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Seasonality of coupling mode of westerly-monsoon flow over the Tibetan Plateau during
1981-2020

Guo Lit?? and Zhu Congwen'
1. Chinese Academy of Meteorological Sciences, Beijing 100081; 2. China Meteorological
Administration Climate Studies Key Laboratory, Beijing 100081; 3. National Climate
Centre, Beijing 100081

Abstract Tibetan Plateau (TP) is regarded as the “Chinese Water Tower”. Interaction
between the westerly and monsoon flow around TP has an important impact on Asian climate.
Based on atmospheric reanalysis dataset during 19812020, the coupling modes of seasonal
cycle component of westerly-monsoon flow over TP are extract by empirical orthogonal
function (EOF) method, and their seasonal variation characteristics are analyzed. It is found
that the first mode accounts for 78.39% of total variances, which mainly reflects the seasonal
cycle characteristics of East Asian monsoon, South Asian monsoon and mid-latitude westerly
wind, as well as their interannual variation in each season. In summer, easterly winds prevail
on TP and the southern side of TP at upper troposphere, ranging from 5°to 35<N. At the same
time, lower troposphere is characterized by a typical cyclonic monsoon circulation around TP,
and the tropical and subtropical areas are controlled by the southwest monsoon. The
circulation structure in winter is opposite. The transit timing from winter (summer) to
summer (winter) of this mode is basically consistent with the onset (ending) of East Asian
and South Asian summer monsoon. On the interannual timescale, the enhancement of
coupling mode is correlated with the intensity of East Asian monsoon and South Asian
monsoon, as well as the northward movement of westerly in each season. When the coupling
mode is weak, the monsoon and westerly show opposite characteristics. EI Nifb-Southern
Oscillation (ENSO) is the key external forcing that affects the interannual variation of the
westerly-monsoon coupling mode. Its impact is strengthened in summer, autumn and the
following summer, while weakened in winter and the following spring of La Nifa event. The
second coupling mode of westerly-monsoon is characterized by the coordinated variation of
easterly wind over TP and westerly wind in the south of TP at upper troposphere, and the

southwesterly in South Asian monsoon region and anticyclone in the Northwest Pacific at
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lower troposphere. The variance contribution rate of this mode is 4.68%, showing obvious
interannual variation and a significant weakening long-term trend, especially in winter.

Key words: coupling mode of westerly-monsoon flow, seasonality, interannual variability.

1. 5§

5 L e J A A R B R ORI R R = R v i, AR Ot SR, T RIE) ) RN
Sof W9 R SRS EE L (25 IEAKEET, 1974). 75 RUANZE KU T2 KX
FEMREIMAG, HRER IR B, DRSS N A iE 4
KIS RERA REARER (X4EHS, 2003; Ln[EN%, 2005; JEBEEE%%E, 2008;
WRER ARG, 2013; TGS, 2014). BB, ARG RAZE XA, AL
A FARFAE A2 T 28 RSB 7 1 2 2 2H G

PO AT AL TR BRI R AR, 1% FE SR [ AR A AR S A Y A
PRI s SR T, S s A CRLER R R . s, S ORI & 4%
YEMD (Yeh, 1950; WiF=i], 1951; Eueikss, 1984, Pulii 7 NEALPISCEIRL, 7
LT R LM, e E AR A, FRE H AR BT b f Bk s K I 78 =
Uit (Yeh, 1950 FijEwl, 1951). mlR )z HIEREA TR, XL, ZE, FHN
2 AdbREsh, m R ER S S, S ER MRS (E RS, 2008; Ff
A, 2014). L, PEXRILEEZFHFWRMRE. AL, BIRGETER SR EZ R
178 A EBRERRN, 20T EmEEN, w0 R PR S, AR
M PE5EST (Lin and Lu, 2005; #LEHJEFMKESE, 2006). Lu et al. (2011) #5itaH,
H 1990 FELLK, HZEAR KSR E AL E K FE R SOR BN . 75 SBRARRR 1T 5t
T, AFRWERE SO I, R, FEE. SREENE R R~
B, 2010; BfiHF5%, 2013). WEIMZR XA B T-if-Rli 340 22 53 B 3 300 & 2 A7 XUm) A
RIVSARINR o bR BN EER TR AL, N2 RGA 22 3 8 R I T m . G i 7 de
H, m RSN AFTIE R ZE . ST 22 R S RO E = RUR IR (s,
1998; EILE4E, 2002a, 2002b; f[4:¥F5%, 2007; E[EISE5, 2008; KIEAIEAKH,
2002). i B A ) G AE A5 2 o IR mE 3 RS TR R e, AR s bR SR
KR, B T80 e XSS IR 758, 55 @A TG I, W E gk (R
[E sk k4, 1998; Wuetal., 2011; 2012).

