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1. INTRODUCTION 

The reflective effects of sunglint must be considered during 

interpretation of satellite imagery because these effects frequently 

can be mistaken for clouds. Under conditions of uniform seas, the 

central and most brilliant sunglint reflectance emanates from what 

is termed the "primary specular point (PSP) 11
; ability to d.etermine 

this point's location is fundamentally important to a thorough 

analysis of satellite data . 

In relation to polar-orbiting satellite data, Fett and 

Mitchell (1977) define the PSP as "that point on the great circle 

arc perpendicular to the satellite subpoint track passing through 

the satellite subpoint and the solar subpoint where the angle of 

incidence of the sun's rays on a horizontal plane (measured from 

the local zenith) is equal to the angle of reflection of t'he sun's 

rays to the satellite in space. 11 

Fett and Mitchell (1977) describe a method for locating the 

PSP in Defense Meteorological Satellite Program (DMSP) data by a 

graphical procedure that utilizes gnomonic charts and developed 

nomograms. This present study develops a more accurate mathe­

matical procedure that can be applied to several operative satellite 

systems and can be translated conveniently into a simple computer 

program for running on a minicomputer or programmable calculator. 



2. THEORETICAL CONSIDERATIONS 

The problem of determining the location of the PSP in polar­
orbiting satellite data can be solved easily by spherical 

trigonometry if the satellite subpoint track is assumed to be a 

great circle . Though this assumption will lead to some errors in 
locating the PSP, the magnitude of the errors will be small enough 
to be acceptable for practical pur~oses. 

Figure 1 shows the geometrical aspects of one of the typical 
problem situations. If the satellite subpoint track is considered 
as a great circle, the PSP (point Qin Figure 1) can be found by 
locating the point X first. 

Step 1: 

Find the position of X, which is the point on the satellite 
subpoint track intersected by the gr eat circle arc perpendicular 
to the satellite subpoint track and passing through the sub-solar 
point (SSP) . 

Consider spherical triangle ZPO: 

0 z = 90 ° 

ZP = 90° - solar declination angle 

LOZP = longitude of ascending node - longitude of SSP. 

According to t he laws of sines and cosines (Appendix I), 

cos PO = cos oz . cos ZP + sin oz . s i n ZP . cos l OZP. 

Since sin oz - 1 and cos oz - 0 , 

cos PO = sin ZP . cos l OZP 

sin l ZPO sin oz sin l OZP sin l OZP = • . = 
S l n PO sin PO 

sin l POZ sin ZP sin l OZP sin ZP sin lZPO . = . = . sin PO 

2 



Satellite Sub-point 
Track 

z 

◄ 
•◄1----- ' I / 

-0-
•◄---- /,, 

c------1 P ◄ 

C= Center of the earth 

F= Sate 11 i te 

O= Equator crossing (ascending no de) 

P= S u b - s o l a r po i n t ( S S P ) 

Q= Primary specular point (PSP) 

X= Point on trajectory of satell i te -subpoint track where arc XP is -perpendicular to OX 

Z=North Pole 

-8= Angle sustaining the arc XQ 

8=Incident angle 
I 

Figure l. Geometrical aspects of determining PSP location 
in polar-orb i ting satellite data. 
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Consider spherical triangle XPO: 

lOXP - goo 

lPOX = satellite inclination angle - (90° - l PO Z) 
sin XP = sin PO . sin lPOX 

sin ox = tan XP . cot lPOX 

cos lXPO = cos ox . sin lPOX. 

Consider spherical triangle ZPX: 

lZPX = lZPO - LX PO 

cos xz = cos PX . cos ZP + sin PX . sin ZP . cos lz PX 

sin lXZP = sin PX sin lZPX. sin xz . 
It can be seen in Fi gu re 1 that the latitude of X = goo - xz 

and that the longitude of X = longitude of SSP + lXZP. The above 

sequence provides the basis for determining the arc of XP which 

will be used in locating Q. 

Ste2 2 : 

Find the position of the PSP (point 

IT = radius of the earth - R 

XF = height of the satellite - H 

8 = QX 

lPCX = PX 

0 1 (the incident angle) = lPCX - 8. 

Consider plane triangle QCF: 

l FQC = 180° 

l CFQ = 180° 

4 

Q in Figure l ) : 



R 
sin = R + H 

sin lFQC 

R + H 

Angle 8 or arc QX can be found through iteration of the above 

equation. 

