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Abstract This study focuses on the bias of multi-model ensemble mean in precipitation
simulated by the models of the fifth phase of the Coupled Model Intercomparison Project (CMIP5)
in comparison with the precipitation data from Climatic Research Unit Timeseries version 4.0
(CRU TS v4.0). Three bias correction methods are tested and then a precipitation projection with
the correction is made for the coming 30 years basing on the 20 CMIP5 models selected. Results
show that the precipitation in CMIP5 historical simulation precipitation is overestimated in
northern Asia and underestimated in the South for 1960-2005, with 30%~40% more precipitation
in Tibetan plateau, Inner Mongolia and Mongolia, and 20%~30% less on southern coast of China
mainland and Vietnam, and 30%~40% less in South Asia than the observation. It is found that the
bias pattern of projected precipitation for 2006-2015 under RCP4.5 scenario is similar to the one
from CMIP5 historical climate simulation, implying that the bias pattern is almost stationary and
should belong to the model climate drift which can be removed through the difference between a
period-mean projection and the historical simulation. However, this bias correction leads to a
much smaller magnitude of precipitation anomaly, although it has a good anomaly rate compared
with the observation. Bias correction test confirms that the performance of bias correction with
logarithm regression (LR) is better in northern Asia than that with the year-to-year increment
regression (YYIR) during the warm season (May-October), whereas the YYIR is better than the
LR in southern Asia in the season. Nevertheless, the LR is better in the south and YYIR is better in

the north during the cold season (November throughout next April). Therefore, to combine the two



regression methods can form a regional combination bias correction. The regional combination
method is applied in the bias correction for 2021-2050 precipitation projection of the Asian
continent under RCP4.5 scenario, in which additional bias correction of the climate drift removal
is added in the blind areas in the two bias corrections. The projection for warm season shows more
or less changes in precipitation pattern versus 1976-2005, such as 10%~20% decrease in
precipitation in southern China mainland, the northeastern part of South Asia, south part of Central
Asia, and northeastern Arabian Peninsula, whereas the projected precipitation would increase
about 20% in the belt from the Three River Source area throughout the Huaihe delta area, 10%
increase in the southern part of Northeast China, 10% and 20% increase in northern and southern
Xinjiang, respectively, and 10% or 20% decrease in North China and the most of Northeast China,
10% increase in northern Indo-China Peninsula, in addition to a little increase in precipitation in
the high latitude of Asia. In the cold season, the precipitation projected would increase in the north
and decrease in the south of Asia, such as 10% decrease in South Asia, 5% decrease in Southwest
China mainland, 20%~40% increase in West China, 5% increase in North and Northeast China,
10%~40% increase in the high latitude of Asia. As a result, there would be more precipitation with
potential floods in up-reaches of the Yangtze River and Yellow River over the next 30 years, while
the drought would probably continue in Southwest China as it has experienced for the last decade.
These will provide suggestions for the relevant department of local government to take measures

in advance for the potential risks of the flood and drought in context of climate warming.
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Table 1 Parameters of the 20 CMIP5 models
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Fig.1 Climate mean annual precipitation: (a)1960-2005 climate mean simulated by 20 CMIP5
models; (b) observation (CRU TS4.0); unit: mm.
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Fig. 2 Bias percentage of Asian precipitation between ensemble mean of 20 CMIP5 models and
observation during 1960-2005: (a) warm season (May - October); (b) cold season (November
throughout next April)
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Fig. 3 Bias percentage of Asian precipitation between ensemble mean of 20 CMIP5 models and

observation during 2006-2015 under RCP4.5 scenario: (a) warm season; (b) cold season;

Observation: CRU TSv4.0
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Fig.4 Percentage of the precipitation anomaly projected by 20 CMIP5 models ensemble mean vs
the counterpart of its historical simulations for 1976-2005 (upper panel) and distributions of grid
points with the same sign (marked as "+") in the precipitation anomaly with observation (lower
panel) in Asia during 2006-2015 under RCP4.5 scenario: (a, ¢) warm season; (b, d) cold season;
observation: CRU TS v4.0
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Fig. 5 Percentage of precipitation anomaly in Asia from CRU TS 4.0 for 2006-2015: (a) warm
season; (b) cold season; reference: 1976-2005
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Fig.6 Anomaly percentage of the warm season precipitation projected by 20 CMIP5 model
ensemble mean under RCP4.5 for 2006-2015 (upper) and corresponding grid distribution with
correct sign ("+") with observation precipitation anomaly (lower): (a, ¢ logarithmic regression; (b,
d) year-to-year increment regression; reference: 1976-2005
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increment regression in the north of 30° N and logarithm in the south; (c, d) model drift removed
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climate simulation for 1976-2005 of

