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1.1 . INTRODUCTION 
S

S In  t ropical latitudes where the clouds are predominant lv of

c o n v e c t i v e  o r i g i n , it is reasonable to expect that generall y the mo ic

i n t e nse rada r echoes and thus  the  g rea te r  rainfall rates would he

associated with the taller , brighter (colder) clouds , indeed , the

work of Griffith et al. (1973 and 1976) heavily supports such a con-

tent ion . Moreover, the ceiling heights and surfacL’ v i sih i l it ie s would

tend to be lower with the more intense convection. These gener alities

strongly suggest that specific relationships can be found to permit the

ident i ficat ion of such meteorological parameters direct from satellite

imagery . Further, the ability to depict radar patterns and intensi-

t i e s  from s a t e l l i t e  data  would make it poss ib le  to d e t e r m i n e  t h e  1.~c;i -

t ion of t urbulence , gusty winds , h a i l  and tornado a c t i v i t y ,  and other

parameters . This overall capability would be of obvious importance to

the U.S. Army . Accordingly, the purpose of this work was to investi gate

basLc relationshi ps between satellite gray levels and the existence of

radar echoes , ceiling height , and surface visibility in South Florida

with the ultimate goal of developing identificat i on techniques . Radar

echo/rain relationships were also exam ined.

A rather impressive collection of input data were used in the
S 

analysis. SMS-1/GOES satellite visible and I,R. transparencies were

provided by the Satellite Field Services Station in Miami . l)ig ital

_ _ _ _ _ _ _ _ _ _  _  -j
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~SR - S’ radar dat a toge the r  w i th spe cial lai n gauge and radiosonde data

~~ rt , p roy i Jed by the Nat i onal Ilurri cane and I ;xpt ’ ri menta l  Meteorology

l abora tory  . The N~ t t onal Cli mat c Cente t’ provided the surface weathe r

• obse rvat ions which cont ained ceiling hei g h t s  .tv~d su r face  v i s i h i  l i t i es

for  f i r s t  o rder s t a t i o n s . The a n a ly s i s  was performed on the hi ghly

soph i st  i cated Kennedy space Ce n t e r  Image 100 Multi spec t ra l  Image

Analy :er throug h an arrangement between the  Atmos p h e r i c  ~c i ence

Labo ra tory , W h i t  ~ Sands “l i ss  i le Range , the Kennedy Space Center (KSC)

D at , i  •-~n .ilvsi s Fa cility , and the  Un i v e r s i t y  of Miami .

The analyt ical procedure w as to contour  the s a t e l l i t e  v i s L b l e ,

I . R .  . and radar data  in to var ious  gray or intens i t v  l eve l s  ( t h e m es)

and then make comparisons of the specific values at grid point s within

the speci al mesonetwork of rain gauges installed for the 19’S FAC1i

exper iment in South Florida . The satellite/ceiling hei ght and surface

S v i s i b i l i t y  comparisons were made for the Fort ~Ivers , West P :i lm Beach ,

and Ft. Lauderdale a i rpor ts . Case s tudies  were anal y:ed for 13 . 14 .

18. and 21 August 1975 .

2 SUMMARY OF RESULTS

This b r i e t  s tudy has shown that speci f i c  relat ion ’~hips do exist

be tween  sat e  I i i  te v i s i b l e  and I .R .  gray levels  , and ~t icli pa ram et e r s  as

the ex i s t e n c e  of radar  ~‘~iioes , c c i !  i ng he i ght , and ~~iu t .~ct ’ v~ .~t h i l i t y .

i chocs w e r e  toun d to o c c u r , tho ut except ion , whemi t c sat e  l i t  te

S vi 5 ft Ic and I .R .  gray levels e ~ceeJc~l . ‘~~i lut’ o t  I S . ba sed on a

s c a l e  of 0 (black) to .~~S ( w h i t e ) .  o t  th ec~ ~ccti r rt’J ,

howeve r , w i t h  sa te  11 i tt ’  v i s i b l e  g r ay  l e v e l s el 131 - ft and 1 . R . levels

-
~~

_ _ _  S . j
~
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of ft3-l92 ; and visible levels of 131-147 and l.R . levels of l93- .~~~.

A good correlation was shown between radar echo and rain

pat te rn s over  the ra in  gauge meson etwork hut the l i near co r re l a t i o n

co e f f i c i e n t s  between the  i n t e n s i t i e s  were s u rp r i s i n g l y  l ow . The

reason for that was not c l ea r ; perhaps i t  was re la ted  t c ~ r e g i s t r a t i o n

e rrors .

It  was in t e r e s t i n g  to note that  t h i s  s tudy revea led  c lea r  re la-

t~ oii~ hi ps between s a t e ll i t e  gray leve l  and c e i l i n g  hei ght ~i s w e l l  as

su r f ac e  v i s i b i l i t y . The lowest c e i l i ng s  occurred when the visible gray

Ic~ el wa s near 100 and the I.R. level was near 130 . The lowest  s u r f a c e

v~ s i b i 1 it ies occurred w i t h  the same v i s i b l e  gray l eve l s  hut w i t h  the

i .R . l e v e l  ne ar  110 i n s t e a d  of 130. Those observat ions appeared to

he cons istent with cur underst .mnding of tropical cumulus development

An examp le wa s p r e sen ted  showing  how a rada r echo pattern could

he si mu la t ed  from theme..I s a t e l l i t e  v i s i b l e  da ta  on 13 August 1975 .

