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1. Introduction

Accurately assessiny oceanic rain is still a major climatic

problem. The difficulties arise not so much from physical or
theoretical complexities but from a lack of data. Rain is not
routinely measured at sea and must be indirectly estimated. f;if

e

Early precipitation maps prepared by direct extrapolation of

i .
i -_I.. .

coastal and island rain amounts frequently overestimated oceanic
precipitation and are now considered unreliable. This report
briefly describes a method of estimating the frequency of obser- ;
vation of two-minute average rain rates over the oceans. Maps

of rain rate frequencies for different seasons and oceans are

presented at the end of this report. -

2. Rain Measurements

2.1 Over Land :"

Rain statistics have been collected at thousands of land

sites for wmany years, but most of these di¢ta were oriented toward

climatological or agricultural purposes. Thus, only daily or S

'
H . ‘e ’-
-!. PRV

sometimes 6- or 3-hourly rain totals were recorded. Most rain
gauges i~ general use today do not have the resolution necessary
to measure short duration (few minutes) rain rates. A few
special field measurement programs using a network of high speed
rain gauygyes have been conducted, but the data available from
these studies are quite meager (see Varderhill, 1982, and tne

references cited therein). Consequently several empirical models

have been developed to estimate the frequency distribution of




short-duration precipitation based on rain gauge observations
over lonyger time intervals. Five models of this type are
described by Tattleman and Grantham {(1982) in a comprenensive
survey of techniques for determining short duration rain rate
statistics. Most of these models, however, are only useful for
the land areas of the globe.
2.2 0Over Ocean

Quantitative rain amounts are rarely measured aboard ships,
but qualitative precipitation events are routinely recorded in
the present weather reports of ships. Quantitative oceanic rain
amounts may be inferred from these qualitative reports by employ-
ing an updated version of a technique first proposed by Tucker
(1961). Tucker established a relationship between the present
weather report numbers (WMO code) and the measured precipitation
at British land stations. The present weather is normally
observed every three hours and the results are coded using a
scale -running from 00 to 99. Only those weather conditions
represented by codes 50 to 99 were considered by Tucker as
Qontributing significant precipitation during the thFee hour
@bservation period,
o A partial list of the present weather codes and the assiygn-
méht of ar aQerage hourly rain rate to the present weather code
hﬂmbers'are_ghown in Tables la and 1b. This hourly rain rate is
one third dfrthe three hour rain total originally assigned by

Tuéker.

-
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3
Table la. Present weather WMO code (partial listing).
Code Descripticn
50 Stight intermittent drizzie >
51 Slight continuous drizzie .
52 Moderate intermittent drizzle T
53 Moderate continuous drizzle s
54 Thick intermittent drizzle s
55 Thick continuous drizzle N
56 STight freezing drizzle :
57 Moderate ov thick freezing drizzle
58 Slight drizzle and rain
59 Moderate or heavy drizzle and rain
60 Slight intermittent rain )
61 Slight continuous rain i'
62 Moderate intermittent rain o
63 Moderate continuous rain
64 Heavy intermittent rain
65 Heavy continuous rain
66 STight freezing rain o
67 Moderate or heavy freezing rain -
! 68 Slight rain or drizzie and snow !_
i 09 Moderate or heavy rain or drizzle and snow ;
: 70 Slight intermittent snow L
890 Slight rain showers i
99 Heavy thunderstorm with hail If'l;“
» e
Table 1b. Assignment of rain rates (mm/hr) to present R
weather codes. 2
0 1 2 3 4 5 6 7 8 9 » ®
b- 0 .31 .31 .62 .62 1.24 .31 .94 .31 .94 : ~f}
6- 31 .62 .94 1.88 1.36 2.7 .62 2.30 .62 2.30 |
7- 31 .62 .94 1.88 1.36 2.71 0 0 0 0 P _ o
, K
8- .31 .94 1.36 .31 1.15 .31 1.15 .31 2.30 .31 R
]
9- 2.30 .62 2.30 .62 2.30 1.25 1.25 2.71 0 2.71 :

o




Tucker's coefficients expressing the relationship between

"present weather" codes and rain amounts were based on data from
the United Kingdom only. Dorman and Bourke (1973) have found
that an air temperature correction is necessary to accurately
extend Tucker's method to tropical regions of the world. TJhe
correction is made using the linear regression equation shown in
Table 2. This temperature correction has been applied to the
rain amounts determined by Tucker's correlations.
Table 2. VLinear temperature correction to rain rate
(Dorman and Bourke, 1978).

