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Figure 1 The total years of geopotental height exceeding 5880 gpm of 500 hPa at each grid in January (a), April (b), July (c) and October (d) for
1981-2010 (shaded area and solid line, unit: a), and the 5880 gpm contour for 30-year mean (dashed line)
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Figure 2 The ratio of the geopotential height to the zonal mean at each level for the period 1981-2010. The shaded area means the ratio exceeding 1.

(a) Annual mean; (b) summer
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Figure 3 The linear correlation between the East Asian subtropical summer monsoon index and the geopotential height at each level (averaged in
10°-35°N). The shaded area denotes the correlation pass the 95% confidence #-test level
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Figure 5 The linear correlation between the three subtropical indices in summer and the zonal mean precipitation in the east of 110°E (black,

three-dimension subtropical high index; red, WPSHI1; green, WPSHI2. Solid lines mean all years and dashed lines mean the years without 1998). The
horizontal dashed lines mean the 95% confidence #-test level
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Figure 6 Correlations between three WPSH intensity indices and the zonal ((a)—(c)) and meridional ((d)—(f)) moisture flux at 850 hPa in summer. (a),
(d) Three-dimension subtropical high index; (b), (¢) WPSHIL; (c), (f) WPSHI2. The shaded area denotes the correlation pass the 95% confidence r-test
level
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Figure 7 Monthly correlations between three WPSH intensity indices and the zonal mean precipitation in the east of 110°E. (a), (d) Three-dimension
subtropical high index; (b), (¢) WPSHIL; (c), (f) WPSHI2. The shaded area denotes the correlation pass the 95% confidence #-test level. The X-axis
means months, and the Y-axis means the latitudes of precipitation

3650



. FTLAAE S, 76H 2 = 2 8l i i B 48 B [T
T -2 R 68 M X A7 A — Nk 8 3 W IR A G X
HUOMETE0.4L (B 7(a)), T2 E Z /W rhi i
WL T X X AT 55 A (5 A B i 2 % A
AU ol — 25 1 Al P R 4 S AR 2R R T K
KA WY O 55 (181 7 (D) Rl (¢)). TERK RN Z ANk, JuH
SELLA, RV R iE- VT B A5 Ml R KR = 2 ) oo
) T R 6 FR U (B AT M 0.5 L E (81 7(a)), H H A i b
Il 7R T A0 A g S it X — = AH DG (7 (D) Rl ().
T/ 2 MR Z 38 b T 0 e i 2 U 4, LUK
BTG 2, AV KK A R TR, TR 2 ik
— ML E.

4 WRLSHR

Al A ETXRZD T RMRER R R4, H
7 BRI 98 85 S 0T AR I B 2 S A A Sy T ) R )
1 AT 55 FRHIT BT FH &I s 45 R 2 8038 H 27500
hPa/Z5880 epmBIETZ L. AN SCH st T AR 2%
P ATV Rl X% B AE A% i AR, &
A A 0l i BE 2 SCA AR KW =y BR P, 1981~
20104 /4 304F Hol 1 1% B 1 B4Ry A & —2f:. R
e —4F 2 W R o I 2, IR SR A 3
FEAE/NTFZ M. 0T 2B, 2500 B 5 2 X385
5[] 0 45 J2 A7 4 e 1) S 3 B A S R 28 3 1 D 1) AR
AR A &R RZ TS RRAE. 7R KRS 23,
T S 2 1) B R O DX T i I R 2 AR T AE 1 )2
K, 22 IH R 5 AR 5 (559), X I 2R S0 32 2 XU ().
FEVE AR FERR ML IX, i i 35 04 B AH 56 XU 2 X 3 2
FRARJZE, BIVED S 55 ) B 2R KR (559). {H500 hPafi A

%25 3k

X Z B0 55 7001850 hPa, FEHIA W B H 7=
DA i B B 5 57 % BT Rl e oo B S s ). 5
Zo iR BE AL, R VT SR A A R A e B IS 2 I v
KR TN RS IR SO SCT — AN B = 4
B R BT R R, B % 1 (10°~30°N, 110°~150°E) X 5,
1000~500 hPaf$ 210 i s JE 25 & S, FEAERRIE
A A B DL B Ao S5 e B A A 2 1 25 %

