF
D I M E N SION T E S T (S )  ,LINE (20)
COMMON MI SONG, INUN :i T~ IJUTUNT
READ (:[NLJN 1T ,40,ENEI=20) (TEST (I),I— .1,5)
IF (TEST(4) •EQ. ‘ , / ) 0010 10
IF (T E S T ( S )  •EQ. ‘ , ‘ ) GOTO 5
TYPE 4 , ( 1 E S T( I)~~I- l ,5)

4 FORM4T C ’  ERROR ‘,5A2)
[‘0 7 J=1y1()

RE:AD (INUNIT,9) (L.INE(I), I-=1,20 )
TYPE 11, (LINE (I),I=1,20)

( 7 CONTINUE
STOP

9 FORMAT (20A1)
11 FORMAT ( 1X ,20A1 )

186
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5 RII::REAL’ 50, IIATE,TIME
I IME— NEWT IM ( I IM E )
REAL’ (INUNIT,60) (TESl (I)~~I— 1r5 )

10 RE- :REAI’ 60, ( T E S T ( I ) , I = 1 , 5 )
REREAD 70~ SrATIN ,ITYPE,LAY~ R-S,WETHRS,VISIE4
CALL CONVRT (StAlIN,JX,JY ~ JI~ ITYPE,TYPE,VISIB,VISIBLyIVISC)
IF (T E S T ( 3 )  •EO . ‘ ‘)  L A Y E R S MI SSNC I
IF (TEST(4) •EQ. ‘ ‘)  W E F F - I R S = M I S SN G
IF (TEST ( S )  •EQ . / ‘ )  VIOIDi =MISSNf;
(3010 30

20 EO I =  *

3o cONI [NUE
40 )- (JFaIAI (SAl

~~C F C)Ri’IA I ( 2
( -  l- URt1~ I ~~- A )

7 F ORM AT ( 2 A , 2 [ . F )
I-~E IU J R N
I N).’

INTEGER F U N C T I O N  NEWT IM (T IME )
INrEGER HOURS~ MIN,TIME
HOURS=T IME/ 100
MIN =TIME--- (HO1 )RS *100)
NEWrm= C HOURS*60 ) +IIIN
RE: t URN
END

SUBROUTINE CONVRT (STATIN ~ JX~ JY ’JZ ’ [TYPE ,TYPE ,V ISIB ,
+ V ISIBL~ iVISC )
INTEGER JX,JY,Jl .TYPE,TIME,IVISC,HC)URS~ MIN~ ViSI1)L
REAL V I S I B
COMMON M ISSNG ,  INUNIT,00TUNI
DIMENSION LINE(20)
IF (STA l IN •NE . ‘A B Y ’ )  GOTO 10

