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Forward to Volume I

The TOGA programme made considerable progress in the understanding and model-
ling of oceanic and coupled processes in the tropics. One of the major reasons for this was the
progress in analyzing and distributing a surface wind product. This volume is the first in a
three part series covering the three tropical oceans. Acquiring data was but one part of the
TOGA programme: creating, documenting, cataloguing and distributing the data are equally
important. I thank the authors Jacques Servain, James Stricherz, and David Legler for their
work in analyzing the surface wind fields for the Atlantic and creating this nice record of the

mean wind field and its variations over the TOGA period.

As any ocean modeller knows only too well, the performance of a numerical models is a
strong function of the forcing fields, particularly the wind field. The analyses for all the tropical
oceans performed by David Legler, Jacques Servain, and James Stricherz will provide an excel-
lent record of the TOGA programme in providing forcing fields for ocean modellers. They will
provide a nice complement to the forcing fields being developed from the atmospheric reanaly-
ses currently underway at NCEP and at ECMWF. Only by using these fields to force ocean

models and by intercomparing results will progress be made in both improving models and the

forcing fields.

The authors would welcome any feedback on your perceived strengths or weaknesses of
the fields. Although TOGA has now ended, it is a pleasure to see projects begun under TOGA
coming to fruition. As the last Chairman of the International TOGA Scientific Steering Group,
I would like to thank the authors for the valuable contribution they have made. I hope you will

enjoy studying these atlases.

David Anderson
June 1996
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Introduction

One of the legacies of the Tropical Ocean Global Atmosphere (TOGA) program is
the specialized tropical wind datasets, which have become the preferred forcing
fields for tropical ocean modelling applications. As part of this legacy, we present
this third (in a series of three) atlas portraying the monthly mean wind fields from
the tropical Indian Ocean for the TOGA period.

In Volume 1 of this set, the tropical Atlantic wind analyses from J. Servain (ORS-
TOM, Brest) were presented (Servain et al., 1996). Volume II focuses on the tropical
Pacific wind products from Florida State University (Stricherz et al., 1997), while
this atlas, Volume III, presents Florida State University wind products from the
Indian Ocean. Volume IIT is an extension of a previous atlas that covered the years
prior to TOGA (Stricherz et al., 1993). Additionally, a historical perspective can be
found in this prior publication.

Analysis Procedure

All available in-situ data (taken from merchant ships, buoys, and other marine
observing stations) number about 165,000 for any given month for the entire
world. To remove spurxous wind reports, individual reports of wind speed
exceeding 40 m s are deleted.

The individual wind vector data in the tropical Indian region, 25°N to 30°S, 30°E
to 120°E, typically between 15,000 and 20,000 observations monthly, are first con-
verted to pseudo-stress. A pseudo-stress vector is defined as the wind COME-
nents multiplied by the wind magnitude, and a pseudo-stress vector of 60 m*“s
corresponds to a wind stress of 1 dgme cm™ assuming a drag coefficient of 1.4 x

10" and an air density of 1.2 kg m

2.2

Objective filtering is then applied to the data to eliminate questionable pseudo-
stress reports. For each month, a basin-wide average was found for both the
north-south and east-west components. Upper and lower limits for each were set
to be this average value 30 times the average. If either component fell outside
this range, the entire observation was deleted. Less than 1% of all reports were
removed.

The remaining observations were then averaged in 1° bins. The final screening
dealt with each box individually. In bins with greater than 5 observations per
month, individual observations were removed when either component was
greater than £3.9 standard deviations from the average value. Again, typically less
than 1% of the reports were removed. The remaining reports were averaged onto
a 1° grid, with empty bins primarily in areas outside of the shipping lanes.

A variational direct-minimization objective analysis is performed on these data
using the 1° gridded data as a first guess [see Legler, et al. (1989)].



A cost functional, which is to be minimized, consists of five constraints, each
expressing a lack of fit to prescribed conditions. These constraints include a prox-
imity to the input data, a measure of roughness, and kinematic agreements to
expected climatological patterns. The resulting fields are on a 1° grid.

Near-Real-Time Analyses

Monthly fields are processed in near-real-time. At the end of each month we
receive from National Center for Environmental Prediction’s (NCEP) Climate
Analysis Center (CAC) the global marine surface observations that were received
over the global telecommunications system (GTS) during that month. Additional
wind reports, for example island stations, are used to verify these quick-look
results. These winds are analyzed as previously discussed. The resulting maps of
pseudo-stress are widely distributed (WMO, CAC/CDBs, IGOSS, etc.). These so-
called quick-look products are available directly from FSU via WWW and ftp ser-
vices. Fields of the anomaly from the 23 year (1970-1992) mean month are also
produced.

Each spring, a more complete set of marine reports is obtained from the National
Climatic Data Center for the previous year. This set contains data already received
via the GTS and supplemental reports that were received late. The increase in the
number of observations in the tropical Indian regions is about 10-25%. The analy-
sis procedure is the same for this more complete data set, and the results consti-
tute the research-quality product. These, too are available directly from FSU.

Atlas Description

Maps produced for this atlas are derived from the re-analyzed research quality
ESU tropical Pacific products (based on the Comprehensive Ocean-Atmospheric
Dataset data). The pseudo-stresses are computed from:

T =T,i+Tyj
T,=ul V| (1)
Ty:V |V I

where T is the pseudo-stress vector, | V| is the magnitude of the horizontal wind
speed defined by V=ui+vj, | V?| = u?+v? and T,, T, are the pseudo-stress compo-
nents.



