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ABSTRACT

The large variability of the Gulf of Mexico wind field indicates that
high-resolution wind data will be required to represent the weather systems
affecting ocean circulation. This report presents methods and results of the
calculation of a corrected geostrophic wind data set with high temporal and spatial
resolution.

Corrected geostrophic wind was calculated from surface pressure analyses
compiled by the Fleet Numerical Oceanography Center. The correction factors for wind
magnitude and direction were calculated using linear regressions of observed Gulf
buoy winds and geostrophic winds deroved at the buoys. The regressions were done for
each month to determine the seasonal variability of the correction factors. The
magnitude correction was found to be nearly constant (0.675) throughout the year,
but the direction correction varied as a sine function dependent on the time of the
year.

The corrected geostrophic wind was calculated twice daily from 1967-1982 on a
spherical grid over the Gulf, and the wind stress and wind stress curl fields were
then calculated. Twelve-hourly stress and curl fields show large temporal variations
of the wind field for both winter and summer months. Seasonal and monthly
climatologies of the stress and corresponding curl show positive curl over the
Yucatan and negative curl in the southwest Gulf, which are features not seen in any
previous study of Gulf wind stress.
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NAVY CORRECTED GEOSTROPHIC WIND SET FOR THE GULF OF MEXICO

INTRODUCTION

In their climatological analysis of frontal activity in the Gulf, DiMego,
Bosart, and Endersen (1976) have shown that frontal frequency increases rapidly from
September to October. A strong maximum exists in the winter months with the duration
of frontal activity approximately I to 2 days. Activity decreases more gradually
through the spring, and very little frontal activity occurs in the summer months.
The frontal activity is associated with some of the highest wind speeds and stresses
observed in the Gulf of Mexico. The large variability of the Gulf of Mexico wind
field indicates that high-resolution wind data will be required both spatially and
temporally to represent the weather systems affecting ocean circulation.

Previous data sets have lacked the needed resolution and, therefore, are far
from ideal for use in studying the dynamics of Gulf circulation. The data sets of
Franceschini (1953) and Elliott (1979) both are derived from historical ship
observations. The Franceschini wind data are monthly averaged stress climatologies
with 20 grid resolution, while the Elliott data are seasonally averaged stress
climatologies with 10 grid resolution. The data set of Blaha and Sturges (1978),
supplied by Bakun (1973), is monthly averaged values of wind stress derived from
surface pressure data extending continuously over the period 1946-1975. In each case
the temporal resolution is particularly poor, with highest resolution being monthly.
Monthly or longer averages cannot possibly represent short-term wind variability,
and it would be preferable to provide the ocean model with wind data supplied much
more frequently.

DATA AND METHOD OF ANALYSIS

The most promising sources for frequent synoptic atmospheric data in the Gulf
are the atmospheric forecasting centers. The approach taken here is to calculate
corrected geostrophic winds from surface pressure analyses compiled by the weather
services. The most desirable data set is the one used to initialize the National
Weather Service's limited fine-mesh model because of its high resolution over the
Gulf. Only a subset of the surface pressure analysis (that does not cover the entire
Gulf) has been archived at the National Center for Atmospheric Research (NCAR). The
best readily available data for use in calculating the geostrophic winds are surface
pressure fields obtained from the Fleet Numerical Oceanographic Center's (FNOC)
12-hourly analysis, with approximately 280-300 km grid resolution over the Gulf.
This data was obtained for all available time periods fron 1967 to 1982.

The pressure was interpolated to a spherical grid over the Gulf, and the
geostrophic wind was calculated at three buoys in the Gulf for direct comparison
with the observed buoy wind. The buoys were located at (26.0°N, 90.O°W), (26.0ON,
93.50W), and (26.0°N, 86.0°W), and the data were available at either 1-hourly or
3-hourly intervals from 1977 to 1982.4

Ageostrophic corrections were calculated by directly comparing geostrophic wind
and buoy wind by using linear regressions for both magnitude and direction. Blaha

and Sturges used constant ageostrophic correction factors of 0.7 for speed and 150
for direction, but these figures were obtained from a study done by Bakun using data
from the west coast of the United States. Since the correction factors depend on
atmospheric stability, Bakun's correction factors are not necessarily appropriate
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for the Gulf. Wind stresses were calculated on a spherical grid over the Gulf from
the corrected geostrophic wind using constant atmospheric density and a constant
drag coefficient equal to 0.0013. This calculation is identical to that used by
Blaha and Sturges. The geostrophic winds, corrected geostrophic winds, and wind
stresses (all on a 10 grid covering the Gulf) will be available on separate magnetic
tapes from the Gulf of Mexico Regional Office of the Minerals Management Service.

RESULTS

Ageostrophic Corrections

The data from all available years and for the three buoys were combined by
month, and linear regressions performed to determine seasonal variability. The
results showed that the magnitude correction factor had little variability
throughout the year, but the direction correction was a function of the month and
was shown to have a large sinusoidal component. The angle correction was larger in
the winter than in the summer. Therefore, one magnitude correction (0.675) was used
for the entire year, while the direction correction varied according to:

C = 17.5 + 9 sin 2wi/N i = 1, N (1)

where C is the correction factor in degrees, N = 730, the number of observations per
year, and i = 0 on October 1st of each year. For simplicity, exactly the same
formula is used in leap years, since the variation in C over 1 day is negligible.

Wind Stress and Wind Stress Curl

Appendix A shows wind stress and wind stress curl for two 9-day periods,
January 11-19 and July 11-19, 1976, with two observations per day. There is a large
temporal variability of the wind stress and wind stress curls during this period,
indicating why the modeling of Gulf circulation requires wind data on short temporal
scales.

Appendix B shows seasonal ,limatologies averaged over the period 1967-1982, and
Appendix C shows monthly climatologies over the same period. The wind stress and

- wind stress curls are much stronger in the winter than the summer as would be
expected. There are persistent areas of positive curl over the Yucatan and negative
curl in the southwest Gulf for both seasonal and monthly climatologies, which are
not seen in any previous study of Gulf wind stresses. Appendix D shows the monthly
averaged wind stresses and wind stress curls for each year from 1967 to 1982.
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APPENDIX A: WIND STRESS AND WIND STRESS CURL FOR JANUARY 11-19 (days 011-019)
AND JULY 11-19 (days 193-201), 1976
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*WIND STRESS WIND STRESS CURL
*011/1976 AT 0OGUT 0L 011/1976 AT 0OGUT VC-20OE-07 M

31)4 31N4

(DIG -- 0- 96Z (DG -Bo
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WIND STRESS WIND STRESS CURL
014/1976 AT 0 GUT . 0J4/1976 AT 0 GUT DC - 2-07 W

31N V-T 31N4
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•IN ,.31N. . .

(DE (DEG)
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WIND STRESS WIND STRESS CURL
035/1976 AT 22 GMT . 015/1976 AT 12 GMT DC - 2 O-07 M
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'WIND STRESS WIND STRESS CURL
017/1976 AT 0 GUT - 017/976 AT 0 GMT DC - 0 0E-07 l

4 31N 3 N , 1 1
"!, I'

/m/

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

*~. ,/ i1"-

-981 (DIG) -601 -981 (DEG) -80E
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(DEG) * "," (DEC) \
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-QSE (DEG SOL -SE (DEG) -6o
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.. . . /,l l /-, ,___ ., __-_
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WIND STRESS WIND STRESS CURL

30N1/1976 At 12 GT 018/976 AT 22 GT DC: Z. 01-07 11

3 IN 31N

&D STES 3 71DNS0'MN- 1E0 W-10E0

(Do (DRDAG) - - - - -MA S 2-K-

WIND STRESS WIND STRESS CURL
01 /1976 AT 0 GUT 019/2976 AT 0 GUT DC -201E-07 W

31N 31N
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WIND STRESS WIND STRESS CURL
19.3/1976 AT 0 GUT 19.3/1fr76 AT 0 GUT DC Z OE1-07 Md

* 31N 3114

* .~2

(DIG)-.
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WIND STRESS WIND STRESS CURL
194/976 AT 12 (GMT 194/1976 AT 12 GT DC - 2 O-07 U

31N 31N ...

. . . . . .._____ ....
(DEG) .UP" (DEG) " / _

2814 IBN
-98E (DEG) -8oe -98E (DEG) -60E

MA3iOUM WIND STRESS - 1.56 DYNES/' MIN - -127E-06 AX - 844E-07

WIND STRESS WIND STRESS CURL
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31N 31N -%

3114 3114 !

