





UNCLASSIFIED

SECURITY? CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE DEFORE COMPLET:NG FORM
1. REPOHT NUMBER 2. GOVT ACCESSION NO.J 3. RECIPIENT'S CATALOG MUMBER
NAVENVPREDRSCHFAC
Technical Report TR 80-03
4. TITLE (and Subtitle) 8. TYPE OF REPORT & PEFIOD COVERED
Determination of the Primary Specular Point in the Final
Sunglint Pattern of a Pc ar-Orbiting Satellite TRIRTSTTTS SR RER T IoaeER
Image
7. AUTHOR(S) .18 CONTRACT ORGRANT M IMBER(a)

Ted L. Tsui and Robert W. Fett

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

Naval Environmental Prediction Research Facility |pp g2 F
Monterey, CA 93940 E 62759N, PN 9F52561792
NEPRF WU 6.2-9

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Naval Air Systems Command August 19§80
Department of the Navy . 13. NUMBER OF PAGES
Washington, DC 20361 26

14. MONITORING AGENCY NAME & ADDRESS(If different from Controlling Office) 15. SECURITY CLASS. (of this report)

UNCLASSIFIED
15a. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for pi lic release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, it different from Report)

18. SUPPLEMENTARY NOTES T
Original manuscript received in July 1980

19. KEY WORDS (Continue on reverae alde if necessary and identify by block number)

Sunglint
Satellite imagery

20. ABSTRACT (Continue on reveree side if nacessary and identify by block number)

A mathematical procedure for calculating the location of the primary
specular point (PSP) in polar-orbiting satellite data is described in step-by-
step detail. For purposes of this discussion, the PSP is defined as "that po1nt
on the great circle arc perpendicular to the satellite subpoint track passing
through the sate111te 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 the sun's rays to the satellite

DD 152313]473 EDITION OF 1 NOV 63 1S OBSOLETE UNCLASSIFIED

S/N 0102-014-6601 |

SECURITY CLASSIFICATION OF THIS PAGE (When Data Rntered)



UNCLASSIFIED

SECUKITY CLASSIFICATION OF THIS PAGE(When Data Entored)

20.  ABSTRACT (Continued)

in space." The procedure can easily be developed into a small computer program
that can be run on a minicomputer or on a programmable calculator.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Eatered)




CONTENTS

1. INTRODUCTION .

THEORETICAL CONSIDERATIONS .
SOURCES OF ERROR .

SAMPLE CALCULATION .

[$)) + w N
. o . .

SUMMARY

Appendix I: Laws of Sines and Cosines

Appendix II: Sample Computation Procedures

Distribution: p. 21

L] . . L]
(Vo) ~ (o)} N

.12



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)"; ability to determine
this point's locatio 1is fundamentally important to a thorough
analysis of satellite data.

In relation to polar-orbiting satellite data, Fett and
Mitchell (1977) defi : 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 the sun's
rays to the satellite in space."

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 solve 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 purfposes.

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 Q in Figure 1) can be found by
lTocating the point X first.

Step 1:

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

Consider spherical triangle ZPO:

0Z = 90°
ZP = 90° - solar declination angle
L0ZP = longitude of ascending node - longitude of SSP.

According to the laws of sines and cosines (Appendix 1),

cos PO = cos 0Z + cos ZP + sin 0Z - sin ZP - cos L0ZP.

Since sin 0Z =1 and cos 07 0,

cos PO = sin ZP - cos ,0ZP

. . Sin 0Z . _ sin ,0ZP

S1n LZPO * sTn PO sS1n LOZP STnPo

sin ,P0Z = ZDLE L gin J0zp = sin zp - sin ,ZPO.



Satellite Sub-point
Track

Equator

C= Center of the earth
F

0
P
a

Satellite

Equator crossing (ascending node)

Sub-solar point (SSP)

Primary specular point (PSP)

X=Point on trajectory of satellite
subpoint track where arc XP is
perpendicular to OX

I= North Pole
6= Angle sustaining the arc XQ

0'=Inc1'dent angle

Figure 1. Geometrical aspects of determining PSP location
in polar-orbiti j satellite data.
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Consider spherical triangle XPO:

LOXP = 90°
LPOX = satellite inclination angle - (90° - ,P0Z)
sin XP = sin PO - sin ,POX

sin 0X = tan XP - cot ,POX

cos ,XP0 = cos O0X : sin ,POX.

