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Figure 1 Topography of BCC_CSM1.1 over East Asia (a), model domain and topography of RegCM4.0 (b). The solid black lines represent water-

sheds over China
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Figure 2 Multi-annual mean temperature (unit: °C) and precipitation (unit: mm) in 1961-2005. (a) Observed temperature; (b) observed precipitation;
(c) differences of temperature between GCM-hist and observation; (d) simulated precipitation by GCM-hist; (e) differences of temperature between

RCM-hist and observation; (f) simulated precipitation by RCM-hist
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Figure 3 Trend of multi-annual mean temperature (unit: °C/45 a) and precipitation (unit: mm/45 a) in 1961-2005. (a) Observed temperature; (b)
observed precipitation; (c) simulated temperature by GCM-hist; (d) simulated precipitation by GCM-hist; (e) simulated temperature by RCM-hist; (f)
simulated precipitation by RCM-hist
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Table 1 Effects of green house gas emissions and natural climate variability on the temperature over China and basins
/N IR i g ER WER KYD KRR BRI VEdb ViR 2 E
OBS(°C/45 a)? 1.9 1.4 1.2 1.3 0.9 0.6 0.5 0.6 1.4 1.0 1.2
RCM-hist(°C/45 a)® 1.4 1.2 1.1 0.9 1.2 0.7 0.6 0.6 0.9 0.9 0.9
GHG(°C/45 a)© 0.8 0.7 0.5 0.6 0.6 0.6 0.5 0.4 0.8 1.0 0.7
RCM-nat(°C/45 a)® 0.6 0.5 0.6 0.3 0.5 0.1 0.1 0.3 01 -01 02
GHG/RCM-hist® 0.5 0.6 0.5 0.7 0.5 0.9 0.8 0.6 0.9 1.1 0.8
RCM-nat/RCM-hist ” 0.5 0.4 0.5 0.3 0.5 0.1 0.2 0.4 0.1 —0.1 0.2
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Figure 4 Effects of green house gas emissions and natural climate variability on the temperature (unit: °C/45 a) and precipitation (unit: mm/45 a)
trend in 1961-2005 and changes of temperature (unit: °C) and precipitation (unit: mm) due to green house gas emissions from 1850 to 2005. (a) Simu-
lated temperature trend by RCM-nat; (b) simulated precipitation trend by RCM-nat; (c) differences of temperature trend between RCM-hist and
RCM-nat; (d) differences of precipitation trend between RCM-hist and RCM-nat; (e) differences of multi-annual mean temperature between RCM-hist
and RCM-nat; (f) differences of multi-annual mean precipitation between RCM-hist and RCM-nat. (a)~(d) 1961~2005; (e), (f) 1850~2005
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Table 2 Effects of green house gas emissions and natural climate variability on precipitation over China and basins

BAAETL AT R dW MEWM KIL R B gk T e
OBS(mm /45 a) 8 -33 -71 —48 10 26 110 18 27 44 16
RCM-hist(mm /45 a) -72 26 -26 -38  -147 22 5 15 24 18 0
GHG(mm /45 a) =25 95 93 46 -11 21 -27 49 20 48 27
RCM-nat(mm /45 a) -48 -69  -119 -83  -136 2 32 -33 4 =30 -27
GHG/RCM-hist 0.3 3.6 -36 -1.2 0.1 0.9 -6.0 3.1 0.8 2.6 P
RCM-nat/RCM-hist 0.7 —2.6 4.6 2.2 0.9 0.1 7.0 2.1 0.2 -1.6 0.7

a) “/"FIR TR

B AL 5 B K o3 Al B JLAR Ok H B — 5 AR K,
22 T DX D B 9 V00 3 R R i e X, RV I R K
HEAMR DB B, e — s R R — 2L ]
SRR AR NS0 2l £ 1 A [ R 7 2 XU oK
ARAE. RIS AR AR AL AAE LU, PG A DX 7K O i
A, LI AR 3 T B T i AR R
Y. R, Rk T A AR R e E R
B AN S8 3, I IR 23 A 68 A i E 1 AR xR
BOK.