. . . . , . . . •ern~ " . .-..
. ..... .....

JON ..... 18N

-981 (DEG) -8o -98E (DEG) -60-
MAIMU WIND STRESS - 1.89 DYNES/CU' MIN - -1.57E-06 MAX - 1.58e-06

WIND STRESS WIND STRESS CURL
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31N 3_ .._. ... ... .,, . . . . . ...,, . . .
[" 4 - - -;-- -1,

. . .. .. . . .

* .. ... - I i ... ."
D 8) (DEG) -80E -98E (DEG) -50l

M WIND STR - 2*71 DYNES/C5-. MIN - -3.0E-06 WAX \- 2 OE-06
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WIND STRESS WIND STRESS CURL
196/1976 AT 0 GUT 196/1976 AT 0 (MT DC -2 OE-07 V

(DG (DIG) 0

IONI/

(DEG) -8o N98 (DG -, . . .

MAXIMUM WIND STRESS 2 251 DYNES/CU2  
WIN -- 125E-06 MAX -1.30E-06

WIND STRESS WIND STRESS CURL
*196/1976 AT 22 GUT .. ±.196/ 1976 AT 12 GUT DC 2 20E-07 U

31N4- 327N

IO S.N .. .. .. ~ *

-9F (DEG) N8E -8 (DEG) -80E

MAUA3ltM WIND STRESS 3 346 DYNES/CM2  
WIN =-2 ZVE-06 MAX 2 277E-06

am. gal I-KC-93 NI. in 'i-BIc.

WIND bTRESS WIND STRESS CURL
297/2976 AT 0 GUT 297/2978 AT 0 GUT DC . 20DE- 07 M

-. 31N4 r-.- . .... ----- r T T -r---~r--,,-, 327N

- -- - -- - -

(DEG) (DEG

IAN

9E(DEG) -801 -90E (DG 80E

MAXIUMU WIND bTRESS 2 .J. DYNES' W IN -I 37E-06 MAX. 2 5.31-06
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WIND STRESS WIND STRESS CURL
197/1976 AT 12 (MT 197/1976 AT 12 GMT DC - 2 01-07 V

31 3.N -. .. .

IONN
( 981 (DEG) -0E -E (DEG)

MAXIMUM VIND STRESS - 2 04 DYYNS/ClW8 MIN - -1 49E-06 MA - 10--06

WIND STRESS WIND STRESS CURL
198/1976 AT 0 GMT 198/1976 AT 0 GUT DC 20E-007 U

3I 31N4

/ 
-

IO ION A

o8 ( E 0 -

M A XI3 M U M W I N D S T R E S S - 1 .9 9) D Y E / , I N -- 4 E - 0 6 m a X - I 3 7 E - 0 6

WIND STRESS WIND STRESS CURL

198/1976 AT 12 G T 
19 /1976 AT JZ MT DC - Z E-07 M

31 31N .

(DEG) 

(DEG) -.. ' , , -
/

-g E 
(D If,) -80E - SE (D90) 

-80 E

MAXMUM WIND STRESS - 5 0 DYNES/CM " 
MIN - 3 - 40E-06 MAX - I 50 -06
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5 

t

~ 'S . S 5'. 5'5"

* ~ N N



- _-, i- F 7 . - - - '7 ' _ - ,V* . .JUL7 2' *N .- - ;-. . 7 . - * . .7 . -7 57

WIND STRESS WIND STRESS CURL
199/1976 AT 0 GUT . 199/1976 AT 0 GUT DC , 201-07 V

321M 3 IN

/ ,
J

* (DIG) (DEG)*° .. . .*''°

. . N . . .. I SN,
181 1812

-981 (DEG) -W0E -981 (DIG) -8o0

MAXIMUM WIND STRESS - 2 19 DYNES/CU' WIN - -1.66E-06 MAx = a 871-07
NOR" 171 11 NC-8. WMA S si,-Nc-S

WIND STRESS WIND STRESS CURL
199/1976 AT 12 GUT ' 199/1976 AT 12 GUT DC - 20X-07 U

3 l'i31N

(DEG) -

5N~' JB Alto

gay (DEG) -B()E -98E (DEG) SOL
MAXIMUWU D STRESS - 8 96 DYNES/CMg MIN - -695E-06 MAX - 8 38E-C7

W.D* in 1 09 1 itA 14*272 1-KC-04

WIND STRESS WIND STRESS CURL
200/1976 Ar 0 GUT 2t' 200/1976 AT 0 GMT DC - 201-07 U

I / // -. . . .

E ~~- (DEG)

" • ' * * "

. 5, • ' ". * , . ..- /

- (DEG) -kO -9BE (DEG) -80E
MAXIM'I. W;N. w. , I,

-  
45 5 '... CM WN -3 96E-0, MAX I 37E-06
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WIND STRESS WIND STRESS CURL
200/1976 AT 22 GUT 200/1976 AT 12 GUT D( - 20E-07 U

%-

(DEG) (EG) 7

1.1

WIND STRESS WIND STRESS CURL --

31N4 3 IN

............................................ 1 3] ( ""

*(DEG) " , - - (DEG) - ._ --

ION . .. . .. O

-98E (DEG) -80E -98E (DEC.) -80_1

MAXIMUM WIND STRESS = 4 84 DYNES/CNW MIN - -5 0E-07 MAX - 71.4E-07

WIND STRESS WIND STRESS CURL
201/1976 AT 02 G)T 201/2976 AT 2 GuT DC - 2 OE-07 I

3 IN 3 IN T

.. .. . . . . . .. .; .

(DEG) " (DEG) / "

a -- .c -. '.

N .. .~ - . - . ..,, " -,,, ~

I-N I - !-"' . --..

-98E (DE,) -PO" -9E (DE L. -D0E

MA=MUVJ W;ND STRESS = 2 33 DYNE6/CU, MIN - -2 47E-06 MAX - 7 4SE-07

S 17. U

WINDSTRES WND SRESSCUR
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APPENDIX B: SEASONALLY AVERAGED WIND STRESS AND WIND STRESS CURL CLIMATOLOGIES
FOR THE PERIOD 1967-1982
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WIND STRESS
WD!YI 1967-1982

31NIk

4~- Vd a- o- a- Ar

-98E (DIG) -601
KAXIMUM WIND BUMSW - 2.79 DYNZS/CMO

WIND STRESS CURL
WIN'II 1987-1982 DC - 1.01-07 M

3114

(DEC) K

IM ~1.42E-0#3 MAX - 3.15E-07
OWA 222 1 3-KC-4



WIND STRESS
SPRG1067-1962

31N

18N
-961 (DIG) -601

MAXOMM TMN VTRMS - 1.33 DYNMZS/Of
NMA =9 12-InC-06

WIND STRESS CURL
SPMIG 1967-1982 DC -1.01-07 MW

31N

K-961 (DIG) -801

MW -- 7.661-07 MOX 5.85E-07

U21 NOMA flU 12-KUC



WIND STRESS
-. SUWR 1987-1982

d 31N

* (DEG)

- 8 (DEG) -8OE

MAXMUM WINrD STRSS = 1.29 DYNES/CM*
NOUA 223 I2-Of C-4

WIND STRESS CURL
SUIR 1967-1982 DC - .OE-O7 IM

* 31N

IBN

98E (E)-0

MIN -= .4-0 A 4.31E-07
NOWA 22) 12-Of C-S4



MIND STRESS
FALL 1967-1982

31N

((EGE-80

MAJUMM WIND STRESS =1.84 DYNES/CM
NOMDA I"2 I&%-DC-4

WIND STRESS CURL
FALL 1967-1982 DC =1.01-07 IM

31N

l8N
-98E (DEG) -80E

IN =-9.53E-07 MAX =3.22E-07

23 
NORDA 321 12-DEC-94



- q . . . - - _ I p..

