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Abstract In this paper, we summarize the research progress on the influence of the
thermal conditions of the Tibetan Plateau and the Indian Ocean on the South Asian
monsoon, water vapor transport, and regional climate. This review focuses on the
linkage between the thermal conditions of the Tibetan Plateau and the Indian Ocean
and Tibetan Plateau-Indian Ocean thermal differences with the important climate
indicators including monsoon activity, water vapor transport, and so on. Moreover, the
climate prediction indicators and methods for the Indian Ocean and the Plateau at
sub-seasonal and seasonal time scales are proposed based on the above aspects. It is
expected that this review will be beneficial for understanding the impact of thermal
conditions on climate in the Tibetan Plateau and Indian Ocean region and improving
the capability of regional climate prediction.

Keywords Tibetan Plateau, Indian Ocean, Thermal condition, South Asian monsoon,

Climate prediction
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T R L) R E R A A Y oy 2 —, PR ELE 4000m L b, 2
S gk MR RE RIS G, B “HbEREE =7, e A L
LR Hh X ARz = HethX .

T e SR AR A AR 22 1030 J U A A AR T s A F (5 AT
5k 7k A=, 1998, 1999; Duan and Wu, 2005) . 1E—ANREE I, & e i 3/
RN SRR AR Ak, RE HE AR E R R KA, i E AR
5 R R DX (A A O S i o S R A R Ak 7 AR L R Y B2 (Flohin,
1957; M- 1E4%, 1979; Kuo and Qian, 1982; #4A%E, 2015). I LMAFFAEY, &
JR PR ZE T HEAS () — D E kR (Yanai et al., 1992; Minoura et al., 2003) .
T 98 15 A 2R 1 0 A T S R R G B S B, e N B R XU A T
(Flohn, 1968; He et al., 1987; 5Kk i, 2002; XI#%%, 2002), [FIF, i
e SRR RN BN J AR PR 7 AR M X 28 U A4, bR T AR =1 i e AR ER
PREE, 2001),

I 2 S 25 IR X 7K (1 B KRR, 7 e i DA BV EE v B B kT
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RIS BRI G SR BN RE A /K s BASOEINZE X 3l o BRI ZE KX A
[, EJREZR KUK KT IE DAZR s 2, B RE VIR 2 e 0 2% XU 7K 1) 2K
RUE (FZERESE, 1998; Ninomiya and Kobayashi, 1999). —SSHfF 5t i#k— 04 1
B L AN RIS s 5 XA K BOIR 2R, 9140, B R 11 (0 7R A o B
F#/K 45 55 B B (520 (Rakhecha and Pisharoty, 1996; Prasanna, 2016), Filz{f i
] A6 7K VR 3 22 38 R T B R K B3 22, i B R A B R K e S
IR A LB K mE W A o< (Latifetal., 2017).

TR 2 22 St HE B RO R AR AN 2= XU B ) B B A . AR 2 05T 2R
S, BB 2 PR A 2 H 3 S DR K ot 6 D R 22 ) ) 4 ) 22 S0 B ( Yanai et al,
1992; Ueda and Yasunari, 1998; Minoura et al., 2003) . 75 ik = Jit FE[ FE 3 2 #4077 &
b I BUR X, H AT 25 S 2 5 e T I 2 IR A T R R 2 X R K R R
(Yanai et al., 1992; Li and Yanai, 1996). ##£4E (2002) $H T 58 = i -2 KUK
PREIE ) R =R B, i H 55 el e S T A0 2 UK P a2 v [ 2R
X Bk A A AT S AE

FEIRZETT 22705 B FR A AN A I [R) RUBE b, B RE VAN 8 v SR A R0 ) 22
MBS KA K R B AR . ZR GeT 7T s JEUAT B L PR R
B 2R PTE AR« 7KV A 8 e i A G J) A b X DX A=A e o RO R, AT A
FLAT PR BUR A BT HR A TRIN A SE A5 5, T A7 B T4 v 5o 75 i e Ji B I R
I AR B T E S, R RGRE BB BA E S o ACREE T RAMER
AU R I AT 7T R, AN i e SR B B X A A T IR B B AR AR AE AT, T
0 STy e N NSk b e 1 2 0 4 D) P VAN D N =) WA LB b
DX S A TN S SRR AR TR 3 T TSR R0 O 2 U A A2 = AR X
3ol 5 5 TN FE bR A B AR L