Consider spherical triangle ZPX:

LZPX = LZPO - LXPO
cos XZ = cos PX - cos ZP + sin PX - sin ZP - cos ,ZPX
sin ,XZP = %%%—%% - sin ,ZPX.

It can be seen in Figure 1 that the latitude of X = 90° - XZ
and that the longitude of X = longitude of SSP + ,XZP. The above
sequence provides the basis for determining the arc of XP which

will be used in locating Q.

Step 2:
Find the position of the PSP (point Q in Figure 1):

CX = radius of the earth = R

XF = height of the satellite = H

) = QX

LPCX = PX

6y (the incident angle) = ,PCX - o.
Consider plane triangle QCF:

(FQc = 180° - o,

LCFQ = 180° - , FQC - o = 6p - ©



R - _R +H
sin ,CFQ sin ,FQC

R _ __ R +H
sin(,PCX-208) ~ sin(,PCX-8) -

Angle o or arc QX can be found through iteration of the above
equation,
Consider spherical triangle ZPQ:

PQ

cos Q7 cos PQ - cos ZP + sin PQ - sin ZP - cos ,ZPX

. - sin PQ ., .
sin ,QZP sTn qZ sin ,ZPX.

PX - QX

It is obvious from Figure 1 that the latitude of Q = 90°-QZ,
and that the longitude of Q = longitude of SSP + ,QZP. 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.



3. SOURCES OF ERROR

Aside from the assumption that the satellite subpoint track
is a great circle arc, other sources ¢ error should be considered:

a. The earth itself is not a perfect sphere.

b. The SSP is assumed to remain constant during the satel-
lTite pass through the area of sunglint.

c. The satellite inclination angle may vary from orbit to
orbit by as much as ~+1.5 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, tte error contributed by the
great circle assumption would give tre satellite inclination angle
an additional variation of +2°. This would contribute, on the
average, to a #1° varjation in lTatitude and +.5° variation in
Tongitude 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.



4. SAMPLE CALCULATION

An actual example and sample calculation are provided to
demonstrate the use of this tec nique in determining the lo:cation
of the PSP; step-by-step computation is illustrated in Appeadix II.
Figure 2 is a DMSP satellite image for 22 August 1978. A sunglint
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 inclination angle for this examplz2 was
assumed to be the normal 98.7°. The longitude of the ascending
node for this pass was 113.5°W at 18:55:31 GMT. The latitude 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 X is
estimated to be 10.5°N and longitude to be 115°W. Through the
iteration scheme, 6 is 1.2°. 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 reflection is
not very bright in the region just 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 reflection.






5. SUMMARY

A mathematical procedure for calculating the PSP in polar
orbiting satellite data has been described. This procedure can
be developed easily into 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 routinely. The procedure provides a quantitative
basis for this determination, which will be useful for research
purposes and for pract 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.
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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 respectively opposite
angles:

sin a _ sin b _ sin ¢
sin a sin B8 sin y°

2. The Law of Cosines for Sides: In any spherical triangle, the
cosine of any side is equal to 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:

Co0s a = cos cos ¢ + sin b sin ¢ cos «a,
cos b = cos ¢ cos a + sin ¢ sin a cos B,
Cos ¢ = c0S a cos b + sin a sin b cos y.

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

wn

sin a = sin ¢ sin a,

tan b cot B,

[72]
j—
3
=1}
i

sin b = sin ¢ sin B8,
sin b = tan a cot «a,
cos ¢ = cot o cot B8,
COS C = c0S a cos b,

CO0S o = coS a sin g,

cos a = tan b cot c,
cos B = cos b sin a,

cos B = tan a cot c.
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APPENDIX II

SAMPLE COMPUTATION PROCEDURES

Before the PSP can be calculated, several background param-
eters must be determined:
1. 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>12.
LTN = (TN-12)*15 + 180, if TN<12.

5. Find SI (satellite inclination angle). This is 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 1978 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. A1l units for arcs and angles are in degrees.