554645 0 W) g o 8 RO HL A M R, B =
A B (g 0 B R RO VT R R Ui KA T I R AE .
FHOCZE LRI, — P BOHl REAR 4 S e i AR FR B
7K f5 58 1EAH A T RAT R I — MR ACRE A, [HAY
B = YRR B HE 5 27°~31°NZ [H] 14 [ 7K 3 33 95% 1
BAR K. B s EOR e 547 B B 3R [ A 50 RN 7R SR
OIATREAE. HEBR19984F 5 f, —4Em i 5 KT
R R K O R IEAT T R, RRE OC R BRI 5E i (R
—EAFKE, AL FE RO S TR, X
IR SCE U = 4 ) 15 5 R S L 22w EonT L
T4 20 e K VTR R R K SR R R R AR SO L
) = 24 ) 1 5 B 5 L H A 0 P g 5 RE T A S AR
IV PGS R AT i X 28 | 26 i) K 95 6 Y S

AR SCANAS A R 5 P8 558 5553 ) B S ST Y =
JEFEEL. i ds i, KEMRMF SR E R T 8l HA
FRAE U0 AR R AU B AR b A7 R PG fh A A
Ry EENE. YIS R, 25 )2 R AR P AR LA
B TERZEAE A A2, (B AR5 4 B
WS, XM — TR, AR R,
X T Bl e 7 B 8 ARG P SR = A S5 R RRE,
B HAG Ze P Lo i e UK, T EEBAER H 1)
T A 43 BT A2 LAk n AT .

1

2

Huang S S, Tang M M. On the structure of the summer monsoon regime of East Asia (in Chinese). Sci Meteorol Sin, 1987, 3: 4-17 [#+
T, G AW EFERIE R, AR, 1987, 3: 4-17]

Ye D Z, Zhu B Z. Some Fundamental Problems of the General Circulation of the Atmosphere (in Chinese). Beijing: Science Press,
1958 [MHEIE, RABE. KA AR, Jtat: Bl b i, 1958]

Tao S Y, Chen L X. The structure of general circulation over continent of Asia in summer (in Chinese). Acta Meteorol Sin, 1957, 28:
234-247 (M55, BREER). B2 WICRE B2 RRIRRA L. TREM, 1957, 28: 234-247]

Zhao Z G. Summer Drought and Flood in China and the Circulation Patterns (in Chinese). Beijing: China Meteorological Press, 1999.
45-46 [RUPRIE. TEEZ 25 RIREY. dbat KR MRE, 1999. 45-46]

Chen X F. A preliminary discussion of the transition of subtropical high in autumn (in Chinese). Chin J Atmos Sci, 1980, 4: 81-85 [F:>%
¥7. RIRACER BB, KB, 1980, 4: 81-85]

Chen L T. Seasonal variation of the relationship between the indices of 500-mb subtropical high and the SSTs over the equatorial Pacific
(in Chinese). Chin Sci Bull, 1983, 28: 990-995 [BRZUE. ViR E R 5 500 mb & iR EFEEUK R 19 5584k, Blosillk, 1983,

3651



% b B O 2007HE11P £62% H31H

10

11

12

13

14
15

16

17

18

19

20

21

22

23

24

25

26

27

28

3652

28: 990-995]

Fang Z F. Interaction between North Hemisphere subtropical high and polar sea ice (in Chinese). Chin Sci Bull, 1986, 31: 286-289 [J5 Z
F5. AL BRE P S i K A G AR . B4R, 1986, 31: 286-289)]

Zhao J H, Feng G L, Yang J, et al. Analysis of the distribution of the large-scale drought/flood of summer in China under different types
of the western Pacific subtropical high (in Chinese). Acta Meteorol Sin, 2012, 70: 1021-1031 X2 5§, & EK, A&, % EF:E KT
FERIVPT R 9 A [] 268 55 rp RO RO B2 9 20 Al . IR 224, 2012, 70: 1021-1031]

National Climate Center (NCC). China’s 1998 Severe Flood and Climate Extremes (in Chinese). Beijing: China Meteorological Press,
1998 [HZ M. 98 W RHK 55w . dbat: AR ML, 1998]