Explanation of Maps
a. Climatology charts

These charts are the overall annual, annual anomaly, and monthly mean pseudo-
stress vectors, curl of the stress vectors, and the divergence of the wind from the

1970-1994 and the 1985-1994 objective analysis data over the tropical Indian on a

1° grid. The contour intervals are the same for each type of map. The vectors were
drawn at every 2°1in latltude and longitude for convenience. The contour interval
is 20 m? 52, and 10 m? s for the annual anomaly fields

Contoured plots of the yearly and monthly mean wind stress curl were derived
from 1° stress data. The magnitude of the stress curl () is given by:

{=KkeVxT (2)

T= piC,V*
Tx = pacdulvl
Ty = paCdV[VI

where 7, T,, and 1, are the stress vector and components, respectively, p, is the air
density, Cg4 is the drag coefficient computed by the Large and Pond (1982)
method. The variation in the meridional separation was taken into account in
these calculations. A single pass of a 1-2-1 smoother was apphed in both the N-S
and E-W directions. The contour interval is 2 x 107 Nm™

The yearly and monthly mean wind divergence are calculated from the pseudo-
stress components (see (1)):

u’ T (T 2+Ty2) -1/4

v T(T2+T2)1/4 (3)

Where T, and T, are the pseudo-stress components. The divergence of the wind is
then given by:

The derivatives where computed monthly, and then averaged. Smoothing WiE
applied by the same method used for the curl. The contour interval is 1 x 10°571



b. Monthly charts

These charts are the monthly pseudo-stresses for all 120 months: January 1985
through December 1994. The original analysis results s available on a 1° grid,
but are plotted on a 2° grid. The contour interval is 20 m? 52,

The monthly pseudo-stress anomalies are deviations from the mean calendar
month for the period 1985-1994, and 1970-1994. The contour interval is 10 m? s2.

The monthly wind stress curl is computed from (2), with the same smoothing
apphed as 1n the case of the yearly wind stress curl plots. The contour interval is
4x108 Nm?

Data Availability

The products described are available to anyone who desires them. Monthly
pseudo-stress analyses are available on magnetic media for the period 1970 to the
present month. The pseudo-stress fields are also available via anonymous ftp at
<url:ftp:/ /coaps.fsu.edu/pub/wind /ndn/> and via the World Wide Web at
<url:http:/ /www.coaps.fsu.edu/fsuwinds/>. For additional information please
contact us.

Internet: winds@coaps.fsu.edu
Telephone: (904) 644-4581
FAX: (904) 644-4841

Mail:

Center for Ocean-Atmosphere Prediction Studies
The Florida State University

Tallahassee, FL 32306-3041

U.S.A.
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Clim-2
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Mean Pseudo-stress (M* S*) February 1985-1994 Mean Wind Divergence (x10™ s™) February 1985-1994
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Mean Pseudo-stress (M* S) April 1970-1994

Mean Wind Divergence (x10™ s™) April 1970-1994

—

% N,
—
P B
20N — sl Sl 20N
s e I8 % e
¥ h A vy .+
B E Ter € L L P v vy ow ouox . IMG
10N — IR R A~ R 10N
€ w4 8 A iy PP
S50 M 57 feccanmrmennr s, gl
o m % TRohoremvoE 8 X B Bl gy < 4 6k
T 4d 2k rrryrrerrrY ¥ s < & 4
WQ v r 2 3 > 5 3 b P ¥y >y oa ¥y a b J m@
[ I T o
e g > rrrrarrrr e éu/ﬂf}\ﬁ
K " P 1 a4 19 aa reTY T
L3 ® ﬂ1711—»1771*WY1111114444444“H ulﬂ,ﬂ
| % “op e 108
Hom [ FURRR R RR R RS R K R R R R T
L3 r L S R
4\" LS
* L
LY L3 * E
205 - KRR K s e e e e e G S R e R e 208
A NSl Al i T S R 5 = S
ERK e e R R e e e e N N R R R R B R
\uaﬁ R e e e N R
308 LA et e e e 308

30E 45E 60E 75E 90E 105E 120E

Mean Wind Stress Curl (x10™ N M™) April 1970-1994

_;A

20N

10N

EQ

108

203

303

105E OE



Clim—-8

Mean Pseudo-stress (M® S™) April 1985-1994 Mean Wind Divergence (x10™ s™) April 1985-1994

LY
20N 20N -
10N 10N (=

EQ EQ
108 10S -

f.f..f. N N T

203 Nnrt..frrfjrhfﬁff/fnffm ST ED LSS ARARR R ok 208 - 5 5 /f\ >
DR e x,ﬁ\ PATD S o 01
R e e ARy / Nx\ |~ AP l\fl.\.u —
308 LArhe SRS CT TS frJrI«nﬂﬂwv,u,,rdepi N 30S _ i
30E 45E 60E 75E 90E 105E 120E 30E 45E 60E 75E 105E  120E

Mean Wind Stress Curl (x10™® N M™) April 1985-1994

20N

10N

EQ

108

205

308

105E 120E

Clim-8



20N

10N

EQ

103

208

305

Mean Pseudo-stress (M* S°) May 1970-1994

Clim-9

7> >4

R iy ke

BATAL R
>rrr a0

-
ST T Iv sy P

ﬂlzﬂf?ﬁfﬂﬂﬂ;fﬂﬂl.lﬁlaﬂ.#w =
.///«/wa/

N N o N R R B R R R R P T R R R R

f./ /ﬂ/
R _fwwﬁﬁl./laﬂﬂ; — 0

TS ERLRRRRRRERRRTERRRKKE SRR xR AR KKK
1t

e e L T e ST e WP

Mean Wind Divergence (x10™° s™') May 1970-1994

EQ

20N -

10N —

B

308

105~

208

s
-

I
—Z.

N o i
C -1 .AmHHVQ

ﬁw\\m\u, M@»ﬁwnf e \w i,

ey

30E 45F 60E 75E 90K 105E 120E

20N

10N

EQ

108

208

305

Mean Wind Stress Curl (x10° N M) May 1970-1994

W

\

S e S g @

30E 45E 60E 75E SOE 105E 120E

30E

45FE

60E

75E

90k

105E

120E



Clim—-10

Mean Pseudo-—stress (M* S7°) May 1985-1994

120E

20N
10N
EQ
10S
SR f/f/«/?/?/fzf/}/ﬂ/ﬂ/a/«/f/f/f/«@/
S AR e SRR R
20S - N s S B N N T S S S S N AT ™ L, 4N
3 TR I S s AN
3 A SN NN NN N ?.fq/.f.n..f,.ﬂq.qu./””/.// y
L\Mv RO e e fﬂﬂ??f?f»zaxann@;zayx]”a
308 il e NQJ/x;zaerLaaasassaaas_o*.a»
30E 45E 60E 75E 90E 105E
Mean Wind Stress Curl (x10™® N M™) May 1985-1994
20N
10N
EQ
10S
203
30S