12



(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 ZIP =
3. sin PO =

4., angle ZP0 =

5. sin POX =

6. arc XP = arc PX =
7. sin XP = sin PX =
8. cos XP = cos PX =

9. sin ZPX

10. cos ZPX
11. sin PQ =
c. In Spherical triangle ZPO
1. arc ZP = 90 - SD =
(calculate sin ZP and cos ZP and put them in the memory
block)
2. angle 0ZP = LN - LTN =

13



sin ZP + cos Q0ZP = X =

cos PO

cos'] X =

arc PO
calculate sin PO and put it in the memory block
. _ sin 0ZP _
sin ZP0 = W

angle ZP0 (either in first or second quadrant) =

Y =

select ZP0 and put it in the memory block
sin P0OZ = sin ZP - sin ZP0 =
angle P0OZ =

In Spherical Triangle XPO

1.

angle POX = SI - (90 - POZ) =
calculate sin POX and put it in the memory block

sin XP sin PO - sin POX =

arc XP
calculate cos XP and put sin XP, cos XP, and arc XP in

the memory block

sin 0X = tan XP - cot POX =
arc 0X =
cos XP0 = cos 0X - sin POX =
arc XP0 =

In Spherical Triangle ZPX

1.

ZPX = IP0 - XPO =
calculate sin ZPX and cos ZPX and put them in the

memory block

cos XZ = cos PX + cos ZP + sin PX « sin ZP - cos ZPX =
arc XZ =

. _sin PX _
angle XPZ =

latitude of X = 90 - XZ =

longitude of X = LTN + XIP =
o 14



f. In Plane Triangle FCQ
1. angle PCX = arc PX =

2. Let res be the residual term in the iteration scheme,

sin (PCX-20) R
then res = S —pcx-6) -~ R + W

sin (PCX-261)

-— = = - R
3. Assume 6 = o, s res, sTh (PCX-e{) R+ H
. sin (PCX-20,)
8 = 6, = res, = 2 _ R
2 : 2 sin (PCX-eéT’ R + H
8 = 65 = » resy =
6=64= ,res4=
8 = bg = » resg =
e=66= ’ressz
8 = 67 = > res, =
g = en = , res =
4, Select ek, where the absolute value of resk is the
smallest.

5. arc XQ = 9 = ek

15



In Spherical Triangle ZPQ
1. arc 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 =
; = sin PQ | . -
3. sin QZP sin Q7 sin ZPX
arc QZP =

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

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



(Suggested Computation Sheet, Data of 22 August 1978)

Case: DMSP Visib e
Date: August 22, 1978

a. INPUT (Background Parameters)

1. SD 12.0

2. LN 113.5 W

3. TN = 18:55:31Z = 18.92Z

4, LTN (18.92-12) x 15 = 103.8W
5. SI = 98.7

6. R = 6370 km

7. H = 833 km

b. Memory Block:

1. sin ZP = 0.97814
2. cos ZP = 0.20791
3. sin PO = 0.26556

4, angle ZP0O = 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 ZPX = 0.99317
10. cos ZPX =-0.11667
11. sin PQ = 0.17365
c. In Spherical Triangle ZPO
1. arc ZP =90 - SD = 78.0
(calculate sin ZP and cos ZP and put them in the

memory block)

17



2. angle 0ZP = LN - LTN =

3. cos PO = sin ZP + cos 0ZP
calculate

4. sinzpo = HNDIP oy o g
angle ZPO
= 39.3 or 140.7

select ZP0 and put it in i

5. sin POZ = sin ZP + sin ZPO

angle P0Z = 38.3
In Spherical Triangle XPO

1. angle POX = SI - (90 - POZ

)

113.5 - 103.,8 = 9.7

X = 0.96416

3447

e memory block

= 0.62060

= 98.7 - (90-38.3) =

sin PO and put it in the memory block

(either in first or second quadrant)

47.