11w reprod iict ion w a s  q u i t e  good and sugges t ive  that  fur ther w ork  s h o u l d

be performed in t h i s  urea .

Finally, a ser ies  of computer programs was developed to convert

the -track N}IIiML KART di gital radar tapes t- o 9-track tapes with

suitable block size and fo nnat for input i n to  the XSC PEW 11/35

computer system .

3 CONCLUSIONS AND RECO~~IENDATIONS

This study has produced a series of findings that support our

initial contentions and thus the stage is set for additional work in

meteorolog ical parameter depiction from satellite imagery . From the

A - - __~
_ _  SO — _.~. ..-.. ~~~~~JL -
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operational standpoint it would be quite handy to be able to push a

button and produce a complete , simulated , radar display from sat ell ite 
S

image ry . Therefore, not only should more work he performed on pattern

relationships , but the effort should be large enough to investigate

intensity relationships as well. The findings with respect to ceiling

hei ghts and surface visibilities are suggestive that satellite imagery

potentially contains a wealth of meteorolog ical information . 
S

The Image 100 system is ideally suited for the sophistication

that is needed in this type of work . Of the many sources of possible

errors , it is essential that registration errors be heh! to a minimum .

The electronic stacking capabilities of the Image 100 system provide

unpara l l eled accuracy in registration. Moreover , the system has a

multispectr al capability that received only cursory use in this study

because of analytical time restraints. Future work should utilize

that capability .

It is recommended that film ganuna be normalized in future studies

and that taped satellite products be used as available. Other proce—

dures should be standardized such as using the same aperture setting

of the lens , the same gray level range of themes , etc. For this m i -
tia l study such rigor was not requ i red.

- - - ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~
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Lake Okeechobee , see Figure 1 , and contained 6o tipping bucket rain

gauges , see Figure 2. The rainfall rates in inches/l5 minutes were

converted to mm/hr for comparison with the radar data.

Official NWS surface weather observations served as the basis

for the ceiling height and surface visibility input data. The record

observat ions were taken approximately 5 minutes before the hour but

special observations were taken as necessary .

2.2 SELECTION OF CASE STUDIES

A f t e r  rev iewing the a v a i l a b i l i t y  and q u a l i t y  of the input data ,

th e  four cases as shown in Table 2 were selected for spec i f i c  study .

It was felt that the rainfall data slightly later than the radar data

would produce more realistic correlations. Even though the time

departures of the ceiling height and surface visibility da ta ranged

between 5 and 25 minutes from the other data , the values were consi-

dered to be reasonably reliable in li ght of the earlier or later

surface observations .