Consider spherical triangle ZPQ: 

PQ 

cos QZ 

sin lQZP 

= 

= 

= 

PX -

cos 
sin 
sin 

QX 

PQ . cos ZP + 

PQ sin lZPX. QZ 
. 

sin PQ . sin ZP . cos lZPX 

It is obvious from Figure l that the latitude of Q = 90°-QZ~ 

and that the longitude of Q = longitude of SSP + lQZP. Ca-e 

should be taken in calculating the longitudes of points X and Q 

because of the changes in longitude designations between the 

Eastern and Western Hemispheres. 

5 



3. SOURCES OF ERROR 

Aside from the assumption that the satellite subpoint track 

is a great circle arc, other sources of error should be considered: 

a. The earth itself is not a perfect sphere. 

b. The SSP is assumed to remain constant during the satel­

lite pass through the area of sunglint. 

c. The satellite inclination angle may vary from orbit to 

orbit by as much as -!l .5 because of gravitational influences. 

d. The height of the satellite may commonly vary by ~35 km 

or more if the satellite is not launched in a perfectly circular 

orbit. During the approximate 15 min duration of the satellite 

pass through the area of sunglint, t~e error contributed by the 

great circle assumption would give t~e satellite inclination angle 

an additional variation of +2°. This would contribute, on the 

average, to a +1° variation in latit~de and +.5° variation in 

longitude in estimating the position of the PSP. Considering the 

uncertainties listed above, the great circle assumption for the 

satellite subpoint track appears to be quite reasonable. 

6 



4. SAMPLE CALCULATION 

An actual example and sample calculation are provided to 

demonstrate the use of this tec hnique in determining the location 

of the PSP; step-by-step computation is illustrated in Appe1dix II . 

Figure 2 is a DMSP satellite image for 22 August 1978. A sJnglint 

pattern east of Hurricane Kristy is very apparent extending north­

ward to the coast of California from the south at the bottom of 

the image. The satellite incli nation angle for this exampl ~ was 

assumed to be the normal 98.7° . The longitude of the ascenjing 

node for this pass was 113.5°W at 18:55:31 GMT. The latituje of 

the SSP at this time was 12.0°N and the longitude of the SSP was 

103.8°W. As shown in the Appendix II, the latitude of Xis 

estimated to be 10.5°N and longitude to be 115°W. Through the 

iteration scheme, 0 is l .2°. Finally, the latitude of PSP = 10.7 ° N 

and the longitude of the PSP = 113.9°N. 

It can be seen in Figure 2 that this point is located under 

convective cloudiness of the intertropical convergence zone (ITCZ) 

near the center of the sunglint pattern. Sunglint reflectiJn is 

not very bright in the region j ust north of this point, indicating 

that sea state in that area was not calm, but in fact rather rough, 

since this area should normally produce the brightest refle:tion. 

7 



Figure 2. 

,, 
-►;.;,,:.;} ;, 

.-::::;;,,,_:::.;;i.-:_.:. :. ·--~---~~ _ ~ . _ ~-•.~: --~:::;.i./~1~ ::~ ~r~;r.:~...::-

OMSP satel 1 i:e i mage for 22 August !1978. 
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5. SUMMARY 

A mathematical procedure for calculating the PSP in polar 

orbiting satellite data has been described. This procedure can 

be developed easily in t o a small computer program that can be run 

on a minicomputer (e.g . , HP-9845) or a programmable calculator 

(e.g., TI-59); with only a few inputs, the PSP of the sunglint 

can be located routine l y. The procedure provides a quantitative 

basis for this determination, which will be useful for research 

purposes and for pract i cal application in field analysis. The 

computation scheme must be modified, however, if the scheme is to 

be used to locate the PSP during a satellite's descending pass or 

during the period when the sub-solar point is west of the satellite 

subpoint track. 

REFERENCE 

Fett, R. W., and W. Mitchell, 1977: Naval Tactical Applications 
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APPENDIX I 

LAWS OF SINES AND COSINES 

1. The Law of Sines: In any spherical triangle, the sines of 

the sides are proportional to the sines of the iespectively opposite 

angles: 

sin a 
sin a 

sin b = ----,--- = 
s i n 13 

sin c 
sin y D • 

2. The Law of Cosines for Sides: In any spherical triangle, the 

cosine of any side is equal to t he product of the cosines of the 

other two sides plus the product of the sines of those sides 

times the cosine of their included angle: 

cos a = cos b cos C + sin b sin C cos a • 

cos b = cos C cos a + sin C sin a cos 13 • 

cos C = cos a cos b + sin a sin b cos y. 

3 . The Napier's Rules for a Ri ght Spherical Triangle: 

sin a = sin C sin a• 

sin a = tan b cot 13 • 

sin b = sin C sin 13 • 

sin b = tan a cot a • 

cos C = cot a cot 13 • 

cos C = cos a cos b • 

cos a = cos a sin · 13, 

cos a = tan b cot C • 

cos 13 = cos b sin a • 

cos 13 = tan a cot C. 