JX=- 51321
JY=- 2058
JZ= 60
6010 500

IC- IF (STATIN •NE . ‘AGS’) 6010 20
JX~ 7834
JY = 4169
JZ= 45
6010 500

20 IF (STAlIN •NE . ‘ANN’) 6010 30
JX~ 6552
JY= 4764
JZ= 247
6010 500

30 IF (STAlIN •NE . ‘AMG’) 6010 40
JX= 9314
JY 2207

187
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JZ= 63
GOTO 500

40 IF (STATIN .NE. ‘ANB’) 6010 50
JX= 4214
JY= 4302
JZ= 186
6010 500

50 IF (STAlIN .NE. ‘ANts ’ >  GOTO 60
JX~ 7002
JY = 5396
JZ-~ 236
6010 500

60 IF (STAlIN .NE, ‘AOQ’) 6010 70
JX= 5097
JY= 46
JZ= 11
GOTO 500

70 IF (STAlIN •N& . ‘AlL’) GOTO 80
JX= 5527
JY= 4400
JZ= 315
6010 500

80 [F (STAlIN •NE . ‘AYS’) 6010 90
JX= 7531
JY= 1801
JZ= 46
6010 500

90 IF (STAlIN .NE. ‘AVL’) GOTO 100
JX= 7204
JY= 6439
JZ= 661
GOlD 500

100 IF (STAlIN .NE . ‘BHM’> GOTO 110
JX~ 3370
JY= 4278
JZ= 192
0010 500

11 0 IF (STAlIN .NE. ‘BNA’) 0010 120
JX= 3431
JY- 7106
JZ~ 184
0010 500

120 IF (STAlIN .NE. ‘BTR’) 0010 130
JX —837
Jy .. 989
JZ= 23
6010 500

130 IF (STATIN .NE, ‘ByE’) 6010 140
JX= 816
JY~ 389
JZ~- 0
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6010 500
140 [F (STAlIN .NE. ‘CEW’) 6010 150

JX~ 3609
JY-~ 1194
..iZ~ 56

* 6010 500
150 IF (STAlIN .NE . ‘C HA ’)  0010 160

JX~ 4788JY~ 5919
JZ— 210
6010 500

160 IF (STAlIN .NE. ‘Cl~V’) 6010 170
JX~ 2804
JY- 7642
JZ= 166
6010 500

170 IF (STAfiN .NE , ‘cSG’) 0010 180 H
S)X 5088
JY-~ 3133
JZ- 120
6010 500

180 IF (STATIN .NE . ‘C S V ’)  6010 190 H
JX~ 4875
JY~- 6938JZ~ 570
GOTO 500

190 IF (STAlIN .NE. ‘IIHN’) 6010 200
JX~ 4621JY~ 1794

• JZ-~ 113
GOlD 500

200 IF (STAlIN .NE. ‘t’YR’) 0010 210
JX~ 983
JY= 7021
JZ-. 105
0010 500

210 IF (STAlIN .NE. ‘FlY’) 6010 220
JX~ 5446
JY~- 4546
..JZ = 257
61)10 00

22() IF ~StAT I N .NE . ‘GLH’) GOTt) 230
JX— ~56
JY -  4256
J7- 40
6010 500

230 IF (StAlIN .NE. ‘GNV’) 6010 240
JX= 77..U

~.JY= 8~’j z~. 50
6010 500

lH~)
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240 IF STAT IN .ME . ‘GSP ’)  GOTO 250
JX~ 7521

~.JY 5d61
J/ -  296
(il ) rO 500

250 [F S I A I 1 M  .NE . ‘Owl)’) ooro 260
JX— 173
JY-  4250
JL— 41
00 I (.) 500

260 IF (SIATIN .ME , ‘HSV’) 0010 270
JX - 3360
JY= 5479
JZ :_ 196
6010 ~.i0()

~•.‘~‘0 [1 (
~.;TA IIN .ME . ‘ JA N ’)  GOT() 280
JX~ 243

~JY = 2934
JZ= 101
GOTO 500

280 iF .~STAFIM .ME . ‘JBR ’ ) 6010 290
JX ~ 151
JY= 6853
JZ= 805
t3~~10 500

29() [F (STATJ : N .ME . ‘MC B’ ) CiOTO 300
JX~: -155
JY— 1?€~0JZ— 143
O C I  0 500

300 IF STATIN .ME.. ‘MCN’ 6010 310
JX~ 62130
JY— 3367
JZ~: 110
6010 500

310 IF (STA T IN ,NE . ‘MEl’ )  0010 320
~JX— 1499
JY~- 2924
J.i— 94
0010 500

320 1 (STA l IN  .ME . ‘MEM ’ ) 6010 330
JX~ 425
JY— 5963
JZ 87
GOT() 500

330 IF (STAlIN .ME . ‘MOM’ ) 6010 340
JX ~ 3711
JY = 2875
JZ-~ 62
GOTO 500

340 II:: STATIN .ME . ‘MGR’ 6010 350
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JX 6200
JY= 1569
JZ= 88
6010 500