Liu Y'Y, Li WJ, Ai W X, et al. Reconstruction and application of the monthly western Pacific subtropical high indices (in Chinese). J
Appl Meteorol Sci, 2012, 23: 414-423 [X|2£2%, Zdeat, Wi, 45, ARV R & R B T2 58 A. RHSL%
%, 2012, 23: 414-423]

Zhang Q Y, Tao S Y. The study of the sudden northward jump of the subtropical high over the western Pacific (in Chinese). Acta Mete-
orol Sin, 1999, 57: 539-548 [FKIK =, M5 . K Z=P0 KV 1r Pl i ALk K i Ao, R4, 1999, 57: 539-548]

Mu Q Z, Wang S W, Cai J N, et al. Modeling studies on the changes of the subtropical high over the Western Pacific during the last 100
years. Chin Sci Bull, 2002, 47: 945-948 [515%:, E4MK, 4T, 5. T E VTR PG & R (LR BT, Bk,
2002, 47: 550-556]

Xiang B, Wang B, Yu W, et al. How can anomalous western North Pacific subtropical high intensify in late summer? Geophys Res Lett,
2013, 40: 2349-2354

Lu R Y. Indices of the summertime western North Pacific subtropical high. Adv Atmos Sci, 2002, 19: 1004-1028

LuR Y, Li Y, Ryu C S. Relationship between the zonal displacement of the western Pacific subtropical high and the dominant modes of
low-tropospheric circulation in summer. Prog Nat Sci, 2008, 18: 161-165

Lee S S, Seo Y W, Ha K J, et al. Impact of the western north Pacific subtropical high on the East Asian monsoon precipitation and the
Indian Ocean precipitation in the boreal summertime. J Atmos Sci, 2013, 49: 171-182

Wang Q, Han Y Q. The interannual variability of the 850 hPa summer western Pacific subtropical high (in Chinese). Period Ocean Univ
Chin, 2010, 40: 1-7 [£J3, #i7KIF. 850 hPa B 2= PG KPR Bl 15 TR AYAFE PR AL RRAIE. o [ 02 2% 3k, 2010, 40: 1-7]

Wang Q, Zhao Y Q, Gong X Q. The Interannual variabilities and decadal variations of 850 and 500 hPa summer north Pacific subtropical
high (in Chinese). Period Ocean Univ Chin, 2014, 44: 1-7 [ )3, BIEE, FHRK. LR 850 F 500 hPa 5 7= flH4a i85 & (14 4F br
AR, o TR, 2014, 44: 1-7)

Li J P, Chou J F. Dynamical analysis on splitting of subtropical high-pressure zone-Geostrophic effect. Chin Sci Bull, 1998, 43:
1285-1289 [AF, HAME. BT 5 FRAF TR 30 ) 2 0 T — MR AR L. Bl2fami 4z, 1998, 43: 434-437]

Zhan R F, Li J P, He J H. Statistical characteristics of the double ridges of subtropical high in the Northern Hemisphere. Chin Sci Bull,
2005, 50: 2336-2341 [diFi2F, 2@, (40, U2 ERAI G & ESCE LAYGTTRHE. Bl ), 2005, 50: 2022-2026]

Fan K, Wang H J, Choi Y J. A physically-based statistical forecast model for the middle-lower reaches of the Yangtze River Valley
summer rainfall. Chin Sci Bull, 2008, 53: 602-609 [{& 7], T4 7, Choi Y J. — AR ILH T IiFE MK MY G T BUMAL AL, Rl2%
%, 2007, 52: 2900-2905]

Xu Z Q, Fan K. Possible process for influences of winter and spring Indian Ocean SST anomalies interannual variability mode on sum-
mer rainfall over eastern China (in Chinese). Chin J Atmos Sci, 2012, 36: 879-888 [#& i1, LW, K ZMEZE B VIR 5 8 4R PR AR
AN P R MR B ZE K I AT BESE I AR Bk, 2012, 36: 879-888)