2 HEEE A BRI PIR B Z =R XIS AR R R & A 5
2.1 FidmE R PRI v B AR IR K

T 90 e S T R E T LA e SRR R XS Bk R AR o H 2 i SR TR B
2%, MRTR, HIPROCAS 22 AR, DX 35 (1 75 24 R At s g v i A U
B E o FetE. Hbk, Bl R ELR IEL KR (Distinct Empirical
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Orthogonal Function, DEOF; Dommenget, 2007 ) % & Jit K AJRHEAT RS 1T,
A DL SE A 1 1 i AR AR A ) A TR 2y S PR, AR T i s BRI AR
FHXT i 3 B 2220 AR P /K R B2

£ Zhao et al., (2022) W) TAEH, fiH DEOF J7 ikt 2 & R KSR AT
FHEEMT. ERER, FEHIE DEOF FH—H% (DEOFL) (B 1) Ml ZER
Bk~ 15.9%, DEOF2. DEOF3 Fll DEOF4 [ 75 % vi#ik 7> H°A 8.6%. 8.2%7#l1 5.6%.
LA, DEOFL [f)J5 2 viiiki KT DEOF2 [foiwk, LohH 2 6%, Kk, BAIR
FE M2 DEOFL HRFIE K H sz

ME 1A UE R, FHFZHJE DEOFL 28 [A] 4547 2 3 H =y Ji b X i 5 R ) [F6] bt
DX AR A FRPRFAE R = 53 AT 7E i AT o R0, ¥4V 2 A7 T v S i )
I . B2 4T HEE SRR DEOFL XM A 51) (DPCL) 5 R WH %
RIRHW B AL . DPCL 2R 0T bR R AE, BRI SR EZF
R R AR KDL, DPCL 55 WM ZR M 5 28 XU i BE HR B0 W35 AH O, AR RECH
-0.46 (p<0.01). XK, HHFEZEEEHYE DPCL WAHK, FEERFIZARIEZ=XS)
(ESP

T T
60E 80E 100E 60E 80E

-0.7-0.6-05-04-03-02-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

1 1979-2020 HF-35 2= 15k = il % i i b [X #4J DEOF1-4 #5404 51 H Yangetal.,
(2022),
Fig.1 Spatial pattern of the DEOF1-4 modes based on the heat source of the Tibetan Plateau

and its surrounding areas in spring from 1979 to 2020. Adopted from Yang et al., (2022).
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e T T T
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Kl 2 HEEEHJE DPCL 7 CREASL) 5RTEFERIGETH CRIEFRREEE
YK H Zhaoetal., (2015); EASM, #fmE4k). 51H Yangetal.,, (2022).

Fig.2 Time series of the DPC1 for the Tibetan Plateau heat source in spring (solid black line)

and the East Asian summer monsoon index (The East Asian monsoon index is defined by Zhao et

al., (2015). EASM, blue dashed line). Adopted from Yang et al., (2022).

N BB ZE G R AR DEOFL ik 5 R 1 H 2= KB RS it -1
EHRKRREAEDE LNER, B 34 H T 1979-2020 4EHFHIE DPCL 5
FZRAIE ZE 500 hPa fi7 %75 2 A1 300 hPa T-N i 1 FH @ & M 5% R 80 A [FI3Y
HE, N AR ROK R M PEAC R AR rE 7 e BT “- +7 BUR R A4y
At AR SO — B SR AR R M S8 TG r T (Bl 3a). HZE, mili i
J3 51 A] L I i S B B AN e X . AT BRI AR R IR R S,
I AR AL, SRR R AR R JEER T R RS s R S, 3 A
o7 (B 3b). XFER SR INRIEH L T UlEsi T, AT K%,
I, XA T IR S O X E 2 . B 4 R
i DPC1 55 MK ZIL)2 700 hPa W7 HIHH Yy, WTLAE R, KT R A
e AR AE SR, R E = RRSS, AR Tz K