calculate sin POX and put it in the memory block

2. sin XP sin PO - sin POX

11.2

arc XP

0.19422

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

in the memory block

3. sin 0X = tan XP + cot POX = 0.18465
arc 0X = 10.6

4. cos XPO0 = cos O0X -« sin POX = 0.71887
arc XP0 = 44.0

In Spherical Triangle ZPX

1. ZPX = ZP0 - XPO = 140.7-44.0 = 96.7

calculate sin ZPX and

memory block

2. cos XZ = cos PX « cos
= 0.18179
arc XZ = 79.5

18
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. _ sin PX _
3. sin XPZ = sTh Xz ° 0.19753

angle XPZ = 11.4
4. lTatitude of X = 90 - XZ = 90 -79.5 = 10.5 N

lTongitude of X = LTN + XZP = 103.8 + 11.4 = 115.2W
In Plance Triangle FCQ
1. angle PCX = arc PX = 11.2
2. Let res be the residual term in the iteration scheme,
_sin (PCX-29) R
then res = SFn{pcx-6) ~ R+ W
sin (PCX-Ze]) R
3. Assume o = oy = 0.9 , res, = sTh (PCX-e1Y - R+ W
= 0.02912
sin (PCX-Zez) R
6 0, =1.0 » "€%2 T 5T (PCX-6,) " R+ A
= 0.01845
- . sin 9.0 -
8 63 = 1.1 » resy = STn 101 0.88435 0.00769

8 by = 1.2 » res, = 0.00335
8 65 = 1.3 > resg =-0.01461
8 bg = 1.4 » resg = -0.02609
8 6, = 1.5 » res, = -0.03783
8 = en = s resn =

19



4. Select ek, where the absoliute value of res, is the

k
smallest.

5. arc XQ =9 = 8, = 0, 1.2

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
arc QZ = 79.3

3. sin Qzp = S10PQ . o5y 7px = 0.17549

sin QZ
10.1

arc QZP
4, latitude of PSP (point Q) = 90 - QZ = 90-79.3 = 10.7N

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

103.8 + 10.1 = 113.9W

20
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NATIONAL WEATHER SERVICE
WORL.D WEATHER BLDG.

RM 307

5200 AUTH ROAD

CAMP SFRINGS, MD 20023

NATIONAL WEATHER SERVICE, EASTERN REGION
ATIN; WFE3

585 STEWART AVENLE

GARDEN CIiY, NY 11530

CHIEF, SCIENTIFIC SERVICES
NATIONAL WEATHER SERVICE, CENTRAL REGION
NOAA, ROOM 1836

€01 EAST 12TH STREET

KANSAS CITY, MD 64106

HIEF, SCIENTIFIC SERVICES
ﬁATID&AL WEATHER SERVICE, SOUTHERN REGION
NOAA, ROOM 10£073
&13 TAYLOR STREET
FT. WORTH, TX 76102

CHIEF, SCIENTIFIC SERVICES '

NATIONAL WEATHER SERVICE, WESTERN REGION
NOAA

P.0O. BDX 11188, FEDERAL BLDG

SALT LAKE CITY, UT B41i1d

CHIEF, SCIENTIFIC SERVICES :
NATIONAL WEATHER SERVICE, PACIFIC REGION
P.D. BOX 50027

HOMOLULU, HL 96850

DIRECTOR
ATLANTIC OCEANOGHAPHIC & METEOR. LABS.
10 RICKEMNIACHER CAUSLWAY

VIRGINIA KEY

MIaMT, Fl 33143

24

NATIONAL MARINE FISHERIES SERVICE
DCEAN CLIMATOLOGY PROJECT
+SOUTHWEST FISHERIES CENTER

P.0O. BOX 27t

LA JOLLA, CA 92037

HEAD, ATMOSPHERIC SCIENCES DIV.
NATIONAL SCIENCE FUUNDATION
1800 G SREET, N.W.

