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Relationship between two types of east-west oscillation of the

South Asian High and their different influences on weather

Zhu Chuandong':3, Ren Rongcai'?

IState Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid
Dynamics, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China
2Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters and
KLME, Nanjing University of Information Science and Technology, Nanjing 210044, China

3 Hubei Meteorological Service Center, Wuhan 430205, China

Abstract The South Asian high (SAH) center is characterized by bimodality distribution (i.e.,
Tibetan Plateau (TP) mode and Iranian Plateau (IP) mode), showing an east-west oscillation
pattern. In addition, east edge of the SAH also regularly extends eastward to East Asia or retreats
westward to the TP, manifesting another type of east-west oscillation. By using NCEP1 daily
reanalysis data, APHRODITE daily precipitation data and daily precipitation data in India, this
paper investigates the relationship between the two types of east-west oscillation of the SAH, and
the differences in their impacts on the circulation and weather in Asia. The results show that
bimodality east-west oscillation of the SAH center can significantly affect the occurrence and
amplitude of eastward extension/westward retreat of the east edge of the SAH. Although the east
edge of the SAH can extends eastward when the SAH center is in the TP or IP mode, the
frequency of eastward extension of the east edge of the SAH in the TP mode is significantly
higher than that in the IP mode; In the IP mode, east edge of the SAH is more prone to retreat
westward. And magnitude of eastward extension of the east edge of the SAH in the TP mode is
larger than that in the IP mode. Further analysis reveals that bimodality east-west oscillation of the
SAH center is closely related to the rainfall anomaly pattern in the northern India and the TP
region, and is coupled with the variation of thermodynamic effect related to rainfall anomaly.
While the eastward extension/westward retreat of the east edge of the SAH is related to the dipole
rainfall anomaly pattern in East Asia (i.e., rainfall anomaly in the central and eastern TP, and in the
middle and lower reaches of the Yangtze River and Yellow river, is opposite to that in the region
south of the Yangtze river), by resulting in the westward extension/eastward retreat of the western
Pacific subtropical high. Furthermore, when the SAH is in the TP mode and its east edge extends
eastward, and when the SAH is in the IP mode and its east edge retreats westward, rainfall
anomaly in the western TP is always opposite to that in the central and eastern TP.

Key words:  South Asian high; Bimodality oscillation; Eastward extension/westward retreat;

Western pacific subtropical high; Rainfall
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B R b BRE X LR R B E IR AU & Gt (Mason and
Anderson, 1963; FiJRF S Al RARHE, 1964) o BT 7578 J5 A A0 28 KX AR R m# g 1
B 0 e R R 43 T e i B2 (Krishnamurti et al., 1973; Reiter and Gao, 1982; Yanai
etal, 1992; Liuetal.,2007; Wuetal,2012) . WF7CFRM, FFIVE K A7 L2 PR ) 8 148
%, FSHEFTMERXRUVUERERREY) (BIFE M RERE, 1964; Z0U4E 45,
1982; 5K¥ A1 S:[E/E, 2001; Zhang et al., 2002; Zhang et al., 2005; Garny and Randel, 2013).
RNBIE 0 7 L 1o 15 2R AR B R R AR S MR, R T B A R AU 7 1 B B
B e RS TTUAR AN A T A P B A E R S