(B) JJA
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-0.4 -0.2 o 0.2 0.4

31979-2020 FHEZFEHIE DPCL 5 (a) HFZFM (b) HZ= 500 hPa 73w fE (JA)
F1 300 hPa T-N #AEHIEE (KE) MM ARE M. BT A G SohiEE 0.05 &3 HEKFE
IS HIHLIX, Fx. Fy 5 DPCL JPHIAH KR RECK T 0.26 (p=0.10) XM st R = Hi k&
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FEE A AT 12500 gpm ZEE 4k (R EVERED. 51 H Yangetal., (2022).

Fig.3 Distribution of correlation coefficients between the DPC1 of spring heat source and (a)
spring, (b) summer 500 hPa geopotential height (shading), and 300 hPa T-N wave activity flux
(vectors) for 1979-2020. The white dotted areas denote above 0.05 significance level. Correlations
coefficients between Fx, Fy, and DPC1 larger than 0.26 (p=0.10) are indicated by green vectors. (b)
The black solid/dashed line is the contour of the geopotential height in the summer for the DPC1
in high (DPC1>1)/low (DPC1<-1) years (only 5860, 5840, 5800, 5720, 5640 gpm lines are
shown). The red solid/dashed line is the ridge of subtropical high in the summer for the DPC1 in
high (DPC1>1)/low (DPC1<-1) years. The purple line is the 12,500 gpm contour (indicating the

South Asian high) for the DPC1 in high (DPC1>1)/low (DPC2>1) years. Adopted from Yang et al.,

(2022).
—
90N (lB) JJIA‘ 1 1 1 1 1 026
G EE—
60N - —~ T
- o
30N += Q E‘N; B
0 Lz
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K] 4 1979-2020 EHFZ=HE DPC1 55 ZF 700 hPa KUK & AKX 25 . Bt HBoRgm

JRE 5 DPCL FRFIIE RECKT 0.26 (p=0.10) KIXIK. 51 H Yangetal., (2022),
Fig.4 Distribution of correlation coefficients between the DPC1 of spring heat source and 700 hPa
wind in summer for 1979-2020. Only the regions where the correlation coefficients between the
zonal wind and the DPC1 are larger than 0.26 (p=0.10) are shown in the figure. Adopted from

Yang et al., (2022).
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90E 120E

Fig.5 Distribution of correlation coefficients between the DPC1 of spring heat source and (a)
spring, (b) summer precipitation for 1979-2020. White dotted areas denote above 0.10

significance level. Adopted from Yang et al., (2022).
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AR 25 ARG o R DA 2 e DX A o s e i s ), AN R T 78 i R ) e
PTG ] K0 4 b X 5%, 7 4 e e X 95
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Fig.6 Spatial distribution of (a) the first empirical orthogonal function (EOF) mode, (b) the second
EOF mode of the summer water vapor transport in the tropical Indian Ocean from 1979-2017, and

(c) their corresponding normalized principal component (PC, red is PC1 and blue is PC2).
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Fig.7 Regressions of SST (unit: °C) onto the (a) PC1 and (b) PC2. Black dotted areas denote

above 90% confidence level.
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Fig.8 (a) Spatial distribution of the climatological vertically integrated moisture flux (unit: kg s

m~1) in summer (May-September), and (b) regressions of the vertically integrated moisture flux
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(unit: kg st m™?) onto the regional average precipitation index of Sri Lanka in summer. Red

vectors in (b) denote above 90% confidence level. The blue rectangle in (b) shows Sri Lanka.

R 1 FBFOKIEERFE (AL 10°kgls).