Kl 9b, d o, 7E 2021-2050 V4 Z= Filfh oK S ILAL 7 G0 . e 77 ek
RS S o Horb B 0 FK ek D B WA &, 3R-10% A8 45, HR I G R #8240 -5%; 75 B A
TR e S A K 3G IR B2 208 20% ~ 40%, HEALFIZR GG INZ) 5%, PEAARIE Az
IRFEKIG N9 10% ~ 40% . 3% B2 18 31— o0 £ [m] V5 5 4 o 189 82 [m] VA £E v 2= %
KT E X%, GlanrEm . g, PEI %S (& 7e, &, F
HEAEBRKER- R 5185 E R ESFE od KK 7d; ERKEEFIREAS T, wilf
fEE 90 5 od A5, MEBEaT#, SUEEEEH, B8 —FHILEKE X
AFHTTASHERE o

7 WwEER

RIA3HT T CMIPS Z A CAE & g AU A T4 e 7K Al 22 7 SE I ) 43 A
i, K56 T =Fm 2210 IR, BRI . — o B nl A S 4 Bt & (el )9
£ 2006-2015 4F 7 P 47K T4t o A4 25T TE 08, #4031 X IR & o] AR 2237 1E
%, Tfh T 2021-2050 AFHEZEFNAZ= PN BE K AT BEAB 4. FELE IR

(1) #E CMIP5 Jjj S Mgt ry, A5 aER & 1 B /K 7E ST A 7E B B4R
7, (EREAERE . B R I GRS A A A 1 A5k 2 4R
A, HARfER R, 75-20% ~ -40%, TET R, NS SRl E L
Hhfl % 1% 30% ~ 40%.

(2) 2006-2015 4 CMIP5 A4 Fiifili e 7K M 22 4347 15 7 S0 g A4
AL, Ut BRI SRS s 72 LA v e T, T LAIE I I s SR AL T SR AE
T IR

(3) H CMIPS Tl S B i~ 45 Bt /K ABE 2ok 25 7 52 BB AUL I BT 2 Bk
A DATEAR KRR E b 2o A iBeie , (ELTIUAh 1) Bk 2 B SPA S f 5, RAEE
PR BB

(4) %I 2006-2015 4 F /K Al ke 7 W FRfm 2217 1E 73, RI—Joxd #0R
FEPR R I IR, K SERAXIREE X, W20 1E G i # L7 e
SRR, JEE IR DL T m b DA & BT 1RV, BIBEZRAE 30° N



PR F — e bRt = [mlUH, CAAE A — o BE e bt & BT IE s AR, W3
7E 30° N LARgH—Joxt B mEiTiE, DAL — e bR & | 31T IE, AT LAk
B AR 21T IERUR -

(5) MTHEREAITIEVENE X, HEBE TR G 4 R4, AW
A B DX T A A

(6) 22 XA & ol VA i 22 1T 1E B AR a0 A B AT IR )5 £ RCP4.5
18 5 N XF 2021-2050 4 HEHH FE/KBEAT 1 Tilfiti . 45 2REE, AHXS T 1976-2005 4
SIS, TERRZE, RERE T ARG TR BTRA s B AR A
B KU/ 10% ~ 20%, M HH ] = VT8 X BV s /K 34 i) 20%, ARt
FRBEKIE L 10%, BT KIE INZ) 10%, FEEEL) 20%; AR AL AHE
B 7K /> 4 10% ~ 20%; H RG-S AL B FEKIEINZ) 10%, R EAAEAN K Wi
20 Bty P /KA 3 I 7R, TEINFEK BT 8, b Ak R,
HH R 0 Kk B B 2, GR-10% 26 A, R L G R 240 D-5%,  Hh T S R K 48
RFEZ) R 20% ~ 40%, HEACFIZRALIGINZ) 5%, SV &4 FE R K 24 10% ~
40%.