Rain rate = (unmodified rain rate) x (a+bT+cT2)
T = air temperature in degrees Celsius

Coefficients

Month a b c
January .973 .0469 .00382
February .941 .0412 .00207
March .804 .0404 .000129
*- April .720 .0603 .000042
’ May .489 .0678 .000012
5 June 726 -.103 .008885
-- July 1.734 -.2362 L0119
August 1.115 -.1217 .00815
September .5H48 .006 .00514
- Qctober 671 .0421 .002934
November .8906 L0701 .00135

December .985 0662 .001148

e 2
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3. Converting Rain Amount to Rain Rate

Rain falling during any three hour period varies in
intensity. Several studies on the relationship between hourly
and "instantaneous" rain rates have been conducted. An early
study of Washington, DC by Bussey (1950) found that for any given
hour during which rain fell, the instantaneous rain rate was a
trace or less 20% of the time. The mean hourly rate was exceeded
35% of the time and "to exceed it by 5 or 6 times for a few
minutes was a fairly common occurrence."

Brigygs and Harker (1969 compared the average hourly rain
rate (clock-hour rain rate) to the frequency of two minute rain
rates at Winchcombe, England, The resulting data were used to
produce a curve estimating the frequency distribution of two-
minute rain rates for any given clock-nour rain rate. This
relation can be fit using least squac-es to the equation,

P(RR>nR) = %% expl - ﬂl%*%%%J, where 0<n<11

R - clock-hour rain rate (mm/hr)
KR - two-minute rain rate (mm/hr)
P(RR>nR) - probability of two-minute rainfall, RR,
exceeding nR
The resulting probability of a two-minute rain rate RR, given
a clock-hour rain rate, R, 15§

-6.826
- E9%58)

P(RR|R} p(n) = 1 e » where 0<n< 10

and
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In the application to climatology, if given a series
of clock-hour rain rates, fi’ the covrresponding series of
two-minute rain rates, gi, 1S

9. (RR) = zf _(R) p(RIRR)
1 n 1

where the sum is taken over all n which satisfy the relation nR=RR

The zero rain rate is a special case in which

g, = (0.62) zf.(R).

4, Application of the Method

Using this threec step process, the "present weather" reports
from commercial and U.S. Navy ships have been converted to two-
minute rain rates. This method was applied to a data base of
standard marine weather observations covering the years 1955 to
1981. The observations are from all hours of the day and nignt.
Observations were grouped into Marsden subsquares (i.e., squares
measuring 1° Tatitude by 1° longitude). This grouping defined
the grid interval at which the resulting frequencies were calcu-
lated and contoured.

Rain rate maps for the Indian, North Pacific and Atlantic
Oceans have been prepared for each of the four seasons: Winter
is December tc February, Spring is March to May, Summer is June
to August, and Autumn is September to November. Maps showing the
frequency of observation of rain rates greater than 5, 8 and
15 mm/hr were prepared, It is important to note the distinction

between freauency of observation and frequency of occurrence,

_—



The frequency of observation of rain rates greater than 5 mm/hr
means that for each lcocation the number of observed rain rate
events greater than 5 mm/hr was divided by the total number of

observations at that site.

5. Results

Seascnal maps from the North Atlantic and Nurth Pacific are
shown in Figures 1-8. These maps show the frequency of observa-
tion of rain greater than 5 mm/nr. Maps for 8 mm/hr and 15 mm/hr
rain rates are included in the appendix. The number of winter
observations in the data base is shown in Figures 9-12 for the
Indian, North Pacific, and North and South Atlantic Oceans
respectively. For these four figures the initial computer drawn
isopleths were subjectively smoothed by hand analysis. The
number of summer observations is of similar magnitude. Since the
Indian and South Atlantic Oceans are data sparse, a single rain
rate map for each of these oceans is shown in Figures 13-14. The

complete set is included in the appendix.