1058E

120E

Mean Wind Divergence (x10™ s™'}) May 1985-1994

20N~

10N —

EQ

10S

20S—

308

ol
Y Q\o ol
AN

Clim-10

30E 45E 60E 75E 90E 105E

120E



20N

10N

EQ

105

208

308

Clim-11

Mean Pseudo-stress (M* S*) June 1970-1994

RRRREKRKRR R R R R KR

T (NP

y
*
R L I

60E

T A A A T TR A A A

75FE 90E 105E

Mean Wind Stress Curl (x10° N M™) June 1970—1994

105E

120E

120E

208

308

Mean Wind Divergence (x10™® s™) June 1970-1994

30E 45E 60E

Clim-=11




20N

10N

20N

10N

205

308

Clim—-12

Mean Pseudo-stress (M® S7) June 1985-1994

Y

20N

10N

EQ

108

208

305

90E 105E 120E

Mean Wind Stress Curl (x10™® N M™) June 1985-1994

AN

1
o

Mean Wind Divergence (x10™ s™) June 1985-1994

120E



20N

10N

EQ

105

208

305

20N

10N

Mean Pseudo-—stress (M* S7*) July 1970-1994

Clim-13

e

50 M* S7*

Mean Wind Divergence (x10™ s™) July 1970-1994

20N

10N

bty
R TS
R R
e

RRRRRKKKRGK
wﬁuaa.i.’i

ARP A g

1
4
*
+

K
#
#

AR AP A A A A A A

EQ

108

208

308

90E 105E

Mean Wind Stress Curl (x10° N M) July 1970-1994

120E

45E

G6OE 75K

L




Clim—-14

Mean Pseudo-stress (M® S7°) July 1985-1994 Mean Wind Divergence (x10™ s™') July 1985-1994

20N 20N

10N 10N

s o
e NN ¢ .
: + Q

E L e o ot Y

B T R, % 10S

SRR
/////rI/MMMWv/ AR

a4 KNS A0S

3 e 203
%f«/w. //ﬂﬂ

E. RERRERERKKEKRKE XK KK
sl s S s
TOE Q0E 105E 120E 105K 120E

EQ

Mean Wind Stress Curl (x10” N M™) July 1985-1994

20N

10N

EQ

108

208

308

—-14



fﬁ/
20N+ ﬁ/
10N~ —
50 M® S*
EQ A&AAQﬁ» N
SO N : 3 LY
AR X Jl s AR AR %
N AN b £
108 - AN e e
A s
v R IR RRNRRE EaRAk RN O
| LL ORI SO 3 ORR(RA R R
208 J;;;a ENRSCROR. ; ERENETT AR
e - o ST IN
ap ATt e
30E 45E 60E 75E 90E 105E 120E

20N

10N

EQ

108

205

308

Clim—195

Mean Pseudo-stress (M® S®) August 1970-1994

105E

120E

20N

10N

EQ

108

208

30s

Mean Wind Divergence (x10™* s™) August 1970-1994

105E

Clim~15

120E



Clim—-16

Mean Pseudo-stress (M* S™) August 1985-1994

Mean Wind Divergence (x107°

s™') August 1985-1994

EQ

20N -

1ON -

SRRy Ak 108
SN

205

308

Lﬁaw

L//rwrlfr\

M(fr

\\:lrfl\\'llo

-

<

\)\m\\wmy Quf

105E 120E

Mean Wind Stress Curl (x10® N M™) August 1985-1994

20N

10N

EQ

108

208

305

105E 120E

Clim—-186

45E

§]

0

E

1N

5

E

105E

120E



Clim—17

Mean Pseudo-stress (M* S°) September 1970—-1994

20N -
10N~ —
50 M®* S !
A A
EQ [ i e Ry 2
3 I PRSP S e
N.a/. e m../o._nT.Mlﬂr.MFMNDfxf?ﬂf ERR KRR
Am N N N ] CCCERNN (Y
108+ & W R .// SRR R o
) el tet ettt AR R R R
L {// SESED oy NYR K& w
* by SOSEINES & a_ﬂJu
,ﬁ OSSR ENANRS SR A4
20S - K & T . AR T4
KKn® SAAA
nRRox Ry
«.Mmq{ e T -t R R R E NO»;;»»&W%/M
30S LA N ceem Tt e < aaan 1A a4 Y A A p ATt
30E 45E 60E 75E 90E 108E 120E

Mean Wind Stress Curl (x10™® N M™®) September 1970-1994

20N

10N

EQ

108

308

Y4,

90E 108E 120E

Mean Wind Divergence (x10™ s™) September 1970—1994

20N

10N

EQ

108~

208

L=

L L 1 1

60E 75E 105E

308

120E

Clim-17



Clim-18

Mean Pseudo-stress (M* S™) September 1985-1994 Mean Wind Divergence (x10™° s™') September 1985-1994

20N 20N

10N 10N

EQ

EQ

w//.ﬁaumzzmmﬁ "

/./. /Iﬂ.ﬁv/lﬂﬂg )n.ﬂ@«NVIFEJ./«/ AR R
& =, 5o PR R R R K
& : 4 3 &=
o N | e
: e ﬂ/f/,N/ A N L S
W AR LA AN Y
205~ ” L B e S S NN £ . RN A A M\u\ 203
AT duv,n.,mm::,:H??umiﬁix%
r:mffmnmu\f.. 20~ b 4 + 1P
VS| A s e wgee L o vadas .f:vae:;U;\.H:\\_uf 308
30E 45E 60E 75E 90E 105E 120E 90E 105E 120E

Mean Wind Stress Curl (x10™ N M™) Seplember 1985-1994

20N -

10N~

EQ

10S

205 —

30s L i S
105E

120E

Clim-18



20N

10N

208

308

Clim-19

Mean Pseudo—stress (M® S™®) October 1970-1994

Wi
> ks
e 34 aa
v 20N
v v
\
) s vovw e
e =g n N4t 4 Xt 10N
I I U I -
50 M* s aaerraaass .
LI A A I S e v
ey :itttt:ﬂ/ w\\w
LATEFUFEFEE N I IS N R R S NP ) SRR . ) E
R ys»<<«fﬂJF¢NOéLla\J\A4..a Pﬂm. D
MAAAAdAAADTAIAAARNRRRR R nq..

o

./I./N

A
7z
-
A

ff%\
pPAAS N
Ax
Al
F
a
s B
T b

108

208

PN O AR
G wais n e

308

30E 45E 60E 75E 90E 105E 120E

20N

10N

EQ

103

205

308

Mean Wind Divergence (x10™® s™') October 1970-1994




20N

10N

Mean Pseudo-stress (M® 37) Oclober 1985-1994

Clim—20

5

> r ¥ o2y oy a2 g A

20N

10N

N i

AoA AT e

Mean Wind Stress Curl (x10™® N M™)