R 5 A B EPRECE KB [ RO A8 28 (7B 4§, 20005 Zhang and Qian, 2000;
I A1 ER7K T, 2003; Jiang etal., 2011; Qu and Huang, 2012) , & 3R7E o4 A7) )R &
F OLRZEILER) BARENER, JFAE 30-60 K (FFH) M 10-20 K HEXED 1
ESEM (BRE M KA, 1964; Krishnamurti et al., 1973; Nitta, 1983; Fujinami and
Yasunari, 2004; Liu et al., 2007; Ren etal., 2015; Yang and Li, 2016; Ortega et al., 2017) -
o, B v e B2 9 ARG 5 N R 2R XU B BORHARLTE 3 1) 16 A% A7 5¢ (Yasunari, 1981)
T G 7 X A8 A 5 37 9 5 2 XA S 3o BB I % 21 PR 26 1) 4% 4% 76 % (Krishnamurti and Ardanuy,
1980) o g ML iy FRAE A IS 18] JURE B IR 4E, AUABTE SR I+ (Randel and Park, 2006;
Garny and Randel, 2013) , &ARHLAEI A7 B AR-P99R . HAE LA 60 FFAR, PRy
B ORI RARRE (1964) IRV i 0 1E ARSI AL B I MR -T 4R, 57
KRR AR TG IR B VIRE R, PIE A AHINTIAT « AR 17 25 R4 4AFE. Zhang etal. (2002)
FETET BRI, 100 hPa B MV i 07 B 1 28 88 43 A AETE BN EEARL, 43 IHE 75
e SRR B v R, A K R e A o T R e SRS AR B e SRS . R HAR L, 4
V75 H AT e J O B ) AR, VT -, 0 5 DL K H AR Pk A
% (Wl . ZJEHpt e P B K. PR E I E iR, RIEEET &
s F R RS 3 A 2 JHAE 75 0 o SR B v S D AR - IR IR 2R, IR IR 22 B 1
HEXUA R JEAE R (Renetal., 2018; FZ24E M1 i, 2016) . Yang A1 Li (2016) #5iH, 74
R FEAE 10-50 KU bty B DU R-T0 4R 5 b E 2 B RK R RHEY), Mmilim
EHo AT EEE R (G R EARR, hEPEIC X E KR Z (R, i
Kb (%) .
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BEAN, B M e s R AR SRR A7 A 7] 2R b 220 R A ) 7 ey iR b 2 PSR IR IR AL - A2
K & (2007) XF 1998 Iy < g REREMIWEFC AR I, i I 1] AR 0 b2 ) 5
AL, T VAREVERE SR B R, R TR IR S H W, T e I P R [
B i 2 SO PR R Rk g R, G T AT B9JTAR . Ren etal. (2015) [ITFT
R, PR ARGHIAR M, PR TR A B2 10-30 R, X R IR R WA BEY
Wi o AT T4 P M v P AR AR AR (PR S R B RIS o R X B K w2 (D)
Hh [ R ER X K > () .

gi b, AR ) RE B, R S AR -PE IR A LR SR R, — SRR M i
DL E IS AR -PEIR G, ) — R M SE ARG AR PR PSR AR-PE IR 1 R A2 1)
S IRMWIAFERN R TR 7 UIARSC . SRITT,  PISRIR-TE IR OS2 XA Fr ANl . BAERY
AR 2 R I — FIR PR B X R A T BT ST, 11 /D 56 PSR- iR v 2
[ AT REAUAR ELER R AW L. FE, AU R 0 i P SRR =P IR 35 I 7T 22 72 20 T AE AR [ 4
I TRDRUEE 5 BRI SR T EAT TR R AR A B, 3R sk /b BEON B DT IRIE S o A SOREAE LA
W FC At b, PRTUFE I S P SR 2R P IR % Z RV R PTRE IR 285 Il PR b 2R =P8 91 3 52 i 2R
HO X FRAAI R SR i I LA AR, 45 BN RGMEIES .

2 BRFATSIE
2.1 #R

RSO Y 5 ) [ SRR A e 0o A0 [ SRS R O (NCEP/NCARD $24E 138 H 7
ST EEEEE (NCEPL) , I[RINEEN 1979-2020 4F, 7K V43 #EsN 2.5°x2.5°, H|H Jj M I
MIEHLZ 1000 hPa Z-FifE 10 hPa 3t 17 2 (Kalnay etal., 1996) . At IS &35 UG . A7
B eI PR EEE R B 20 R B ROUL I o8 £ P4l CAPHRODITE )
PRI E0Z H RS AL K BiE 4, i TR YE A 1979-2007 4E, /KT 35 0.25°%0.25°( Yatagai
etal, 2012) o ASCIEAEF T B0 RE R TG ST BT AR AL IR 4 BV RE ORRE X (28 Y
66.5°~100.5°E, ZiEVEH: 6.5°-37.5°N) & H /K&, RG]y 1979-2003 4F, K-F5r
HEF N 1°x1° (Rajeevan et al., 2006) o FRAXH AT 19748 & MR BRAEAB RO ALEE, 1921 H 1
SHEY. MTTEEZE 7-8 H BV R 14 10 37 B 2 AR X AR E 1, 17 HLAR SOOI 1 2 7 W0 e
TEA M R-VEHRY, FTLAASCIE SR 7-8 HiX —if BIF R 7 .
2.2 FiE