The da il y ra infall pat te rns for the case dates are shown in

Fi gures 3-6. The rainfall on 13 August occurred mostly near Miami

and just southwest of Lake Okeechobec . On the 14th the rainfall occurred

mostly over the center of the peninsula. The rainfall was predominately

just inland from the east 5tnd southwest coasts on the 18th. And the

ratmi fal I was near the west coast  on t he 21st - Thesc were COIISji1 -red

to be represent at I ye patt e m s  for the South Plori ila area -

The 2 1~ OZ radiosondo soundings  taken ~ t hc 1975 FAC1~ Field

Observation Site arc shown in Fi gures - 10. ‘I’he sounding on 13 August

— ___S_S_
~~~~~~~
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PRINTO(7I’ 2130Z 1930Z 191 ’,: ~~~~~CODE ij A UG 75 114 AUG 75 18 AUG 75 H AR ; “

1.08 — 6.16 1 ~~~ — 3.~? 
— 

“ ~ 
— S t ., ’

— 12.31 3.27 — 6 .5 3  1. — ~~~~~ -~~,
‘‘o — - 

.

2 12.11 — 18.47 6.53 — 9.80 t . Ot ’ — 9.98 o.’~~’ —

1 18.14? — ~~~~ 9.80 — 1.0? 9.98 — I ~~. 
11 1’~..’- - l~~.

24.b’ — ) .‘7t’ 13.07 — ‘16.34 1 ~.31 — 1t ’~~- . 1’~, C)~) —

5 30.78 — ~tt .~
) 16.34 — 19.60 lt’ .64 — 1- i .- , ’, ’ ~‘3.~ - i - ~~~. 

)

6 36.93 — li ), 0 )  1Q .6o — 2 S~~ .37 19. Q? — 2 ~~. ~~~~ ,~1• ’~~i —

7 14 3~ 09 — 49.24 ~~~~ — .~~~~~. 14 21. ‘ i~ — ~~~~~~ 
-

~ ~~~~~~~ — 
~

.
I
’

8 49.:14 — 55.40 .‘6, 14 — 29.40 26 . 2  — :) .°‘ ~‘‘ 98 —

9 55.40 — 61 .55 29.140 — 12. ”,’ .9 . Q — “ ~~• S ’~~ ~~~~~~~~ —

TABlE l — Digital radar printout code . Rainfal l  ~~~t .t : u t  In  ,~r !hi ’.

CASE DATES

S H AUG 75 Iii AUG 75 1(~ A R ’~’ 1 A R_ ?~

Satellite Visibile 2110 19 10

Satellite I . R .  2 1. ~O 1930 1 QOi ’ .‘‘

Radar 21 ~0 1Q30 l ’~l ’~ ‘1 10

Rainfall 2130 — 2 114 5 1910 — ‘i94 ’ 1 ‘~1 5 — ~0 2 1 1 ”  — :‘

Ceiling Height 21 5~ I ‘155 1 ~ 5’~
Surface Visibility 2155 1’-)S’ , I ~~‘5 . 0 ’ ~

TA BLE 2 — rimes (z) of the v~riou~; dat-a used In the e e~t ~1ud 1~’~~,

— — — S -S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -- - - -S S’-~~’
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wa s relatively dry with a superadiabatic lapse rate a t the surface .

The sounding was moist on the 14th with a relatively deep stable layer

at the surface . It was not as moist on the 18th and an inversion at

the surface extended to 1000 mb. The sounding on the 21st was slightly

drier than that on the 18th and contained a shallow stable layer at

the surface. The tropopause was located near 150 mb on each of the

case dates with the tropopause temperatures between -65°C and -71°C.

2.3 ANALYSIS AREA

The “Image 100 Analysis Area’ shown in the upper left co rner of S

Figure 1 served as the general area for registering the various forms

of data. Once registered , the satellite , radar/rain comparisons were

made at the grid points within the rain gauge mesonetwork, see Figures

1 and 2. The grid contained 180 points . The satellite , ceiling

height and surface visibility comparisons were made at Ft . Myers , Wes t

Palm Beach and Ft. Lauderdale, near the edges of the “Image 100 Analy- r
s is Area ’ . 

S

2 . 4  THE IMAGE 100 MU LTISPECTRAL IMAGE ANALYZER

The General Electric Image 100 Multi spec tral Image Analyzer at

the KSC was used to register the satellite data electronically and to

document gray levels at grid points .  A block diagram of the Image 100

system is shown in Figure 11. The CRT display contained a 512 by 512

array of pixels with a gray level range of 0 to 255. Since the radar

data were contrast stretched to assist with reg ist ’ring the satellite

data , the radar comparisons at grid points were porformed by hand
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1

~ the r than elect ron I call y i a o rde r to make opt I mum use of the

sys tem p a h i  l i t  it ’s w ithin the a 1 l o t t e d  . i i i a l y s  is  t inc .

2 . 5 L)A’fA RUG 1 STRA’I’ION

Perhaps the most criti cal j ase of the ove’ral 1 .iiialv sis was in

reg i t er i ug the ~1at a . The radar! ra in data were reg istered with respect

to eac h other by c.ire t’ully supe r impos ing  the radar grid over a r a i n

gauge I ocat ion map supplied by NIIEM L . see the fi na 1 product in i~ i gure

2 .  1% i th the exc ep t  tait of the L8 August ca~~’ , the re~ i st rat ion appeared

to be quite good. On 18 August • the- radar pat tern appea red t a be

sh i ft ed 3 it . m i lt•s west and I it • n il e sout h of the rain pa t t e rn  but

S for  cons i s t ency  those data  were not altered .

S The’ satellite visib le data we re reg istered using geographic al

teat ures and the radar data in the ‘Image 100 Aim lys is Area ’’ . I . R

da t a  were registered with respect to the ~is ible ,is well as t o  t h e

radar and geographic data. One of the advantages of using the Image

100 system for r e g i s t e r i n g  the data was that  the dat a could be’ st ored

in separate channels and then electronically stacked and shi fte~1 as

n e ce s s a ry . Three observers w er e’ invo l ved in fine t uning the re~ i st ra—

S tion .

Pictorial examples show i ng the  reg i - ~t rat ion of the radar and

the satellite vi s ible data in the ‘‘ Image 100 -\tt i ly - i s Are. t ’ a rt ’ showit

i i i  Fi gures 12- [5. The rectangul ar electronic cursor out 1 ines the

radar g r id  in the ra in gauge ‘ties onet work

- - 
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FIG.  12 - Radar echoes superimposed over s a t e l l i t e  v i s i b l e  d i i ; ,  in
Image 100 analysis  area , 13 August 1975 case. Rod - in ~w 1;i r
cursor outlines rain gauge mesonetwork .
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FIG. 13 - Radar echoes superimposed over s a t e l l i t e  v i s i b l e  d a t a  in
image 100 an-~ l y si s  area , 14 August 1975 case.  Rectangular
:ursor outliacs rain gauge mesonetwork .
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F IG.  14 - Radar echoes superimposed over satel l i te  visible data in
Image 100 analysis area , 18 August 1975 case. Rectangular
cursor outlines rain gauge mesonetwork .
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FIG. 15 - Radar echoes superimposed over satellite visible data in
