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— Eﬁ E fE#AEE (Wang 0 1995 ; Wallace et al. » 1998 ) - [fij
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AEEERIRRE » R R E B A REE -
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HIBkEE - SAAE—E TR T FTIIZOR

( Younger Dryas )( Dansgaard et al.» 1989 ; Alley
etal. > 1993 ; Severinghaus ef al. » 1998 ) | »
RZREMERAE R AT NS A e T I - A/ Nk
TATH = JEPARA S fige S T It B 25 B AN
DL i St g #a X, ( Climate Regime Shift )

(Niebauer » 1998 ; Anderson and Piatt » 1999 ;
Minobe > 1999 ) iR 55
Change ) ( Crowley and North > 1988 ; Keigwin et

(Abrupt Climate

al. » 1991 ; Zachos et al. » 1993 ; Severinghaus et
al. > 1998 5 Alley etal. » 2003) 4.2 » Hrffus
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DURZ PRI A & 2 55 188 (Nitta and
Yamada > 1989 ; Trenberth » 1990 ) » fZEEE
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AT St AR ETAAA AN TR (SRATIRA -
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JCEA VR K e i 2 S /K Y 22 P R R s 5
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ANEmAREGANI R EURERY 1961 FRHKAE
HREPAHE D o ERBA R A M - @R Hek
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1

Departure from Long—term (1969-1983) Mean
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o H LR TNRIEILRE (35°-40°N » 160°-150°W) 127.5 A REEREARRE (°C) (fif

F& S Simple Ocean Data Assimilation analysis » Carton et al. » 2000a,b ) ~ [y B 5 fe i
FBAEHTER (HE#MB) (Mantuaetal. > 1997) ~ Pl = ~ YA TEZEEHSE (Zhang et al.
2004) FALENREEVE R EVRBRA: B (E,/4) - FrAIFHEF Y EIRE R (1969 4238
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—H ) TR fdeR A L83 ( Singh
et al. » 2000 ) - {HN H 2 JLH #9855 AAH
( Singh et al.»2000; Dash et al.> 2004 )-Rajeevan

et al. (2000) HHFEEIER: 1961 £ 1998 FZ=JH|
W (SEILH) WEREFMEES (low cloud
cover) WYFERERERY, - BB A TIRIRIERE
F R PR E i bl A TR 1+ YRR
REBREEEER LIS mERm
ALl - B 1980 FEAATHAEE - JRRREE 71
{REEA T o SSHGE EFRYZR R A ol
RN L I B T RR AT 1980 AT
SR Y S SRR, - BT R RUR AR
AR NFEAYERER] ¢ Srivastava et al. (2000) 32
FyFTREE m /g R Rsge (BRe i eikieft) - 5
HIETEERITIRGZ A -

DA T eaE R S A By 2R U R S 2
A P AR (AR R 19761977 F% 5
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PSR s E F 7k » PR ILRI R RV
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FREIE R (RIS i Ry sC iR i/ M vk
fe ~ KB o AR AU R RN EBIGR
ATREZE S SR SR RSB OS2
st o BEAR EI RN TE A8 LB s b FErT A A
SRS > AR A L3 vl RERE 2 BR i
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F=+mEAE =5k
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A RIS E B R FE R R R e K R
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YRS ERIZE ML R - hE N
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USA ) Global Tropical
Cyclone Position Data  [AHERMIFE T 2RSS
KPR BV SR AR} - HrLED AR 2
JERZRF AT [El 2 1877 4 [R5 8 2] FHHE R
o B AN E PR R W AR & HABRIRGHI&
BHETTT - ATLLIEEY 1959 LR 1998 42
FIERHETTISE - LB/ NRFRCE— X
e AR L O S R (G L N —EEafe
HIZE (2) ) - ZRURBR AR 5 & 2 R 2R,
BRI B — SRR AL -

TIATIRE AT AR IR T (B 2y s - o
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T VR T3 R i 4 S At e
He (IMD > 1999) > {H 34 i JEhrriigE s
— o KRS BEAHBA SRR - DUBGE 34 B 1E FE 73k
W RREACA L ~ S AT A il (Sikka > 1977 5
Pant and Rupa Kumar > 1997 ; Srivastava et al. >
2000 ; Dash et al. » 2004 ) - (2) fR#5 NCDC &
FIACRAR > 1980 . Z AR ER i
HAEGE - BHER A RO ak ] R e B —
TP HERFAIE—E > 1] = KA A i i 2 JEER
TEATE 34 BEGE 48 i - 1981 R AME RN
JRGHEEDR o KL AT IAIES L 198071981 £
Rf> LA 34 HiEk 48 BRI S @ B R