Xue F. Influence of the southern circulation on East Asian summer monsoon (in Chinese). Clim Environ Res, 2003, 10: 401-408 [F7 5.
2P BRI I A A X R W Z KU . SR 5 SR BRI 5Y, 2005, 10: 401-408]

Xue F, Wang H J, He J H. Interannual variability of Mascarene high and Australian high and their influences on summer rainfall over
East Asia. Chin Sci Bull, 2003, 48: 492-497 [F#U, F 2374, (40, LIl s AR H R R R S0 w85 He B4 47 B A% Al M X 4R 7 B2 2 XL
REK R . B2, 2003, 48: 287-291]

Fan K. Atmospheric circulation in Southern Hemisphere and summer rainfall over Yangtze River Valley. Chin J Geophys, 2006, 49:
599-606 [JLH]. FEP RIS S NI A =R P IOCER. HBRY B4R, 2006, 49: 672-679]

Fan K, Wang H J. Studies of the relationship between Southern Hemispheric atmospheric circulation and climate over East Asia (in
Chinese). Chin J Atmos Sci, 2006, 30: 402-412 [{i7], EZE. AKX LRSS R LSRRI R A T Ik RIF
2%, 2006, 30: 402-412]

Zhou T J, Yu R C, Zhang J. Why the western Pacific subtropical high has extended westward since the late 1970s. J Clim, 2009, 22:
2199-2215

Wu L G, Wang C. Has the western Pacific subtropical high extended westward since the late 1970s? J Clim, 2015, 28: 5406-5413



it 3z

29

30
31

32

33

34

35

36

37

38

39

40

41

Ren Z H, Yu 'Y, Zou F L, et al. Quality detection of surface historical basic meteorological data (in Chinese). J Appl Meteorol Sci, 2012,
23:739-747 UEZAE, R T, AR, HA LA EEH T AR SR BORNR B AR . BT R4 4R, 2012, 23: 739-747]

Kalnay E, Kanamitsu M, Kistler R, et al. The NCEP/NCAR 40-year reanalysis project. Bull Am Meteorol Soc, 1996, 77: 437-471
Kistler R, Collins W, Saha S, et al. The NCEP-NCAR 50-year reanalysis: Monthly means CD-ROM and documentation. Bull Am Mete-
orol Soc, 2001, 82: 247-268

Zhang Q Y, Tao S Y, Chen L T. The inter-annual variability of East Asian summer monsoon indices and its association with the pattern
of general circulation over East Asia (in Chinese). Acta Meteorol Sin, 2003, 61: 559-568 [k K =, PAFFH, MRZE. RV E Z XI55
B4R PRAE AL 5 R RS R. GF4H, 2003, 61: 559-568]

Zhu Q G, Lin J R, Shou S W, et al. Principles and Methods of Weather (in Chinese). 4th ed. Beijing: China Meteorological Press,
2010 [RECHR, MREREG, BHSC, & RAFFEEMITE. 8 40 dbat: KR WL, 2010]

Mao J Y, Wu G X. Interannual variability in the onset of the summer monsoon over the Eastern Bay of Bengal. Theor Appl Climatol,
2007, 89: 155-170

Zhao P, Zhou Z J. East Asian subtropical summer monsoon index and its relationships to rainfall (in Chinese). Acta Meteorol Sin, 2005,
63:933-941 [XF, J& HYL. ARIERIHGH 2 XIEEOCH SRR ER. RR%H, 2005, 63: 933-941]

Liang P, Tang X, He J H, et al. An East Asian sub-tropic summer monsoon index defined by moisture transport (in Chinese). J Trop Meteorol,
2007, 23: 467-473 [, W%, 4, 55, KRR E XS B SRR C R, Bl g4k, 2007, 23: 467-473]

Xie A, Song Y Y, Mao J Y, et al. Climatological characteristics of moisture transport during summer monsoon over South China Sea (in
Chinese). Clim Environ Res, 2001, 6: 425-434 [{%, Rikx, BILE, 5. R RIYE KPR 2% 00 BERIE. A% 5 S5 aT
%%, 2001, 6: 425-434]