20N

10N

EQ

108

208

3085

90E

October 1985

105E

EQ
108
20S
30S
120E
-1994

90E

105E

120E

Mean Wind Divergence (x10™° s™) October 1985—1994

Clim—-20



20N

10N

EQ

103

Mean Pseudo-stress (M

2

3™ November 1970-1994

Clim-21

Mean Wind Divergence (x10™° s™) November 19701994

(8
>
~
3
S

[
4
2

20N

10N

fﬂ/mfﬂr?-f?m

A A A
'3

EE T or

EQ

108

205

308

RRE KRR R R LS
LY
N
AR
Dot e Satup e Sas R N NN
T AN N ..M
A
Ear
PR
60E 75E 105E

120E 105E 120E

Mean Wind Stress Curl (x10° N M™) November 1970-1994

20N

10N

EQ

108

203

308

%

Wfl\ltlr\\/(J/f|)/hka).
A‘a \NII»/, .

ok 90E 105E 120E

Clim—-21



Clim—22

2

Mean Pseudo-stress (M

S7) November 1985-1994 Mean Wind Divergence (x10™ s™') November 1985-1994

20N 20N

10N 10N

EQ EQ
108 108
N N R P B B R T R R R
< R A R R T R e
il
208 *TTT 208
R KRR o
7R S Sttt TLS S SN
s vic] AP bt et e L LR g [ 308
30F 45E B0E 75E 90E 105E 120F

105E 120E

Mean Wind Stress Curl (x107° N M™®) November 1985-1994

20N —

10N

EQ

105E 120E

Clire—22



Pseudo—stress

Clim—-23

S™) December 1970-1994

\

20N

10N

EREARERRER

ERRRS KRR

R R O e

105 - ”
205 - wawm
AR R .

30E 45E 60E 75E 90E 105E

120E

Mean Wind Stress Curl (x10® N M™®) December 1970-1994

20N -

10N =

EQ

108+

1
90E

105E

120E

Mean

Wind Divergence (x10™° s™') December 1970-1994

20N

10N

EQ

108

203

308

90E 105E

Clim-23

120E



20N

1ON

EQ

108

205 RN 3 205
- o R Rl B ol L i R S ” %
BOS | Astencgorec e POarcecnescssnnmprnn HXJW/)/ 308
30E 45E 60E 75E 90E 105E 120E

Clim—-24

Mean Pseudo-stress (M S) December 1985-1994 Mean Wind Divergence (x107° s™') December 1985-1994

\ 4

20N

10N

EQ

108

TSR S SSSRNLN
R IS N
e e e e S N A NN

Mean Wind Stress Curl (x10° N M™) December 1985-1994

20N

10N

EQ

108

208

308

[y

45E 60E 75K 90E 1058E 120E

Clim-24



Monthly Climatologies



—

O

73]
I

qsv

RN
NI

J09

a N4 A>3

CAFS

K.Ar,-;»»«.‘aua

i
=1
R (O O O S

a
=

406

»v(#Jf\__

oAy,

RS

as6o1

-1 NOZ

b~ > >

¥
vy
>
1
Ty
L]
A r R NTT a3 5
IR SF 2353
Y I e
PIET IO !
Aaala 3 %

a

%

2

P

:
:
!
i

N

AG‘

R

(:-S JA) UBSW $BB1-CQET WOy A[BUIOUY SS811S—Opnasy

q0e1

¢ge1 AIenuer

> o8 oa

T T S T S SR

(;-S W) UeBW GEBT-0LBT U0 A[ewouy 5591)S—-0pnasy

—

O

(&
I

q0¢€

a6y

A A oA A

H09

rTRrEPA AT AR A

ds4
rrrres

TFrTCTTTCERE R~ OP
T TFrAARAATTT >

q06

w

4 3 a3
~

4601
(.S ;W) Ssaays—opnasd uesy Alqyuopn

I St
:

LB L Lo

~

i

T

=

q021

406 q454 q09 asy doe
cge1 Arenuer

(W N ,.0TX) [dN) ssaqig puiy

HGOoT

d0e1



G861 Areniqaj

4601 q06 ass a09 asv

dozt

460T1 a086 ass J09 Clchd d0g

4021

- NOT
—1NO2

(,.S .N) uesW ¥861—cggT woaj Ajewouy ssaljs—opnasd

(-8 ) UBdW CBBET—0LBI Woaj A[eWOUY SS31}S—0pNasd

d0g

409

qS4

(U a=a

4086
R ———loe

d50T

d021

4SS0t 108 qGL H409 C1¢)7% d0ge

a0et

e R =

&

—S01

- NO2

(,-S ;) ssaays—opnasd uesap A[Yjuop

(- N ,_.0TX) [d1) SS8I1g PUIM

G861 Arenuqay



GR6T Yodel

4601 H408 CLe7S d09 il

q021

ds01 d06 q6L 409 asy 40¢€

4021

L e

(,-S M) UesW $EET—-CQEEI Woa] Ajewouy SSaJ}s—-0pnasd

(-8 ) URdW GBBT—0LBT WOJ Alewouy ssoajs—opnasd

4501 q06 qJ6L a09 asy 40€

J021

4601 06 qG4 q09 qS¥ 40€

d0z1

¥4 o4 O T

A3 4N v v d vy

LY S TSP JP S S S SO

(e N ,.01X) 1IN) ssa1}g puiy

(-8 W) ssaays—opnasd uesly A[Yjuop

G861 YoIel



cge1 [rady

4601 d06 asL q0¢g acv d0€

q0e1

4G0T 408 CLsP) q09 cisi4 H0¢€

J0z21

b3

Sog
— 802
— 801

P

\H&;’

a4 oy R
1A ATy

=y ox
~

x

(.-S W) UBB $EBT-GRET WOJ) A[eWOUY S5311S—0pnNasyg

VEENT

e ko4

(s
P

Y
LI S Y

£ X LAk

G
Ne
< L4

Q

(-8 ,JN) UBO CBBT1—0LET WO} A[etuouy SS8I)S—opnasy

H4S0T d06 q464 H09 d¢t d0¢€

q021

dsort q08 a4 209 asv q0¢€

q0z1

oo —
=} o
] w
T \

i R I
4

O IO

X F ¥ E €k LKL ALk ELCT T

e L ST R VR VIR R S P

%

T

,.
:
i‘#?’

d.l_d
It

EE i

a
-
A oA a4 oA

.
.
,
»

rroeoocdn
¥ o4

\‘f

(,-S W) sssays—opnosd ueapy Ayjuop

(N N ,.01X) [I0) ssaq}g puip

cg61 [ady



20N

10N

EQ

105

30E 45E 60E 75K 90E 105E 120E

May 1985

Monthly Mean Pseudo-stress (M* S7)

Pseudo-stress Anomaly from 1985-1994 Mean (M?® S7)

20N

10N

EQ

108

30E 45E GOE 75K 90E 105E 120E

o /F\f
L s

v
v
¥
+
o,

¥

Wind Stress Curl (x10° N M™)

20N

10N

EQ

108

203

308

30E 45E 60E 75E

Pseudo-stress Anomaly from 1970-1995 Mean (M?