6. Conclusions

It can be seen from the rain rate maps that rain rates
greater than 5 mm/hr are observed about one percent of the time
in many extratropical oceanic regions. In the low-latitude
tropical regions, this percentage increases by several percent
and in some Pacific equatorial areas it reaches 10%. These
results are consistent with the conclusion that rain rates

of 4 mm/hr are exceeded about 1% of the time in extratropical

regions (Vanderhill, 1982).
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APPENDIX

RAIN RATE MAPS - ALL OCEANS AND SEASONS

Maps in this appendix are sequenced in groups by ocean region,
season within region, and frequency of rainfall rate within season,

Ocean sequence -- N. Atlantic, N, Pacific, Indian, S. Atlantic.
Sezson sequence -- winter, spring, summer, autumn
Rate sequence -- greater than 5, 8, 15 mm/hr (percent)

The final group of maps shows "number of observations per sub-
square" for winter and summer in the ocean sequence above,

v
[
A imead

1 - ..A-'A'—L—"-M‘h ‘

. Q
—
oA

]




{31894 THANIEY 40 AIN3ND3Y4

e —— et —me— e e — e —eodd




25

SHNOH T HIINIM
(INIJHId) HH/WK 8 <




(| 31BY THANIBY 40 AON3NOD3YS|

PLE R R LIS b, i s v 2t s o e s .Il"l-,i-l.l.l.lla.ll.ll,llrlll!ll_.




By
s o
« .
K

------
-------
------
......
------
......
------
-------
-------
------
-----
-----
LRI

> o .

|
'
]
-—— - - -
1

a
3
2

L%,

R

g

i [ N T gtiyn, SUPIY (U

u'\

e m-

b il a s
o, SHNOH T

m m (IN30H3d) HH/WH S <
LHENE.. desazmenns "
= it .em.\.l.,.l..l...:.s- ..... = = = =

i,



SHNOH 1Y INIHdLS
(IN3IJH3d) HH/WW 8 < i
13184 TIY4ANIUY 40 AIN3NO3YA |




e U Ut U

mm:o: TH INIHAS
:z...._um_u& HH/WH ST <

- T RN e e e

m
-
]
8
2|
=
wr
i
E
2

29




- - - -

-
]
I
1
11
)
1
i
1
[}
"
)
]
)
{
1 v T e e e o a e« a s s o o = e W
T AL/ J7-AJEnu R P A N L LB IR e
L 357 SRS SEEER
] s ode 4 & 4 v s e s e le W
......... S X - el ataale Vs 5

SHNOK 1Y HIWWNS
(IN3TH3d) HH/WW S <
3184 TIYANIBY 40 AIN3NO3HL




ol ’ ’ . . [t ' i ' . .
_ * bl P ! _ !
4 “ ) , M S .. w “
. I . . e Y Lo - ai. - ey
0
..... e

.

[

bl

" i

o

1 -
-] ®

/]

e

SHNOH 1Y HIWWNS
(IN3JH3d) HH/HW 8 <

31




SHNOH T d3WWNS
{ INJJH3Id) HH/WW ST <

Ji6Y TIHd4NIGY d0 »uzm:ammmw

S q e e e

oS oL 83

32




mm:c: T NWLOY
(IN3JHId) HH/HWW S <
/3188 TWANIBY 40 AJN3NO3HA|




‘w_‘.llliuiiﬁ e .wi..wwlq m. A_' ..... w‘.
PR A _.... 3 Ld bowe oo [ _..

S

B e e

Wyt

e e -

/

-----

SHNOH 1Y NWRLNY
(INJJYH3d) HH/WKW ST <
31l6Y TIYINIBY JO AIN3NDIHS

) as

34




.......

!
1
'
)
§
{
1
-

U

SHNOH Tid
(IN3JY3d) HH/HW 8 <

35




IR A 4 L w‘
. [P -

36






o iiinsrEE R R R S A LI ARSI LI - Wi
A, SUNCH T BINIK |-
Tkald  (IN30WES) WHANSI < [

_ 2160 THANIBY 90 Oa0d: |«

L A S D

38




{IN3JHId) HH/WM S < s
TN 10 TRENIBY 40 AONZNO3US [ Lo

39




Lt e

SYUNOH TH  ONINdS |
(IN3OH3d) wH/M 8 < [

Y 316y TIHANIEY 40 ANENO3Hs) A
SFi

40







. A _ v
i SUnDH T WIS I

DH 1




43

(IN3JUZd) BH/ZHM B < [i1i
EE.E&EBB:NEEMMT




........

.
.