Table 1 Anomalous moisture flux at each boundary (unit: 10° kg/s)
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Fig.9 Initial SST error modes that are most likely to cause predictability barriers in 10D. The (a)
surface and (b) subsurface SST error components of which the forecast start month is July of the
year prior to the 10D event, and the (c) surface and (d)subsurface SST error components of which
the forecast start month is July in the year of the 10D event. The upper right percentages represent
the explained variances of the first mode of EOF corresponding to different forecast start months,

respectively.

A T3E— R H GFDL_CM2pl 43Kl S & LA et i (R WIaa 080 7%
R T 10D AT RS, I 10D T 30 FE &L IR . 45 5% W,
|OD AR & Tk B 75 35 v T HI TR 5275, v LUEK 10D I T 2. 4eih
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etal., 2007; Shietal., 2012). ik, AT 10D L& Mk RGiHEL 1 b F /) 10D
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e, X TR AN (A BUR A T2 5 10D FHAEH G, 10D FA 1 Tk 4: 1
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Fig.10 Evolution of the anomaly correlation coefficient (ACC) between the control forecast DMI
(Dipole Mode Index) and observed DMI (blue line); evolution of ACC between the persistent
forecast DMI and observed DMI (black line); evolution of ACC between the ensemble hindcasting
DMI and observed DMI (red line). The 10D event has forecasting skill when the ACC is greater

than 0.5.

2.3 HIEE-FREERIIN L ESERIES)
T e S A AT B RE PR T DL IS & e R A 22 S B 2R X AR R
(Liu and Yanai 2001; He et al., 2003; Sun et al., 2010; Luo et al., 2021), {HH 5=
WA ZEFHREN S 23S (Sun and Ding, 2011; Dai et al., 2013). Li and
Xiao (2021) fif & R X4 (25N-38N, 65F-95F) Ay B[ & v [X 15k
(5B-8N, 65F-95F) 500-200 hPa “F 343 & 7 7543 T i Jir- B B8 ok 55t
Eb5mFEFE %L TCI (Tibetan Plateau and Indian Ocean thermal contrast index), &1
TCI AR LT 145 75 g MV B2 2= KA S AT AR AL, A5l e %o e I 52 2 XU R A
REEMFER R . B 1145 T 5-8 A TCI BIER|FEIAR & (RE IR RE
AN FE I M MK AR T (OLR) Mg R . MW eI LIRS, fEZEXURKM 5
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Fig.11 Regressions of (al-el) 850 hPa winds (unit: m s%), (a2-e2) 200 hPa winds (unit: m s), and
(a3-e3) OLR (unit: W m) against the TCI in (al-a3) May, (b1-b3) June, (c1-c3) August, and

(e1l-e3) May-August (MJJA). The black vectors and dots indicate the 95% confidence level.
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Fig.12 Regressions of OLR (unit: W m?) in June against the TCI May. The black dots indicate the

95% confidence level.
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Bl 13, Fls J5i- B FEE R 00f B B AR TR E I (RS s 2k) AR T (a) Wang et al. (2009),

(b) Goswami etal. (2006) A1 (¢) Taniguchi and Koike (2006) 77725 S ES V25 R
K BIAME AT 5. A OC REOCRI B2 PRSI ) p (ETEEI P eh .

Fig.13 Time series of the date when the TCI changed from negative to positive (blue line) and the

SASM onset date based on the definition of (a) Wang et al. (2009), (b) Goswami et al. (2006), and

(c) Taniguchi and Koike (2006). The correlation coefficients and the corresponding probability (p)

are given in the figures.
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(2021) 3B S # TCI B EHASRHE S TCI IEf A BRATR L, TCI [z k1
B R B 7R XU R B ST R TR R o TCI & M3 B 78 e 3 7% XUl 31 5
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Fig.14 Schematic diagram of the Tibetan Plateau-Indian Ocean thermal difference affecting
monsoon precipitation.
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(3) BRI 75l 10D [ TRIRAFAE & ZE M 2= PR A, T vy B BE v
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