1 1 



APPENDIX II 

SAMPLE COMPUTATION PROCEDURES 

Before the PSP can be calculated, several background param­
eters must be determined: 

l. Find SD (solar declination angle). This angle can be 
found according to the day of year in the Smithsonian Tables. 

2. Find LN (longitude of equator crossing). 

3 . Find TN (time of equator crossing). LN and TN usually 
appear on the satellite image itself. 

4. Find LTN (solar longitude). LTN = (TN-12)*15, if TN >l2. 
LTN = (TN-12)*15 + l 80, if TN <l2. 

5 . Find SI (satellite inclination angle). This i s treated 
as a constant for a given satellite. 

6 . Find R (average radius of the earth). 

7 . Find H (average height of the satellite). 

A suggested computation sheet and the actual computation steps 
for the 22 August 197 8 case are provided. Because the style of 
the computation steps is very similar to that of a computer 
program or a programmable calculator program, the entire computa­
tion scheme can be transformed easily into a program for an 

available machine . All units for arcs and angles are in degrees. 

1 2 



(Suggested Computation Sheet) 

Case: 

Date: 

a. INPUT (Background Parameters) 

1. SD = 

2. LN = 

3. TN = 

4 . LTN = 

5. SI = 

6. R = 

7 . H = 

b. Memory Block: 

1 . sin ZP = 

2 . cos ZP = 

3 . sin PO = 

4 . angle ZPO = 

5. 
. . 

POX s1n = 

6. arc XP = arc PX = 

7 . sin XP = sin PX = 

8. cos XP - . cos PX = 

9. sin ZPX = 

1 0. cos ZPX = 

C . 

11 . sin PQ = 

In Spherical triangle ZPO 

1. arc ZP = 90 - SD = 

(calculate sin ZP and cos ZP and put them in the memory 

block) 

2. angle OZP = LN - LTN = 

1 3 



3 . cos PO = sin ZP . cos OZP = X = 

arc PO = cos -1 X = 

calculate sin PO and put ; t in the memory block 

4. sin ZPO = 
sin OZP = y 
sin PO = 

angle Z PO (either in first or second quadrant) = 

select ZPO and put i t in the memory block 

5. sin POZ = sin ZP . sin Z PO = 

angle POZ = 

d. In Spherical Triangle XPO 

l . angle POX = SI - (90 - POZ) = 

calculate sin POX and put it in the memory block 

2. sin XP = sin PO . sin POX = 

a re XP = 

calculate cos XP and put sin X p, cos X p, and a re XP in 

the memory block 

3. sin ox = tan XP . cot POX = 

arc ox = 

4. cos X PO = cos ox . sin POX = 

arc X PO = 

e . I n S p h e r i ca l Tri. a n g l e Z PX 

l. ZPX = ZPO - XPO = 

calculate sin ZPX and cos ZPX and put them in the 

memory block 

2. cos XZ = cos PX • cos ZP + sin PX • sin ZP • cos ZPX = 

arc XZ = 

3 . sin XPZ = sin PX = 
sin XZ 

angle XPZ = 

4 . latitude of X = 90 - XZ = 

longitude of X = LTN + XZP = 

l 4 



f. In Plane Tri.angle FCQ 

1 . angle PCX = · arc PX = 

2. Let res be the residual term in the i t •e,r a t i on schem~, 

then res = sin PCX-28 R 
sin P.CX-e · R +· H 

sin (PCX-2e 1 ) 
3. Assume e = a, = res 1 

= ( PCX-e 1 ) · ' sin R 

sin (PCX-2e 2) 
e = e2 = res 2 = I (PCX-e 2) ' s1n R 

e = 83 = 
' res 3 = 

res n = 

4. Select ek' where the absolute value of resk is the 

smallest. 

5. arc XQ = e = ek = 

l 5 

R 
+ H 

R 
+ H 

= 

= 



g. In Spherical Triangle ZPQ 

l . a re PQ = PX - QX = 

calculate sin PQ and put it in the memory block 

2. cos QZ = cos PQ • cos ZP + sin PQ • sin ZP • cos ZPX = 

arc QZ = 

3. sin QZP = sin PQ 
sin QZ 

arc QZP = 

• sin 2. PX = 

4. latitude of PSP (point C) = 90 - QZ = 

longitude of PSP (point Q) = LTN + QZP = 

l 6 



(Suggested Computation Sheet, Data of 22 Augtlst 1978) 