44




Co Ny [IN3JH3d) YH/WN S < o
Foooensy LY TRGNIDY 40 ADN3NOUA|: &
[ R 0%




|
|
|

lal

T TR IT TR
FESAS (LN3N3d) WH/WM B < Liii)
: gy TN 0 AN e

ORI | |

P S "
. 9 Gn

NS
DA an

7C PO D

46

. .
B IRINY i,

Y W W ) v .  —




oA ' L T AL § e ic vy T T@Y T v - ey
’ . ; AR . ¢ . . \

47




SHNOH T1d H3IINIM
( INJJH3d) HH/WW S <
3i6Y TIUINIBY 40 AJN3NO3ud

LW
O ("
1

48




£

SHNOH 1™ 431INIM
( IN2JH3d) HH/WW 8 <
3164 TIUINIBY 40 AIN3ND3HA

4s




d

SHNOH 1Y H3INIM
(IN3343d) YH/WW ST <

2z

i

e




B

.....................

Q...

R N

SHNOH T

e

{4} (]}

(IN3JHId) HH/WW S <
3ibY TIGANIUY 40 AIN3NDIY4

e e e o Gl . o e S

ONTEdS

7 %




;=1

SRR |-

R T A P RN RN

G A

SYNCH 1Y ONIHdS
( INJ343d) mx\zz 8 <




1 |- B ) i AR i EA Db § - P
P N cE L ~ ¥ L
| P { 1 i . T , . * .
o - t t
- ta 0l L cad -l puy -
PIT 1 86 14 ¥ ec
Gm L Al hJ 8 &wu LI 1] L) qu\- L) -Qm- LR 2 T 3 -------- .Q» » &m

\J

-------------

IONIHdS
(IN3JH3d) HH/WW ST <
31BY TBANIBY 40 AON3INO3YS G ::::

SHNCH 1Y

93

l”‘“" .




SHNOH T H3WWNS
( INJJHId) HH/HKW § <
3154 THANIGY J0 AONJND3Hd
Pt 1l —ge %
-— ‘e R e - - al 'm ‘al




55

SHNOH T8 d3WHNS
(IN33H3d) HH/WW 8 <
3164 TI-INIGH 40 AIN3NQ3Yd

L B
& e i — g A P S S N SIS S S D S S .
ez o o %

EME_inl vl ate e duas aiaatrd




Ioid)

ez r:

SHNOH Td H3WWNS
(1IN3J43d] YH/WW ST <

~mh¢m TIHANIBY 40 AON3ND3YS

(3] ea1 26




SHNOH T NWALNY
{ INIOH3d) HH/WH S <
316y TIUSNIBY 40 ADN3NG3YS

8




1=
[~

.

gl - -
7

4

..... - .\um i Ty

t
£
‘
o o o % &
1
A

[\Y]

- I a1

SHNCH 1Y

NWn1NY

( INIJY3d) HH/WW 8 <

3184 THANIBY 40 AON3N03Y4

1 oz

.

ait

o o e o 4
et

8

B
8
i

58




SHNOH 17d NWN.LNY
(LIN3JH3d) HH/WW ST <

59




R

P D2

I 1
1 q
1 !

i
3 I
t ]
[} [}
1 [
] ]

SHMCH T11d H3INIM

T (IN3OM3d) BHZWW S <
.TEm TIANIY 40 AIN3ND3 ]

60




SHNOH T8 H3INIM
(1N3JH3d) HH/KWW 8 <
3164 THANIBY 40 AJNINO344




SHNOH T17d H3INIM
( IN3JH3d) HH/WW ST <

13158 TIHANIBY 40 AON3INBIYA

{

H 81

.. .......mH




N N &5

o er

S

63

..........
..........
........
..........

:

..........

SHNOH 118 ANTHdS o
o (INFOH3d) HH/HW § <
<l 3184 TIg4ANIBY 40 AIN3INO344




-n

-S
3
9

Soe e
Jo o o
s 0.
..