APPENDIX C: MONTHLY AVERAGED WIND STRESS AND WIND STRESS CURL CLIMATOLOGIES
FOR THE PERIOD 1967-1982
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WIND STRESS
JANUARY 1967-1982

31N

(DIGDE))80

MAMUM WIND STRESS - 2.53 DYNES/CMl
""A =3 I*-Dec-"4

WIND STRESS CURL
JANUARY 1967-1982 DC -1.01-07

31N

ION
-98E (DEG) -80E

AM -1.23E-08 MAX -3.29E-07

HNO1A 3231 I -DCC-04



WIND STRESS
MERUARY 1987-1082

31N

AorA

(DE8) (Doe -8-I

ILAUMU WIND Sa.- .9 YNS

MA MWND STRESS CURLYNSIl

FEBRUARY 1987-1982 DC -1.01-07

31N

-9DEDG))80

dii--1.57E~-06 I6A" 3.93E-07

27 3



WIND STRESS
MARCH 1967-1982

It 31N

4-4

(DGE(E) ss

MAXIMUM WIND STRESS - 1.76 D YNES/CM
NOAM US t-KC-44

WIND STRESS CURL
MARCH 1967-1982 DC -1.OE-07

31N

ION
-98E (DEG) -8OE

MIN =-9.55E-07 MAX 6.17E-07
RND~A 311 1S-KC-44



WIND STRESS
APRIL 1987-19a2

31N

* ~(DEG) 4-

V-4.

ION
-98E (DEG) -801

MAXDMM WIND STRSS - 1.43 DYNES/CM'
1@MA MMS I -KC-44.

WIND STRESS CURL
APRIL 1967-1982 DC - 1.01-07

31N_

Vt.t

-981 (DEG) -80E
%i% -13.920'-07 k"* 6.94L;-07

29 .m IStO&4



WIND STRESS
MY1967-1982 ~ .

(DEG)

-981 (DIG) -80E

MAXWMUM WIND MUM~ 1.16 DYNIS/CM

WIND STRESS CURL WAM1-C4

MAY 1967- 1982 DC - 1.01-07

31N

I (DEG) \j

-~~ - --

-98E (DAG) -80E

KIN -- 5.70E-07 MaX 6=.35E-07
*MIA =3 13-Mt-4

30



WIND STRESS

31N

-98E (DEG) -80E

MAMMU) WIND STRESS -1.22 DINES/CMP

WIND STRESS CURL
JUNE 1967-1982 DC -1.OE-07

* IAN
-98E (DEG) -8OE

MIN -- 07E-07 AX 5.t3E-07
W@A 3" 1 S-DC-04

* .-. *-....*,......... . . * .*,--.-* .. . - ***.*~.' .'* '.. .- S -,*31.**



WIND STRESS
JULY 1967-1982

31K

(DIG

~LIO

-981 (DG .o

MAXMWM WIND STRESS = 1.47 DYNES/CM'
WORDA 223 13-KC-44

WIND STRESS CURL
JULY 1967-1982 DC =1.01-07

31N

18N" 
I I

(D9G) LDG -8 --- -E

M 97E0 A - 37E-0

0OA7 3DC0



V 'fV

WIND STRESS
AUGUST 1967-1982

31N

(DEG)

18N
-98E (DEG) -W0E

ILA~aWUM WIND STRESS - 1.28 DYNES/CM*
M@A 222 1 S-KC-44

WIND STRESS CURL
AUGUST 1987-1982 DC - 1.OE-07

3iN

I SN
-98E (DEG) -80 B0

101 - -e.08E-07 MAX - 4.21BE-07
MONDA 222 13)-DC-04



WIND STRESS

31NSUPTMMER 1967-1982

(DEG)

-9E(DEG) -80E
MAXIUM WIND MTRE" - 0.98 DYNES/CMe

WMA M I *-DC--M

WIND STRESS CURL
SEPTEMBER 1967-1982 DC =1.OE-07

31N

18N
-98E (DEG) -80E

IN =-5.3, E-07 MAX - 3.83E-07
MMA M7 1 3-SfC-64



WIND STRESS
OCTOBER 1967-1982

31N

&. (DIG)o a Al

-981 (DEG) -80E
MAXOMM WIND MTR=~ 1.90 DYNES/CM

WIND STRESS CURL
OCTOBER 1967-1982 DC -1.01-07

* 31N

* 18N
-98E (DEG) -801

IM- -9.88E-07 MAX 3.59E-07

NOMA 23 llKC-0



WIND STRESS
NOVEM BR 1967-1982

31N '' r-

V.'. R- .-

All A., 00,-

(DIG) ' '

a-- / //// ,.,,.-- . .1-,-"_

-98E (DEG) -80,
MA~UM WIND STRESS = 2.67 DYNES/CM'

NOMA M 313-I€-4

WIND STRESS CURL
NOVEMBER '967- 1982 DC - 1.0E-07

31N

I

AI

(/IG) (j \ \

i8N~

-98E (DIG) -80E
WN -1-34E-06 MAX - 3.29E-07 tC

.. .,*. * ,1... i...L _. .-
-.-. .(D - -).--0-

NOM A M 13-KCe-e



WIND STRESS
DEMMER 1967-1982

31N

4b~~V o. V I.
((DEG)

MAUMUM WIDDSTESS -2.96 DYNES/CM' 80
"MIA 3 12-OC-4

WIND STRESS CURL
DECEMBERt 1967-1982 DC = .01-07

31N

-981) (DGN-0

MIN -l45E-6 MX - .75 -0700

37 tOD PWC

MW -. 45E06 MX 2.5E-0



APPENDIX D: MONTHLY AVERAGED WIND STRESS AND WIND STRESS CURL
EACH YEAR FROM 1967-1982
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WIND STRESS WIND STRESS CURL
JANJAR/19? A)NUARY/3967 DC;- 2 OV-07 M~KS

31N4 I -T I 3

. .... ...... .....
%N

(DEG) (DEG)

MAIU VIN >RS 1DN/C' I I4E0 U 37E0

""A1. 1 EC o n aIsDCS

FEBRUARY // 167* FERAY 196 X 2~ OE 07 V

-98o(mG - DEG-) DEI-Q

MtAXINIJM UN TS-3416 DYNF!S/CM 2  MIN =-1 U9E-06 MAX S 3Z-07
MP i I OEc-t Mt* A .1 -fl C--

WIND) STRESS WIND STRESS' CURL
)UARYl/1967 MXRARH/1967 DC -2 OE-07 "KS

3 IN

9D3E, Q- LEG

'4A)MMUM V:ND)'PE N6 D 'J1 W' WIN -1 -C6 MAX 3 5 1E-07



l% ."-fJ 771 717 1.W - 1 0 7 7 1 :JiW 7

WIND STRESS WIND STRESS CURL
APRU/1967 ,. APRIL/1967 DC 2 OE-07 WnXb

31N 3A N

9- I I \\ I -

-98E (DEG) -80E -8E (DEG)-

WIND STRESS WIND STRESS CURL
)LAY/ 1967 ]WMAY/1967 DC, 2 OEr-07 WKS

3 . .. .,. . . .

(DEG)(DC

J N - -N .I I
-98E (DEG) -80L -98E (DEG; -80r

MAIMUM WIND STRESS 1.90 DYNES/CW: WIN = -I.0?E-06 IAX = I OJE-06

MO#~~~NWD 177 )-L-MU I1-KC-W

WIND STRESS WIND STRESS CURL
JUNE/1967 JUNE/ 1967 Dc. 2 OE-07 WKS

31 J * /

(E )(DEG.) *

J ON IeNN

-98F (DEC.) -801 -98E (DEC, -80E
MAXIMUM WIND bTRES, = I.90 DYNLS/CM Ml IN -1 05E-06 MAX = I ?' I-06

.4~ 41.SA17 -C



WIND STRESS WIND STRESS CURL
• JULY/1967 tU JULY/1967 DC - 20E-07 WKS

31N 31N.

\. ........... 

4. ION-

( GSE (DE)) -801 -98E (DEG) -OD

MAXIMUM WIND sr. - z i DYN-s/C,, MIN - -[.41E-06 MAX - 375 -07

mem 32 I-c- NO N 2K -

WIND STRESS ,WIND STRESS CURL
AlUGUST/1967 AUG;UST/1967 DL

. - ZOE]-07 W'KS
3N 3....

I~~ B IO

,+,1-8)-4-. - .,\ . jj

-981 (DEG) -60Z -98E (DEG) -80E

-AXAMUM VIND STRESS -1 97 DYNES/CM' MIN - - 116E-06 MAX - 8 65E-07

s.0A II 1-eC-M "A un IS -SC-1.