Image 100 analysis area , 21 Augus t 1975 case. Rectangular
cursor outli nes rain gauge mesone twork.
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2.b ANALYSIS PROCEDURE

Numerical values of the satellite visible and I.R. gray leve l

dens ity themes for each p ixe l  w i t h i n  the mesonetwo rk grid , see F i gu r e ’

2, were tabulated using the Image 100 Printer/Plottci- . V a l u e s  for the

180 gr id  points  were then manua l ly  taken from that  a r r ay . l i l i i e s of

the contrast s tretched radar data were also tabulated hut not u s e d  i n

the grid point analysis. Instead , the unmodi f ied  data from the ~I ir i-

tal radar printout s were used ( reca l l  tha t  t osc data were already

gridded into a I n. mile mesh).

For the radar/ ra in correlat ions , the rain data were plotted

on maps like that in Figure 2 and then the  values at the F r i d  po ints

were extrapolated from the isohyetal a n a l y s i s .  S

The procedure for the s a t e l l i t e/ c e i l i n g  height . surface’ t i s i -

b i l i t y  comparisons was to tabulate the average satellite grs v lett-l
fr

for the four pixels immediately surrounding the Ft. ‘~yeis , h - s t  I ’ l l

Beach , and Ft. Lauderdale airports. The average va l ues were t h e n  cow

pared with the observed ceiling he ights and surface v i s i l ’ i l i t i e s .

2.7 SATELLITE/RADAR ECHO RI3LATIONSIIIPS

Figures 16-19 summarize the joint relationship between s a t e l l i t e

visible and I.R. gray levels , and the existence of rada r echoes it the

180 grid points. Eight themes or class intervals of density ranges

were used for each case. The numerica l values for each theme ~- i,- i ed

from case to case because of di fferences in the dynamic range of the’

observed gray levels. Unique relationships would he i n d i c a t e d  when

the contoured echo pattern (dashed) is displaced from the no c~ ho
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pattern (solid) in these figures. Relationships with overlapping

patterns would be a function of the position and strength of the echo

maximum with respect to the no echo maximum .

On 13 August there was an i n d i c a t i o n  that  echoes tended to occur

when the I.R. gray level was 94-99 and when the v i s i b l e  leve l exceeded

1S’ . It should be noted , however , that not mai~y echoes were observed

in the mesonetwork on that  date.  S

On 14 August the echoes occurred mostly with sat e llite visible

gray levels of 148-161 and I.R. gray levels exceeding lo3. There

were a substantial number of grid points with those graY leve l s , thoug h .

t hat did not contain echoes .

The pattern on the 18th shows unique r e l a t i onsh i ps with i.R. gray

Levels exceed ing 183. Actually most of the echoes were observed with
r

s a t e l l i t e  v i s i b l e  gray levels exceeding 183 and I.R. levels exceeding

1 3 .  S

On the 21st the echoes were observed mostly with satellite visible

gray levels of 141- 145 and 1.R. levels of 199-225.

Even though the film gammas may have varied, a composite of the

above four figures is presented in Figure 20. This fi gure shows that

there is a uni que relationship between satellite visible and l .R .  gray

level s exce’cding 183, and the existence ’ of radar echoes . However , most

of the echoes in thesc cases existed with s a t e l l i t e  v i s i b l e  l ev e l s  of

13 1— 21b  and I .R .  l eve ls  at ’ 1b3— 192 ; and v i s i b l e  l e v e l s  at ’ 1 3 1 — 1 4 T ’  and

I . R .  levels  of 193 -222.

- -_1.
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2.8 RADAR ECHO/RAIN RELATIONSHIPS

Radar echo and rain patterns within the mesonetwork are shown in

Figures 21-24 . The radar echo intensities are coded as shown in Table

1. The r a i n f a l l  rates have been converted to mm/hr. Aside from the 
S

13 August case wh i ch had p r a c t i c a l l y  no convection in the mesonetwork

a rea , there was good agreement between the radar echo and the rain S

patterns . As noted earlier , the echo pattern on 18 August appeared

to be displaced 1 mile south and 3 miles west of the rain pattern , but

even so, the agreement wasn ’t bad .

A summary of the specif ic  data at the grid points  is presented in

Table 3. Note that on 14 August , 72 per cent of the points with either

rain or radar echoes contained both rain and radar echoes . In genera l ,

the range of the observed radar echo and rain intensities was reasonably

S close but the linear correlation coefficients were surprisingly low .

2 .9  SATELLITE / CEILING HE I GHT , SURFACE VISIBILITY RE LATIONSHIPS

The relationship between satellite visible and I.R. gray levels ,

and ceiling height data is shown in Figure .5 . By eliminating one data

point , which represente4 a ceiling at Ft. Myers during a thundershower,

i t  is possible  to draw a smooth , hu l l ’ s eye pa t t ern  where the lowest

c e i l i n g s  occurred w i t h  a v i s i b l e  gray le vel ncai’ 100 and an I.R. level

near 130 .

Similarly, the lowest surface visihiJities, see F i gure 2t~, occurred S

with the same visibl e gray level but with an I .R. l e ve l  of 110 instead of

130. Again the same data point (4 mi vi sil ’ il ity) s.ts elim inated because S

i t  was related to an active thundershower at Ft. Myers .
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Time of Rain I)ata (~
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~
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‘

‘rime of Radar Data ( ) . ‘ I ~0 I “) 0 I ‘-) I ‘ . i i  ~
‘

Rang e of Rain Data (mn/hr) 0 - .‘ 0 - .‘,‘ - N

Range of Radar Do. t a (mm/hi ’) 1.1 — L.~ 1.( — l~~~( I~~~S — ~~~~ —

Linear Correlation ~ot’f’t’ic lent
Between Rain Intensity and
Utdar Echo Inten~ 1 ty ~ma ’~ 1 Sample 0 • 1’) 0. 0.’ 0, 01

TA BLE I — Grid Point 1~ompa r I:;oii of ’ R a in  and E,ld Lr Echo Rt t a In lA I , 
~~~~‘ -~~~~~i~~
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The observa t ion  of r e l a t i v e l y  low s a t e l l i t e  gray levels  w i t h  low