90E

105E

120E

20N

10N

EQ

~a A
A

LI B
-

Ne v w34 w9

2 a

103

203

308

> <

h;:\
v

hobfey w4 A

Y

30E 45E 60E 75E

May 1985

90E

105E

120E



June 1985

Monthly Mean Pseudo-—stress (M® 57%) Wind Stress Curl (x10™ N M™)
/._m/
2ON — P PN 5 20N
ION — 10N
50 M* s
EQ EQ
10S i~ 108
208 - 2R - 20S
A i ) .
R s -~ y %\mv NS /a”

sos| i st N TN T e .

30E 45E 60E 75k 90E 105E 120E 90E 105E 120E

Pseudo-stress Anomaly from 1985-1994 Mean (M* S7™) Pseudo—stress Anomaly from 1970-1995 Mean (M? sS7)
20N 20N -
10N 1ONF —
EQ EQ
108 108
208 205
308 3058

30E : 105E 120E 30E 45E GOE 75E 90E 105E 120E

June 1985



Monthly Mean Pseudo-stress (M* S7%)

July 1985

Wind Stress Curl (x10™® N M™)

20N

10N

20N

10N

EQ

108

EQ

108

R0S E 208 :
\m [T @Jm [ n)..
S s e R 303 27 cle yEERAY PN
30E 45E 60E 75E 60E 75E 90E 105E 120E
Pseudo—stress Anomaly from 1985-1994 Mean (M?® S7) Pseudo-stress Anomaly from 1970-1995 Mean (M* S

W

20N

10N

20N

1ON

EQ

108

208

303

30E 5 105E

120E 30E 45E 60E 75E 90E 105E 120E

July 1985



August 1985

Monthly Mean Pseudo-stress (M* S7%) Wind Stress Curl (x10° N M™)

20N

10N

EQ

108

208

305
30E 45E 60E 75E 90E 105E 120E 30E 45E 60E 75E 90E 105E 120E

Pseudo-stress Anomaly from 1985-1994 Mean (M* S™) Pseudo—stress Anomaly from 1970-1995 Mean (M® 57

20N 20N

10N 10N

EQ

108

208

, 30S L4
30E 30E

120E
August 1985



Monthly Mean Pseudo-stress (M* S7)

September

20N

10N

20N

10N

EQ

108

Pseudo—stress Anomaly

+IMQN/MW.~+

"
A

EQ

108

203

308

45E

60E

75E

20K

105E

from 1985-1994 Mean (M* S7°)

120E

20N -

10N -

20N

10N

EQ

105 -

208

305

Ity

An\ﬂ%ﬂmza%»a %}//7

EQ

108

208

 pEORA 308

30E

75E

1985

Wind Stress Curl (x10™®° N M™)

90E 105E 120E

Pseudo-—stress Anomaly from 1970-1995 Mean (M* S7)

120E 30E 120E

September

1985



October 1985

Monthly Mean Pseudo-—stress (M® S7%) Wind Stress Curl (x10™° N M™)
\ b
20N - : 20N
IONf - 10N
EQ EQ
10S - 3 ST 10S
203 208
305 308
30E 45E 60E 75E 90E 105E 120E
Pseudo—stress Anomaly from 1985-1994 Mean (M* S7%) Pseudo—stress Anomaly from 1970-1995 Mean (M* $7)
20N . 20N |-
1ON 1ONF -
. 50 M* S
EQ . EQ
1083 108
R20S i1 20S
N
308 i 308
30E 90E 105E 120E 30E

October 1985



November 1985

Monthly Mean Pseudo-stress (M* S7) Wind Stress Curl (x10° N M™)
-

<0N

10N 10N

Y e TS sy a
EQ = A - EQ
R - = >
L R A RoR
KKK A2 r oy a rc v
AR R TR R e
108 g ; 108
L N 1// =
LSS < N e S
Ry R R SRR RS

208

e T R R

I e T
T I W: - TR SN G

et b Rl N T a.:.:zwzzu~,hr34 308

30E 60E 75E 90E 105E 120E 30E 45E GOE 75E 90E 105E 120E

Pseudo-stress Anomaly from 1985-1994 Mean (M® $7)

k!

Pseudo-stress Anomaly from 1970-1995 Mean (M® ™)

20N 20N

10N 10N

EQ

L
%{\&

it
4

108

) wﬂ\.\\w 203
J»
Rl 308

30E 105E 120E 30E 45E 60E 75E S0E 105

. v @A
m
4wy
vV @y

{17

_
o
w
|
)
(ot
D

a
"’g
N
wvd?
.

BRI PN
LR AT
> 4 e oy

e LA Y AN
> > L4

v » > 400 B
1)&:4

AJ ¥AAA Ak
B AR

vidaafa r e

> v A
v‘»q,* b &

I Fa,
\)J!?

a
TV

B - )

=
—
48]
=}
=

November 1985



CE6T 19quIada(

AGY 40¢

409

ds01 H06

q021

as071 a06 q4G4 d09 asy 40€

ao0et

od

o] > —
o O o
wn v v

I T

O O T

f/{?'

a e
by

ho>

a w3 A A

e 4

— NOT
-{NO2

4w

(,.S ) UeaW $BEBT-CEEI Woa] A[ewouy SS511S—0pnasd

&* 3 ng

ou—\é
cr ANV Ay
Ang e °
& 2 vy
B ok 4 v v J
/'/‘\, S

~=d

T e

g JN) UBBW CBBT—0LBT wody A[eWoUy SS31}S—0pnasg

q09 4Gy a0ge

a5

406
IR
0¥

d4601

d0z1

asor 106 CLer 409 asy qoe

q0et

"R R € c €<
c <4< < rrrrYTr
D I I A S T Y

T 449 v

FRRAGRN

METE N

N g

O

FFOA A A F X

vk ogx €€ ¢ <
T R R ¥ TV

(.S ) ssaqys—opnesd ueap A[UjUol

(W N ..01X) [IN) SS2I}8 puipy

GEBT I9quUIada(



Monthly Mean Pseudo-stress (M* S7)