AR R, R XA AR A 1 B Sy
e J — Ao 52 A A R X B TR R, R AT i LS A
T LYY, o e AR R A, et an
RS S ERY RN BT, W 2RI 2 R
AR S, B Rt R R, IFAINERE

RPN

F R4 H AT XA AR E A T N, A
A AR B 25 07 T, ET R A AR 58 15 DA
B REH kAR R A, AREHATH R GETH . Rk
ABEFEALAL T T NI Bl i = AHE s A9
JH, At =0 I HE Js VR - R S (R
BT AL AE, R A BN,
HORAE X RE E X rp EHIX, & 2Rk T A%
B, e BATITAS B S5 18 R — 2 U7 5T B9 45 R A
FIFAN TR 3490 s e 1 3o — 1) R 4y A 2

P, ABETE R SCE 278 TR fi— A A7 X
RSN BB FETT ¥, BT 4598 A 1R 4K
T AT 2 . T A T RN A B b DA TEURD T v X
SR AZ PR SN, 7 T R R A X A A Ak
RS AT TAE.

Hartmann D L, Klein Tank A M G, Rusticucci M, et al. Observations: Atmosphere and Surface. In: Stocker T F, Qin D, Plattner G K, et
al., eds. Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the In-
tergovernmental Panel on Climate Change. Cambridge: Cambridge University Press, 2013. 159-254

Wang H J. The weakening of the Asian monsoon circulation after the end of 1970’s. Adv Atmos Sci, 2001, 18: 376-386

Gong D Y, Ho C H. Shift in the summer rainfall over the Yangtze River valley in the late 1970s. Geophys Res Lett, 2002, 29: 1436

Shi Y F, Shen Y P, Hu R J. Preliminary study on signal, impact and foreground of climatic shift from warm-dry to warm-humid in
northwest China (in Chinese). J Glaciol Geocryol, 2002, 24: 219-226 [Jifi ff X, WACE, $HSE. PHILS e g T 1 IR RIS 5 |
M ANRT SRR, kIR £, 2002, 24: 219-226]

Ren G Y, Guo J, Xu M Z, et al. Climate changes of China’s mainland over the past half century (in Chinese). Acta Meteorol Sin, 2005, 63:
948-952 (T H &, 5B%, FRERL, . JESO4FEH E LI RASALFANFAL. KRR, 2005, 63: 948-952]

Zhai P M, Zhang X B, Wan H, et al. Trends in total precipitation and frequency of daily precipitation extremes over China. J Clim, 2005,
118: 1096-108

IPCC. Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Inter-
governmental Panel on Climate Change. Cambridge: Cambridge University Press, 2013

Zhao Z C, Wang S W, Xu Y, et al. Attribution of the 20th century climate warming in China (in Chinese). Clim Environ Res, 2005, 10:
808-817 X552, AW, M, % WHAFREM R TEEA LA R, SIS, 2005, 10: 808-817]

Zhou T J, Li L J, Li H M, et al. Progress in climate change attribution and projection studies (in Chinese). Chin J Atmos Sci, 2008, 32:
906-922 [ RZ, 2= i IR, ZR4Mg, 4. SRR R AT BT, KARHE, 2008, 32: 906-922]

1639



%8 # 2015468 #F60%k H17H

10

11

12

13

14
15

16

17

18

19

20

21
22

23

24

25

26

27

28

29

30

31

32

Man W M, Zhou T J, Zhang L X, et al. Contributions of natural and anthropogenic forcing in twentieth-century temperature change: Re-
sults from LASG/IAP climate system model FGOALS_gl (in Chinese). Chin J Geophys, 2012, 55: 372-383 [I# (i, I RZ, kN,
4. 20HE R BE AR AL A ARAS AR B ISR T RS B I IR Bk 322 4ie, 2012, 55: 372-383]