Wu A M, Ni Y Q. The influence of Tibetan Plateau on the interannual variability of Asian monsoon. Adv Atmos Sci, 1997, 14: 491-504
Shi N, Zhu Q G, Wu B G. The East Asian summer monsoon in relation to summer large scale weather-climate anomaly in China for last
40 years (in Chinese). Chin J Atmos Sci, 1996, 20: 575-583 [iififit, RIM, MR, WU HFERTEEEZRNEKEE S RARERLIK
MBS H . KR, 1996, 20: 575-583]

Huang G, Yan Z W. The East Asian summer monsoon circulation anomaly index and its interannual variations. Chin Sci Bull, 1999, 44:
1325-1329 [N, . 2330 B 2 BRI S o 48 MO HAEBRAZ AL, BRorili i, 1999, 44: 421-424]

Wang B, Fan Z. Choice of South Asian summer monsoon indices. Bull Am Meteorol Soc, 1999, 80: 629-638

3653



% b B O 2007HE11P £62% H31H

Summary for =4kl i 55 AR08 F AR I e S R AE A B

The three-dimension intensity index for western Pacific
subtropical high and its link to the anomaly of rain belt
in eastern China

GAO Hui", DING Ting & LI Weiling

Laboratory for Climate Studies, National Climate Center, China Meteorological Administration, Beijing 100081, China
* Corresponding author, E-mail: gaohui@cma.gov.cn

Western Pacific subtropical high (WPSH) is a deep circulation system located at middle-lower troposphere over the East
Asia. The anomalies of its position and intensity determine the shift of climates in eastern China, especially the summer
rainfall belt. However, previous definitions of WPSH intensity index were limited mainly by a single threshold of
5880-gpm geopotential height contour at 500-hPa, which cannot denote the rain pattern in eastern China reasonably, in
particular the floods and droughts along the Yangtze River valley. In this paper, the link between the intensity of East
Asian summer monsoon (EASM) and the geopotential heights at each level were analyzed by correlation analyses. The
results indicate that the significant negative correlations spread obviously from the upper to lower levels with longitude
changed from west to east. At the upper levels over the Asian continent, the most significant negative correlation was
found at the central region of the South Asia High (SAH). This implies that the EASM would be weaker if the SAH was
stronger, and vice versa. Over the western Pacific warm pool, the most significant negative correlation was found in the
middle-lower troposphere. The correlation coefficients at 500-hPa were much weaker than those at 700-hPa and 850-hPa,
indicating that the EASM was easier influenced by the subtropical high at lower levels. Similar, the relationship between
the WPSH and the precipitation along the Yangtze River valley was more significant at lower levels indicated by the
correlation coefficient. In this study, the representativeness of the threshold of 5880 gpm at 500-hPa level over the
western Pacific subtropical regions was analyzed at different grids and seasons, and the limitations of previous
definitions were also discussed. Considering the three-dimension (3D) structures of the subtropical high, a new WPSH
intensity index was defined by integrated the standardized geopotential heights from 500-hPa to 1000-hPa levels over the
region (10°-30°N, 110°-150°E). Compared with the two traditional WPSH indices, the new 3D WPSH intensity index
can better represent the subtropical summer monsoon and the precipitation along the middle and lower reaches of the
Yangtze River. Although all the three indices could reflect the primary correlation patterns between WPSH and the
precipitation in eastern China, only the correlation coefficient between the 3D intensity index and precipitation is
significant at the 95% confidence level to pass the student ¢-test. Compared to the other two indices, the 3D WPSH index
can better reflect the anomalous of both meridional and zonal water vapor transportation between the tropical and
subtropical regions of East Asia. During the transition seasons of boreal spring and autumn, the mechanisms of
anomalous precipitation are more complicated, which are obviously different from EASM. Preliminary analysis shows
that even in these two transition seasons, the 3D WPSH index defined in this paper also has better link with the
precipitation anomalies in eastern China. As mentioned before, the WPSH is a deep circulation system over the western
Pacific. Besides its intensity, the position also impacts on the climates over East Asia, especially its west boundary and
meridional axis. In the future study, the definitions of other parameters of WPSH need to be studied from its 3D
structure.

western Pacific subtropical high, three-dimension intensity index, East Asian summer monsoon, precipitation
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