WIND STRESS WIND STRESS CURL
S-PTEMBE/967 SE. AU.1BUR/1967 D( 2 0E-07 MKS

3i . , 3 \

(DEG) 801 -8t (DEC,) -80E

MAXIM1UM VIND VTRESS - 1 50 D",IES/CMW MIN - -5 6-07 MAX = 8 18E-07

ii0i4a* ' 3a81 0 -U Sllm 1) l-SiC-I4

, ., , r+ I " '+" '- ' - " +" WIND"-% ' ST E SW N STRES CURL"- + " ' -' " " . .



WIND STRESS WIND STRESS CURL
OCOBER/1967 OTOBE/1967 I - 201-07 MKS

31N . i , , 31N . . . . . . . . . . . . . .

(DEG) ; ;; 37 ;;~ (DEG)

(DIG (DG V 8o - DG)-0

-- ,v - .-- , , , . . . 8

I MIMnUMd WIND STIRESS 2 57 DYNE.,./OiM
!  

MIN, -1.25E-06 MA4X .. 8 51E-07

I \IC- J

L (DEG) -80E -H. (DEG)' -801

MAXIMUM WIND STRESS Z7 DYNES/Cldt  
MIN -987E3-07 MAX 5 04E--07

VIND STRESS WIND STRESS CURL
DECEMBR/ 1967 DECEMBER/ 1 f7 DC 2 201-07 MKlS

31N . .. ......I .I I .k 1,\ ...

(DEG) / (DEGi)

N-B

t :- /J.--- -- N/--- -Z

(E)-0 9E(DEG) -801

MAXIMUM IND STRESS - Z71 DYNES/C ?
M
4IN = -985E-07 MAX - 5041E-07

WIND STRESS WIND STRESS CURL

IDECEMSERI19C7 ±L DICI3BIRI1967 DC - 2 01-07 U KS

314 , . . . N , . .*. . * .. . . . . 3114i -I -

(DIG) / ' / " (DIG) :

/ / N," . . . . . .N_- '__ > .-,°

-. (DEC) - 801 -981 (DC&) - 801 '
MA3OIdUM WIND STRE35 2 56 DYNES/C t MIN = -7 951-07 MAX = 2 411-07 '

43
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.'-7.

WIND STRESS WIND STRESS CURL
JANUARY/1968 JANUARY/1968 DC 2 OK-07 MKS

31W 3IN . . . . . . .

L'- / .----.- "- / \"

(DEG)~ (DEG) J

18N
-98E (DEG) -80E -98E (DEG) -801,

MAXI3UM WIND STRESS - 2 74 DYNES/CW' MIN = -6 96E- 07 MAX - 3 88-07

WIND STRESS WIND STRESS CURL
FmBRUARY/1968 M *F.BRUARY/1968 DC - 20 0-0? MKS

31N1 .. 31N1

(DEG) (DEG) \ \ ) \

\~ \\\ L.

BN 18N

(EG) -80 -98Y (DEG) -DOE

MAQ)aUM WIND 5TRESS = 307 DYNES/CUr MIN -I 14E-06 MAX = 4 14E-07

WIND STRESS WIND STRESS CURL
MARCH/1968 _J±- MARCII/1968 DC - 20K-07 MKS

31N .. .. .31N1

...i / .. _ ... ...I . !- - - - -- - - 7

ISN

MAIdMUM WIND STRESS - 3 4 UVNES/CM' MIN 48E-06 MAX - I 28E-06

". 11 .1 .i ..
44



WIND STRESS WIND STRESS CURL
APRIL/968 APRIL/1968 DX - 2 OE-07 WKS

(DEG )- 

(D

\N eN

-96E (DIEG) -80E -98E (DEG) -80I

MAXIMUM WIND STRESS - 2 13 DYNES/CW' NIN - -740E-07 MAX - 1.oE-06

WIND STRESS WIND STRESS CURL
MAW/1968 IAY/1968 DC 2 OE-07 MXS

N 

W

9D8E (DEG -8E -9E(DG _

MAXIMUW WIND STRESS = 25 DYNES/C; MIN - -5 99E-07 MX = 9 06E-07

WIND STRESS WIND STRESS CURL
JUNIE/960 __L'_ JUNE/1968 DC - 2 OE-07 MKS

31N 31N

- 'f '.: . -w ,

(DEG) (DC

I N' 
K '"

98- (DEG) -8O -9SE (DLG) -8OE

MAXIMUM WIND STRESS I 06 DYNES,/CWN MIN - -6 2MK-0? MAX = 7 81E-07

45
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, -. -: " ." .
-

.-.. , ." .- .-..-v..+ - .,. -: i ; i



WIND STRESS WIND STRESS CURL
J1JY/I68JULY/1 968 DL - 21- 07 WdM

31N1-3I

t I * . . . . . . . . . . .

. .

i (DG)(DG

%A

*-981 (DEG) -ODE - 981 (DEG) -Box

MLIOMM '81)41 STRESS - 278 DYNES/CMi' MIN - -1 091-06 MAX 6 8001-07
mtflod3~ *-KNON"U Inl 4S-KC-6

WIND STRESS WIND STRESS CURL
AUGUST/198 .. 2± A1JGUST/1968 D( - 2ZOE-07 MCS

IS r

(DIG) (DEG) -

*- -N -- - - - --

MAIU WIN STRES - 9DNS/- -- '] 3K- I - -60-7 MX-61-,

SE-TEIBL. 196 D(- 2 E -7

.... .......

* (DEG) R8OL -99, (DEG) -801

MAXIWM WIND SRS 299DYNES/C, jIN P! -8 B 07 MAX - 806 C7-0

464



-~~~~~T -%7 *.- -~-~-

WIND STRESS WIND STRESS CURL r
OCTOIBER/196 . OCTOBER/1968 DI - 2 0E-07 IKS A

.,S
31N . . . . . . . . . 31N ?:

2r(DEC) (DV0 - D -oEG)

I N 1TN
-98E (DEG) -801 -981 (DEG) -80L

MAXaMUMi WIND SaTRESS - 1 76 DYNES/Cld' WIN - -6 141-07 MAX - 5081E-07

'WIND STRESS WIND STRESS CURL
NOVEMBER/196a ,NOVEMBER/1968 DC - 20E-07 VKS

(DEG) \(DEC)

gr(DEG) -( e 9 (DEG) -
MAXMUU WIND $TR.ES = 2 60 DYNES/C u :  

MIN = -8 56E-07 MAX = 2 84E-07
N0MMd !;.1 '1-0(CC-b I10100 12.1 '1-OOC['-ba -

WIND STRESS WIND STRESS CURL
DECEMBER/1968 DECEMBER/1968 DL - 2 0E-07 MKS

JIN 31N

,\ 1

-80 -9 1 (D-", _B-,

* - - -' " / .- -------- *'---- - ."_ i , .k..jL""

MA=MUEI WIND STREz).N 2 8 2 DYNEs.. CW MIN -- I OZE-O 06 AX = 2 62E- 07

-47-

- " a . 7-'F
__ _ - ,., .-.- I]

-8-.96 .VQ -0
" M%"i",O " . . . . . " N " "" ~ " " ' " " "82 " " ' " "" - 02 -O " A " 2 " ". .. . ""'bO, . ;- -3 , d:.. , ,d .- n!,:._a,, ..- a a.s.- -.s .. , S .-... .In.-..-.,::..v .... :..;-;. : ,-,.-.:.



WIND STRESS WIND STRESS CURL
1ANUARY/2969..± JANUARY/ 1969 DC 2 ZOE-07 Iik:

21N 3fIN

-~~~. .- - ..-- - ... ..

(DEG) (DIG)

*-95E (DEG) -801 -98E (DEG) -80L

ILAXIIUU WIND :)TRESS - 3 00 DYNES/CWd' MIN -1 16E-06 WAX 1 2.3-06
*O~~~A ' WC $"A- -

'WIND STRESS 'WIND STRESS CURL
VU3WUA~I96~ 1EBRUARY/I969 DC - 2 01-07 UK,~

(DEG!

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

- (DEC.) _8E/_L-O

M4AXIMUM WiND STRESS ~. 0. DY'NES/CV MIN - -- 704E-07 MAX - 2291i-07
*~~~.n ,-2C-, flC l )KC-U

WIND STFESS WIND S'IRESS CURL
MdARCI/1969 MARCH/IP6bP DC 20OE-07 NW(.b

T-- - -- - -. r - -7 1

* V.'