Wang S W, Luo Y, Zhao Z C, et al. Attribution of climate warming to the causes (in Chinese). Adv Clim Change Res, 2012, 8:
308-312 (XM, P o, BREK, & UEEERNARIITE. RELITIE#ERE, 2012, 8: 308-312]

Kirtman B, Power S, Adedoyin J A, et al. Near-term Climate Change: Projections and Predictability. In: Stocker T F, Qin D, Plattner G K,
et al., eds. Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the In-
tergovernmental Panel on Climate Change. Cambridge: Cambridge University Press, 2013. 953-1028

Zhou T J, Song F, Chen F. Historical evolutions of global and regional surface air temperature simulated by FGOALS-s2 and
FGOALS-g2: How reliable are the model results? Adv Atoms Sci, 2013, 30: 638—-657

Xu 'Y, Gao X J, Shi Y, et al. Detection and attribution analysis of annual mean temperature changes in China. Clim Res, 2015, 63: 61-71
Xu Y, Gao X J, Giorgi F. Upgrades to the reliability ensemble averaging method for producing probabilistic climate-change projections.
Clim Res, 2010, 41: 61-81

Gao X J, Wang M L, Giorgi F. Climate change over China in the 21st century as simulated by BCC_CSM1.1-RegCM4.0. Atmos Ocean
Sci Lett, 2013, 6: 381-386

Song F, Zhou T J. Interannual variability of East Asian summer monsoon simulated by CMIP3 and CMIP5 AGCMs: Skill dependence on
Indian ocean—western Pacific anticyclone teleconnection. J Clim, 2014, 27: 1679-1697

Jiang D B, Wang H J. Natural interdecadal weakening of East Asian summer monsoon in the late 20th century. Chin Sci Bull, 2005, 50:
1923-1929 [ A, E2 % 200285 WA T B 25 KUARE AR 55 1 FAR R 2. BH22ai 4z, 2005, 50: 2256-2262]

Zhu Y M, Yang X Q. Relationships between Pacific decadal oscillation (PDO) and climate variabilities in China (in Chinese). Acta Me-
teorol Sin, 2003, 61: 641-654 [k % [, HIERE. KPHEFENRBR IR 5 ESRERER. TR, 2003, 61: 641-654]

Yang X Q, Zhu Y M, Xie Q, et al. Advances in studies of Pacific decadal oscillation (in Chinese). Chin J Atmos Sci, 2004, 28:
979-992 [ R, AKisk, WiE, % KERENRIRG DI, KTFE, 2004, 28: 979-992]

Han J P, Wang H J. Interdecadal variability of the East Asian summer monsoon in an AGCM. Adv Atoms Sci, 2007, 24: 808-818

Huang R, Chen J, Huang G. Characteristics and variations of the East Asian monsoon system and its impacts on climate disasters in Chi-
na. Adv Atoms Sci, 2007, 24: 993-1023

Zhou T J, Gong D Y, Li J, et al. Detecting and understanding the multi-decadal variability of the East Asian summer monsoon-Recent
progress and state of affairs. Meteorol Z, 2009, 18: 455-467

Wang H J, Fan K. Recent changes in the East Asian monsoon (in Chinese). Chin J Atmos Sci, 2013, 37: 313-318 [E &%, {E1]. KL%
JRGIE L4538 (1 2 B AR RARAE. KRk, 2013, 37: 313-318]

Zhou T J, Song F R. Lin R, et al. The 2012 North China floods: Explaining an extreme rainfall event in the context of a long-term drying
tendency. In: Peterson T C, Hoerling M P, Stott P A, et al., eds. Explaining Extreme Events of 2012 from a Climate Perspective. Bull
Amer Meteorol Soc, 2013, 94: S49-S51

Qian C, Zhou T J. Multidecadal variability of North China aridity and its relationship to PDO during 1900-2010. J Clim, 2014, 27:
1210-1222

Xu C H, Xu Y. The projection of temperature and precipitation over China under RCP scenarios using a CMIP5 multi-model ensemble.
Atmos Ocean Sci Lett, 2012, 5: 527-533

