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Abstract Using the PRECIS (Providing Regional Climates for Impacts Studies) regional climate modeling system
driven by five members of QUMP (Quantifying Uncertainties in Model Projections) model ensembles developed by the
Hadley Center/Met Office, this study analyzes the simulations of the surface air temperature and predicts the temperature
during 2021-2050 under the IPCC SRES A1B emissions scenario over China. The result shows reasonable capabilities of
PRECIS-downscaled QUMP members in simulating the baseline (1961-1990) climatology of surface temperature over

China, though general overestimations of temperature values compared with observation were found over several regions.
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The projection shows increases in surface temperature simulated by all of the ensemble members, but differences of the

warming tendency were also found among these members. The simulated annual mean daily minimum temperature

showed the most significant warming compared with the annual mean daily mean temperature and the daily maximum

temperature. Besides sensitivity test Q10, the warming simulated by each member corresponded with the climate

sensitivity of the driven GCM. Overall, the most significant projected warming was shown over Northwest China with a

range of 2.08-2.61 °C, while the lowest range (1.33—1.84 °C) was located over South China. However, differences of

projected regional-scale warming were also shown among each member.

Keywords QUMP ensemble, PRECIS modeling system, SRES A1B scenario, Surface air temperature, Uncertainty analysis
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Table 1

observed and simulated annual mean temperatures during
1961-1990

Spatial correlation coefficients between the

UK MIKFREL
Q0 0.9778
Q1 0.9772
Q7 0.9784
Q10 0.9779
Q13 0.9776
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Fig. 1 Annual average temperature (a) observed and simulatied in (b) QO, (c) Q1, (d) Q7, (¢) Q10, and (f) Q13 sensitivity tests during 1961-1990
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Table 2 Changes of mean temperature, maximum
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Fig.2 Annual average temperature bias from (a) QO, (b) Q1, (c) Q7, (d) Q10, and (e) Q13 sensitivity tests relative to observations during 1961-1990
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B WREF [1)5)) g B OB, Tl T SRES
A1B ff5¢ R E 21 283 (2041~2060 4F) Fi
A (2081~2100 F) )M . 21 HE2l$ i
Tiflt 4 TR A [ G2 X S A 3 M 2 il
T 2~4 °C, TR BRI & AR AL T7 X R+
R RS (2011) SR 20 ZANRERSE
FiX,, 7 SRES Bl. AIB Fl A2 3 Rt 5 Nk
TTEEEE G 0T, 3 FiHECE SN RIS ) B ()3
TR EE 4393 Hg 2 2011~2030 4, #935 0.88~0.92 °C;
2046~2065 4, Wik 1.76~2.25 °C, A Tifh AIB
5T 21 a0 (2021~2050 4F) 4P H496 5
R R FE AR 1.81~2.38 °C, i i i B H A S 58,
SR8, HLIRIFEAZAE AL Ty M DX 38 e v T v
MK, AT o S8 0 P e v PR DX 37 T P G
DX o 8 DX oA A7 22 Sl 1 Ji BRI T e el A 5
(T w22, AT B R T T E R R B R oA
I B AEAE 20, BT DA AR AR A FE R AN ]

KRS HT AR A 2021~2050 4[] (1) Ze 1t THif:
FAASEE K 0.489~0.729 °C (10 a) ', Tkt
A FHATE I B B3R HAroe T4 E IR &
AT 2 4 AE 21 Al B 21 AR I T Y
Bt yaBLrs (2008) FIH 13 ANIAEA AR
H 2000~2099 F4F SRES A1B HEE 5, F°F
PBIR L PE R E Y 1k 4.2 °C (102) ', (il
2.7~5.6°C(10a) "o FE2EA(2012) i) RegCM3
DX 45 AR AL SRES A 1B 1 5t R 2021~2100
SRR R 2 a3k 0.53°C (10a) ', &
SRR g A TR, 5 AIB
TS = A HE U AR o5, HRIUY TS G

G PR, LTl 21 e bR
WA HWMAES (2012) FIF X/
A, MM5V3 il 2041~2060 4 A7 [ %1 X e b
THT YL B TH B R4 0.7~0.9 °C (10 @) ' 2 [,
FHER B ZE 5, AR Pt A % A