PR TG 45 SRR, Bl A BRASBERE AL AR 30 47 1 U ¥ A A A Jo 43 i AR
B2 B AR, T EPEE B T Re s £, BETRG p AR K T RE S D
¥ 25 3 AL A P I R S b T R R L R AN A ZE 1T IR S SRR IR L R
W, AT CABETE SN A R 21T 1E i, A R R 2T EA A TR, LA
TE— 5 el IR SR K T B AN 5



SR (References)

Cai W, Yang K, Wu L, et al. 2021. Opposite response of strong and moderate positive
Indian Ocean Dipole to greenhouse warming [J]. Nature Climate Change, 11, 27 -
32. doi: 10.1038/s41558-020-00943-1

Chang C-P, Johnson R H, Ha Kyung-Ja, et al. 2018. The multiscale global monsoon
system: research and prediction challenges in weather and climate [J]. Bull. Amer.
Meteor. Soc., 99, ES149-ES153. doi: 10.1175/BAMS-D-18-0085.1

Chen W, Feng J, Wu R. 2013. Roles of ENSO and PDO in the link of the East Asian
winter monsoon to the following summer monsoon [J]. J. Climate, 26: 622—635.
doi: 10.1175/JCLI-D-12-00021.1

Chen Z, Zhou T, Zhang L, et al. 2020. Global land monsoon precipitation changes in
CMIPG6 projections [J]. Geophysical Research Letters, 47: e2019GL086902. doi:
10.1029/2019GL086902

Cook B I, Mankin J S, Marvel K, et al. 2020. Twenty-first Century drought
projections in the CMIP6 forcing scenarios [J]. Earth's Future, 8(06):
€2019EF001461. doi: 10.1029/2019EF001461

Dai A, Fyfe J C, Xie S-P, et al. 2015a. Decadal modulation of global surface
temperature by internal climate variability [J]. Nature Climate Change, 5: 555-559.
doi: 10.1038/nclimate2605

Dai X-G, Fu C B, Wang P. 2005. Interterdecadal change of atmospheric stationary
waves and north China drought [J]. Chinese Physics, 14(4): 850-858. doi: 10.1088/
1009-1963/14/4/038

Dai X-G, Liu Y, Wang P. 2015b. Warm-dry collocation of the recent drought in
southwestern China tied to moisture transport and climate warming [J]. Chin. Phys.,
B24: 049201. doi: 10.1088/1674-1056/24/4/049201

Dai X-G, Wang P, Chou J F. 2003. Multiscale characteristics of the rainy season
rainfall and interdecadal decaying of summer monsoon in North China [J]. Chinese
Science Bulletin, 48(12): 2730-2734. doi: 10.1007/BF02901765

Dai X-G, Wang P, Wu G X, et al. 2004a. Teleconnection between Indian monsoon and


https://doi.org/10.1029/2019GL086902
https://doi.org/10.1029/2019GL086902

East Asian circulation [J]. Acta Meterologica Sinca, 18(4): 397—410

Dai X-G, Wang P, Zhang P Q, et al. 2004b. Rainfall in North China and its possible
mechanism analysis [J]. Progress in Natural Sciences, 14(7): 598-604

Dai X-G, Wang P. 2017. A new classification of large-scale climate regimes around
the Tibetan Plateau based on seasonal circulation patterns [J]. Advances in Climate
Change Research, 8: 26-36. doi: 10.1016/j.accre.2017.01.001

Dai X-G, Wang P. 2018. Identifying the early 2000s hiatus associated with internal
climate variability [J]. Scientific Reports, 8: 13602. doi: 10.1038/s41598-018-3186
2-7

Ding Y, Chan J C L. 2005. The East Asian summer monsoon: An overview [J].
Meteorol. Atmos. Phys., 89: 117-142. doi: 10.1007/s00703-005-0125-z

Dong B, Dai A, Vuille M et al. 2018. Asymmetric modulation of ENSO
Teleconnections by the Interdecadal Pacific Oscillation [J]. J. Climate, 31(18):
7337-7361. doi: 10.1175/JCLI-D-17-0663.1