Climatic Data Center -
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(3) R4 WMO JE2 » 34 Eif 64 HiE AR
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TR AR LA S SR B AR AR A B
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JBRIHE < MELE AR ] HARRHSR I BV S B A
SYIERRE) BETRRAN SRS R HE RS > (L TR
TRNE ) @B o

2ARREEMRSER

RRERRERHE T 1959-1998 £F{(pentad)
FAT FE RN S o0 reanalysis (ERA-40)
ERICH R E RN AR 22 ERA BIRY
Wil © http://www.ecmwf.int/research/era ) > fUF5H
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( discontinuity ) ( BV E754  regime shift | FR5
HAER) R B EE H o — - AEeiat )i
R Student’s B¢ Mann-Kendall tests ZEf2EH#E
e T TP A AN H AR - Easterling
and Petersen (1995) ¥fHATRIFHIEIRT - 534F
IR A AH S 2 (o A 72 1 3R R R
( cumulative sum of deviations » CUSUM ) fi%¢
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Az AN EHFE S 411 Rebstock( 2002 )~ Fealy and
Sweeney (2005) % -
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5 RSy AT RENE - BN AGZ BV RR B R AR Y
A BEHRAIR ~ BRGSO IR BN 1
VIWNE
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Y95 NCDC A5 > 1980 fE% 1982 fEe T
NCDC AZEFR] > 52219 JTWC (Joint Typhoon
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Warning Center ) HYZEFEUEERECEE > 1983 LA
A E JTWC FYEHH] - [N 197671977
ERTR AR I E R A — Y - SR
NCDC Ff1 JTWC HYE(31E( best track ){E 1959
1982 il 24 FHYZREAREREA: A
B WE IR BT 1967 41 1971 4H
AEE 2 8 HERFEMHARES—(E -

BARERHENRIFSEN: - LT E—F
AH - EHo o BB RMEEAIREE NCDC fU&EF
73 HIERE - (HECE H ARSI AR
TSR AT ACEN P R R - A IHE
ImEs SRR S AHRER B 1R - AP AN - I
RBEL BRI — 2 E S EE -

FHE LRI H 1970 F4071%
B SRAER S > s ALSE R e B R
FZ SRS © JTWC [ best track ZLaRHH
SCAA Y I g PO G ED RS R B SRBE
1945-2000” (Chu et al. > 2002) > JE2EHIFEE]”
TER 1976 FFEARHTFRUER ki 1977 F.2 i
HAERRE S D . SRR T T B R B SR e
2R PR 1977 £ ZHTHYE R} ("Note that
post-1976 yearly totals are generally less than
pre-1977 totals... nor do the authors have
sufficient ATCR documentation to challenge the
pre-1977 data’ ) - Rajeevan et al. (2000 ) HY[E] 3
EH 1901 #1998 -5 I & Fr i {EJAE
A B AESSEE A 11 B > TR
1977 R EFFMTFC FRBREOEIR D -
Landsea (2000 ) {FaREIEVE RAEH AL
IRf > FEARIRE 1960 SEARIALIZHTERS - ...
JCENEER:. . B M54 > (‘based upon data
from the late 1960s onwards,......... the North

Bt wEgE =3k

Indian a significant downward trend...”) = Dash

(2004 ) 1 AR 2 i Sk 2 R JBR A5 5 1Y) g A
(’On the decreasing frequency of monsoon
depressions over the Indian region’)FEH#EFRm
5o HIE 1 EREURANEIUH A SRR
{EEE 1970 SEARRIH AR FFAETIRIK -

S8t > BAME LAFE T B FREAE AT Indian
Inst. of Technology Delhi . Prof. Dash - Zjff]]E
FI RS PR IR N SR e IRV 1) E 32~ BUIRARAE
1959 £ 1998 EZ S —8 7 /R
)1 ? Prof. Dash [aIZIRFIRERIZROR » "2/ » 1
HEAEF TR > ARBRJEUY 58 R 2 B
BRI E i —hREY - 1970 SRR A E
o DAV . s E S 2 DRSS RS AR i
AR IR fie B0 9 7 20 A fE i Yes, the
definitions for depressions and storms were
identical for the entire period of study based on
wind strengths. There was no change in
definitions in late 70s.... Since definitions were
based on wind strengths, there was no change in

the observation method at any time.”)