January 1986

»/, /;KJ!FWPJ/U

—_— AP
<ON .nMR‘W#Mg
A ZEEN!
LA

<
ION — ¢
7 LLL LY 4 A

50 M* 57 ; Ll L ALy
IO Lt

P LA T

m“.mw. ‘\w‘_h Ti v v iGN
R T R A

x TR L Mw et

* YN WS AT

30E 45E B60E 7ok 90E 108E
Pseudo-stress Anomaly from 1985-1994 Mean (M® S™)
A
20N \
50 M* i
EQ =
10S ;
e
203 - mnﬂﬂ
S
305 LSRR &
30E 90E 105E

120E

Wind Stress Curl (x10® N M™)

20N

10N

EQ

108

208

308

20N

10N

EQ

108

208

v radp sy oaa

308

30E

120E

January 1986



February 1986

Monthly Mean Pseudo-stress (M® S7) Wind Stress Curl (x10° N M™)

20N -

20N

“ +« F

LAk

10N |- 10N

frFprvrx

Cron e e

EQ

¥ KRk RRRE R KRR

108

208

- - 305
30E 45E BOE 75E 90E 105E 120E 45E B80E 75E 90E  105E

120E
Pseudo-stress Anomaly from 1985-1994 Mean (M* S™) Pseudo-stress Anomaly from 1970-1995 Mean (M® S7)
\
20N — 20N —
10N |- — v(tiw 1ON |- —
50 M* 57 50 M* 5™
EQ BG I L
Ava
10S - 108 Tl
bwut ”.
208 = 208 " 4
308 Aot 0w AR 308 e
30E 45E 60E 75K S0E 105E 120K 30E 45E 60E 75k 90E 105E 120E

February 1986



20N

10N

Pseudo-stress Anomaly from 1985-1994 Mean (M* S7)

20N

10N

EQ

108

Monthly

March 1986

Pseudo—stress (M® S7%)

= —

50 M* s7*

Wind Stress Curl (x10™® N M™)

20N

10N

viorle kKK

rd”'"‘"""""

FP v

LR IR R NN
>
> 4 v

.

bdorfr R R R R R

kS

P S

EQ

BT N S R

108

208

303

90E 105E 120E

b}

60E

Pseudo-—stress Anomaly from 1970-1995 Mean (M?

120E

5

20N

1ON

30S

AT

e

ey

ﬁmwxigz?.

NS 20

e A W S
) R

90E 105E 120E 30E

March 1986

105E

120E



April 1986

Monthly Mean Pseudo—stress (M* S™) Wind Stress Curl (x10™ N M™)
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Monthly Mean Pseudo-stress (M* S7)

May 1986
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Monthly Mean Pseudo-—stress (M* $7)
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Monthly Mean Pseudo-stress (M® S7%) Wind Stress Curl (x10° N M™)
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December 1986

Monthly Mean Pseudo-stress (M* S7) Wind Stress Curl (x10° N M™)

20N 20N

10N 10N

AIEROR R R R RR

EQ EQ
108 108
208 205
30S etk it nae oty vy e 308
30E 60E 75E S0E 105E 120E
Pseudo—stress Anomaly from 1985-1994 Mean (M* S7) Pseudo-stress Anomaly from 1970-1995 Mean (M* S7)
20N 20N
10N 10N
EQ EQ H
108 108
205 208
303 305
30E 45K

105E 120E 30E 45E 60E 75E 90E 105E 120E

December 1986



January 1987

Monthly Mean Pseudo-stress (M* S7) Wind Stress Curl (x10™ N M™)

20N 20N

10N 10N

N e

EQ EQ

9 v T e ek R R Rk w

1035 108

208 208

L
®

LR e h

30s Py N | 30S
30E 45E 60E 75E 90E 105E 120E 45E 60E 75E

90E 105E 120E

Pseudo-stress Anomaly from 1985-1994 Mean (M? S Pseudo—stress Anomaly from 1970-1995 Mean (M* S)

20N

10N 10N

EQ EQ

FAfr vy v kR kb ok
Vv e v
L

4

3

5
CEPI

108 108

205 |- . E AN e i P 208
> - T > v
5 y TN
308 d _xiu; 303
30E 60E 75E 90E 105E 120E 30E

January 1987



L861 Lreniqoy

4601 d06 dcL d09 qsv d0¢e

d0el

ds01 206 CLSPS d09 Jsv J0€

d0gt

4
=
a
a
2
-
-
-
-
a
A

-
“
®
&

(.- W) uUeS ¥86T-CgE] wWol] A[ewouy £8911S—0pnasy

- % of ¢ ¢

LEXreTYTE Y

e

(-8 JN) UBON CBET—0LET WO} Areurouy sssijs—opnasg

CLe10Rs 406 asgL 409 c¥

q0et

as0T1 406 aGg4 d09 CAsh 7 30€

a021

\T@pﬂ*—»—»

R e
L%

~

EINE SN I B

F € TR EEE K

(-8 ,N) ssaajs—opnasd uesy A[yruop

(- N ,.01X) [In) ssaxjg puiy

28671 Lrenaqga]



March 1987

Monthly Mean Pseudo-stress
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Monthly Mean Pseudo-stress (M* S7)

May 1987
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Monthly Mean Pseudo-stress (M® S7) Wind Stress Curl (x10™® N M™)
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March 1988

Monthly Mean Pseudo-stress (M® S7) Wind Stress Curl (x10° N M™)
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August 1988

Monthly Mean Pseudo-stress (M* S Wind Stress Curl (x10™® N M™)
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Monthly Mean Pseudo-stress (M* S7)

September 1988

Wind Stress Curl (x10™ N M™)