Dong B, Dai A. 2015. The influence of the Interdecadal Pacific Oscillation on
temperature and precipitation over the globe [J]. Clim. Dyn., 45: 2667-2681. doi:
10.1007/s00382-015-2500-x

Duan Y W, Wu P L, Chen X L, et al. 2018. Assessing Global Warming Induced
Changes in Summer rainfall variability over eastern China using the latest Hadley
Centre Climate Model HadGEM3-GC2 [J]. Advances in Atmospheric Sciences,
35(8): 1077-1093. doi:10.1007/s00376-018-7264-x

Eyring B V, Meehl S, Senior G A, et al. 2016. Overview of the Coupled Model
Intercomparison Project Phase 6 (CMIP6) experimental design and organization [J].
Geoscientific Model Development, 9(5): 1937-1958. doi: 10.5194/gmd-9-1937-2
016

Fan K, Lin M, Gao Y. 2009. Forecasting the summer rainfall in North China using the
year-to-year increment approach [J]. Sci. China Ser. D-Earth Sci., 52: 532-539. doi:
10.1007/s11430-009-0040-0

Fasullo J, Webster P J. 2002. Hydrological signatures relating the Asian summer

monsoon and ENSO [J]. J. Climate, 15(21): 3082-3095. doi: 10.1175/1520-0442


https://doi.org/10.1016/j.accre.2017.01.001
https://doi.org/10.1175/1520-0442(2002)015%3c3082:HSRTAS%3e2.0.CO;2

(2002)015<3082:HSRTAS>2.0.CO;2

Feng J, Wang L, Chen W. 2014. How does the East Asian summer monsoon behave in
the decaying phase of El Nifp during different PDO phases?[J]. J. Climate, 27(7):
2682-2698. doi:10.1175/JCLI-D-13-00015.1

Goswami B N, Madhusoodanan M S, Neema C P. 2006. A physical mechanism for
North Atlantic SST influence on the Indian summer monsoon [J]. Geophys. Res.
Lett., 33(2): LO2706. doi 10.1029/2005GL024803

Harris I, Osborn T J, Jones P, et al. 2020. Version 4 of the CRU TS monthly
high-resolution gridded multivariate climate dataset [J]. Scientific Data, 7: 109.
d0i:10.1038/s41597-020-0453-3

Huang X, Zhou T, Dai A, et al. 2020a. South Asian summer monsoon projections
constrained by the interdecadal Pacific oscillation [J]. Science Advances, 6(11):
eaay6546. doi: 10.1126/sciadv.aay6546

Huang X, Zhou T, Turner A, et al. 2020b. The recent decline and recovery of Indian
summer monsoon rainfall: relative roles of external forcing and internal variability
[J]. J. Climate, 33: 5035-5060. https://doi.org/10.1175/JCLI-D-19-0833.1

Jiang J, Zhou T, Chen X. 2020. Future changes in precipitation over Central Asia
based on CMIP6 projections [J]. Environ. Res. Lett., 15: 054009. doi: 10.1088/
1748-9326/ab7d03

Karumuri A, Behera S, Swadhin K. 2007. EI Nifo Modoki and its possible
teleconnection [J]. J. Geophy. Research: Earth Surface, 112: C11007. doi:10.1029/
2006JC003798

Krishnamurthy L, Krishnamurthy V. 2014. Influence of PDO on South Asian summer
monsoon and monsoon—-ENSO relation [J]. Clim. Dyn., 42: 2397-2410. doi:
10.1007/s00382-013-1856-z

Krishnamurthy L, Krishnamurthy V. 2015. Teleconnections of Indian monsoon
rainfall with AMO and Atlantic tripole [J]. Clim. Dyn., 46: 2269-2285. doi:
10.1007/s00382-015-2701-3

Krishnamurthy V and Goswami B N. 2000. Indian Monsoon—-ENSO Relationship on
Interdecadal Timescale [J]. J. Climate, 13: 579-595. doi: 10.1175/1520-0442(2000)


https://doi.org/10.1175/1520-0442(2002)015%3c3082:HSRTAS%3e2.0.CO;2

013<0579:IMEROI>2.0.CO;2

Kumar A, Juhi Y, Rahul M. 2020. Global warming leading to alarming recession of
the Arctic sea-ice cover: Insights from remote sensing observations and model
reanalysis [J]. Heliyon, 6(7): e04355. doi: 10.1016/j.heliyon.2020.e04355