350 IF (STAlIN .NE. ‘MKL’) 6010 360
JX 1410
JY= 6549
JZ= 129
6010 500

360 IF (STAlIN .ME. ‘MOB’) 6010 370
JX~ 1949
JY= 1089
JZ= 67
6010 500

370 IF (STAlIN .NE. ‘MSL’) GOlD 380
JX 2582
JY= 5592
JZ= 171
6010 500

380 IF (STAlIN .ME . ‘MSY’) GOTO 390
JX= 9
JY= 351 t~

.
JZ 9
6010 500

390 IF (STAlIN .NE. ‘NEW’) 6010 400
JX= 220
JY= 400
JZ= 3
6010 500

400 IF (STAlIN .NE. ‘PNS’) 6010 410
JX= 2954
JY= 842
JZ= 36
6010 500

410 IF (STATIN •NE . ‘RMG ’) GOlD 420
JX 4833
JY= 5162
JZ= 196
6010 500

420 IF (STAlIN •NE . ‘SFB’) 6010 430
JX= 8769
JY= -886
JZ= 2
6010 500

430 IF (STAlIN •NE . ‘SPA’) GOTO 440
JX= 7764
JY= 5891
JZ~ 251
cio ro 500

440 IF (STATIN •NE . ‘TCL’) GOTO 450
JX~ 2512

191
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J Y~ 391 0
Jj:= 57
6010 500

450 11 (STA l  I N  .NL . ‘ I J X ’)  GOTO 460
JX ~ 9227
JY— 1161
J L =  11
oor o 500

460 IF (S I AT I N  .NET . ‘iLH~ ) GOTO 470
ix 5677
JY= 779
JZ~

. 21
GOTO 500

410 IF (SIATIN .NL . ‘ l w ’  ) ~3U ro 480
JX~ 152’)
JY~ 5060.J Z ~- 110
6010 500

480 iF (STAlIN .NE . ‘TYS’) 6010 490
I X -  5~J73JY~ 6815

JZ~- 299
6010 501)

490 IF (~Y1A 1 )N .N[~ • ‘VL iI ’ ) 6010 495
~. x — o / 0
J Y — 1:~ ,2
J Z —  66
i’(J T ( )  5O()

495 ly l E: 497,SIATIN
497 F ORMAT ( ‘ 6lATIN CRRIJR WITH’ ,A5)

150 7 j— 1,10
REALs (INUNi1~ 9) (L1NE(J ) , I=1,~~~
1YPE~: i1~ (L.INE (I)vI ~-i~~20)

7 C O N T I N UE
S TOC

0 F ORMA l ( 20A1 )
11 F ORMA T ( 1X ,20A1 )

500 IF ( I TYPL • ITO. ‘A ’  ) lYl E. —1
iF ( ITYPIT .co . ‘s ’  JYPE— i
VI JB1. . ’~ I N J ( V I ~. I 1 ~*10O.
1VISC=MISSNG
F~ET1JRN
EMIl
SUBROU TINE CL_OUt’S ( LAYERS, ICLG, . [ CL~.iV ,COVA(.iL , HL1t3H 1. I i N )
INTEGER LAYERS.Ic LG~ ICLGV pC0VAG E( i0) , HEf l3HT ( 10)~~TH IN’ 10) .LAYU
D i M E N S I O N  J E S T ( S )
COMMON M I S S N G ~ I N U N I T ~ O U T U N T
I CL (3~-11 I SSNG
IC LGV~ M I S S N G
Dli 10 I~:1p10

TH [N (I)—MISSNG

— - ---_t___ .. —rn. -.
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s:UvAGI: ( I =rUSSNG
HI IGHI ( 1 )=MISSNG