Btk AEIEERIIERII R » NCDC ZHE
A SEERIHHAY H 2 R E2(E WMO 7347 2 BRE
R bERIE L > FTE WMO Ry £- il
RGN THEE - DRSS HER - B
ZoRLE T » NCDC ZHHE Bk AR AT 72
SLIRF > R} P BEL A7 AR % B S P I 2 AR R
(’These differences were subjectively resolved
using meteorological judgement...” ) > /N HE K
BV SRR IS MEE PE T RERCR » L HIER
PERAVRIEERS » BV SRS A s SR S i
ERIEEL R
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(2) EURIRARER - FRBE AV BTN 24 1T RY

Tl Bl SR e I BE 2 T B Y
TR F 2% A< i 2 5242 - Landsea (1993)
{E T RParEGRZUELE (intense hurricane ) [
ZEN SRR - SRERITAR T T R I B
THERASER T 1944 bR PE RS RV T — 2
PERSTET © 5948 - DORYNT TR B R e b
RIS » Holland (1981) EcfRH# 25
G B AR BV RUERY 22 5 Nicholls et
al. (1998) FEfsf ERMH D FIfS R G5
NE NN T R AR K BRI RS R
PRI TR 2 85 R FEE i P N SR TR S B SR e
AR RSB - e HhE e NERE
AJRESE 1985 AR5 BNV RlE A g R
R — 5 @ AT HFK - WS TS

(Tasman Sea) HYZENFSSEE SRR 5 HIER
P {E BHEERANHEAEES - Buckley et al. (2003 ) jf
R TN B R A R ) o TR 1950
AR I BV SR el B ze AR I8 % T A IGY

( International Geophysical Year ) { LS e
TR R P R 2 ] R > i 1977
TRV RE(E B e R A I 1977 FEH
H A HIER[E] 5 & GMS-1 285457 - 5 K[
Nicholls et al. (1998) FifE °

SBALENER: > R 5 BOR S B
AR AT 2B BT SR BE AR 7 - 3k
MRREFITHEARRI AR - AR LRPEHE K
PEAEARA LY 1940~ 1950 AR EBEABITTIR
PEETHIHEPIE BV RUE L - SR EAEAE
PR BRI, - TS IR TR - 78
F 1960 FA PR 2R PR - ¥hE PR
(1 24 47 S B B AR~ A5 T S BB B IR A

R HAB

e 107

(Landsea » 2000 ) ° gijuft 1977 4= GMS-1 &2
A E » RIS A B A B T R R A {18 S8R
TR EHREET - (H GMS WA EAETRE
140°E b7 » HEZGPuE MR Es 90°E < FR{'Er
TR ASIE = 90°E ~ /1 GMS 521578 25 HaE A
A R SRR S - TRk A {ECBR B S e ol 2
IR HTE 2B AU L (B ) - #kA
FlE GMS fif B AR B ARG R o e &
INTHESEE R - - I - R AR
TEZE 2 H @ A R SR 52 i & (operational
multi-purpose communication and meteorology
satellite ) INSAT ZRFIHYEE—HH INSAT-1A fA
1982 VY H#55f (& AZK H Indian Space
By A4 uh
http://www.isro.org ) » FLHF[EIERFD 197671977
FAAERES - RILTRERER AR R 258
ENRE SR G4 R A B B AHRBHAN K -

EAR - AR - BHERIAE e
JEE BRI ~ AR e .. 5 NS IRIFR AT
REE R B i B — B R A E T
DU HIH SRR &~ 5 > 1970 FEAORIED
JE ~ I T T W AR 2
A5 1977 414 Monsoon-1977 #iHIETE5 K 1979
Y summer Monsoon Experiment MONEX

( Fein and Kuettner > 1980 ) - Monsoon-1977 &
MONEX 5 HIETHIG T2 > BRI 1979 28y
MONEX ° Summer MONEX HYREFZAE A 1979
HFE 6 ED R R A g [ Mt B 2 2 a1 4

(Fein and Kuettner > 1980 ) » {HRHAZAEER
FYE BRI SR 1979 456~ J(H » (Z1&H)
F summer MONEX #7282 . Z= UK FAAH B
SRR > WLART ERr RBOHI] 1979 427 H 5-8 H
T d AL AR A 22 B ) SRS RS RS (Nitta