c e i l i n g  he igh t s  and surface v i s i b i l i t i e s  is cons i s ten t  w i t h  the

tendency for such meteorological conditions to occur during the early

portion of the mature stage of t ropical cumulus devolopment . i.e., with

the onslaught of the rainfall wh i ch is prior to the maximum cloud

growth and br ightnes s . Moreover , Gr iffith et al. (19Th) have shown

tha t  the maximum echo area in Sout h Fl or ida occurs p r io r  to the maxi-  
S

mum cloud area . From those observat ions  it can also he inferred that

the maximum echo bri ghtness and thus the lowest ceiling and surface

vi si hi l i t te s occur prior to the maximum cloud brig htness.

I!

2 1 0  E XAMPLE OF RAL)AR ECRO PATTERI4 DEPICTION FROM SATELLITE Vi SIBLE

DATA

One of the goals of th i s  work was to a t temp t to depict radar

echo patterns fro m s a t e l l i t e  data.  A na tu r a l  goal for fur ther  work
k

would be to ext end that  c a p a b i l i t y  to i n t e n s i t y  r ecogn i t ion .

Of the four case s s tudied in t h i s  contract , the best echo

pattern depiction occurred with the 14 August case . The actua l radar

echo pattern is shown in  Figure 27 , and Figure 25 shows the themed

satellite visible pattern that most nearly resembled the echo pattern .

The actua l s a t e l l i t e  visi b le data for this case ire shown in F i g u r e

13. ‘l’he r a th e r good agreement between the p it t e m s  i n Ft ~ures 2~
S- and

2$ is  encourag ing .  ‘ilie pattern in Figure 28 was produced ~ s i m p l y

select ing a g ray leve l range and the it  pa-~li i iig a hut  t ~~ 

~~~~~~~~~
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2 DIIIFNSIP;, A ( 5 6 5 ’ e ) ,b( 5654 )
3 00 t~3 1:1,2

C ILL N T R I N 10 ,2 ,56S4 ,A ,L)
S C A L L  ~:T i A F I 4 ,22)
6 10 CORIIN UE
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16 CALL IlT ~’A N ( 3,22)
17 CALL !JTI)~ij’(t) , 1-TI )

- -S 
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FL IJ (~~,16 ,6 K 3 ): FLD C18 ,l3 ,A( I))
26 FLU ( 18 ,18 ,~~ ( K )  IZ FL O (  0 ,1~ ,A C I D )
27 K :Ki 1. 

-

ZR 25 C0~~TrNUE
29 CA L L  fIIR MI( 3 ,1 ,5654, L3,L)
30 - C A L L  N T F~AN (3 ,22 )
51 CALL N T R A M ( 4,1O)
32 CALL NIRAN (4,22 ) r
33 

- K :! - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

3W CALL N Tr A AI(4 ,2,5~~54 ,A ,L)
35 CALL NT ~~A U (4 ,22)
36 00 3 C 1:5 654 ,1 

- - -

37 FLU (U,1 8 ,B (K )) :FLD (18 ,18 ,A (I ))
FL I1 (18,1& ) ,n(K )) FLC’(O ,13 ,A(I ))

19
30 CO?4T1NU~

L I CALL t 1i~~A N C 3 ,l, 5bS 4,B ,L)
A 2  - 

CALL N T R A ’.13 ,22 ) 
5 -

(3 WR 1 T~~(6 ,11U )
44 110 F O R ? A T I j X , ’CO P tPLE TE ’)

CALL EXIT 
- - - -

46 END

~P R T ,S DWN.S 1

- - -
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~~ , , \/ ‘ . ‘ f lW~, ~.11 IML( ICIT 1I~Tt f-P (‘(P.—7 P
1)1 ~ ‘ .3  10 ~. 1:0 1 3 1 ,2

-

~ DI ~~ ;. -; ~ I1’ , (11 1 ~~~ ) ,~~
‘ (

~~ 2 3 1 , 11 S’4 1)
‘4 1) 1;’’ 1. .; I O N  A I C I S I )  , h C i l l  G I , C ( 55 54  1
S DItl f r.s:os \t (L ’~4 )  ,Y1 (2’;),\2 124) ,Y2 (2’4 P
6 ~1 A L ( C ,1)  ~(1
7 W A 1 (,?,1 I Vi
8 -~U AD (2,1) X2
9 ~~T A D ( . ’ , 1 )  Y2

it ’ 1 F m ~~~’—~~ ; . T C ’~~r ? )
II C A L L  aI- N (4 ,2,5654 ,C ,L)

C A L L  T !’ . l ( - l ,.’ 2)
13
14 00 i~;’ii 1:1,8000
IS t C~~C A(I):0

11 00 ~‘.~L) ~JA :5qZ , 5 s 54
19 JM ;JL ,.i

~ I L  A (J0):C (JA)
JTL S I :1

- I t CON T1. ’ UC
IIL ST :i
Pç:3  

S

J — j
2 CO~’öTINUE2e~ 00 3L ’ KK :1 ,352

27 j :j 
S

2a 00 .‘ u 1 1 1 ,2
29 K :K4 1
30 00 5 12:1,2
31 1:1,1

31 M :J/3 .~
5 F~~D ( X 1 ( 1  ),Y1 (1 ) ,6(P ) ):FL I) (x 7 (I),Y2 (I ),A (~~) )

35 00 lb 13 1,3

37 00 1C 14:1, 3
-~~~ 1:1,1

J:J.I
4”)
41 ii.’ FLO(x1(~ ),Y1(T ), ;(’) ):fL0 (X2(I ),Y’(I ) ,A ( K )  I

1 ’ C ’ N T I ’ .t mC
43 CC CO~~T1NW
4:4
45 I C  ,‘

~~ , I 5 - 1 , 2

47 J J ~~1

49 , r~ f L . ) (  
~ 1 I t )  , Y 1 ( ) , t ) ~F ) ;:f LU ( \ ‘ (  Ii ‘III ,A( K ) I

So ~j c ’ - , I ,~~~‘,,c

6! •
~~~‘ 0.’:1,352