[0 C ON Ti NU E
41 ¼ L .A YLI(S .NC . MISSNG ) 6010 20
k’IA1’ (lNUNlT’SO ) (TETST (I),I—1 ,3)
60)0 40

20 Dli 40 LAYLk’:1,LAYLRS
REAls (INUNIT.50 ) (TEST (I),I=1.3)
REREAD 60. HEIGHT (L.AYER )P COVRGE . HOWMES
IF I TEST ( 1) .10. ‘ ‘ ) HEIGHT (LAYER )—M1SSNG
IF (TEST..2) .10. ‘ ‘ )  COV RGL—MI SSN G
11 ~FEST (3) .E0. ‘ ‘ .0k’. ICLG .NE . M1SSNG) 6010 30
ICL..L;- LAYER*10
iF ~H0WM[S .10. ‘TI ’ .OR. HOW MES .10. ‘ MV ’ )  ICLG—I CLG I1
iF (HOWMES .1(1. ‘1’ .0k . HOWNES .10. ‘IV’) ICLO-I CLGIS
IF HOWMES .1:0. ‘MV ’ .0k’. HOWMES .10. ‘IV’) ICLGV= 1

30 1 F I CUVRUC • I 0 . ‘ ‘ ) 60 IC) 40
lt ~ COVk’1;1. .1.0. ‘CL k’’ .0k’, COVRGE .1.0. ‘ -C Lk ’ ’~ COVA G F~

[ A’li k ’ — O
Xl Covk’0L. .10. ‘SCT’ .0k’. COVRGE. .10. ‘-sC ) ‘ ) COVA L (1 A~ FI~~ -3
IF i.COVRGE .10. ‘Bt~N’ .0k’. COVRGE .10. 

‘ I thN’) C0VAG L .dA~ l.k~ - ,’~IF (COVR GE .111 . ‘OVC ’ .0k’. COVRGE .10. ‘ O VC’) COVAGF LA’YLk’)-~l
II (COVRI F .111 . ‘—CLk’’ .0K. COVRGE •I(h ‘ ••

~3(’J’ .0k’.
COVRGE .10. ‘ -B kN .0k’. COVk’131 .10. ‘ OVL’ )  1HIN (L.~~[.k)~.1

40 CONTiNUE
50 F ORMA l (3A )
60 FORMAT (I.2A)

RE TURN
IN II
SUBk ’1)I .l t i N E  W HI THR (w [Tl4k’~

; , WL A T HR .Pk’[SSR . TIM)’ , [IL w i t  ~TN II. i;F.R WL T HRS.WEATHF (~ ..‘ )  .PRESSk’, i1~MP,DEWPT
DIMENSION 1151 (3)
COMMON M1SSNG. INUNIT.OUT UNT
I ’D 10 I - - i . ?

W1~~ FHR ( I )=MISSNG
L U CO N T I N U E

1 F I WI THRS • Ni • 0 • AND • WI 1 HRS • NE • hi ~~;Nt.;
R[:AI’ (INUNIT.20’ IWI ATHR (I),I=1,WETHRS )

RI.AD I INUNIT .30~ (TEST~~I 
) ,I— 1 .3)

k’EREALI 40. F”RESSR • l1:iir . hEwn
.11 TI ~;i~ 1” .10.  ‘ ) PRESSR=M)SSNC;
[1 (lIST ‘~2~

) .E0.  / ‘ ) TIMP—MISSNG
T I (TI ST 3) .i:o. ‘ ‘ DEWPT~ MI5SNG

.‘O F ORMA T I / I)
30 FORMAT (3A)
40 FORMAT (31)

RETURN
I.NO
SUBROUTINE PRINT (JX ,JY.JZ,TIME,TYPE,VISI 8L,LAYERS,lCI. L;,

+ I~’LGV, 1VISC .WEATHR ,COVAOI,HI1GHT, IHIN
INTEGER JX .JY,JZ .TIME.TYPE.VISIRL,LAYIIRS,ICLG,ICL,6V,OLJTUNI.

4 IV1SC ,WEATHR (7),COVAGE (10),F4EIGHT (10).THIN (10)
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