9p(DEG) *eoi. -90L -SOL

4 '4AXNV' 'lli ,1k - 246 -78~fA 61-07 M~AX 4 88f. - C, *~*~

48 -



'WIND STRESS ''WIND STRESS CURL
APRIL/196E APR1L/196? D( Z.2OL-07 IUKb

(DEG) - .(DEG)

28SN I 8N
98et (DEG) -80F -9eE (OD:G) -8ot

MAXIMUM VIND S1'RFbS 1 .33 DYNES/Cidr MIN =-9631:-O7 MAX 6 6791-07
t)-MCNOMAW I." -SCC-W

'WIND STRESS 'VIND STRESS CURL
MA'Y/2969 WdAY/ I 6S DC 2 ZOU-O 07 KS

31N I

*(DEG) (DG

* 98E (DT:G) -8OE -20E (DE(-) -SOE

M4A~rMLM VIND SlH.Eb, I Ob DYNE!5/Cli MIN -- 6 52F.-07 V.AX - 5 73E-07

'WIND 'STRESS "WIND ST'RESS CURL
JifLrN/1969 J UNE/ 1969 D( 2 201- 07 WXS

(DEC)(DFG)

MdAIUM WiND ' 51Pz 1 ?2 x\N~,/V MIN -61!'0, WA - %

* V * * . -49



'"WIND STRESS 'WIND STRESS CURL
JULY/e9 ..... JULY/196S DC -2 OE-07 MIKS

b'.

(DEG(DGf

ION . .
HE Mr Bo _9E(EG 8

MAXIMUM 1?4D Sld;SS 125 DYN8/C)
z  MIN = -5 87-07 WAX 3 JOE-07

'WIND STR ESS 'IND S'YRLESS CURL
:AUGUS/I6 1AUIU:,/I9 / 69 DC ZOF:-07 WKS,

(D IE . 9L: ()E( "-0i:

MAIU VNI 1.-_YES '.;MN A 66--
Onl ,7 '...__.- +~

"', WIND STRESS 'W IND STEbCUPL+"

I 1iD0

- -- --.- . --. .. . --- -----

-801 (DEGC) SQ

MAX.1'I NL, 1 512 DV NE:s, M. MN - i-0 MAX =8b61L-c'

. *. A .N

) . .. -. (.A - '- - ,- _ _ ,' .

* *- .5.. .... - , _ -=

-,"-5--. '-• --. S;/

,, ,."i : - . , ";:''+,-K,7.,

+ --
-- 'u, -:- ':

...... . .. •. .. : .,-.- ...-.... ... . .- . ..-.. ... . . . . . - . .. - . . . . - . . .. : - - .. .- . . .- ... . . . . .- .- . -. . ,, ..-... , *-



'WIND STRE ZS 'WIND STRESS CURL
1OBLY. /I 6P'..i 00 OUEP./2969 DC 2 01:- 07 )J)5

A (DE.)F(DEG) -jI

-98 (Bor -B -geE (DF:.) -80E

MAXDTMIM VIND :AHtRb 2 205 DYNF$b/CU'- IN - -7 07E-07 MAX - 7 b3E- 07

'W~IND SThiESS 'WIND STRESS CURL
NO' UER'/1969 N013ERFP/I~t.P DC -20tE-0?7 w"~

3N.- . .-. . .- -;

r -

*-98L: (DE' ) -90E -28E (DYW. -80k

MAXIMUM VIND blREb 3 304 DYN~/'C MIN - - 9,E- 07 MAX 4 I5E-O0l

'WIND S'YRESS 'WIND STRESS CURL
DECEMBER/1969 DEiCKMI31R/ 1969 DL - 2 O-O' WK~S

------- -V C - -___ -- ________

MAXIM UM V~N:, 1 E 6 2 DYNES/CJ' MIN =-5 781:-07 MAX -7 54E-08
DI vc-t W@) -1

51



*IND S'REk oWIND STRI:S CUR].
JAN1 UAv/1970 JAN Afri I7 0 DC 0 ZL-07 Wi%,S

,- - -- .-

ill~~~ 
~ 11 

.-. ",

(. . . . .
. . . . . . .

-gal (DL(G) -80 - ga: (DEC) -SOE

MAXfMUM WIND 7rRbS = 213 DYNE"/Ck' MIN - -543F-07 MAX = 4 32E-07

.p.

'WIND STRESS 'WIND STRESS CURL
F1I11, UAP'YI "O 1 0 F'BRUAN/If97O DC 2 OE-O7 W>

((DEG)---.-----.-------"-.- .- *= -- ... .. . -:s / /

.... _" _ _ _ " '"

MAXIMUM %ND "1 " 1E'5S 286 , ., ""14' MIN = -74GL-G,' MAX 1 -O -07

w'I. , ,'W'' IND STE, S C URL
ARC1I I 1 -.0 MAKC)i/127O D. - OU-07 1 1--0

- 01

._ , . _ N

,; 
-V 

% 4 5 1: c- 
S C 

.-
o - i 

:) I... .

- " ' . . -,, . . . "- 

' 
. " " - t ". " ' ' . ' " . -



'wI N D STRUSS "WIND STRESS CUFL
APVRL/ ---/C AIP1UL I P DC 2O - t0': Wks

(DEC.) (DEG))-8

MAIMUM WIND 1S11Tr, 1 57 rYNE,CUW MI --4 11SU-07 MAX 8 348 0.

'WIND STRPEcS MAIND STRESS CURL,
MA'/:P0 AY/IS7C, DC -201.OL-7 WKN

-98L: (TU). -8012 -981: (D F 1-B OL

MAXIMUM WIND 'IRThS I09 DYNE-,CW' i -5 W~-0 AX =4 32Y-o0-

'WIND STI'EcSS 'WIND 'S7RES.S CUFl.
~U~7I9C UNTL-i12P0 D' 7 OL-07 MR',

. .: . .A .. . . . .

MLAXIM2',M VILD Rf~L; - G5 VY, CM7 MA-.

53



"WIND STRESS VIND STREScs CURI.

I L1

-P9 (L'Ei) 95F. (DEC) -!OE

MAXIMUM VIN ',RE,-t 091 D'Y1;tt/Cw MI!N =-? 661 -07 MAX 4YL-07

'WIND S1RIESS WIND~ STIRESS CURL,
-'11It3Th, I'? StIF41 V'i/ 7 DC 2 O!'-O7l ljI(

(DECI

SI C

* - -:9- -!O



'hIND -TPE >S 'WIND 'PS'S CURL
00 OBIT/ 1P'0 (C1.1 ~../ 3P70 IX OL 0- 0 -1 LY. L

(DEW,

MAXIM~UM 'AIN[' SIRE', tI 54 DYY.S-CT MIN - -4 j'j:- C7 MdAN - 4 25F- 07

'hIN STESS IND &ITRI7-sS CURL
* ~NNEWLP/I.' 1O~~'/3~ ?','0 P 7l CI- 0', l<k

6DY -Sol: - ??(iE -801'

MdAXIMUM 161NL' i, : 1 74 DYNEtb/CM' N\ - -755t-0 MAX b~ ~
kta~&r )-LC-V C

'hIND TREIO'hN SThES CrLP, Dl1CMvItH/ -9-C, DEC LMLP/ 970 DC -ZOL-07 k

-~* --- - -- - --

.0 ~
MAXIM. V 4,I - I' LNNL,, W~ M , -4 IY, NO I.~ A b9, - U

55



-. 1 _- ,'.- .- 7 17 97- _7 7 V - 7 - - -

' WIND STRESS WIND STRESS CURL
SJAN'UARY/3971 . JANUARY/3971 DC . 2 0E-07 UMS

* 3IN 31N . . .. . . . . . . . .

I B N . . . . .. . ,,,

-98E (DEG) -0E -90E (DEG) -SOL

M MUM IND STRES.S - 1.27 DYNES/CIt;,. .. , r MIN -6 06E-07 MUX J .28E-07;

WIND STRESS ,W IND STRESS CURL "" '"

- - .- a- - 1 i

MRA -a1971 /- MARY/ 3971 DC 2 OE-O MKS

(DEG) (DEG)

18N4 I 8N

-98.E (DEG) -80E -9sk: fvE', -S0OE.