T R A R Y e R O A B RS R Y , AR A Ren et al. (2019) 2 HIATT
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BRI e R SRS IR R U i, AR AT

SAHI = Z5py(25° = 35°N, 72.5° = 92.5°E) — Z 59 (25° — 35°N, 45° — 65°E) (1
Horh Z'h00 7R 200 hPa 288 & B S, SRVIFT 5 RoR XK. DL SAHI I 8] 5 41 (1) +1
AFRUEZENBIAE, FRATEH T 410 A SAHT 53 i S48 (g Iy Hs O A T35 8k I b
7, BEBE RS M392 4 SAHI FH ACH FHAF B & s oA T3 B s IR B
SEHAEERS) .
ARIEFRH T Renetal. (2015) 5 LHIF & B AR E (ED , DLEERE &/
KGRI RM. PR, REKXWT:

EI = Z500(22.5°~32.5°N,100° ~120°E) (2)
Fefehtts, FRATTEA B B IR) PP A1 (1 ANBRifEZE IR, e T 436 AN BI 5 e 4 (R
i I 7o P R 5 ) AR A, FTPR T I e P ) T 420 A SAHT 5% (A A9 S0 BV Rg 0 Ry
REGMPEE, AN EELER) .

TETHO R 15 i P 2 AR P R 5 RIS R AR B, RATH R T e o 2 75 v SR B B 7
JEAAS, HL RV e AR ) ZR A B IR, TRTPR Dy i e 7 9 v R BB B e SRS B R R
G ARl EIR .

PEIR T 5 9L rei J B 7K S o A0 B B AL B P /K e o 5 1 T v P R SR AR T IR 35 (R DR R, R
AT R ARAE 75 e R P 7K 22 20 B 75 e S KU 788 (THD  (Zhu et al., 2018) BL AL
RE S RAEEN B2 AL XSS (R By FE ALK 220D R FEAL 8 R KPR 4 (NIRD

(Wei et al., 2019) o Ferr, 7558 s J5 RS R I i 25 CTHID 3 0 75 5 e JR X 43 _E 7 (25°—40°N,
70°—105°E; #1500 2K PA_ED 3 B 7 0 RS AR EEAT X331 195K 45 (Zhu et al., 2018);
EEZ AL R K Fa i (NIRD GBS EPEEILHT (70°-100°E, 25°-32°N) [ FR/K HEAT X 38735
RAF (Weietal., 2019) .

AR T HAUEE LA RIN IR do/de CREE 55,1999 , L2 e s
(RIEA AR o
3 EITEERER ATRCHIFFIEREKR
3.1 PAR-FIRFHIVFHE

TE 53 W1 R 5 R P 28 AR IR 3 (M RRAE 2 1T, FRATT e R E B 1 45 i T dE Bk E & 200
hPa i e+ V3 XUSRL A2 500 hPa &l #vrts i s 1 U &S 70 A1 7T LU, #lE s s (12520
gpm SEELZE) BEES T RO AN HAE X 125 (W 25°F £ 122.5°E) , e rprto i 1 e s SR 1
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Climatology (July-August)
| L L | L L

60N '
20 \/20
- e 7~
40N @ o |
—_— &
ST wesse
J
20N o B
T ' ' T ' ' T T ' P ' ‘
30E 60E 90E 120E 150E

B1 ek EZE (7-8 B) 200 hPa uBSE (BEFELZL, BAL: gpm, [EFE: 100 MAXER (A%
Bk, BAL: ms', BFE: 10) , AR S00hPa B SE (BEEHELZL, B gom, ER: 20) HSIE
. mERERFEREER 1500 KE9hfia R, MEfEd, EephiksBRRKIIFENR