LalibertéF, Zika J, Mudryk L, et al. 2015. Constrained work output of the moist
atmospheric heat engine in a warming climate [J]. Science, 347(6221): 540-543.
doi: 10.1126/science.1257103

Lee J-Y, Wang B. 2014. Future change of global monsoon in the CMIP5 [J]. Climate
Dyn., 42(1-2): 101-119. doi: 10.1007/s00382-012-1564-0

Li D, Zhou T, Zhang W. 2019. Extreme precipitation over East Asia under 1.5 <C and
2 <C global warming targets: a comparison of stabilized and overshoot projections
[J]. Environ. Res. Commun., 45(3): 1541-1550. doi: 10.1088/2515-7620/ab3971

Li J, Wang B, Y.-M. Yang. 2020. Diagnostic metrics for evaluating model simulations
of the East Asian monsoon [J]. J. Clim., 33: 1777-1801. do0i:10.1175/
JCLI-D-18-0808.1

Li J, Zhu Z, Dong W. 2017. A new mean-extreme vector for the trends of temperature
and precipitation over China during 1960-2013 [J]. Meteorol. Atmos. Phys.,
129(03): 273-282. doi:10.1007/s00703-016-0464-y

Li L, Pinaki Chakraborty. 2020. Slower decay of landfalling hurricanes in a warming
world [J]. Nature, 587 (7833): 230. doi: 10.1038/s41586-020-2867-7

Lu R Y, Hina S, Wu X, et al. 2020. Upper- and Lower-tropospheric Circulation
Anomalies Associated with Interannual Variation of Pakistan Rainfall during
Summer [J]. Adv. Atmos. Sci., 37(11): 1179-1190. doi: 10.1007/s00376-020-0137-0

Naidu P D, Ganeshram R, Bollasina M A, et al. 2020. Coherent response of the Indian
monsoon rainfall to Atlantic multi-decadal variability over the last 2000 years [J].
Sci. Rep., 10: 1302. doi: 10.1038/s41598-020-58265-3

Revadekar J V, Preethi. 2011. Statistical analysis of the relationship between summer
monsoon precipitation extremes and food grain yield over India [J]. Int. J.
Climatology, 32(3): 419-429. doi: 10.1002/joc.2282

Seidel D J, Fu Q, Randel W J, et al. 2008. Widening of the tropical belt in a changing



climate [J]. Nature Geoscience, 1: 21-24. doi: 10.1038/nge0.2007.38

Sooraj K P, Terray P, Mujumdar M. 2015. Global warming and the weakening of the
Asian summer monsoon circulation: Assessments from the CMIP5 models [J].
Clim. Dyn., 45: 233-252. doi: 10.1007/s00382-014-2257-7

Stocker, T.F,, et al., Eds., IPCC. 2013. Climate Change 2013: The Physical Science
Basis. Contribution of Working Group | to the Fifth Assessment Report 1 of the
Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge and New York, 1535 p.

Taylor K E, Stouffer R J, Meehl G A. 2012. An overview of CMIP5 and the
experiment design [J]. Bull. Amer. Meteor. Soc., 93: 485-498. doi: 10.1175/BAMS
-D-11-00094.1

Terjung W H, Mearns L O, Todhunter P E, et al. 1989. Effects of Monsoonal
Fluctuations on Grains in China. Part 1I: Crop Water Requirements [J]. J. Climate,
2(1): 19-37. doi: 10.1175/1520-0442(1989)002<0019:EOMFOG>2.0.CO;2

Wang B, Biasutti M, Byrne M P, et al. 2020a. Monsoons climate change assessment
[J]. Bull. Amer. Meteor. Soc., 102 (1). E1-E19. doi: 10.1175/BAMS-D-19-0335.1

Wang B, Jin C, Liu J. 2020b. Understanding future change of global monsoon
projected by CMIP6 models [J]. J. Climate, 33: 6471-6489. do0i:10.1175/JCLI
-D-19-0993.1

Wang B, Liu J, Kim H-J, et al. 2013. Northern hemisphere summer monsoon
intensified by Mega-El Nifp/Southern Oscillation and Atlantic multidecadal
Oscillation [J]. Proc Natl Acad Sci U S A., 110(14): 5347-5352. doi: 10.1073/pnas.
1219405110