\ -

SHNOH 114 INIHdS
_ (1N3JH3Ad) HH/WW 8 <
Ww._.am TIH4NIBY 40 AON3NO3Y4

®

64




............

o~ e

SHNOH

g

65




SHNOH 11

H3KWNS
(IN3JH3d) HH/WW S <

ldd UINIBE 40 AIN3NO3YAE

TR

66




SHNOH 1Y d3WWNS
{ IN3JH3d) HH/WW 8 < !
314 THANIBY 40 AIN3NCIYL |

67




68

SHNOH 1Y H3HWNS Bt
(IN3JH3d) HH/WW ST <
3108 TIB4NIBY 40 AON3ND34Yd

81




R B PR PR ‘« ...... r'm -, - -1
. ..m W Seow T e c M' '~ [ !
i a : , _
L. . r'. ..... - &l s - &L ... -

a1
SHIOH T NWALE
_ (IN3JU3d) HHAMM § <
: 3164 TIHINIBY 40 AON3ND3YA |
. 2
]




-

NWLNY
{ INJJH3d) HH/WW B < [
3104 TYANIBY 40 AJN3NOIHA§




13

]

~

Jo mom oo o

,.
5\

71

SHNOH Td NWNLNY
(IN3IJH3d] HH/WKW ST < .
3164 TIHANIBY 40 AON3ND3H4§

-1}




™3
uw

ar

T s

Y

]
N

d3INTH

<

1 SNOTLIBAHSSET J0 HZEWNN

e e

o

72

JEERGSENS d=d i

d es

P Sl Gl Tl Sl 0 "

. el
I3
>

1 =
85 2s [VES by




a5 23

).q- R e Tt e TaTela TaTolutotalatata TeTatatalolo b la LT T, TS
oo PP L . T
N e o s vee0>als
"o o0 s ¢ 000« ta s 0000 eo o
¢ NEEEEREE
' ..

ae

T T T
_o-

=
-t

2
B pepy—rr—yy—y vy
\ ,
1
i
L 1

DR

I861-GC61  YHIWNS
34HN9SENS H3d M
SNOILHAY3SAD 40 H3EUNN.

] et = e o e - e i v g

2s 2:

e e o S A B 'y

2 ez

73




aat 8t a2t 8.1 281 8.1 291 251

TYTV eI oY -.-ququ-q--‘--.-q-<--<-.-:--~u‘_..4-<uﬁ<:-... Y
U
1.
]

]
‘ o!
1 ‘-

rFeTs=TrSSTTroT T

t
t
1
]
aA—-—-
1
"
!
Al

gor

\.OA:

B Rl Rl Bl
e Kol il Rttt

_ 861-555
_ IYUNOSENS Had
. SNOILUAY3SED 40 HIAWN| bo

—— T Dioe,

§
t
1
1
r
]
1
§
]
r
1
]
[}
1

H]
]
1
e |
¢
t
1
)
]
L]
]
1

af

74




oS

i . e o s e [ . &

]
]

oy .- -
]

---Q

cemepe—=-

|
|
{

| 186T-SSBT  YAWWNS

IHYNDSENS H3d
SNOILBAE3SE0 40 H3BWNN|

Qs




-
5
m.

m\“ﬂz :1h! (414 86 25 8. 29 es

e e e LT T—————~" T T rT T rrirryrr oy

.

T TrvTTririyyrry

N . I
1
4
4
POIURS Dl ol Gl B

RS

(PRI

emeamdanannmana
PRl B Bl

Liun AEn e Sun M BEN n Eu )
LFLEL B L L NI BRI N

el i

1

.

Gl

L L LR R R R B A T T

T e e
o B S LN W

%,

drdbond 1

-

24

rozziiznd gy

LR B N
LU TLILILILNY

“ s 8 v e
LR BT ITE B I )

.
.
.
M
.

v e
e w9

.

-

.

DR R N N L I T
"8 0 0 b v e
.« e

DR

DRI I
LB N )

8

- - - - -

h,

1861-G561  YILNIM
Jubnosans ¥ad |-
SNOILUAH3SS0 40 HIEWNN|:

e o oot % = 7y =3 5 BY o<

R Y
“ o s

LI I SR )
» * 4 s 8w

LR BRI B I R ]
LN IR I Y
" o8 o e 8 aen
* &8 0 88 00
* % 08 a0 a v

2 a vy @ & 4o




a1 221 25 a8 & 9 as LA
IR L R B Al B RAD AN BN L NI NS GHI Rk BENh S BENE SuEN BN BN B Al BN SEN MRS NN NS SN AN BED ENN 8 LA R A B B S e ) BN SN ANt SN BN BN SuD Sna aun ame g ) 3

! '

1

¢

'

'

'

@

'

1

- 16861-9561

1 SHWNS

JHUNDSANS ¥3d

NOILYAH3SED 40 H3EWNN

[

LY LR, 7

l_/}

.
TR .