Figure 1 Summer (July-August) climatology of geopotential height (black contours, units: gpm, interval: 10) and
westerly jet (red contours, units: m s, interval: 10) at 200 hPa, and geopotential height (orange contours, units:
gpm, interval: 20) at 500 hPa in boreal. Gray curve delineate the Tibetan Plateau’s topographic boundary of 1500

m, and blue curves mark the Yangtze river and Yellow river from south to north

B 2 D g 7 AR R e LR OO 25 4R ¥ 16 48 (18 22 A1 b) RIZRAHAEEL (B 2¢ AT d)
A R AEEER 2= 200 hPa 73 i BE S 7 W A0 UL 20 A1, DA B e I v s Y 2R k-
VO HR FRIRFAE « T 22 T DL Y, 24 B 30 v 1 S 7 BT BB AS I (SAHT /N T—1.0 M%),
P B v S/ e S 2 O I S B B R B SR, 5 R I 1 A R e s G T P
JE b2, PERGE AL T B B T R S e R AR S I (SAHT KT 1.0 A4
PRAEZE) PRI D R SR O IR S R, 5 R PR i I v s
e IR A, 7 UG RO T e AR (B 2b) o X ELIE] 2a AT b G R DA
A 2 T ) e I ey s o 5 PREART 5 5 A A AR B, T I g s (19 4 P ¥ o 41806 P S 22 5 (A
2a M b XFEEIE 1D o H EFTRD, FE R R AR RS T, BRIE KRG B2 A e 2 i
KRBT ORI BRI EESR, 52ZHKRKNRUER T LIRS

P L e 2R AR L PG R X L R AR e 2 PR LA 78 XU PR S R A 7 R 25 22 5
H A5 R M e e XU S iR v AN ] o P P 2¢ RN, 24 0 s P PR I (BT /N T—1.0 MsiEZ),



178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194
195
196
197
198

199
200
201
202
203

WRSIV. ) A 1 DX R O A A A R R w0 A VE R 4/ O 30°E SEfH £ 100°E Fiff
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B2 ETF (a, b) BEEENESRHIES (SAHD #1 (¢, ) BEEEZRMEIES (ED ARAT 200 hPa
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200 RESRE (A%, B: gpm) . (a) # (b) FHZREZEHAK SAHL MF-1 MrgEERKXF 14
FREEARE, (o) M (D) HHIRIRBEZANEESERMBIER (ED NF-1 MREEMKT 1 Mg
EZEMMN. TRXERTERVUBEEREBIT 90%EEKTE

Figure 2 Composites of westerly jet (red contours, units: m s, interval: 10), geopotential height (black contours,
units: gpm, interval: 20) and its anomalies (shaded, units: gpm) at 200 hPa, based on (a, b) the bimodality
oscillation index of the South Asian high (SAHI) and eastward extension index of the South Asian high (EI). (a)
and (b) are for days when the SAHI are below its normal by one standard deviation (STD) and above one STD
respectively; (c) and (d) are for days when the EI are below its normal by one STD and above one STD
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3.2 BAFR-ERHNKFR

P Vo F P R AR TR IR (MR AE B AR, A B Z MR BAFERR R, RATVRAEA T
PR3, R 1 0 BIA I T R W RAERUSEA T, BRI R (EI<- 1 fIZRMd (EI>
D HEREMRE (R D o ATLEH, Joie I E 2 2 0 R R A 2 27 5
RS, JLVH IR AR ) SR AT B B, (EUR AR SIRAT AL I 52 2 5 o FLpth, 24— 0.5<SAHI<0
I R S e PO R P, 9390 B RS D, ME s R PHIR HAF (89 KD AR fif
FE (91 R % 4 0<SAHI<0.5 B CRg Vi i O BE flUm 4=, v 55 75 e JR SIS , 3
W RGBS (71 KD AR (104 K) BUE. XULHT, 2455 S XU AT
ANBY SRR, I R s AR S A T AR A

g V. 1 . S B A B v SRS I, LR L ZR A R A AR S R T R 2 5
7 B v SRS AN IS AR s T 224 g I e s S R 1 7 v SRS S S, IR o AR AR A A
J¥ 5 e P 55 1 7 R v SR AR A I AR R . BUARR I, 4-1.0<SAHI<-0.5 I} (75 i /&
R PE, vESERBH IR , MIEEEERFM (71 K WARMEM (41 X FH
B 2 0.5<SAHI<I.0 I CRFE s R, DB i i m B S ), F il I Pa iR 5
(40 KD AR (76 KD ARE, X ULHH, 24w Wi WS R E RN B B, w
V. e s 1A P B/ 9 v S RS B A R T g I v e R 5 R AR AR S (R R A

e IV e P S 5 1 B B/ 95 3 v SRR B, O e PR AR R P OR /AR A SR [R RE FEAE, 3X
5 I e S 2 2 ) P A e SR A S I — 3. HLfdchth, 4 SAHI<-1.0 B CRE W0/ F HH 0
BEfmPG, yimfr R RAA) , B R R (76 KD WARMELE (39 KD ME: 4
SAHI>1.0 (FE SO AR, NEE R EEE) , MG EEREM (73 K) Al
AL (85 K) H%.