Wang B, Xiang B, Li J, et al. 2015. Rethinking Indian monsoon rainfall prediction in
the context of recent global warming [J]. Nature Communication, 6: 7154. doi:
10.1038/ncomms8154

Wang B. 2006. The Asian Monsoon [M]. Springer-Praxis, pp 843

Wang L, Chen W, Huang R H. 2008. Interdecadal modulation of PDO on the impact
of ENSO on the East Asian winter monsoon [J]. Geophysical Research Letters, 35:

L20702. doi:10.1029/2008GL035287



Wang S, Huang J P, He Y L. 2014. Combined effects of the Pacific Decadal
Oscillation and EI Nifp-Southern Oscillation on Global Land Dry—Wet Changes [J].
Scientific Report, 4 : 6651. doi: 10.1038/srep06651

Webster P J. 1981. Monsoon [M]. Scientific American, 245: 108-118

Wu R, Hu Z, Kirtman B P. 2003. Evolution of ENSO-related rainfall anomalies in
East Asia [J]. J. Climate, 16: 3742-3758. doi: 10.1175/1520-0442(2003)016 <3742:
EOERAI>2.0.CO;2

Xu Y, Gao X, Giorgi F., et al. 2018. Projected changes in temperature and
precipitation extremes over China as measured by 50-yr return values and periods
based on a CMIP5 ensemble [J]. Adv. Atmos. Sci., 35: 376-388. doi: 10.1007
/s00376-017- 6269-1

Yang Q, Ma Z G, Fan X G, et al. 2017b. Decadal Modulation of Precipitation Patterns
over Eastern China by Sea Surface Temperature Anomalies [J]. J. Climate, 30(17):
7017-7033. doi:10.1175/jcli-d-16-0793.1

Yang Q, Ma Z G, Xu B L. 2017a. Modulation of monthly precipitation patterns over
East China by the Pacific Decadal Oscillation [J]. Climatic Change, 144(3):
405-417. doi:10.1007/s10584-016-1662-9

Yun K-S, Ha K-J, Yeh S-W, et al. 2015. Critical role of boreal summer North Pacific
subtropical highs in ENSO transition [J]. Clim. Dyn., 44(7-8): 1979-1992. doi:
10.1007/s00382-014-2193-6

Zhong Y H, Yang M, Yuan C X. 2020. Temporal and Spatial Characteristics of
Summer Extreme Precipitation in Eastern China and Possible Causalities [J].
Scientific Research, 08(06):36-46. doi: 10.4236/gep.2020.86004

Zhu Z, Li T, He J. 2014. Out-of-phase relationship between boreal spring and summer
decadal rainfall changes in southern China [J]. J. Climate, 27(03): 1083-1099. doi:
10.1175/)CLI-D-13-00180.1

WOBTHI, VERE. 2020, WP H T BRI S SRR LB [0 DB SR
%, 4(1): 1-9. Dai X-G, Wang P. 2020. A summary of aridity studies for Central
Asia with mechanism analysis [J]. Desert and Oasis Meteorology (in Chinese),

14(01): 1-9. doi: 10.12057/j.issn.1002-0799.2020.01.001



. 1993, 1991 SEVLMEVRISF SE R KB WTT [M]. Jbat: AR R,
1-253. Ding Y H. 1993. A Study of Sustained Heavy Rainfall in the Yangtze-Huai
River Valleys in 1991 [M]. Beijing: China Meteorological Press(in Chinese), 1-253.

Rk, 1978, HI 7R TE K1 2 L e < G B 3 IR Aty s T A U LA A X 6
[0]. 5%, 2: 16-17. Fu C B. 1978. Test on long-term prediction of the subtropical
high basing on the oceanic and meteorological factors in Equatorial Pacific [J]. J.
Meteorology (in Chinese), 2: 16-17.