m~7 ’~ ~G l , )~~~~0.I
C A l L  ‘fl s A P a ( 3 , 1 , 2 ~~16 ,I1 ,L)

54 C A L L .  NI~i A I ( 3 ,2CI
I T ~~ - i : L T L T . 1
I F I I T ~~S 1.6(.~~) ,4 ;3 168

S 
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57 1’ Iii’ ‘.T . L T . J 1 )  C.0 TO •~ S

If (UI. ~ T .~ ~ .1) .U TO P - ~S S

I F I ~ I T ~~~ T . i ’ . . • C ) oO 1O 7 ’ S
6) II (U) :~~r •i

’
~~.. 5 )  1.0 10

Wi 1t~ (U I t  S T . t ~~~. ’. I’m) TO ~~~Q

(i I:i J1: ’.~ S

63 00 7~ JA :3 1 j ’1 ,5J 13
b4 JD~.J,. i

70.T D (’ .) t - ) ’ A ( J A )
66 03 7”! L I’ I ,bIOO
b7 701 A ( L l ’ ) : ..~

C A L L  l’ . r~~~ r ’ . ( 4 ,’ ,s~~cq ,c,L)  S

C A L L  4 1  ~A N ( 4  , T 2 )
70 DC 71’s .J A :i , 1 9 0 5
71 112 ~~L I S~~ ) : 0 ( J A )
7) J .’.:l’ Li
73 (~0 i 1~i J1 1 . 5 s ~,54

J ;- .’L • 1
15 u S  .1 ( . ~~.) : C ( j A )

J 1t~ . T : J T~~S1,117 J 1:3
78 60 TO 216
79 795 JR =r S

~
3I) DO ~~~ JA b 3 3 7 ,1 359

J9 :J(3 • 1
F 0 2  fL ) :A(JA ) 

S

33 00 S J 1  ‘P:i, &IOJ
831 A ( L F ’ ) : 3  

S

C A L L  t l T ’~ A N ( 4 ,2 , 3 ’ ,~S4 ,C, t.. )
36 L A .L N I ~’~~i-l ( i  ,:2)
b 7 DO ~~1J J A :1,1223
88 ~ 1L A ( J A ) : L ( ’ . j A P

89 J[l:1 23
91) - 

DO :1S ‘.JA :1 ,~~654
‘11 Jf4 :jLI .1
92 4~15 4 L J h) : C ( J A )
-13 J I L S T : J I L S T + I
94 J [ : 3
‘,15 GO TI ) 21 o
96 895 J0:C
97 00 9i ’J  J A : 0 3 3 7 ,ba 77
98 JL4:Jb,1

9(L’ I f  Jh ):4 ( .iA
1(A) DO ~ c i L F ’ : 1 ,( 1 U O~) 

S

lul 901 A ( L 1 ’) : ’.J
102 flQ ; r . JA ~~t ,~~41103 905 A ( j .~ 3 : F ( J A )
104 00 91~ JA :54 ’,q O U U
105 915 A ( J A I : 1 )
1u6 J 1:2
Lu? JT ~~ST :J1 t S T . 1
[08 00 T O  21 6
109 9Q9 COla l P401 -

110 WI ~IT t 6,2000I
111 2000 11.11 ~ T (!X, C 0P”P1lT(’ I
112 C A L S L  ~ X 1 1
113

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—----a-
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([1’ 1 :•

‘ i l L  P 
ft

IS -~ 1 Cm Ill ); ‘ C ( L f ’ )
If’ DC I

C,~Ll ‘~ 1~ . , .‘,2— It , A ,1
1-4 I’~~LL ~~~ ;~~ I~~,C )
19 [~0 ¶ - m $  i 1 1,7U~e
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C’ C

~Ok S11A— 06/09/76—11 :42 :-4 3

M~’mIN PROGRAM

STORAGE uSED: CO D E C L I  000065; DA TA C O )  006164; BLANIc COMMON(2) 000000

EXTERNAL REFERENCES (BLOCK, NAME )

0 0 0 3  NTNAN
0004 EX IT
0O 0’~ 

- ‘iINTNS 
-

0006 NwO U’B S

0007 (‘4102$
0010 NSTOP$ - 5_ S

S STORA ( ,E ASSIGN MENT ( BLOCK,  T Y P E ,  R E L A T I V E  LOCATION,  NAME) 
-

0 0 0 1 0 0 0 0 0 3  1 0 56 0000 006145 h O E  0001 000020 1136 000
0 0 0 0  I 005400 8 0000 1 006140 I 0000 1 006143 U 0 00
0000 I 006141 N