<54

77




BY |e—re——r———————tn o = - - - =

I A

R I A )

1861-5561 H3INIH
345NJSENS H3d
SNO!1YAY3S80 40 ¥=&knN.

L I I

LR

n

a

ol




P -l -

[ ar 5
Ty Y—P—y——Y LB o s o o
' \

‘ '

1 '

' '

1 '

1 '

' )

' )

¢ |

e e

1861-55651 d3WRIS
455N084aNS Y¥31d I
SNOIL1gAY¥3asH0 4C H3ghnN

79

3




COMMANDER IN CHIEF

U.S. ATLANTIC FLEET
ATTN: FLT METEGROLOGIST
NORFOLK, VA 23511

COMTHIRDFLY
ATTN: FLT METEORGLOGIST
PEARL HARBOR, HI 96860

COMMANDER NAVAL AIR FORCE
U.S. ATLANTIC FLEET

ATTN: NSAP SCIENCE ADVISOR
NORFOLK, VA 23511

COMNAVSURFPAC
(005/N6N)
ATTN: NSAP SCIENCE ADVISOR

SAW DIEGD, CA 52155

DEPUTY COMMANDER
OPTEVFOR, PACIFIC
NAS, NORTH ISLAND
SAN DIEGO, CA 92135

CHIEF OF NAVAL OPERATIONS
NAVY DEPT. QP-986G
WASHINGTON, DC 20350

CHIEF OF NAVAL OPERATIONS
0P-952D

U.S. NAVAL OBSERVATORY
WASHINGTON, DC 20390

OFFICE OF NAVAL TECHNOLOGY
MAT-0724, NAVY DEPT.

800 N. QUINCY ST,
ARLINGTON, VA 22217

DISTRIBUTION

COMMANDER IN CHIEF
U.S. PACIFIC FLEET
CODE 02ZM

PEARL HARBOR, HI 96860

COMSEVENTHFLT
ATTN: FLT METEOROLOGIST
FPO SAN FRANCISCO 96601

COMNAVAIRPAC

ATTN: NSAP SCIENCE ADVISOR
NAS, NORTH ISLAND

SAN DIEGO, CA 92135

COMMANDER
OPTEVFOR
NAVAL BASE

NORFOLK, VA 23511

VR Viaisy

ASST. FGR ENV. SCIENCES
ASST. SEC. OF THE NAVY (R&D)
ROOM 5E731, THE PENTAGON
WASHINGTON, DC 20350

CHIEF OF NAVAL OPERATIONS
U.S. NAVAL OBSERVATORY
DR. R. W. JAMES, OP-952D1
34TH & MASS. AVE., NW
WASHINGTON, DC 2039C

CHIEF OF NAVAL OPERATIONS
0P-954C3

4.S. NAVAL OB3SERVATORY
WASHINGOTN, DC 20390

CHIEF, ENV. SVCS. CTiv.
0JCS (:-33)

RM. 2877K, THE PENTAGON
WASHINGTON, NC 20301
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COMMANDER SECOND FLEET
ATTN: METEORQLOGICAL QFFICER
FPO NEW YORK 09501 !