Research ~ Organization
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and Masuda > 1981 ; Saha and Chang > 1983 ;
Sanders » 1984 ) « FE | » [ = 2RKE A BRAE
FHIIATNAN—EL > BRI AR B B
A (L Mak (Z[F1g > 1987) « Fff]
PR SRR IR 22 AHAEAIAS R - BHE R H
it o (BT AR ST 2R R BR R 2 T B
JE » e s B AN BOE BRI A SR G - HK
1975 4D vorak (1975 ) $&H AR EVE R e
(e 2 58 ERURIRF AL T B e ey 5
& g IR EERRTE - (HE GMS 1
B ARERT AR sE B R R % & - GMS 2 5g
GEANHTS » ZF] 90°E PuFiHRIR - 2EAH
et B PR e BRI RAMERY « A -
P TS NN R E S (i e Ry WA R R [eA
G - HATRENVER (1) ZREUERBRHE AN -
{H SR L 2 R AR o2 ] B e P - 7 o A o
b QUEA —BEEEEE N - 55— R » 5 (2)
Q13 Nicholls et al. (1998) & Buckley et al.
(2003 ) it » 5B {# 2 I 5 ORBAEBED -
{ELA_E S R R A S 208 B A 2 TR A SR i
SR BB AR 1977 AE#8 5[] R A
FREEE—ENE - 551 B BUE R R TH R
FRIFEE fe S 2 R RR T T RESC R » BRI
SR 1960 FEAHTHARNCE S NWP Rt
it > BT RO B AGRER - ROy
BIHE 1976/1977 (2B - HFZRERIER AR e 2K
BIVERS 8 > A BTl e e
DAB AR 2= UK R AR ML A 5 B4
VGBS e ST AP - BAMHEREI IR AR
HEERLO Nicholls et al. (1998) & Buckley et al.
(2003 ) PR AR 3T B S e E R
iR B LR B ATREME - {Etan
TG SEHSERATR o 38 S I R S A S

Bt wEgE =3k

FEE 0 JIRLAAGETEA -

7R > B ~ RSRARMRR AR
AR g i ses - 5 AV VR A
k2R - TERRE T BRI AR -

HEEEBEBMERNERN
EGEE

1970 FATKINY R B - fifam LR
VB T I R T o] LR - Bt
SREIEE 2 BIERE - RSBV RN R E R 2
TR ZREYEE (Nitta and Yamada > 1989 Hf
1~ & 3) BYFEr AR H AR TR
FIFAS (Deser etal. » 1996 Ff[E 8) » JE4RER
A& 456 B (S SRS T ( Trenberth and
Hurrel - 1994 il 6 ~ [& 7) - FREEETHRAR
FEAVEAME, » KAPVERYAERERMBE < SO - RIE
Be[R7ST AN fousE S0 (Mantua et al. - 1997
HREYE 6) < & i SR E s S s BRI REIEIE T
PR ER 0 2 T ENREE 2R EAM] ENSO HIRH
{% ( Webster et al. » 1998 HffE 23 > DL
Krishnamurthy and Goswami » 2000 H1f4[E] 5 ) -

FRRIGE (2001) BHZEPEILAPFEETT S liE
AR BUR 197671977 HUSRRIE SRS
& ENSO BZURAT > i T IR PR R
SRERTLSGE 5 BT SR L Y gk > 45 1977
CEAR BT SRR 2L I SR E P LA PR
PEALRIRB A AR SRR o ALK HERVT RUiE
B LRI RE PR VB AR L RN [A]
LB o AEFYETE AR B RO i B
g MEHAIERR - RN AR e IR
PRSP -

FERACEN L B R v B B SR R A
IR 1970 SEARERIHHERAHERZ R © STEHE
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ERA (10-25N, 70-95E) Annual Mean Normalized
(Red & Blue: magnitude>0.5 standard deviation)

rh(lev=400)
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—34 Mean = 41.19 Change point = 1977
Stdev = 2.58 Confidence Level=100%
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_3] Mean = 275.51 Change point = 1977
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34 Mean = 2.87 Change point = 1977
Stdev = 0.49 Confidence Level=93.5%
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2 H 1959 FFE 1998 FELFIEEE M FIRE R E MR (10°-25°N » 70°-95°E ) KE R 1976 & 1977
Rz E =@+ - B 2T (a) 400hPa fHERERE (%)~ (b) 600hPa i (°C)
(¢) K 600hPa f&rfEGE (m/s) o FTAEEIRRE F#{l (normalization) - £L ~ BEOfEFRoR
PEZRAEEHE ALY 0.5 fEfFHE RS - RO BL S HTTS < L IFRIER RS 1977 4 HASHE/KHEY

KR 90% (&AL ) » ZYLE I B S ASHEZ AR R /2 A -
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Bt wEgE =3k

e  ACENEEFE R ENEARESIHL (10°—25°N > 70°—95°N) 1959 £ 1998 4 ERA-40 BRI & PHE
P Y- AR (R4 (change point analysis ) SRHSE(LEG (R - B2 L BT
SEEE (EHEKHE=90% ) HEUIFRIRNEAE 1976 4238 1978 - —4ErPyp & -