Case: DMSP Visible 

Date: August 22, 1978 

a. I N·PUT (Background Parameters) 

l . SD = l 2 . 0 

2 . LN = 11 3. 5 w 

3. TN = 18:55:312 = 18.922 

4. LTN = (18.92-12) X l 5 = 103.8W 

5. SI = 98.7 

6 . R = 6370 km 

7. H = 833 km 

b. Memory Block: 

l . sin 2P = 0.97814 

2. cos 2P = 0.20791 

3. sin PO = 0.26556 

4. an g.l e 2PO = 140.7 

5 . sin POX = 0.73135 

6. arc XP = arc PX = 11 .2 

7. sin XP = sin PX - 0.19422 

8. cos XP =- cos PX = 0.98096 

9 . sin 2PX = 0.99317 

l O . cos 2PX =-0 .. 11667 

C. 

l l . sin PQ = 0.17365 

In Spherical Triangle 2PO 

l. arc 2P = 90 - SD,= 78.0 

(calculate sin 2P and cos 2P and put them in the 

memory blo·ck) 

l 7 



d. 

e . 

2. angle OZP = LN - LTN = 113.5 - 103,8 = 9.7 

3. cos PO= sin ZP • cos OZP = X = 0.96416 

calculate sin PO and put ; t i n the memory block 

4. sin ZPO sin OZP y 0 . 63447 = sin = = PO 
angle ZPO (either i n first or second quadrant) 

= 39. 3 or 140.7 

select ZPO and put it i n the memory block 

5. sin POZ = sin ZP . sin ZPO = 0.62060 

angle POZ = 38. 3 

In Spherical Triangle XPO 

1 . angle POX = SI - (90 - p,Q z) = 98.7 - (90-38.3) = 

calculate sin POX and put it in the memory block 

2. sin XP = sin PO . sin POX = 0.19422 

a re XP = 11. 2 

calculate cos XP and put sin X p, cos X p, and arc 

; n the memory block 

3. sin ox = tan XP . cot POX = 0.18465 

a re ox = l O. 6 

4 . cos XPO = cos ox . sin POX = 0 . 71887 

arc X·PO = 44.0 

In Spherical Triangle ZPX 

1. ZPX = ZPO - XPO = 140.7-44.0 = 96.7 

calculate sin ZPX and cox ZPX and put them in the 

me mo r y bl o ck 

47.0 

XP 

2. cos XZ = cos PX • cos ZP + sin PX • sin ZP • cos ZPX 

= 0 . 18179 

arc XZ = 79.5 

l 8 



3. 

4. 

f. In 

l . 

2 . 

3. 

sin XPZ = sin PX 0.19753 sin xz -
angle XPZ = 11 . 4 

latitude of X = 90 xz = 90 -T9. 5 = 1 0 . 5 N 

longitude of X = LTN + XZP = 103.8 + 11 . 4 = 115. 2W 

Plance Triangle FCQ 

angle PCX = a re 

Let res be the 

then res = sin 
sin 

Assume e = 8 l = 

8 82 = 

8 83 = 

8 

8 

8 

8 

PX = l l . 2 

residual term in the iteration scheme, 
PCX-28) R 
PCX-8 R + H 

sin (PCX-2e 1) 
R 0.9 , res 1 = (PCX-0 1 ) sin R + H 

= 0.02912 
sin (PCX-20 2 ) R 1 . 0 , res 2 = (PCX-0 2 ) sin R + H 

= 0.01845 

1 . l res 3 
sin 9 .0 0.88435 0.00769 = = , sin l 0 . l 

, res 4 = 0.00335 

, res 5 =-0.01461 

l 9 

= -0.03783 

res = 
n 



4. Select ek, where the absolJte value of resk is the 

smallest. 

5 . a re X Q = e = e k = e 4 = 1 . 2 

g. In Spherical Triangle ZPQ 

1. arc PQ = PX - QX = 11.2-1.2 = 10.0 

calculate sin PQ and put it in the memory block 

2. cos QZ = cos PQ • cos ZP + sin PQ • sin ZP • cos ZPX 

= 0.18493 

3. 

arc QZ = 79.3 

sin QZP = sin PQ 
sin QZ 

arc QZP = 10.1 

• sin ZPX = 0.17549 

4 . latitude of PSP (point Q) = 90 - QZ = 90-79.3 = 10.7N 

longitude of PSP (point Q) = LTN + QZP = 
1 0 3 . 8 + 1 0 . 1 = 11 3 . 9W 
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SCRIPPS INSTITUTION OF OCEANOGRAPHY 
LA JOLLA, CA '32037 