(21275 =3 P 7 = P s R S S5 6 3 s A L DA i (e
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K FPEAEARBRIRY (Pacific Decadal Oscillation, PDO) A PG L 4EPRR (Atlantic
Multidecadal Oscillation, AMO) HJFRFEIEH] T, RILEZ=XEH 1960 FAXLIRE T [ 5
-55-9R ) FEARPRAR AL, AN o AR B R =K B “ b2 g7 ) “BEi bR DU
“AeTT¥rss” A CT—I04%, 2018). MKIHEHKRE, mMILEFRAMARTEFX,
H 20 tH20 70 AR R 1Y B2 5588 35 (2= 2~ F1 G PRAT, 2005 887 AL 25 %2, 2007
7 A2 R e SR A IR R G, A AL T B RRE & )=, 38 Z B %
DIMMEAER . SR, R b6 B AR R 5 m R 2 R R A ¢, 2
JRGERAE PG R ACBR A R JOnS ()38 5, ZR XS AE N e (7894, 2016); PHRVHT AR, 78
B B AR B I R i R R R R 0%, BT R B KU AR 4, SR O PE R R
B, RZBM CGREAFIE IR, 2008). #H RN KU AR AAAECER, SRR T
AERAE, TERFEHRMT (ESZEMZE K, 2004),

AAE PRI 90 =3 B0 78 JXURH 28 R A M 90 2 AT 32 B R 0, 20 PRI 8 R Ry
fE. oM, DAMAREAER . SEbr b, pUXRIZE RIAAEAE B3 TGN RRE, P& 2 1]
AT G, IEEAR Sy AR 78 JRURD 28 XU A8 A RFAE A BT I 5o ST = XU 75 3 R
AAMERAR . At ARSONEAARLA, 8 SO AR KR SRS, T IEH
WIAERR AL AT, B R 0 X 22 XA LA FH B0 220 AR B AR AL R AE

2. BRI

AL RMHAKRSEH S EER (JRASS) MiZH =4 X35 (KTFo#RN
1.25%1.25°) 73 B 74 X~ 22 XURS 5 B S LA BRAR AL BITnt 2 ) #0757 HY (Kobayashi et al.,
2015; Harada et al., 2016), {#H4EKFE/KME1TXI (Global Precipitation Climatology
Project, GPCP) HJIZHFf/K OKFV4r#a N 2.5%2.5° 7T il & BN FE /K I 520

A, A SO A 36 I E K OKAUE #L R (National Oceanic and Atmospheric
Administration, NOAA ) i f£ N i i 11 i £ ( Optimum Interpolation Sea Surface

Temperature, OISST) HJiZE H im0 #1% OK-F4r 1% 0.25%0.25°) Hdli ko bl & 15
SEFRR SR F X5 (Reynolds et al., 2007).

AR FEIE 602160F, 0260N X Ik A E TG 0 EIERE, %X
A PG BIRGE RPAEERLX . R, R R ER, BRI
RO FRME S AT = MM IR T A, AT 8, & SCHFETER
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& (Wang and Xu, 1997; Goswami etal., 2006; Song etal., 2016; Guoetal., 2021).
A 456 1558 R 8000 fif 7 (Empirical Orthogonal Function, EOF) XHJF 7% [X 45 4
1981-2020 & H XA (850hPa) Ml /= (200hPa) X7 2= 153 73 & I K I

[B] %1 (40 HEx365 K) #HATZ A& EOF 704, IR -ZERMMEEE . E3Ea L,
BT ZET G 7 O 21 AR AR AE FUAS [ 2270 AR B AR AE , DA R SR A RS 11
KFZ, HPAMESE XN 1981-2010 FHFHIME.

3. PEX-EXAE AR B SIRRHE

PG e Ji () KR FE PR 3 BELALFE 7 2= XL AR 2= R VL 2 o 2 T 4 B 7
JRU 3K = AN BRGALE K PR S BT 51 A P i ok 4 ) 22 e o D 5 30 LR S 22 7 1 3k )
R R ZET AR, AR T RPIR G

FZF (35 AP, mERRIERITEEI, R E F Bk E] e X s AL
e b T SRAE R B U, A i R R O I R B R K BT SR BT AR
(B 1c). B RIXARIR I A28 IR R IARRIE, X2 (850hPa) AL
i, ®JZE (200hPa) AT (F 1a, b). MEMBERMWEFEL S, LUAREE
FHLIX 2T At v R, e E RN (B 1a, b BhES, Jbd EASR A
JER AR S, AR TR RS (B 10,

HZ (6-8 AV, mERAAN—ANmKWAIE, SR b, FrEshiRExX
frF R, FUURmAL T ARE KR (1D, SRR, BRERRE U R
A HCAFLE — ANBRK IS MEIR R, B FE PRGBS ) 2 Hh X 4 e 7 5 2 R e e
SRR, RIKEEEAT R X (B 1d). SRR, R DO R X
PR AR A, SRR, KAEX AL TR E- A (B 1e).

K (911 ¥, mlR S, SURAEILL: 521007, & m 5 JRiE DL
TUT B 1D SR ZECE P AR EE R B RS X 3 o SOie SR, 2R AR K
ot Eb et b A ], B R AR ) A R IR I e A (T 1) e AL e J2 75 e R A R
R KIENRES (Bl 1h).