Chen H P. Projected change in extreme rainfall events in China by the end of the 21st century using CMIP5 models. Chin Sci Bull, 2013,
58: 1462-1472 [Wkifi ik . CMIPSHEA 021 20 i AR i Pk AR AR T Al . R 3@ 41k, 2013, 58: 743-752]

Gao X J, Shi Y, Song R Y, et al. Reduction of future monsoon precipitation over China: Comparison between a high resolution RCM
simulation and the driving GCM. Meteorol Atmos Phys, 2008, 100: 73—-86

Gao X J, Shi Y, Zhang D F, et al. Uncertainties of monsoon precipitation projection over China: Results from two high resolution RCM
simulations. Clim Res, 2012, 52: 213-226

Gao X J, Zhang D F, Chen Z X, et al. Land use effects on climate in China as simulated by a regional climate model. Sci China Ser D
Earth Sci, 2007, 50: 620-628 [/ 2= 7, SRACWE, BRAPHT, 8. of 2400 bR RO B S i a9 B AL, o ERLE DA s BskEt
2%, 2007, 37: 397-404]

Mahmood R, Li S L. Modeled influence of East Asian black carbonon interdecadal shifts in East China summer rainfall. Atmos Ocean Sci
Lett, 2011, 4: 349-355

Wang T, Wang H J, Otter O H, et al. Anthropogenic forcing of shift in precipitation in Eastern China in late 1970s. Atmos Chem Phys
Discuss, 2013, 13: 11997-12032

1640



it 3z

34

35

36

37

38

39

40

41

42
43

44

45

46

47

48

49

Gao X J, Zhao Z C, Ding Y H, et al. Climate change due to greenhouse effects in China as simulated by a regional climate model. Adv
Atoms Sci, 2001, 18: 1224-1230

Yu E T, Wang HJ, Sun J Q. A quick report on a dynamical downscaling simulation over China using the nested model. Atmos Ocean Sci
Lett, 2010, 3: 325-329

Giorgi F, Coppola E, Solmon F, et al. RegCM4: Model description and preliminary tests over multiple CORDEX domains. Clim Res,
2012, 52: 7-29

Wu T W, Yu R C, Zhang F, et al. The Beijing climate center for atmospheric general circulation model (BCC-AGCM2.0.1): Description
and its performance for the present-day climate. Clim Dyn, 2010, 34: 123-147

Xin X G, Wu T W, Li J L, et al. How well does BCC_CSM1.1 reproduce the 20th century climate change over China? Atmos Ocean Sci
Lett, 2013, 6: 21-26

Myhre G, Shindell D, Bréon F M, et al. Anthropogenic and natural radiative forcing. In: Stocker T F, Qin D, Plattner G K, et al., eds.
Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the Intergovern-
mental Panel on Climate Change. Cambridge: Cambridge University Press, 2013, 659-740

Wu J, Gao X J. A gridded daily observation dataset over China region and comparison with the other datasets (in Chinese). Chin J Geo-
phys, 56: 1102-1111 [ZAE, %A, —E#& G P E X BUE H VLI 58K 5 0 5OR X5 b Bk B4 3], 2013, 56:
1102-1111]

Gao X J, Xu Y, Zhao Z C, et al. On the role of resolution and topography in the simulation of East Asia precipitation. Theor Appl Clim,
2006, 86: 173—185

Gao X J, Shi Y, Giorgi F. A high resolution simulation of climate change over China. Sci China Earth Sci, 2011, 54: 462-472

Gao X J, Shi Y, Zhang D F, et al. Climate change in China in the 21st century as simulated by a high resolution regional climate model.
Chin Sci Bull, 2012, 57: 1188-1195

Zhang R H, Wu B Y, Han J P, et al. Effects on summer monsoon and rainfall change over China due to Eurasian snow cover and ocean
thermal conditions. In: Bharat R S, ed. Climate Change-Realities, Impacts over Ice Cap, Sea Level and Risks. InTech: Rijeka, 2013.
227-250