COMMANDING OFFICER 
NAVAL OCEAN RE!:.;EAr~CH & DEVELOPMENT ACTIV ITV 
COOL 101 
NSlL STATION 
BAY ST. L□Ul S, MS 3"3S2'3 

CClMMAhJDH·JG OFFICER 
FLEET INTELLIGGNCr CENTER EURm•E & ATLANTIC 
NORFCIU<, VA 2:1511 
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C0f'ltl1ANDIN<.~ OFFICC:::R 
FLEET INTELLIGENCE CENTER. PACIFIC 
PEARL HAt=moH, HT '3(~850 • 

COl°'fYIANDER 
NAVAL OCEANOGRAPHY CDMMAI\O 
NSTL STATIDN 
BAY ST LOUIS, MS 3"352"3 

co~~ANDING OFFICER 
FLEET NUMERICAL OCEAI\OGRAPHY CENTER 
l'IONTEREY, CA S3"340 

COMMANDING Or·FICER 
FLEET NUMERICAL OCEANOGRAPHY CENTER 
GEOPHYSICS TACTICAL READINESS LAB <GTRU 
MONTE:.REY, CA '33':)40 

COti1YIANDING OFFICER 
NAVAL ~JESTERN OCEANOGRAPHY CENTER 
BOX 113 
PEARL HARBOR, HI 968€-0 

CQf',VVIANDING OFFICER 
NAVAL EA::"iTERN OCEANOGRAPHY CENTER 
MCADI~ BLDG. <U-117) 
NAVAL A JR S'f A TI ON 
NORF:-Cl.K, VA 23511 

COMMANDING OFFICER 
NAVAL POLAR OCEANOGRAPHY CENTER 
NAVY DEPT. 
4301 SUITLAND RO. 
~JASHINGTON, DC 203"30 

COMMANDING OFFICER 
U.S. NA'.,/AL OCEANOGRAPHY COMMAND CENTER 
BOX 12 
C01'1NA'vl'1f°'-1ll I ANAS 
FPO SAN FRANC I SCD '36630 

COMMANDrnG OFFICER 
U.S. NAVAL OCE::ANOoJRAPHY COMMAND CENTER 
BOX 31 
FPO NEW Y'Of'.~I< 0 ':)540 

COMMAND!t-J•'.; oi::F I CER 
NAlJAL Dn: ANlJGR APHY CDMMA~•JD FACILITY 
NAVAL Arn ST AT I m,J, NOfHH I SL ANO 
SAN DI EC□ , CA· '32 135 

COMMANDH JG 01-FICE:R 
LI. S. ~JN)l\l_ OCC:1\NL"::; 1'~1-\PHY C()MMAND FACILITY 
FPD £;t,AT'TU:: •)B IE,? 
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SUPERINTENDE:NT 
LIORARY ACQUISITIONS 
u:s. NAVAL ACADEMY 
ANNAPOLIS, MD 21402 

PRESIDENT 
NAVAL WAR COL.LEGE 
I\EWPORT • RI 02840 
<ATTN; ~CDR M. E. GIBBS) 

COMMANDER <2> 
NAVAL AIR SYSTEMS COMMAND 1-EADGLIARTERS 
ATTN: LIBRARY (AIR-"354) 
WASHIN<.TON, OC 20361 

COMMANDER 
NAVAL AIR SYSTEMS COl'1VVIAND HOG <AIR-370) 
WASHINGTON, DC 203bl 

COMMANDER NAVAL AIR SYSTEMS COMMAND 
trETEURCJLOGICAL SYSTEMS DIV. (AIR-553) 
WASHINGTON, DC 203E:,O 

COMMANDE~~ 
EARTH &c · PLANETARY SCIENCES, COUE 3'318 
NAVAL ~JE APDNS CENTER 
CHINA LAKE, CA •33555 

NAVAL SPACE SYSTEMS ACTIVITY 
CODE E:,0 
P. 0. BOX '32"3€,0 
~l~LDWAY PDS'I AL CENTER 
LOS ANGF.LES, CA '3000'3 
A 8-3&4 C-1&2 D 
DIRECTOR 
NAVY SCIENCE ASSISTANCE PROGRAM 
NAVSURFWt=.ACEN~ WHl TE OAKS 
SILVER SPRING, Mr> 20':)10 