RON I~

10N~

308

»\q.‘ynk.—.w\qv

EQ

105

208~

—_—

) G AN

308

30E

45E

Pseudo—stress

Anomaly from 1985

-1994 Mean (

I I

30E 45E 60E 75E 90E 105E 120E

20N

10N

T

M® 579 Pseudo—stress Anomaly from 1970-1995 Mean (M® 37

20N

10N

EQ

108

208

308

105E

120E 30E 45E 60E 75E 90E 105E 120E

September 1988



-2

October 1988

Monthly Mean Pseudo-stress (M* S Wind Stress Curl (x10™® N M™)
20N 20N
10N 10N
EQ :lewrv..uvq#&ua““amauo/;ﬂmMmqg m“D
10S |- S X = 108F
205 - % 208 -
TSl
- R £ e e J'Jr‘.lnlll“‘% Wﬂw
e« = e v e+ «FON TR AE #IQ = 73
aos LA 2 AR TR 308
30E 45F 60E 75E 90E 105E 120E 30E 45E 60E 75E 90E 105E 120E
Pseudo-stress Anomaly from 1985-1994 Mean (M* S7) Pseudo—stress Anomaly from 1970-1995 Mean (M® S7)
AW AN
20N 20N |- \\W ” 5
Ral
10N 10N+ — - o\
50 M® S <
EQ EQ s
108 TS| iesE
LA -
. H o5 10
208 H ” » o 208
Fony )
30s e 305 4
30E 105E 120E 30E

October 1988




Monthly Mean

November 1988

Pseudo—stress (M*® 37%)

20N

10N

Wb b b ok s R R R R R

Pseudo

60E

75E 90E 105E

120E

stress Anomaly from 1985-1994 Mean (M* S™)

Y

20N

10N

EQ

108

208

308

-
> b e

2

30E

45E

60K

- e

¥ Q\»\LVH

LT T At
B

ToE 90E 106

120E

Wind Stress Curl (x10™ N M™)

20N

10N

EQ

108

=208

308

105E 120E

Pseudo-stress Anomaly from 1970-1995 Mean (M? %

20N

10N

EQ

108

208

308
30E 45E 60E 75E 90E 105E 120E

November 1988



December 1988

Monthly Mean Pseudo-—stress (M® S%) Wind Stress Curl (x10™° N M™)
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Monthly Mean Pseudo-stress (M* S™)

March 1989

Wind Stress Curl (x10™° N M™)

45E 60E 75E S0E 103E

—stress Anomaly from 1970-1995 Mean (M?

120E

37

¥ YN < e A
LR S W'Y

i

a

20N \ 20N
M
10N drapk 10N
EQ . Sy EQ
108 iy e i 10S
“ y by %p EE ® & - -
20S rV\MI”JM FRER AR R AR 208
308 308
30E 45E 60E 75E 90E 105E 120E
Pseudo-stress Anomaly from 1985-1994 Mean (M® S™) Pseudo
20N 20N —
10N 10N~
EQ EQ
105 10S+
205 20S -
3038 3083
30E 108E 120E 30E

March 1989

45E

120E



6861 [tady

4601 H06 dss a09 HSY q0e

d0ea1

qS501 a06 HG4 409 acy doe

qoz1

(:-S ) UBOW $6BT—GRET Wodj A[eUWIoUy SSaJ)s—opnasg

LY

404 4 oA

WM ow w4 S
* ER]

(S JN) UBSW GBBT—0LET WOJ] AleUwIoUy $S91}5—0pNasg

w

ds0t1 a06 Jsz a09 Jsv J0€

qoz1

a60T H06 asL q09 qSv q0€

d0e1

FEa

[

m'\&&o?r_«e«-

b

W
™A

2 o — — [
[ o o 2] ] =]
2] w2 192 O o= 2z
T I I I
o
ey ! L
=
) et T 7 ) Jﬂ//f//
% Talyy s an PP poa o 2
" i Ol
AL R +
) S Afroa fa s 1
el s T i
e C . > oA a
AAAPO 2 A P R
VAR A 2 2223wl AP
/‘ AP AAAA | > v ,
7 r L -
l o sy v
12 «
N

(,-S W) ssaays—opnasd uesay A[qIuoH

6861 11a1dy

(- N ,.01X) [IN) Ssa1}g PUuipy



May 1989

Monthly Mean Pseudo-stress (M* S7) Wind Stress Curl (x10® N M™)

20N 20N

10N 10N

EQ EQ

ARt
N -

1035 108

208

308
30E 60E 75FE 90E 105E 120E 30E 45E 60E 75E 90E 105E 120E

Pseudo—stress Anomaly from 1985-1994 Mean (M® S™) Pseudo—stress Ancmaly from 1970-1995 Mean (M®* 57
D

20N 20N

10N 10N

EQ EQ

108 108

2058

303
30E 5 105E

120E 30E 120E

May 1989



June 1989

Monthly Mean Pseudo-stress (M® S7) Wind Stress Curl (x10™® N M™)
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Monthly Mean Pseudo-stress (M* $7%) Wind Stress Curl (x10™® N M™)
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August 1989

Monthly Mean Pseudo-stress (M® S7) Wind Stress Curl (x10™° N M™)
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November 1989

Monthly Mean Pseudo-stress (M* S7)

Wind Stress Curl (x10™ N M™)
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December 1989

Monthly Mean Pseudo-stress (M* S7) Wind Stress Curl (x10™° N M™)
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January 1990

Monthly Mean Pseudo—stress (M* $7) Wind Stress Curl (x10® N M™®)
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June 1990

Monthly Mean Pseudo-stress (M? S7%) Wind Stress Curl (x10™° N M™)
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July 1990

Monthly Mean Pseudo-stress (M* S7%) Wind Stress Curl (x10™® N M™)
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August 1990

Monthly Mean Pseudo-stress (M? $7) Wind Stress Curl (x10® N M™)
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November 1990

Monthly Mean Pseudo-stress (M* S7%) Wind Stress Curl (x10° N M™)
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Monthly Mean Pseudo-stress (M* S7) Wind Stress Curl (x10™® N M™)
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20N 20N
10N 10N
EQ P e L g EQ
LiTRaliEnirt "N
* ?ND) 3 ] T ¥
L LY 3 [ £
108 - R A St E et BT
PSRN, PSS
ARKRREFERER AR A
205 ATTTEGIRN e 208
Sl Al e e L e T D e wns 308
30E 45E 60E 7ok 90E 105E 120E 30E 45E 60E 75E 90E 105E 120E
Pseudo-stress Anomaly from 1985-1994 Mean (M® S7) Pseudo-stress Anomaly from 1970-1995 Mean (M® S7)
A% %,
20N 20N :
10N 10N ;
EQ EQ
108 103
20S b 208
il ol
308 \jymo TE A 308
30E 45E 60E 75E 90E 105E 120E 30E 45E 60E 7oE 90E 105E 120E