*MAMUM WIND bTRES P- 867 DYNEZS/CM t  
MIN M -6E-01 MAX = 1.73E-07

WIND STRESS WIND STRESS CURL
mRAH/3971 MRAJ/1971 D' Z2OE -C' MXKS

31N .

N56

S ° ° , • . .. ° - a - ,. . . .... - . -.

- (DEG)"D"")

ISN 18N
..08 (DE,) -801 -PeE SOL 80

MAXIMUM WIND STREFS, 10 DYNhL7CW MIN =-4 36E-U MAX 3 73E-07
WlP, . *ICs ic' t 1

WINDSTRES WND SRESSCUR



WIND STRESS WIND STRESS CURL
APPIL/1271 .jAPRIL/19? I DC -2 OE-07 WK

(DG (DEG)

IO ION- ~
(DEG) (D80 ) '-2DE) SO

MA~aMUM WIND STRES& 1.09 DYNES/CM' MIN - -0 79E-07 )WX - 4 12E-07

WIND SRSS"WIND STRESS C UR L

ILAY/9- AY 971 D( - 2 OE-07 NKb

(DEG) \ (DEG) k--

ION 113N
(D(E -SOF - 9'E MEL -80E

MAXIMUM TIND STREI:: - 1 31 DYNES,'C MIN - -5 1SE-0*7 WAX 17 IE-07

WIND STRESS WIND STRESS CURL
JUNE/ 1971 .J~JUNE/19?] DC. 2 OE- 07 MKb

. . . . . . . .

RO --... Ti ' -O

\ A IU \;N 'N;PE: 1 10 -. E,/M MI -eO.VX 1E-0
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WIND STRESS WIND STRESS CURL
JULY/1971 JULYII97I DC - 2OE-07 WXS

31N ,J I T 1

- -* * _ p&- - - -

- .98E (DEG) -.80.. -.98- (DEG) -8O0

MA=UM WIND STRWSS - 1.49 DYNES/COl *, MIN - -5 32E-07 MAX 84E-07 ___ * q
WIND STRESS WIND STRESS CURL

AUGU7/197J J AUGUST/1971 DC - 20E-07 MS

31N 31N

..........

l ..... .. ... .. I

(DEGi (DEG) N

ISN -8N -

-9.E (DEG) -B01E -98E (DEG)
MA0MVIE WIND b'TRS:5 0 72 DYT ES/CW MIN -2 78E-07 M= 2 37t-07

WIND STRESS WIND STRESS CURL
S1PTEM3ER/1971 ... _. SEP7EMBMD/297) DC - 2 0E-07 HIKS

31N . . . .31N

(DIG) - (DEG) , '-----

*8 . N N A

/ . I1- \) .

-98E (o .G -BOE -98_ (DE. -,OI
L

MAXIMUM WIND STRESS = 1:32 DYNES/CW moo i.U ,1 '.'-,, MIN 6 - b -7 MAX 8 52E-07O

i" 2 2..;.'? --:'--i€ '< '. " .; " -. :'.. ., .... .. . .. .- .. ..5 . ..



!7 7
WIND STRESS WIND STRESS CURL

OCTOBER/1971 0 CTOB0./1971 D - 2 OE-07 ]l(X

: 31N 3IN

(DXG) - - - - - - - - - (DEG) -- I ,

IO IO! -

1811 8N

-98E (DEG) -80 -98E (DES) -80

MXiJU WIND SFRESS 0 94 DYNES/CM
t  .MIN -- 3 95E-07 M&Y 3 59E-07

WIND STRESS WIND STRESS CURL
NOVMEN./191 D 2 OE-07 MX:5

31N r -7- - _-r31N

(DEG) ------ (DEG

---- 7 7.-<-U-- ' E-07 ..

(DE,' (DEC2_4('I/. l :i

-SE "-8o -98E (DE) -BOIL

MAXIUM WIND STRESS - 2 20 DYNES/CVr MIN - -e64E-07 MAX I.69E-06

WIND STRESS WIND STRESS CURLDEcr.M7W./197J - DEMDKR/19?1 DC 2 20E-07 X

--- -v, ,--_

595

, -o -. -,____.... ... _._.__...... . -. ...-.- :
-~ - *0~~ .

:...,% -, % _%,' , .,- :':: " ± \- -' .- -'..','.. • : ,. ...-..



WIND STiRESS YiIND STRIESS CURL
JANUAPY/ 1972 JAM.tAP/19r' DC -2 OE-07? MKS

(DEG) - ' (DEC)

ION ON

MAXIMWIND 12 YE/ MIN -70ZE- 07 MAX -3 95F *0'

'WIND STRESS 'WIND STPESS CURL
FklP.UAPY/ I PtZ FBU.AFY/ I V? DC. 2 01L- C' I4k!

31% 4

~jj3 uii7(DEC)

MAXIMUM WIND STRESS 234 DYM.,Cijs MIN =-I 2.1E-06 NMAX =3 7,1: V,

'WIND STRESS WIND STRfUS<S CURL
MAPCI4/~~~~r~ I P'MPCi~~. '.-2OL 07 VKS

(DEW~ (DE-

UAXW'M SINSD SIP.X: -01~.- DYTNz/Cd M; 4 '.41 -c" MAx - 1 1L-.1.
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'WIND SiRISS WIND STRESS CURL
AVFIi./ 3 0? APRil./ 1?',, PC 2 OL-01i IdKz'

MC (DE:C)F

MAXIM'A Ul1ND 1Ti~ ~31 DYNEZ-/Cld' j- --5,j:--O7 WAX = 4 4A3-0

'WIND STRESS 'MND STRIES1S CURL

-V l -So -!Of.

j -"-a-. S", 4 l -0UK

*. 2.I

MAVWL'N172ilC MA 2 : ..t c% ~

~- * 9 4 4 4 . , . 4 4 .~ ' - 6 1



VllND "iE~W]NI' > CURL
J LA." i.,, r,. *- i:

113N

leSE(vFC (r, prrloiN !ZRL" I Dy .-CwlUAX 4, -0

* 'WIND STRLSIS 'VOINLD5I~>~ CURPL
I. ;I S,'Ak:' L.'./ 7C ?ot -;

- 01 r - -- --

....... ...

W.tfU1: L iI. d-*I- .i,1 .L 2, T- 022' W-0 4 44r'

~DI.C62



OI OVE*Rf/'*: 0- O%13 ./19~ VC* ZO-' d

(DEC) - - - - ' I (DEC-)

Sa _$0E~ -SO

4 M ; V I T !'I R $-0 0 Di N i CIA' MIN~ O--,L V,' 2AX 3 - L "

MIND ~IPL~ ~'WIND ~''SCU!R1,

.1? .

-I- -Oli 1,

DECI~fi3LF/ "e D( 2 2oV-C-7ti'

* ~ ~ ~ ~ AU* 1N P. -- -'------- -l ______________U____t_______ X_____ 'A________________
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-' = - '- 'or~~lL-.--
"

--.-.- ,-
*

.. .... "" "- . * -,. ... ; .- . . 7 .. -. ... ,'. 7 , - y-, -

-2 .. , MO

L* -/
--pr -..-' ..- . .-- .. ... ..... . . ..

. ........, . .- --. /.../...... - .. - -...- .. " - 1- '

5. 0--"--' -,"- '-' . ..- ' " ! : , _a _L

-4A)1" a( 1? ;L, ) -7C DYt/C,1- -5i? -C ' 1¢ -$.X .
.,MXiLh IIDbl t.'_ / 'N S ., -. = -5 I,. '. M S] " S;,'

IL: -iL:APY1/ ,: -d.PU .' ; '- 1" , -'"1 ;JI'L

- ~- r ' -

.... . .. .. ,._ . .. . ,+< _. .,..........;

1 IN

4- 
" - -r - , -,,,, , - , , - - / ' . . '

.. . ." \ - , - -- -- _ --- ------- , _ _ __ -

'Ill
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'IND STi'.Eii I1P ,Ji. S c U-.L
AFT r r ! ,2 Tl Z--- 0. C, WX-"

7DC %;)N

F - -. 2. " 2'$xX, "

.. ..... .. ........ .-. -. ..........
J ..-_ _ -I I,

...... ... - -..

' '\ ' ., "..

,,* N , .* . -. \ .

, , .-.. .. . . .