0 0 1 0 1  1~ 
- 

IMP L ICIT INTEGER (A—Z )
0O 10~ 2* D I M E N S I O N  A ( 2 8 1 6) , B ( 3 5 2 )
O 0 1 O~ 3* 00 30 1 1,6 5

00107 4* N 0
00110 5* CALL N T~~AN (4,2 ,2816 ,A, L )
00111 6* CALL NTRAN(4,22) 

—
0011;? 7* 

- - 
DO 2~i J=1~~8 

S

OO l1’ 3  8* DO 20 K=1,352
00120 9* N~~N .1
00121 10* 20 E~( K ) = A ( N )  

5 5

00 1 23 11* CALL NTRAN (3,1,352,B,L)
0 0 1 2 4 12* C A L L  N T R A N ( 3 . 2 2 )
0O1~~5 13~ 25 CONTINUE

5 5 
00127 14* 30 CONTINUE
0013 1 j 5*  CALL NTRAN (3,9,9.I0)
00130 16* W~’ : i T E ( 6 , 1 1 O )
Oo1 3a~ 17~ 110 F0I-CM AT( A X , ’COMELETE ’ )
00135 18* CALL EXIT
O 0 1 i~ 19* - 

ENE)

END OF COM PILA TIONS NO OIAGNOSTICS.
‘~AS (,1A 74.
-~t)SE - -. . , ‘4 . 

S —

~-~~ ( ,aT ~- O U TA PE ,I 6N,M[DPLT 
-

J 1 1 ’if. 3..OUTAPE .

R M A —~— o 6 ~/0’4 - 1 1:43

S - _______________ -— —S _ - S SSS 5~-S~~~S 
_ _ _ _ _



—

~~~~~~~~ 

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

- -S 
___  

t - ’

S

)~L ~~~~~~~~~~~~~~~~~~ U t~ 
_ - 

5- --S

~~~~Y~- ~~~~~~~~~~ 4
~~~

‘4. ~~~~~ 
(‘,-

~~
_QJ.

~ Q

• 
a
-

A ø~ u±L~

____ - - -S5 S 5 - S - S - S ~~~~~~~~~~~~~~~~~~~~~~~ - S — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --‘--S - - SS -S SSSS ~~ S S S - S  



5- -- S ~~
-- --- - 

1

b ’4

c~o~ ~~~~~~~~~ 
~~~~~~ ~~~

- ~~~~~~~~~~~~~~~ i -~:i
-c c -

~~~~~~~~~ ~~~~~~~~~~ -
~

-
~ n__ 

~~~~~~~~~~ 

‘s -) ):~:~~4.!tQ o ~~ > r)~~~~~~ (~~~~\

( 1 -  I~~ ~~~~~~~~~~ 
~~~~~~~~~~~~~~~~ ~~~~~Lto~~_