May 1992



June 1992

Monthly Mean Pseudo-stress (M® $7) Wind Stress Curl (x10™ N M™)

20N 20N
10N 10N
EQ EQ
108 108
208 208
sos| AR SrTnT s s Rl 1 30

30E 45E 60E 75E 90E 105E 120E

Pseudo-stress Anomaly from 1985-1994 Mean (M® S Pseudo—-stress Anomaly from 1970-1995 Mean (M* 57
20N 20N 3

H,

10N 10N
EQ EQ
103 105
20s 203
308 30S o

30E 90E 105E 120E 30E 45K 60E 75E 90E 105E 120E

June 1992



20N

10N

EQ

108

July 1992

Monthly Mean Pseudo-stress (M* S™)

P EEE %P T

TR R R R

90E 105E 120E

Pseudo-stress Anomaly from 1985-1994 Mean (M?® $7)

20N

»orlr vovs oy

+ 4
S )
“

Xk k¥ ot 4

105E 120E

Wind Stress Curl (x10™® N M™)

20N -

10N |-

EQ

108+

205~

308

wlu[..»\ el
NN © oKD

N,_w&

1
30E 45F 60E 75E 90E 105E 120E

Pseudo—stress Anomaly from 1970-1995 Mean (M? S

20N

10N

EQ

105

208

308

30E

July 1992



August 1992

Monthly Mean Pseudo-stress (M* S7) Wind Stress Curl (x10™° N M™)

20N 20N

10N 10N

EQ

10s FESSERE ‘ 10S

208

A\Wv -
8
-

308 Cr—
30E 45E 60E 75E 90E 105E 120E
Pseudo—stress Anomaly from 1985-1994 Mean (M® S7) Pseudo—stress Anomaly from 1970-1995 Mean (M* 37
_‘4‘% Y
20N |- : . 20N
N
10N —

10N

EQ—~ EQ

105 |~ ‘ WJ

208 & &

VI A

308 @@ S. . 308

30K 45E 60E 75E 90E 105E 120E 30E 45E

108

208

105E 120E
August 1992



September 1992

Monthly Mean Pseudo-—stress (M* $7) Wind Stress Curl (x10™ N M™)

20N 20N

10N 10N

EQ EQ
108 108
"~
= N
AN 1R 1
20s S NN R 208
)
AANA T
LR
308 T Y NS NEER mol,),f&?qw 30s
30E 45E 60E 75E 90E 105E 120E 90E 105E 120E
Pseudo—stress Anomaly from 1985-1994 Mean (M* S7) Pseudo—stress Anomaly from 1970-1995 Mean (M® S™%)

20N 20N

10N 10N

EQ

EQ

108 T 108
208 LA > Mo : 208
Y ¥ ¥ rEEF " L
ZEak Ik
305 e N R PR P e S S Xr\l,,“ 2308
30E 45E 60E 75E 90E 105E 120E  30E 105E

120E
September 1992



October 1992

Monthly Mean Pseudo-stress (M* S7%) Wind Stress Curl (x10™ N M™)
N

20N

20N

10N 10N

¥oR\E € v @ ¢ L ¥

R S I R
Voyowow oy

EQ EQ
103 108
W R R Ry T R
20S it 208
T
o R R
308 Bl awa e wyl o st M e 305
30E 45K 60E 75E 90E 105E 120E 60E 75K 90E 105E 120E
Pseudo—stress Anomaly from 1985-1994 Mean (M® S Pseudo-stress Anomaly from 1970-1995 Mean (M* S
20N 20N 1
x w@
Ko 10N BINA N
EQ EQ o
4 a3y w\e
108 108 N
208 ROS— e o
308 30S L~
30E 45E 60E 75K 90k 105E 120E 30E 120E

October 1992



November 1992

Monthly Mean Pseudo-stress (M* S%) Wind Stress Curl (x10™® N M™)

. m‘_“w\.n L3
20N o8 20N
“ ¥ ¥
-« ¥ ¥
10N ey 10N
EQ EQ
108 S 10S
SR
¢ fMW«;//M 3
..QWM NN
208 (% mr S e 208
Pk & bR KR
DRI, < 15 — f?wﬂﬂ/w/
2R R B N
30S AT T s et A R R R A 308 .
30E 45E 60K 7oE 90E 105E 120E 45E 60E 75E 90E 105E 120E
Pseudo—stress Anomaly from 1985-1994 Mean (M? S°%) Pseudo-stress Anomaly from 1970-1995 Mean (M® S™)
W ~ N
2ON |- /v ‘ 20N
1ONF — T 10N ;
50 M S SAAT :
EQ =y EQ =
108 el LS
g
20S3 e ar— 5 'Y 208
T : L 4
ol SRl o v e S e et
QOW vt e & v v ¥ <\.\M~\W@ s Mﬂ,lﬂwr. € 1] V\U/vf wOm v L @o < N
30E 45E 60E 75FE 90E 105E 120E 30E 45E 60E 75E 90E 105E 120E

November 1992



2661 Iaqursda(

Js501 406 qSL J09 asv J0¢e

q0zt1

4c0T q086 as4 409 asy q0g

q0e1

kS
)

L L i Labvay Ay

R T T T

IR B B e

“

2

>
a

Eas
i

x
T v 4 A
»

T
» oA
*

T Gl

o s

<Y a4 e
v v N A

W

¥
+
“

W
\% N0z

(.S W) uUeaK ¥BBT-CERT wWod] A[ewouy ssalls—opnasy

r vy
;Ojg)w*
£ B

43 % 23 33 33
E R G
44 oa

01

Qv v v 3
s

L BT T T S T R

<
voe W

% 4 4 oW v v o4 oa

(-8 ) U®dW GEBI—0LET W0 A[ewouy SsaJdjs—opnasyg

4601 A06 a6 H09 acv 40¢

d0eT

4601 q06 ass q09 Jsy 408

d0et

R

A

>

(.S ,N) ssaays—opnasd uesp A[yluop

(- N ,.01X) [IN) SS2I}S pPUIy

2661 19qUIada(



January 1993
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June 1993

Monthly Mean Pseudo-stress (M* S7%) Wind Stress Curl (x10°®
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