-t . . " - - "- - , -t - . "------ -

S:x .- .L' ._ -'M .. '.....- " iA ' . -- ,

* ,'.1' --- ,------- .'---- - '- - ---- ¢, --- -" .,j -'.*. r----- - '--- /:-" LI :,.

I- ~ -

..... .....
" ' " '" " " " . . . . . . . . . . "t-

C .2 .U . .

12, . * ** ",-- - * . - .- .~ . -. . .'a : ," -- - " .. i - . .; x - :~T -



-. . .~ ~. .... ... . . . . . . . . ........... ~*-~

MI.. C

UArU%'; ,ITM C,-) Th Y'N1l / V 3=-Z 46T. 176L

WIND '1'1?~ 1.iXL- STi'L$ S CUFL

F:z

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

.. ... .... " !"Op '

.~~~~~~~~ .C .- 1 . . .. . .

V 5-l": 5-V.E :5 I N YW ( ;10. '4
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XIND S'i'E 'WIND :'i:!C92

(DE (Dili)____________________________________________________

- '.- -------------------

V* Sl T. E

..... .. 

... .. ...

(DI) Ct

/A
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k4 U T UN PR .,.A'\ W7 'IT.X . C- Ml= 46L- 'f

'p.~~~~~ _______ F_________

4--- ,4;444T4-~~ I - I '
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.~~ ... .....

"WIND

M~xl~.~ iNL V~iK - ~'t',I~7V....4 74y -C' UA: Al P

.. ... .........-

S I Z

1, 4C. LC W-

1' ' f, -



MIND STFESS WAIND STFP.L>S CURI,

3 N u L / . .I; I I21 Z6.Y 1274 Dc. 2 OE - , 0 U X s

(DEC) (DEC):: : ~ . B D,21 7)~

98k: (DEC) -80L -s'!I MDC) -c
MA)W.'vU WIND CTPqSOf2 DY-NI'SCU' MIN~ -A U?1 -0- MA 2 -0

N

* ' - -n .- ' . . . -

I N. 5IN

* MA;Mt WIN ~ c ~4 D~p~~MIN- c1-7 M~~-%

/* N TL8'~iE Ti~CR

* L9

* )AIMVUI 'WIND 1 C7 tYNL-/CM( IN 1, U"?AX GVCi (

70



7wvPI) STFE~SS VdIND I'EUKSSl CUL;
0(1 ~i? £4c~0lOBLE/I.7,4 ZC OF -07 ldk$

*(LG (DD[.(;) L D[)

UAIAWJ',d IIND ',TRI:!s~ 1 DNINLZ /C1C UN -ZWL-fY. ma M.1

'RVIND S"h'$'ES V1ND S'1P.F>S CUFL

(tLC -F ',

';r. 'i4t E' 1 0, Ch -4 4 6 1 -C,.

WIND' S7?fR1:S 'U.
DLUMUbLF/1S'4 -. tLl1tH~7 DC 2 01:.-'( M .-

* (Dl.IN

a.- - - ~-,~-'- a. -a-. - a.I

fV- U' 'V , --3 NI/I. ilm A 4 (

4. -a..- -a-- >.a.-.-a----..-----*71



WIND STVVSS ~N D '7PEc,'5 CUFil

- 7D-

(DLC) oxc-... -- '

WAXfJUU Vfl.D C',d' D'YNL ,*C1W, C.'- - - ( UAX -4 4I.-.

'WIND 'I S VdND STi:s FL

D( 2 CL.C-

Fii.
MANU U$I. C-L Uyi(I/AM ?Lr. *I

WIND S'F : S Vl 'iND STIFTj>5 C -l
td R~i~': I.P.CII, lth DC r. C*. UI-,

tkr.

Wl UIAC I -L
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'WIND ""TPE7<V1N 'iE-S'CK

I./ ' O .

<Vq ? , . , .4.

1~1 -. 4' -'1 T 1. 1 ~

V I 11 :Sc

-4-/' S', 5 ( 1. - 'K K

* .. . . . . . . . . . -

A..

4M /, V
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'I K iP ', 'WIND STFI1:S C;FEL

31 1

1 4#

(D~g) I (L

JIN L

UAX1Uu,, V;IN SJFU = 7 ' DULI/l.'M: MIN r $(L .'" 141A 6 ZI O~l-C.'

F N 'D S' "P.'F.L
1 1 T/

• .-, , • j'. ' - -. j -. -. - -" - - - " - -

" -*I [ ! ,, - :L -'L 'L- ,

" IND S T -: .,D Li'} t $ . L

I-, ' . . . ."N)

.i. / ... ..
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-. ... .4 .- ~ . . . . . .y .

DLQ) ... :

~I\D5"IKXT IN P S'T D-5S C UF.L
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* ~~~~WiNL' ST'iE]>. -ID"FP CL
" CL-C 1y

UR F I_" I Ii C'

1Z F. S' V/ - 1' -L0 .'UKi -

1 T ----

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

7--
it> -O

41 UU V~i t M'~ ;.'~=I~ IdL''1.~IN 4 ut'. 'i~ . 4 4

-vva ,1 INV 1' .T

WEND~'iLS~ WiN ~IE /S U h

A

11 "A~
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CL -07 UU

V~ 7-Q

UIIYNU14 WIL :t 1. I't: L'Thi Z/Cu)C MIN. 0L-Ct )W'A 7 51L -

U "'N S'( L" 2 OL. UY

,'; -S

- - ' 'A, '77



'WIND' c$IE1:St, 'W IN L ~IK S F C{- FL

17i~~Il. -- I -. I

I

MAX-i.', - " I .L ." ." .' tL "7R -

,. . ..- 7.. -,- 1 1 T. I--- I'-

I ~-I

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

:r i..

" 'IN .b~'RKS: "VIND 'IE, FU L,"

.-- Ba - C- U K7

. . . ... . .I --
-I-../. " KI _ ... '

U. .. . . . .. ... . . . .

....:: ': " : -. "~
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7.- (ZL . .. , -- . . .,- • _-... ,
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K-c

-. N -i' }:f "':,! "J . -..
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4 L
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70-0 *7 7

WIND STRESS WIND STRESS CURL
JUL/19??7..7 JULY/ 197*7 D. 2 O0E-07 )Un

- - Z. - -- -- ... .

(DEG) (DE) "

-98E (DEG) -80E -98E (DEG) -801

MAXIMUM WIND STRESS - 4.25 DYNES/C' W MIN = -5 08E-06 MAX = 1.79E-06

WIND STRESS 'WIND STRESS CURL
AUGUST/1977 . AUGUST/1977 DC - ZOE-07 MKS

318N 31Nl "

98E (DEG) -BOE -g8E (DEG) -80E

MAXIMUM WIND ST.EZ3 - 1.96 DYNESiCU' MIN - -2 04E-06 MAX - 12 5E-06

WIND STRESS W'IND STRESS CURL
SLIDTEBERI 1977 '... SEPTEBE / 1977 D, 2 O0E-07 WKS'

/ -,

(DEG) (DEC)

98E (DEG) -80E -96E (DEG, -80E

MAXIMUM WIND STRES 1 4 DYNES/CM
2  

MIN = -204E-Ot MAX - I 301-06

.0-.. 1. ot 1 ", ,. 0 DE -

82
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WIND STRESS WIND STRESS CURL
OCTOBER/1977 ... OCTOBER/3977 D( - 2 OE-0O7 MKS

lk 1 v %

3ION ION

4 - .- V ~ "" / //!.z V V-o V--V

--- V- "~*' - V/ " / // " J .L L -- " ""

-98E (DEG) -801 -98E (DEG) -80E

MAXDMUM WIND STRESS - 2 92 DYNES/C. MIN = -2 44E-06 MAX = 125E-06

WIND STRESS WIND STRESS CURL
NOVWBER./1977 NOVEMBER/1977 D - 2 0E-07 MKS

. .31N 31N

(DG (D DG)-8 E G)9E(E) 0r .

MAXIMUM WIND "RESS 2 269 DYNF/ ' MIN - .8E-06 MAX= 9 93E-07 "

WIND STRESS WIND STRESS CURL

DECEMBER /1977 '.. DECEMBE/1977 Dr;-Z2OE-07 WKS

* S.. . . . . . . . . _. . . . . . l'|V ..