ORI, BRIC, T 0, 45,2003, SRR 452 B FE NS ENSO JEIAH EAR
FRIWFFE [0, KSFRFE, 27(4): 484-502. Huang Ronghui, Chen Wen, Ding
Yihui, et al. 2003. Studies on the Monsoon Dynamics and the Interaction between
Monsoon and ENSO Cycle[J]. Chin. J. Atmos. Sci.(in Chinese), 27(4): 484-502.
doi: 10.3878/}.issn.1006-9895.2003.04.05

B, ACH, BB 2001, 1998 B 2 b [E BN K BHLEL 5 AR A 7
[M]. dbnt: S, 184pp. Tao S Y, Ni Y Q, Zhao S X, et al. 2001. Study
on the Formation Mechanism and Forecast of Chinese Summer Rainfall in 1998
[M]. Beijing: China Meteorological Press (in Chinese), 184pp.

M iF 5. 1980. HEZ &M [M]. dbai: Bl2% Rkt 225pp. Tao S Y. 1980.
Rainstorms in China [M]. Beijing: Science Press (in Chinese), 225pp.

TR, ARER, Bridik, 5F. 2020. o ES e 0T 7T 5 55 kR BRI [J].<
R4, 78(03): 317-331. Wang H J, Ren H L, Chen H P, et al. 2020. Highlights
of climate prediction study and operation in China over the past decades [J]. Acta
Meteorologica Sinica (in Chinese), 78(3): 317-331. doi: 10.11676/gxxb2020.022

FELE, Hav, XZIR, 5. 2003, & s ST R RS [J]. RARFE,
27(04): 503-517. Wu Guoxiong, Chou Jifan, Liu Yimin, et al. 2003. Review and
prospect of the study on the subtropical Anticyclone [J]. Chinese J. Atmos. Sci. (in
Chinese), 27(04): 503-517. doi: 10.3878/}.issn.1006-9895.2003.04.06

MilA, B, ETEH, 4. 2019. CMIPS A A FE7K 1T TRV S A SR 30 4 [H F 7K T
& []. x5BT, 24(06): 769-784. Yang Y, Dai X-G, Tang H W, et al.
2019. CMIP5 precipitation Bias-correction Methods and Projected China

Precipitation for the Next 30 Years [J]. Climatic and Environmental Research (in



Chinese), 24(06): 769-784. doi:10.3878/j.issn.1006-9585.2019.19021

s, SGHTI, MBH. 2019. 21 {HZSHT I E BEOK G AT IE [0 R AR,
43(06): 1385-1398. Zhang B, Dai X-G, Yang Y. 2019. Bias-correction of
projected China precipitation for the early 21st Century[J]. J. Chin. Atmos. Sci. (in
Chinese), 43(06): 1385-1398. doi:10.3878/}.issn.1006-9895.1902.18221

5k A%, #ETRI. 2016. 2006~2013 4 CMIPS #20 H [E FE K Tl iR 2= 00 [J]. KA
Bl %, 40(05): 981-994. Zhang B, Dai X-G. 2016. Bias analysis of the
precipitation projected with CMIP5 ensemble [J]. J. Chin. Atmos. Sci. (in Chinese),
40(05): 981-994. doi: 10.3878/j.issn.1006-9895.1511.15212

skZEAS, e, PRI 2018, PSR EINifp B oG b P32 XURE e vy < ie A=
R AT RERCIR [J].50F SRR AT, 23(02): 150-160.  Zhang H J, Wu L, Huang
R H. 2018. Possible Impacts of Two types of ElI Nifb events on the western north
Pacific monsoon trough and tropical cyclogenesis [J]. Climatic and Environmental
Research (in Chinese), 23(02): 150-160. doi 10.3878/}.issn.1006-9585.2017.17055

sROLER, VEBE, BORTHI, &%, 2017, [ B K B AR B v SRS S Bl RS 6 [].
WS R 2R, 37(03): 27-35.  Zhang K J, Wang P, Dai X-G, et al. 2017. The
design strategy and hindcasting experiment of China precipitation using regression
model[J]. J. Marine Meteorology (in Chinese), 37(03): 27-35. d0i:10.19513/
j-cnki.issn2096-3599.2017.03.004
T, i, 2013, ZRIALE|FAGHT 2 XU 20 8 AR RpAE S LT e LB [J]. ity
KGR, 29(2): 245-254.  Zhu Z W, He J H. 2013. Seasonal Transition of East
Asian Subtropical Monsoon and Its possible Mechanism [J]. J. Tropical

Meteorology (in Chinese), 29(2): 245-254.