COMMANDl:.:.R 
PACIFIC MISSILE TEST CENTER 
ATTN: GEOl-'HYSICS m -FICER <COOC 3250) 
PT. MI..J(;LJ, CA '33042 

CHIEF OF NAl)AL EDUCATION & TRAINING 
NAVAL AJR STATION 
PENSACOLA, FL 32S08 

DEPARTMENT ClF METEUROLOGY 
NAVAL PDDTGRADUATE SCHOOL 
MONT[FffY, CA •33·0,tO 



DEPARTMENT OF OCEANOGRAPHY 
NAI..IAL POSTGRAOUA TE SCHOOL 
l'ONTEREY, CA '33'340 

WEATHER SERVICE TlFFICER 
OP~RATIONS CUDE 16 
MARINE CORPS AIR STATION 
BEAUFORT, SC 2'3'~2 

COMMANDER 
AWS/DN 
SCOTT AFB, IL E,2225 

L:JSAFETAC/CBT 
SCOTT AFB, IL 62225 

'3350TH TECHNJC& 
TRAINH-J'.; GROUP 
TTGU-W/s-J OP 623 
CHANUTE AFB, IL 61868 

AFGWC/DAPL 
OFFUTT AFB, l'-.E 68113 

3 ~JW/DN 
OFFUTT AFB, r£ 68113 

AFGL/LY 
HANSCOM AFB, MA 01731 

AFGL/OPI 
HANSCOM AFB, MA 01731 

2 WS/DR 
ANDREWS AFB, MD 20334 

SloJ~J/DN 
LANGLEY AFB, VA 23E--E,5 

OFFICER IN CHARGL 
St::.R'.JICE !::,CHUDL COMMAND, GRl:AT LAHES 
DETACHMENT CHANUTE/STOP &-"? 
CHANUTE AFB, IL blBE-8 

1ST µJEATHF:F! Wrn<: <DON) 
H! Cf<AM ;1t·T <, H .C ':IE-8'::,J 

OET 4 HG AW.S/CC 
AP-□ SAN FRANCISCO %334 

.DET ·5 1 WW/CC 
APO .SAN FRANCISCO %274 

OET B, 30 WS 
APO SAN FRANCISCO '3E.2'3•3 

DET 18, 30 WS 
APO "SAN FRANCrsco 96301 

HO SAC/DOWA 
CFFUTT AFB, t£ 68U3 

AFDSH/NC 
BOLLING AFB 
WASHINGTON, DC 20312 

COMMANDER & DIRECTOR 
ATTN: DELAS- DM- A 
U.S. ARMY ATMOS. SCIENCES LAB 
WHITE SANDS MISSILE RANGE, 
N'1 88002 

DIRECTOR (12) 
DEFENSE TECHt-llCAL INFORMATION CENTER 
CAMERfJN STATION 
ALEXANDRIA, VA 22314 

DIRECTUR OFFICE OF DN. Be LIFE SCIENCES 
OFFICE OF THE UNDERSECRETARY CF DEFENSF.: FOl--1 
RE!3EAF~CH Ai'JD EN(; !NEER I NG ( E&L~) 
ROOM 3012'} 
THL PENTAGON 
~JASHINGTON, DC 20301 
Om EC Tot< 
TECHNICAL INFURMATION 
DEFHJ:c,F:: ADVANCED RESL=:ARCH PRDJF:CTS AGENCY 
1400 WILSOl'J BLVD 
ARLIN(;TLlN, VA 2i:!20'3 
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DIRECTOH 
SYSTEMS DEVELOPMENT 
NATIONAL WEATHER Sf-:RVlCE, NOAA 
RO[t,1 1216 - THE GRAMAX BLOG 
80b0 13TH STREET 
SILVEF< SPIHNG, MD 20'310 

DIRECTOR 
NATIONAL EIW. SAT. SERV. /S~"L 
FB-4, S3218 
SUITLAND, ~O 20233 

NATIONAL OCEANIC & ATMDS~HERIC ADMIN. 
OCEANOGRAPHXC SERVICES DIV. 
6010 ~XECUTIVE BLVD. 
ROCKVILL~, MD 20852 

FEDERAL COORDINATOR FlJR MElEUROLOGICAL 
SERVICES & SUPPOIHING RESEARCH 

6010 EXECUTIVE BLVD 
ROCKVILLE, MD 20852 

NATIONAL WEATHER SERVICE 
WORLD WEATHER BLDG. 
RM 307 
5200 AUTH ROAD 
CAMP SPRINGS, MO 20023 

NATIONAL WEATHER SERVICE, EASTERN REGIO\I 
ATi N; WFE3 
S85 STEWART AVENUE 
GARDEN CITY, NY 11530 

CHIEF SCIENTIFIC SERVICES 
NATIONAL WEATHER SERVICl:.~:, CE:.NTRAL REGIO\I 
t..OAA, RODM 183€, 
E.01 EAST 12TH smEET 
KANSAS C ITV, MO 641 OS 

CHIEF SCIENTIFIC SERVICES 
NATIONAL WEATHER SERVICI::, SOUTHERN REGION 
NOAA, ROOM 10E0'3 
81 '3 TAYLOR STREET 
FT. WORTH, TX 76102 