(OEG) (DE . ")"

l'i!V.-T- ]"--

( - -- r (DE -8OE

MAXIMU ViND bRES6 3 34/ DYNES//C MIN -221E-06 MAX 8 47E07

838
-981 (DEG) -801 - 98[E| (DEG) l *7i -80['*14

MAXDUU INDSTRSS 269DYNS/C 14N -- 1 831-6 MX =9 91-0

WINDSTRES 'WND SRESSCUR



WIND STRESS WIND STRESS CURL
JANUARY/1978 ... JANUARY/J978 DC - 2 OE-07 MK

(DEG) (DEG) - /

(DEG) -80[ -98E (DEG) -SOL
'00

MAIM~UM WIND b7RESS - 4 49 DYNES/CM* WIN - -3 77E-06 MdAX =8 14E-07

'WIND STRESS WIND STRESS CURL
FEBRUARY/1978.4± FEBRUARY/2978 DC - 2 OE-07 WKS

i3 N

S* n .- .D I- 0- 0

3I , , ' / , , ' . . . . . . . .-1

/ \,
3INff I I I T 131

(DEG) 
74. I A '. 0 I .

-98E (DEG) -80E -9E (DE.5 -BOE

MA)XMUll WIND STRESS = 3 80 DYNE,/CM P iN - -307E-06, MAX I 38E-06

...84

J. A -! -.. •._7. . . . • .



WIND STRESS WIND STRESS CURL
APRIL/] 978 . APRIL/1978 DC - 2 OE-07 MXS

31N4 31N4...

(DEG) (DEG)

* -98E (DEG) -80L -98E (DEG) -80E

MAI)MdU WIND STRESS - 2.09 DYNES/CWd MIN - -2 0OE-06 MAX = 1.63E-06

WIND STRESS WIND STRESS CURL
MAY/1978 .L MAY/1978 DC - 2 0-07 MKS

31N . . 31N

8
N  

I 8
N

)98E (DEG) -80L -98E MEG) -S0L

MAIGMUM WIND STRESS - 2 25 DYNES/CNM MIN = -1.52E-06 MAX = 1.90E-06

'WIND STRESS WIND STRESS CURL
JUNE/1978 " JUNE/i978 DC - 2 0E-07 MKS

* 311 31N

(DEG)(DEG).4 4 & ., & ,a \

\ , \ ., .

IO1N Ie1N
-98E (DEG) -80E -98E (DE, -80E

MAXIMUM WIND STRESS 2 61 DYNES/CW: MIN -2 65E-06 MAX = i bOE-06

35



WIND STRESS WIND STRESS CURL
JULY/1978 . JULY/1976 DC - 2 OE-07 NjXS

311N 3IN

1/ -'

1 0(DEG) i ... (DEG) !. .

4-. N

18NN-98Er  (DEG) -80E -98E (DEG) -80OE

MAXIMUM WIND 5STRs 2 7Z DYNES/CM
z  

MIN : -2 24E-06 MAX = 1.19E-06

WIND STRESS WIND STRESS CURL
AUGUST/i978 L AUGUST/1978 DC - 2OE-07 MXS

31N4 31

(DEG) ,- -.- -(D(DEG)G

-98E (DEG) -80E -98E (DEG) -80E

MAX3MUM WIND STRESS - 239 DYNES/CM4  
MIN = -1.90E-06 MAX 1.38E-06

bfIn.171 13-XDC-44 VORDA 177 11-KC-BA

WIND STRESS WIND STRESS CURL
S'EPTEMBER/1978 SEPTEMBERI19?8 DC - ZOE-07 MKS

i8 I

4
sN *1N 4... . .

-98E (DEG) - (80 D -9 (DE,: -80E

MAXIMUM WIND STRESS = 1.60 DYNES/CMl MIN = -689E- MAX = I 23E-06
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WIND STRESS WIND STRESS CURL
OCTOBER/J978 .. 0± OCTOBER/ 3978 DC 2 OE- 07 MRS

31IN 31N

(DEG) //VV7X -V§V- (DEG)

-981 DG)-0 -98E (DEG) -80K

MAIOWM VIND STRESS =1.99 DYNES/CMt MIN =-27811-06 AM 1.56E-06
WORD 3;, '-Mc-w VONV 37" *3.KC-

WIND STRESS WIND STRESS CURL
N0VEMBER/1978 ~ .±NO'J!MBER/1978 DC -ZO2E-07 MS

31N ,31N

*~~ 

.- .- .- .- .3 
a 

.

I' T

-" - - - - - - a VReV V

(DEG) a (DEG)

JON-

8E(E)-0 9E(DEG) -801

MAXIWJM WIND STRESS - 3 88 DYNES/,CW M~IN =-3 14E-06 MAX =1.64E-06

WORD 1: 3' 34cC-kt VOWOA In 1-24-

'WIND STRESS 'WIND STRESS CURL
DECEMBER/1978 DZCKMHIR/1978 DC 2 201-07 MKS

31N .. , . , . . 31N

(DEG) (D/EG)V~- -

(E)- E -9F(DEG) -801

MAXIMUM WIND MTES5 6 847 DYNES/CV: WN - - 5ZOE- 06 MAX =375E-06

87
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WIND STRESS WIND STRESS CURL
JANUARY/1979 __U_ JANUARY/I979 DC - 2 0E-07 XS

/ (DEG) -SOL. -9N 8" (DEG) -SoE

"f ~MAXIMUM WIND STRESS 6 18 DYNES/CWr MI, ,.c,,N-- -4.26E-06 MAX 2 76E-06 m,,,- ,

MIND STRESS WIND STRESS CURL
IRUARY/1979 F rEBRUARY/i 979 DC 2 O0E-07 MKlS

31N 31N

/// / // W, ,, /

(E)(DEG)

18N

BE (DEG) -80E -98E (DEG) -80K
MAXIMUM WIND STRESS =3 88 DYNES/CU: MIN - -2 86E-06 MAX 946E-07

WIND STRESS WIND STRESS CURL
MARCH/1979 M FARCH/ 979 DC - 20E-07 WS

31N . 31N

-98E (DEG) -80E -9E(DEG) -801E
MAXIUM WIND sTRES: 2 5 DYNES/C

M  1 DEI MIN =-20E-0 AW I E-06

88
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'WIND STRESS WIND STRESS CURL
APRIL/397 APPJL/1 972 DC .. 2 OE-01 MKS

31 N . . . . .. . . . . . .~ . .N . .N .N

16 N8N

9S8E (DEG) BeOX -98 (DEG) O

MAX)d1JM WIND STRESS 1 I.62 DYN!S/Cll' MIN -6 68E-07 MAX 9 984E-07
V~.W 1 *-KC-M 127 7nU11-KC-SW

WIND STRESS WIND STRESS CURL
MAY/2979 W.±± AY/ 1979 DC Z OE1-07 UKS

31N4 31N4

. . . . . .& . .

(DEG (EG) I

JUE17 .- E/7 DC -. 0-0 K

.I . . . . .

-961 (DEG) -80E -96E (DLG) SaOL
MAJXMUM WIND STRESS - 1.7 DYNES/CWL MIN = -I 481- 06 MAX = 2001-06

.M.,7 Is, t-all- 17 -W M

WINDSTRES WND SRESSCUR



WIND STRESS WIND STRESS CURL
JULY/1979 L JUY/2979 DC - 2 0-07 MKS

31N t 31N

1N N N -N' a

(DEG) (O~) -(DEG) I -
.\ . ... N . N . . . -

18N ISN
-98E (DEG) -80E -98E (DEG) -80E

MA3MUU WIND STRESS = 1.26 DYNES/CZ )LN = -9ZZE-07 MAX = 652E-07

WIND STRESS WIND STRESS CURL
AUGUIST/1979 U AUGUST/1979 DC = ZOE-07 MS

31)4 31)4

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

(DEG) (DEG) )

* .,.-,. ..N-. N . . . ..- . v .

18N4 , I I ' f 2 e 8N' , , , : | ' :

-98E (DEG) -80E -98E (DEG) -80t
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The corrected geostrophic wind was calculated twice daily from 1967-1982 on a spherical grid over
the Gulf, and the wind stress and wind stress curl fields were then calculated. Twelve-hourly stress and
curl fields show large temporal variations of the wind field for both winter and summer months. Seasonal
and monthly climatologies of the stress and corresponding curl show positive curl over the Yucatan and
negative curl in the southwest Gulf, which are features not seen in any previous study of Gulf wind stress.
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