COMSIXTHFLT
ATTN: FLT METEOROLOGIST
FPO NEW YORK 09501

COMNAVSURFLANT
ATTN: NSAP SCIENCE ADVISOR
NORFOLK, VA 23511

COMMANDER

OPTEVFOR

ATTN: NSAP SCIENCE AOVISOR
NORFOLK, VA 23511

CHIEF OF NAVAL OPERATIONS

(0P-952)
U.S. NAVAL OBSERVATORY
WASHINGTON, DC 20390

CHLIEF OF NAVAL OPERATIONS
U.S. NAVAL GBSERVATORY
DR. RECHNITZER, 0P-95ZF
34TH & MASS AVE.
WASHINGTON, OC 20390

CHIEF OF NAVAL OPERATIGNS
0P-982E

U.S. NAVAL OBSERVATORY
WASHINGTON, DC 20390

OFFICER IN CHARGE
NAVOCEANCOMDET
FEDERAL BLDG.
ASHEVILLE, NC 8801

i 1



COMMANDING OFFICER

NAVAL RESEARCH LAB

ATTN: LIBRARY, CODE 2620
WASHINGTON, DC 20390

COMMANDING OFFICER

FLEET INTELLIGENCE CENTER
(EUROPE & ATLANTIC)
NORFOLK, VA 23511

COMMANDING OFFICER
FLENUMOCEANCEN
MONTEREY, CA 93943

NAVAL POSTGRADUATE SCHCOL
METEOROLOGY DEPT.
MONTEREY, CA 93943

PRESIDENT

NAVAL WAR (OLLEGE

ATTN: GEGPHYSICS OFFICER
NEWPORT, RI 02840

COMMANDER

WAVAIRSYSCOM

MET. SYS. DIV. (AIR-553)
WASHINGTON, DC 20360

NAVAL SEA SYSTEMS COMMAND
ATTN: R.ZIEGLER, SEA62X11
HASHINGTON, OC 20362

COMMANDER

NAVAL SHIP RSCH & DEV. CENTER
SURFACE SHIF* DYNAMICS BRANCH
ATTN: 5. BALeS

BETHESDA, MD 20084

.......................

COMMANDING OFFICER
NAVAL RESEARCH LAB
ATTN: H. HARPER

RM. 201 BLOG. 4)
WASHINGTON, DC 20390

COMMANDING OFF ICER

FLEET INTELLIGENCE CENTER
(PACIFIC)

PEARL HARBOR, HI 96869

SUPERINTENDENT
LIBRARY REPORTS
U.S. NAVAL ACADEMY
ANNAPOLIS, MD 21402

NAVAL POSTGRADUATE SCHOOL
OCEANOGRAPHY DEPT.
MONTEREY, CA 93943

COMMANDER (2)
NAVAIRSYSCOM

ATTN: LIBRARY (AIR-7226)
WASHINGTON, OC 20361

COMMANDER

NAVELEXSYSCOM (PME-106)
ATTN: CDR D. MCCONATHY
WASHINGTON, DC 20363

COMMANDER
NAVOCEANSYSCEN

DR. J. RICHTER, CODE 532
SAN DIEGO, CA 92152

COMMANDER
NAVAL SURFACE WEAPONS CENTER
DAHLGREN,VA 22448

g1

COMMANDING OFFICER
NORDA
NSTL, MS 39529

COMMANDER
NAVAL OCEANOGRAPHY COMMAND
NSTL, MS 39529

CHATRMAN
OCEANOGRAPHY DEPT.
U.S. NAVAL ACADEMY
ANNAPOLIS, MD 21402

NAVAL POSTGRADUATE SCHOOL
PHYSICS & CHEMISTRY DEPT.
MONTEREY, CA 93943

COMMARDER
NAVAIRSYSCOM (AIR-330)
WASHINGTON, DC 20361

COMMANDER

NAVAL SEA SYSTEMS COMMAND
ATTN: LCDR S. GRIGSBY
PMS-405/PM-22

WASHINGTON, DC 20362

COMMANDER

NAVAL WEAPONS CENTER

DR. A. SHLANTA, CODE 3918
CHINA LAKE, CA 93555

COMMANDER

NAVSURFWEACEN, CODE R42

DR. B. KATZ, WHITE OAKS LAB
SILVER SPRING, MD 20910

o ..



NAVAL SPACE SYSTEMS ACTIVITY
CODE 60

P.0. BOX 92960

WORLDWAY POSTAL CENTER

LOS ANGELES, CA 90009

COMMANDER & DIRECTOR
ATTN: DELAS-D

U.S. ARMY ATMOS. SCI. LAB
WHITE SANDS MISSILE RANGE
WHITE SANDS, NM 88002

CENTER FOR NAVAL ANALYSES
OEG

2000 N, BEAUREGARD ST.
ALEXANDRIA, VA 22311

I Y L A R

COMMANDER
PACMISTESTCEN
GEQPHYSICS OFFICER
PT. MUGU, CA 93042

DIRECTCR (12)

DEFENSE TECH. INFORMATION
CENTER, CAMERON STATION

ALEXANDRIA, VA 22314

TECHNOLOGY SERVICE CORP.
ATTN: W. RIVERS

8555 16TH ST.

SILVER SPRING, MD 20910
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USAFETAC/TS
SCOTT AFB, IL 62225

M.I.T. LINCOLN LABORATORY
ATTN: DR, M.J. VANDERHILL
244 WOQD ST.

LEXINGTON, MA 02173

—