CHIEF, SCIENTIFIC SER'vICES . 
NATIONAL WEATHER S1:-.RVlCE, !,iJESl ERN 
NOAA 
P.O. BOX 11188, FEDERAL BLDG 
SALT LA~<E CITY, UT 84111 

CHIEF, SCI ENTIFI C SERVICES 
NATICNAL WEATHER SERVICE, PACIFIC 
P.O. E30X 50027 
HONClLULU, Hl '3G850 

ornECTOR 

REGION 

REGION 

Al LAt•JTI C OCEANOGf<l-'',PfHC & ME1EOFL LABS. 
1 : i R IClffJ,JDACl•:C:Fl CALISL:WAY 
v rnG INIA H[:Y 
MU-,MT, n _ J.314'3 
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NATIONAL MARINE FISHERIFS SERVICE 
OCEAN CLIMATOLOGY PROJECT 

4 SOLJTHWEST FiSHERIES CENTl::R 
P.O. BOX 271 
LA JO_LA, CA ':>2037 

1-EAO, ATMOSPI-ERIC SCIE:.NcES DIV. 
NATIONAL SCIF.NCF. FWNDATION 
1800 G Sm£T, N. W. 
WASHINGTUN, DC 20550 

DIRECTOR 
DIVISION OF ATMOSI-JHE~HC SCIENCES 
NATIONAL SCIENCE FOUNDATION 
ROOM 6€,4 

1800 G STREET, NW 
WASHINGTUN, DC 20550 
LABOHATUF<Y. Fm ATMOSPHERIC SCIENCES 
NASA GOODARD SPACE FLIGHT CENTER 
GREENBELT, MD 20771 

PRELIMINARY SYSTEMS DESIGN GROUP 
NASA GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD 20771 

DEPARTMENT OF' ATMOSPHERIC SCIENCES 
ATTN: LIBRARIAN 
COLORADO STATE UNIVERSITY 
FORT COLLINS, CU 80521 

CHAIRMAN 
DEPARTMENT OF METEOROLOGY 
PENNSYLVANIA STATE UNIVERSITY 
503 DEH<E BLDG 
UNIVERSITY PARK, PA 16802 

CHAIRMAN 
Dl::.PARTMENT OF ti1ETEORDLOGY 
~SSACHl.Jf,ETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MA 02139 

ATMOSPHERIC SC IE:NCE; DEPT. 
UNIVERSITY OF CHICAGO 
1100 E. 57TH STREEl 
CHICAGO, IL 50537 

ATt,·IOSPHERIC SCIENCES DEPT. 
UNIVEFff, ITY OF 1,iJASHINGTON 
£'-.1::.ATI LE, WA '381 ':)5 

EhlVIRQt.JMENTAL SCil::NCES DEPT. 
FLDRWA £ffATE UNIVERSITY 
TALLAHASSEE, FL 32306 



DEPT. CF ME'I EmmLOGY & 0CEANOGHAPHY 
POLYTECHNIC INSfITUTE a= NEW YffiK 
333 JAY STREET 
BROOl<LYN, NY 11201 

DEPARTMENT OF ME'fELlRIJL..OGY 
UNIVERSITY or· HAWAII 
2525 CORREA ROAD 
H0NOUJLU, HJ '36822 

CHAIRMAN 
DEl-'ARTMENT m-· METEOROLOGY 
UNIVERSITY OF l.iJlE-iC0NSIN 
METECJRt:ll....0GY AND SF-1ACE SCIENCE BLDG. 
1225 WEST DAYTON STREET 
MADISON, WI 5Tr06 

DIRECTOR 
REMO"fE SENSING LAB 
P.O. BOX 248003 
UNIVERSITY OF-. MIAMI 
CORAL GABLES, FL 33124 

DEPARTMENT OF METEOROLOGY 
TEXAS A & M UNIVEf<SITY 
COL.LEGE STATION, TX 77843 

DI RECTO!~ OF RESEARCH 
INSTITUTE FOi-< STORM REm;·ARCH 
UNIVE:.RSITY OF ST. THOMAS 
3812 MONTR0S~ BLVD. 
HOU'3T0N, TX 7700b 

CHAIRMAN 
DEPARTMENT OF METEDF<0LDGY 
CALIFORNIA STATE UNIVERSITY• SAN JUSF 
SAN JCJSt:, CA '351 '32 • 

CHAIRMAN 
DEf-'ARTMENT or· METEOROLOGY & PHYSICS 
L~JVERSJTY OF FLORIDA 
215 PHYSICS BLDG 
GAINESVlLLE, FL 32G01 

DOCLJME:.NTS/REPCJRTS SECT ION 
LIBHAl-<Y 
SCRI PPS INS fITUTIOr~ OF OCEANOGRAPHY 
LA JOLLA, CA '::)2037 

R. S .M.A. S . LI BR A~ Y 
l.JNI IJ[R !:i l f'Y OF: MIAMI 
4C00 fU Cl(D-IDAC. l <'. l:R Ct,USE',.JAY 
V IRG lt--l I A l( [: Y 
MIAMI , F L.. 3 :'J 1 i t '} 