B SRR, R R AP R E GO P AR E B VI AR 2 0 [ XU A
AEAN B SRS, g U o s 2R 5 S ) AR s 17 2 i I v s ) B9 B/ 5 7 v SR B S W S B, g
V. e s R 5 S A 1) T PR AR A

=1 REETEEVESIRHISH SAHI (B STD) FfAZ{HAIE% EI (BI: STD) , SKit7ZEAEIHY SAHI
BET, BITSEREE (El<-1) F#&xM (B> 1) EHM%E (BA: XD

Table 1 Based on the bimodality oscillation index of the South Asian high (SAHI) and the eastward extension
index of the South Asian high (EI), the numbers (units: d) of westward retreat (EI<—1) and eastward extension

(EI>1) event of the South Asian high at different intensity of the SAHI
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Figure 3 Composites of relative vorticity anomalies (black contours, units: 10 s!, interval: 5), and horizontal
vorticity advection anomalies (shaded, units: 103 m s2), and horizontal wind anomalies (vector, units: m s') at 200
hPa, based on (a, b) the bimodality oscillation index of the South Asian high (SAHI). (a) and (b) are for days when
the SAHI are below its normal by one standard deviation (STD) and above one STD respectively; Dotted areas

mark the 90% confidence level of the composite horizontal vorticity advection anomalies
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Figure 4 As in Figure 2, but for days when (a) both SAHI and EI are below its normal by one STD, (b) SAHI and
EI are below its normal by one STD and above one STD respectively, (¢) SAHI and EI are above one STD and
below its normal by one STD respectively, and (d) both SAHI and EI are above one STD
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Figure 5 As in Figure 2, but for composite geopotential height (black contours, units: gpm, interval: 20) and

horizontal wind field (red arrows, units: m s') at 500 hPa
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Figure 6 As in Figure 2, but for composite horizontal wind anomalies (arrows, units: m s') at 700 hPa and rainfall
anomalies (shaded, units: mm). Dotted areas and black arrows respectively indicate that the composite anomalies

of rainfall and horizontal wind are statistically significant above a 90% confidence level
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Figure 7 As in Figure 4, but for composite geopotential height (black contours, units: gpm, interval: 20) and

horizontal wind field (red arrows, units: m s') at 500 hPa.
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Figure 8 As in Figure 4, but for composite horizontal wind anomalies (arrows, units: m s!) at 700 hPa and rainfall
anomalies (shaded, units: mm). Dotted areas and black arrows respectively indicate that the composite anomalies

of rainfall and horizontal wind are statistically significant above a 90% confidence level
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Figure 10 Cross-sections of the anomalies of (a, b) diabatic heating rate (shaded, units: K d') and circulation
(arrows, v is in units of m s°!, —® is in units of Pa s! and has been amplified by 200), (c, d) air temperature (shaded,
units: K) and geopotential height (contours, units: gpm, interval: 4) averaged from 75°-95°E. (a, c) and (b, d) are
composite when daily SAHI are below its normal by one STD (IP mode) and above one STD (TP mode)
respectively. Dotted areas in (a, b) and (c, d) respectively indicate that the composite anomalies of diabatic heating
rate and air temperature are statistically significant above a 90% confidence level. Gray shaded areas mark

topography
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Figure 11 Cross-sections of the anomalies of (a, b) horizontal divergence (shaded, units: 10 s), geopotential
height (contours, units: gpm, interval: 4) and vertical motion (arrows,units: 102 Pa s') along 27.5°N , (¢, d)
horizontal divergence (shaded, units: 10 s, circulation (arrows, v is in units of m s, —® is units of Pa s and has
been amplified by 200) and zonal wind ( green contours, units: m s™, interval: 5, values above 10 are shown) along
110°E. (a, ¢) and (b, d) are composite when daily EI are below its normal by one STD (westward retreat) and
above one STD (eastward extension) respectively. Dotted areas in (a, b) and (c, d) indicate that the composite

anomalies of horizontal divergence are statistically significant above a 90% confidence level
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