%28 (12-2 AP, mladiEss h A B X AR E R, B DL At kb
X TSI R R R UL, A G R (B 1D, IR, mRE
B2V i p vt S e | 1 P VT8 =) 1§ NG [ K RV VAR =0 SN s = = e A Sy A
ATZRACAR, AR IX AL RAT i, AT AR 2R F VR i R A7 7R g <o (B 1)
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Fig. 1 Seasonal characteristics of the climatic winds relative to its annual mean. (a), (d), (g) and (j) are the
wind anomalies at 850hPa in spring, summer, autumn and winter, respectively, relative to its annual mean
(vectors, m/s); (b), (e), (h) and (k) are the wind anomalies (vectors, m/s) and zonal wind speed anomalies
(U_speed, coloring, m/s) at 200hPa in spring, summer, autumn and winter, respectively, relative to its
annual mean; (c), (f), (i) and (I) are the meridional-vertical cross-section of wind anomalies (vector, the
combination of meridional winds (m/s) and vertical winds (—10?m/s)) and vertical winds speed (coloring,

—102m/s) in spring, summer, autumn and winter, respectively, relative to its annual mean.
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T B EOF Zpfrah R, Horb (a) Al (b)) 735 Ve X-Z RS & 55— ERS K S = (200hPa)
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Fig. 2 Coupling modes of westerly-monsoon flow. EOF analysis results of daily annual cycle components
of upper and lower troposphere circulation in the region of 60=160FE, 0=60N from 1981-2020. (a)
and (b) are the circulation of the first mode of westerly-monsoon in upper-level (200hPa) and lower-level

(850hPa), respectively. (c) and (d) are the circulation of the second mode of westerly-monsoon in

upper-level (200hPa) and lower-level (850hPa), respectively. The vectors represent winds, while the
coloring represent zonal wind speed (U_speed). (e) shows the climate mean of the first (PC1, solid red line)
and second (PC2, solid blue line) principal component of the westerly- monsoon coupled mode and their
interannual variability (red and blue shades are the interannual variability of the first and second principal

components, respectively).
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Fig. 3 The lower-level (850hPa) winds in summer regressed by the amplitude and phases of PCL.
Regression coefficients of (a) amplitude (A), (b) the transit time from winter to summer (P1), and (c) the
transit time from summer to winter (P2) on winds at 850hPa averaged in summer. The blue vector arrows
indicate the area where the regression coefficient is statistically significant at the 90% confidence level.
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Fig. 4 (a)—(d) are the interannual variation time series of the first (red solid line) and second (blue dotted
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line) principal components (PC1 and PC2) corresponding to the coupling mode of westerly-monsoon
averaging in spring, summer, autumn and winter, respectively. (e)—(h) are the correlation coefficients
between PC1 of westerly-monsoon coupling mode with South Asian monsoon (sky blue bar) and East
Asian monsoon (blue bar) in spring, summer, autumn and winter, respectively. The South Asian monsoon
and East Asian monsoon indices are calculated according to Webster & Yang (1992) and Zhu et al. (2005),
respectively.
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Fig. 5 Interannual relationship between PC1 of the westerly-monsoon coupling mode in different seasons
and the circulation anomalies over the same period. (a), (c), (e) and (g) are the distributions of correlation
coefficients between PC1 and precipitation anomalies (PREC, coloring), as well as PC1 and water vapor
flux at 850hPa (uvg, vector) in spring, summer, autumn and winter, respectively. (b), (d), (f) and (h) are the
distributions of correlation coefficients between PC1 and abnormal zonal wind speed (U_speed, coloring),
as well as PC1 and divergent winds at 200hPa (DV_speed, vector) in spring, summer, autumn and winter,
respectively. The black contours are the climatic zonal westerly wind. The blue arrow only shows the areas
where the correlation coefficient between PC1 and water vapor flux at 850hPa, as well as PC1 and
divergent winds at 200hPa passes the 90% reliability test, respectively.
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Fig. 6 Relationship between PC1 of westerly-monsoon coupling mode and SST anomaly (SSTA) in
different seasons. (a)—(d) show the distribution of correlation coefficient between PC1 and SST anomaly in
winter, spring, summer and autumn, respectively. (e) Correlation coefficients between PC1 anomaly from
summer to the following summer and Nifp3.4 index, as well as IOBM index in winter. (f) Correlation

coefficients between PC1 anomaly from autumn to the following autumn and Nif©3.4 index, as well as
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IOBM index in spring. (g) Correlation coefficients between PC1 anomaly from winter to the following
winter and Nifp3.4 index, as well as IOBM index in summer. (e) Correlation coefficients between PC1

anomaly from spring to the following spring and Nifp3.4 index, as well as IOBM index in autumn.
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Fig. 7 Variation trend of PC2 of the westerly-monsoon coupling mode, with significance over 90%.
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