DEPT. OF ATMOSPHERIC SCIENCES L.IERARY 
COLClRAQO S l'ATE UNlVERSITY 
FODTHlLLS CAl"FUS 
FT. COLLINS, CD 805c:3 

DEPT OF METEOROLOGY 
UNIVERSITY OF MARYLAND 
COLLEGE PARK, MD 20742 

THE WALTER A. BOHAN CO. 
2026 0AKT0N STREET 
PAR~< RIDGE, IL E.0068 

tr'ETEOROLDGY INTEF<NATl □NAL, INC. 
2600 GARDEN RD. 
f'IONTEREY, CA '33'340 

OCEAN DATA SYSTEMS INC. 
24E.O GARDEN ROAD 
f'IONTEREY, CA ·D•:)40 

NAUTILUS PRESS, INC. 
105E, NATIONAL PRESS BLDG. 
WASHINGTON, DC 20045 

THE EXECUTIVE DIRECTOR 
AMERICAN METEOROLOGICAL SOCIET',' 
45 BE1'.\CON STREET 
BOSTON, MA 02108 

AMERICAN MET. SOCIETY 
METEUH0LOGICAL & GEUAS.TROl-'HYSICAL ABSTRACTS 
P.O. BOX 1735 
WASHINGTUN, DC 20013 

DIRECTUR, JHJC 
BOX 17 
FPD !:.~N FRANCIE;.:□ '35630 

LIBRARIAN 
i'IETECIIWL.0G'Y DEPT. 
UNI 1) Cf~:-3ITY OF MELBOURNE 
P1:,r::h V1LLE, VICTOFHA 3052 
AU\:.,T~ALIA 

LifJRI\RY 
cs m n DIV. 
AHl0::::;1' HEIO C PHYS ICS 
STATI ON S t'RCET 
A~if' l:,ND;'.\L..I: , 31'35 
VI CTC1fnA, 1~us 1 HAL.IA 
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BUREAU OF METEOROLOGY 
AT"I N: Ass·r. DIRECTOR OF RESF.ARCH 
BOX 128'31<, GPO 
MELDDUF~NE, VIC, 3001 
AUSTl-<ALIA 

CHAIRMAN 
DEPARTMENT Of METEORCLOGY 
MCGILL UNIVERSlTY 
805 SHERBRDOKE ST. W. 
MONTHE:AL, GUF..BEC 
CANADA H3A 2K6 

INST ITUTI::. OF OCEANOGRAPHY 
UNIVERSITY Of BRITISH COLU"'13IA 
VANCOUVER BC, CANADA V6T-1WS 

DIRECTOR OF NAVAL OCEANOGRAPHY & METEOR. 
MH•HS-1 RY Of- DEFENCE 
OLD \.IJAR OFFICE BLOG 
LONDON, S.W.1. ENGLAt-0 

METEDROLOG ICAL OFFICE LIBRARY 
LOl'-IOON ROAD 
BRACKNELL, BERKSHIRE 
RG 12 282 
ENGLAI\ID 

EUROPEAN SPACE AGENCY 
METEDRDLOG I CAL PROGRt>.M OF.PT. 
TOULOUSE, FRANCE 
ATTN: DR. J.P. ANTIKIOES 

EUROPEAN SPACE AGENCY 
EUROPEAN SPACE OPERATIO'.IS CF.NTER 
DARMSYADT 
FEDERAL REPUBLIC OF GERMANY 
ATTN: DR. JUl-f'.I MOOGAN 

26 

THE DEPUTY DIRECTOR GENERAL OF 
METEOROLOGY 

(CLIMATOLOGY & GEOPHYSICS) 
INDIA METEOROLOGICAL DEPT. 
PUNE 411-005 
INDIA 

JAPAN METEuRDLOG ICf~L AGENCY 
3-4, OlEMACHI 1-CHOME, CHJYOOA-KU 
T01<YD 100, JAPAN 

HONINKLIJ~< NEDERLANDS 
METEOROLOG ISCH I NSTI TUUT 

POST8LIS 201 
3/30 AE Df:BILT 
NETHERLANDS 

DEPARTMENT OF- ATMOSPHERIC SCIENCE 
NATIONAL TAIWAN UNIVERSITY 
TAH>EJ, TAIWAN 107 
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