\
) )~ 

~~~~~~
A 

/ 1V

I I 
~~~~~ 

~~~~O j  I

- — ~~~~~~~~~ - —~~~~ S ’ ~~~~~~~~~~~~~~ 
_~~~~~~~~ sU~~~~~ —- S - -  ‘_ ~~~~~_5 -S ~~ -S~~~~~~~~~~~

_ —. ,_~~‘—
— -_ ._~~~~~~~~~~~~~~

__ :~~~~_



_ 
_  - - S  - S  ‘ S S~~~~~~~~~~~~~ 

_ 
_ _

_
_ _

!OW T RAN V09 ,00 1~~$ 0 3 ; t 4  09.J UNa7tA PA GE

IMPLICIT INTErER(A .Z) (ii

0002 DIM IN S ION V(2 fl
0003 DIM ENSION A (2bCi0~ ,tI(792),C (~~6)
0004 D IMI. N SIO P4 D(181) ,E(200)
0005 CA Ll. SE TF IL (b ,’LP’,IERR , LP’)
0006 CA LL SET FI L_ (4,’MT’ ,IE ,’MT ,~ )
0o07 CA LL SET F ’IL (3 ,’MT 9 ,I~ RR ,’M T ’,3)

V ((it) ‘t. ~T99
OI~09 V (~12 )a 1259 3
00 10 V ( 0 3 ) ~~t2393 S

0011 V(0 C& )~~12593
0012 V( 05)c12849
00 1 3 V (0b) 112850  S

0014 V(07)~~12 85O S

0015 _ -- 
V (0d)~~1S1øbV ( 0 9 ) ~~13107

00 17 V(10)~~12593
0018 V ( 1 t ) ~~t 23 3 6
@019
0020 V (13)o1~~336V(14)~~Q8
0022 V (l5~ ’~136l~0023
0024 V (11)~~j2337
0025 V ( 1 8 )04 9
‘1026 V ( 19 ) ’ 13 6 16
0027 v(20) .48
0028 V ( 2 1 ) ’ j 2 3 3 7
0029 V(2 2)u .21711 -

0030 V ( 2 3 ) s O  a

0032
0~ 33 V ( 2 6 ) l 0
0034 V ( 2 7 ) e 0
@035 MC IO
0036 IC~ ø
0037 CA LL WT RAN(3 ,V,27)
0038 CAL L wA IT (3) S

0039 DO 405 Is $ ,3$ -

0040 00 800 J u J , 256 -

800 C (JJs 0
0042 CALL W T R A N ( 3 , C ,25ô )
0043 CALl. WA IT(3 ) S - S

@044 609 CO NT INUE
0045 1000 CONTINUE
0946 ICO UNT ’ L - -

0041 KTEST.2376,MC
0048 JZuMC
0049 K K . M C  S  S

0030 1 C O N T I N U E
@05 1 00 10 I~~I,30052 CAL l. RTRAN C 4 ,ti ,7 9a) S

0033 CALL W AIT C4 )
0094 00 3 K’i, 792 -

0055 J Z ’JZ . l   -

0036 3 A (J f l i O ( k )
0051 10 CONTINU E
@058 JJ .0 S  ---S S - S - S

0059 
- 

00 130 It~~t,13

- S _5-S~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ - —_ -SS—’-S ~~~ - SS 5~~ __~~
___ S~’” 5 

~_~_ — - —  - S - - -S -
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?O~ THAN V09,00 16*03114 09.JUN .7$ PAGE
al t , S

0060 DO 1 130 J’1,181
00 6 1 JJ•JJ•1
006 2 k U18 2 .J
006 3 100 D (~~) u A ( J J )

00 105 4 1 , 39
00 65 105 C ( J ) a O  -

0067 DO 110 J •40 , 220 *
p
~.K$1

0069 110 C ( J ) i D C K ~
0010 00 113 J~ 22 1,256
0 1)7 1 115 C ( J ) u i t

!CaIC ,1
00,5 IF(IC ,EQ ,182) GO TO 999
01)74 CALL ~‘TI~AN (3,C ,256)
15075 CA LL W A IT (3)
15~~16 W R T T E ( 6 , 70 00) C

7000 ~“ O~ M A T ( 1 0 I 6 )
0~ 7O 250 CONTINUE
0019 5

0080 JZ1’KI (
008 1 00 200

~2 a K T E S 1 . ( K I I i 1 ) u t  S

0083 200 E ( P C 2 ) s A ( K ~~.K 1)
0084 KTESTs’c1ESy.23 S

co8 ~i DO 2 1 0  PC J ~~1, 2b0G -

0086 210 A ( 1 3 ) . c ,
~e87 00 215 K4* t, K$( - S

0088 215 A ( K 4 ) a E ( K 4 ~ 
S

~089 ICOUNTIICOUPIT ,t
GO TO 225 -S 5 S~~~~~~~~~~~~ S Soo yo t

0092 225 C O N T I N U E
0093 DO 600 J ’ l , l S l  5 - - S - - S

0094 J J ’ J J e I
0g95 K u 18 ? .J  S

0096 600 D(X)aA (JJ) S  -

S 01397 oo 605 J*14 9”S 
0098 oci s C(J).0 -

00” S 5 5 _  S S -

0~~03 . DO 610 J~~4O, 220 S

0 101
151152 610 C (J)aD (PC ) - S S S S S ~~~~~~ S S S 5 S • S

0~~33 00 615 J 221,256
615 C(J )a0

01133 IC .IC.t - 

tf (IC ,FQ .182) GO TO 999
0107 CALl . ~1 RAN t 3 , C ,25b )

CA LL w A I T ( s )   - S

0109 ~C1) .AC2558 )
E ( ’ ) s A C 2 5 5 ) 3  S

0 111 f ( 3 ) s A ( 2 5 6 Ø )  — - 
S

0112 DO 650 1O ’i , 2600
0 1 13 650 A ( X Q ) u 0

MC ’3 - S

~tts 00 675 IO~~ ,3
615 A(IO )pE(IO)

a l l y  t0 10 ioO J
151 1 8 999 CONTINUE
0119 00 ~~~ i’1, 31

-S ~i-~
____

-~~ ~~~-S— - ‘ - - S --—-- —5 - _~~~~~~~
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?~~~T RAN V 09~ 00 16 * 0 3 * 141 09.JUP1~ 7b P AG E 3

~l .g ~ DO 8115 J’1, 2Sb
C~~ 1 81~ C (J)’0

CAL L ~TN AN( 3 ,C1 256)
CA LL W A X T ( 3 )

815 CO NTINUE
0 1 5  C A LL S P C L ( 3 , 2 )

C A L L  ~A tT (3 ) S
01~~1 CALL SPCLC3 ,2)
1 5 1 8  CALL W A IT (3)

WRIIE (6,21)gu) a

201)0 F 0 R M A T ( 1 x , ’C o M P L E T E ~~)
CALL EX IT S

(11S2 END a

SECO - 
-

ROUTINES CA LL LD$ -
S E T F I L ,  WT R A N  , W A !? , R T R A N , SPCL , EXI T

OPTIONS ‘/ON ,/0P 12

B L O C K  L E N G T H  
-

MAI N , 5 104 (Q*2 374 0 )a

*eCOMPILER ...
PHASE USED FREE S 

S

OP~CL ARA T IV ES 00622 13 934
E x E L U T A U L t~S 1)lSci 3 j313 133
AS S~~MB LY 016 17  11628

I i

-S ---S -- - - - - S- -~~ - - ~~~~~~~~~~~~~ S ~~S-S~~~ - S S ~~~~-S~~