WASHINGTON, DC 20550

DIRECTOR

DIVISION OF ATMOSHHERIC SCIENCES
NATIONAL SCIENCE FOUNDATION

ROOM &6a

1BOO G STREET, NW

WASHINGTUN, DC 20550

- LABOHATORY FOR ATMOSPHERIC SCIENCES

NASA GODDARD SPACE FLIGHT CENTER
GREENBELT, MD 20771

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

DEPARTMENT OF ATMOSPHERIC SCIENCES
ATTN: LIBRARIAN

COLORADD STATE UNIVERSITY

FORT COLLINS, CO 80521

CHAIRMAN

DEPARTMENT OF METECURDLOGY
PENNSYLVANIA STATE UMIVERSITY
503 DEIKE BLDG

UNIVERSITY PARK, PA 16802

CHAIRMAN
DEPARTMENT OF METEORDLOGY

MASSACHUSETTS INSTITUTE OF TECHNDLOGY

CAMBRIDGE, MA 02139

ATMOSPHERIC SCIENCEY DEPT.
UNIVERSITY OF CHICAGD
1100 E. 57TH STREET
CHICAGD, IL 60637

ATMOSHHERIC SCIENCES DEPT.
UNIVERSITY OF WASHINGTON
SEATILE, WA 98195

ENVIROMMENTAL SCIENCES DEPT.
FLORILA STATE UNIVERSITY
TALLAHASSLEE, FL 32306



DEPT., OF MEIEOROL.OGY & OCEANDGRAPHY DEPT. OF ATMOSPHERIC SCIENCES L.IBRARY

POLYTECHNIC INSTITUTE OF NEW YORK COLORADO SIATE UNIVERSITY
333 JAY STREET FODTHILLS CAMPUS
BROOKLYN, NY 11201 FT. COLLINS, CO BO523
DEPARTMENT OF METEUROLOGY DEPT OF METEORO.DGY
UNIVERSITY OF HAWAII UNIVEREITY OF MARYLAND
2525 CORREA ROAD COILLEGE PARK, MD 20742

HONOLULU, HT 6822

CHAIRMAN THE WALTER A. BOHAN CO.
DEFARTMENT OF METECROLOGY 2026 0AKTON STREET
UNTVERSITY OF WISCONSIN PARK RIDGE, IL &0068

METEURCLOGY AND SHACE SCIENCE BLDG.
1225 WEST DAYTON STREET
MADIGON, W1 53706
METEOROLOGY INTERNATIONAL, INC.

DIRECTOR 2600 GARDEN RD.
REMOTE SENSING LAB MONTEREY, CA 393940
F.D. BOX 248003
UNIVERSITY OF MIAMI
CORAL GABLES, FL 33124

- OCEAN DATA SYSTEMS INC.
DEPARTMENT OF METEORDLOGY 2460 GARDEN ROAD
TEXAS A & M UNIVERSITY MONTEREY, CA 33240
COULEGE STATION, TX 77843

NAUTILUS PRESS, INC.

DIRECTOR OF RESEARCH 1056 NATIONAL PRESS BLDG.
INSTITUTE FOR STORM RESEARCH WASHINGTON, DC 20045

UNIVERSITY OF Si. THDOMAS

3812 MONTROSE BLVD.

HOUSTON, TX 77006 .
THE EXECUTIVE DIRECTOR

CHAIRMAN AMERICAN METEOROLOGICAL SOCIETY
DEPARTMENT OF METEOROLOGY 45 BEACON STREET
CALIFORNIA STATE UNIVERSITY, SAN JUSE BOSTON, MA 02108

SAN JUSE, CA 35192

AMERICAN MET. SOCIETY

CHAIRMAN METEUROLOGICAL. & GEUASTROFHYSICAL ABSTRACTS
DEFARTMENT OF METEOROLOGY & PHYSICS P.0. BDX 1736
UNTVERSTITY OF FLORIDA WASHINGTUN, DC 20013

215 PHYSICS BLDG
GAINEGVILLE, FL 32601
: DIRECTUR, JTWC

DOCUMENTS/REPORTS SECTION BOX 17

LIBKARY FFPO SAN FRANCISCO 936630
SCRIPPS INSTITUTION OF OCEANDGRAPHY )

LA JOLLA, CA  H2037 LIBRARIAN

PETEOROLOGY DEPT.
UNIVERSITY OF MELBOURNE

R. G M. A. G, LIGRAIY FaRKVILLE, VICTORIA 3052

UNIYVERSL Y OF MIaMI AUGTRALIA

4500 RICKEMBACKER CAUSEWAY L IBRARY

VIRGINIA KiTY COIRD DIV

MiaMI, FL. 33143 oo Y et e

" ATPMOSGHHERIC PHYSICS

STATION SIRCET
ASHEMOALL, 3195
VICTORIA, AUSIRALIA

25