REBEMNPa) EHMEE BE

B 05S%>{5HE

(10°-25°N » 70°-95°E ) KSRAMAEFLEL
HETTIATT > HURESEIRAEARR S ZFRE. - [ 2
R s T8 88 < B (PUSMEEE TS
LEMUASHUKIER =Y 90% ) > AUfif 400hPa 2
FHEHRE ~ 600hPa T Kz 600hPa  fE[w]Jil
e LL 400hPa FHEREE RSB bR 7D EBISHCAan
1972 ) > UHRYELLL 1976 71977 5
S AR M EAC T 2SRRI EE (L - 600hPa
LU E KRG JGH 2 S8R ifE AT, 400hPa A
BRI - (hEHM R (R
3 SR R AR SR P > 7Y 1976 1977
FRIRADAL IR - S —20 LR AT AR e

N

R HEEHEE

1959 7 1998 MG KR FF2L - 1R
1970 FERRIAHBREEE ML YR — Hol
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North Indian Ocean Troplcal Cyclone Formation Weak(bar) Strong(outline)
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NIO TC Formation Weak(red) Strong(black)
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ABSTRACT

During years of 1976/1977, the global atmosphere-ocean system undergoes a strong abrupt climate
change, which starts with the change in the upper-layer temperature of North Pacific Ocean. The North
Pacific westerly jets, salmon production, and even Tibetan Plateau snow cover are all subject to profound
impacts of this interdecadal abrupt climate change. Motivated by these changes, the current study, using
the natural seasons of North Indian Ocean (NIO) and South Asian monsoon as a framework, aims to
examine the changes in North Indian Ocean monsoon depression (a generic term for NIO cyclonic

disturbances) formation before and after year 1976/1977.

The annual NIO monsoon depression formation number as observed from year 1959 to 1998 has
dropped abruptly since 1977. It drops from 14.9+£2.2 per year to 5.0£2.4 per year. The characteristics of
the abrupt change in monsoon depression formation are further manifested when monsoon depressions
are classified according to their intensity and formation season. Both stronger ‘cyclonic storms’ or weaker
‘depressions’ show decreasing trends. The decreases are particularly significant in summer and autumn.
While in average 0.7+0.8 cyclonic storms form each summer before 1977, only 0.4+0.8 form after 1977.
Before 1977, in average 4.2+1.4 depressions form each summer, but they no longer appear after 1977.
While the average autumn cyclonic storm formation numbers have dropped from 1.8+1.0 (per season) to
1.0£0.8 (per season) since 1977, those of autumn depressions have dropped from 2.3%1.4 (per season) to
0.2+0.6 (per season). The temporal and spatial features of the interdecadal abrupt change of monsoon
depression formation are also described, including the significant changes in seasonal variations of

formation frequency and formation regions.



Volume 34, No. 2 Atmospheric Sciences 125

Of course, the reliability of long-term consistency of tropical cyclone data sets differs in different
basins. Focusing on the period right before and after 1976/1977, this study investigates if any artificial
influences such as changes in observation platform or data processing have been introduced into NIO
monsoon depression observations. As many as possible effors have been made to examine the monsoon
depression data quality, including tracing the raw data source, examining when and how the observational
network or observation availability might have changed during that period, and consulting relevant Indian
scientists. These preliminary examinations show no specific evidences to deny the results of the current
study. Several artificial factors that might have led to data uncertainties but cannot be easily confirmed by

authors are also listed and briefly discussed for readers’ understanding.

Changes in both remote and local circulations are investigated. Known abrupt changes in global
climate systems during the 1976/1977 period are illustrated. In addition, several local atmospheric
variables are shown to indeed exhibit significant abrupt changes during the same period based on the
results from a statistical approach ‘change point analysis’. The signals in lower to middle atmosphere are
particularly strong. These abrupt changes in either remote or local circulations to a certain degree support

the decline of monsoon depression formation in 1976/1977.

Though there might be uncertainties existing in NIO monsoon depression data sets, this study
manifests the responses of NIO monsoon depressions to 1976/1977 abrupt climate change and, in
particular, that the weaker ‘depressions’ in specific seasons no longer appear after 1977. It is not clear yet
through what mechanism the interdecadal abrupt climate change results in this abrupt change. This study
could imply that synoptic activities might also respond to abrupt climate change sensitively, and that they

possess long climate memories just as ocean or ice does.

Key words: North Indian Ocean, Monsoon, Monsoon depression, Interdecadal, Abrupt climate change.
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