Bindoff N L, Stott P A, AchutaRao K M, et al. Detection and attribution of climate change: From global to regional. In: Stocker T F, Qin
D, Plattner G K, et al., eds. Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change. Cambridge: Cambridge University Press, 2013. 867-952

Zhang X B, Wan H, Zwiers F W, et al. Attributing intensification of precipitation extremes to human influence. Geophys Res Lett, 2013,
40: 5252-5257

Jiang Y Q, Liu X H, Yang X Q, et al. A numerical study of the effect of different aerosol types on East Asian summer clouds and precip-
itation, Atmos Environ, 2013, 70: 51-63

Wu K, Yang X Q. Urbanization and heterogeneous surface warming in eastern China. Chin Sci Bull, 2013, 58: 1363-1373 ¥, %1%
e P E AR S AR S B . Bla2iE 4z, 2013, 58: 642-652]

Song F, Zhou T, Qian Y. Responses of East Asian summer monsoon to natural and anthropogenic forcings in the 17 latest CMIPS models.
Geophys Res Lett, 2014, 41: 596-603

1641



44 % 8 & 201545668 %£60% FITH

Downscaling a 20th century climate change of a global model for China
from RegCM4.0: Attributable contributions of greenhouse gas
emissions and natural climate variability

ZHANG DongFengl, GAO XueJie’, LUO Yong3, XIA Jun*’ & GIORGI Filippo6

! Shanxi Climate Center, Taiyuan 030006, China;

% Climate Change Research Center, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China;

® Center for Earth System Science, Tsinghua University, Beijing 100084, China;

* Geographical Science and Resources Institute, Chinese Academy of Sciences, Beijing 100101, China;

® The State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China;
¢ The Abdus Salam International Centre for Theoretical Physics, Trieste 34100, Italy

China has experienced warming and a pattern of “southern flood and northern drought” in precipitation in recent decades. Attributable
contributions of greenhouse gas emissions and natural climate variability to these phenomena are discussed for China and the main
hydrological basins, based on a comparison of historical and attribution simulation tests using a regional climate model (RegCM4.0).
Two tests are performed at a resolution of 50 km, driven by the results of BCC_CSMI1.1 historical and attribution simulation tests of
CMIP5 in 1961-2005, respectively. The forcing of greenhouse gas emissions and natural climate variability are included in the
historical test, and greenhouse gas emission is excluded in the attribution test. Results show that the simulated trends of temperature
and precipitation from RegCM4.0 are more reasonable than from BCC_CSM1.1 for 1961-2005, and the warming during this period
was mainly caused by the emission of greenhouse gases, although natural climate variability also led to regional warming in most areas
except the Tibetan Plateau. The warming magnitude from greenhouse gas emissions was much larger than from natural climate
variability over most basins and China as a whole, with 80% of the warming attributable to forcing by greenhouse gases. The
“southern flood and northern drought” pattern of precipitation in Eastern China may be largely due to natural climate variability, and
greenhouse gas emission to some extent weakens the strength of this change; increased precipitation in Northwest China is mainly
induced by increased greenhouse gas emission, while natural climate variability, in contrast, leads to reduced precipitation. The
assessments of temperature are more reliable than those of precipitation, because model limitations and the complex relationship
between precipitation and external factors result in large remaining uncertainties in precipitation assessments. It should be pointed out
that attribution studies of climate change on the regional scale are very complex, and only preliminary modeling results of aerosol and
land use forcing in the absence are shown in this study. An ensemble of multiple models and samples with statistical significance and
confidence is needed for comprehensive detection and attribution studies, and the limitations associated with all these factors lead to
large uncertainties in the conclusions. The aim of this study is to provide a detection and attribution method for studying regional
climate change. A more comprehensive and accurate understanding of the causes of climate change in China would require further
regional climate simulations and analyses.

greenhouse gases, natural climate variability, China, climate change, regional climate model
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