AAEAIAFAE R Z BUD AR, S AER
TS AT R A EAT S T, k2 aUE S 2
SO AR QA 45 AN AT S T B F AR A
I (CMIP) (1) H S 6 AR A R U L g )
(R ANff s PEREAT ZR0R, G T PE . AR SCRI I
QUMP 44511 5 /Nl A 3K 3)) PRECIS JE R — 41
Eor, RXIEREAES—M . HENER, T
AT B SR 5 A BRI 2 AR TN R T AT P /e, ASHE
FANS [F— GCM 11 5 PS4k 7 047 B RO Ak
H, esg P E AR SEM USSR, B ES
CMIP3/CMIP5 (145 AT 0 b4 5, 34T 3 2B
Tk AN E PR 0T, SRS R M A T A
FEAERL AR .

Buf B A %R Hadley AEH O34t PRECIS X35
SRR RS, [\ Hadley 0 FAREEWIFL AZEA IS
SE G R A G T A B

S Z3Hk (References)

Chen H P. 2013. Projected change in extreme rainfall events in China by the
end of the 21st century using CMIP5 models [J]. Chinese Science
Bulletin, 58 (12): 1462-1472.

PRBCRR, TLRRAT. 2012, SRR RS G B0 b [ XOSAE AR U A 1
T GE J VAL [J]. AR S FREEATSE, 17 (1): 81-91. Chen Weilin,
Jiang Zhihong. 2012. Evaluation of the decadal prediction skill over
China based on four global atmosphere—ocean coupled climate models [J].
Climatic and Environmental Research (in Chinese), 17 (1): 81-91.

FEWE, Z5fh, e, 45 2013, 5 ANAERAUERAUS T E AL X H T
JERBU S TG [J]. RS SR, 29 (4): 37-46. Cui Yan, Li Qian,
Zhou Xiaoyu, et al. 2013. Simulation and projection of the surface
temperature based on five global climate models over northeast China [J].
Journal of Meteorology and Environment (in Chinese), 29 (4): 37-46.

RIS, A, gRAUE, 25 2012, RegCM3 X 21 i b [ X sk < {28 4k
i or HERAR AL [J]. RE2FidR, 57 (5): 374-381. Gao Xuejie, Shi Ying,
Zhang Dongfeng, et al. 2012. Climate change in China in the 21st century
as simulated by a high resolution regional climate model [J]. China
Science Bulletin, 57 (10): 1188-1195.

Gosling S N, McGregor G R, Lowe J A. 2012. The benefits of quantifying
climate model uncertainty in climate change impacts assessment: An
example with heat-related mortality change estimates [J]. Climatic
Change, 112 (2): 217-231.

P, R, B R, 4 2010. IPCC-AR4 AERAMFA A8 AR K 8
AUGARRITIAG BE VP S AN E AT (9], BRI R, 29 (7):



53 LU A PRECIS B AR Z00 rh Rl i AR A i) QUMP 4R B IiAl
No. 5 JI Xiaoxiao et al. Surface Air Temperature Change over China Based on the PRECIS_QUMP Ensemble Simulation 509

818-826. Gu Wen, Chen Baode, Yang Yuhua, et al. 2010. Simulation
evaluation and uncertainty analysis for climate change projections in East
China made by IPCC-AR4 models [J]. Progress in Geography (in
Chinese), 29 (7): 818-826.

WMAEE, BHEIE, T, 2012, o E X IPCC A1B 55t 21 22 i
SRS [1]. KSR, 32 (2): 127-136. Hu Boyan,
Tang Jianping, Wang Shuyu. 2012. A numerical simulation for mid-21st
century climate change over China under IPCC A1B scenario [J]. Journal
of the Meteorological Sciences (in Chinese), 32 (2): 127-136.

IPCC. 2014. Climate Change 2013: The Physical Science Basis [M]. United
Kingdom: Cambridge University Press, 1535.

R, A%, BOEM. 2004, SRES A2 53 I [E A% AR B IL Y
DRGSR T LR [J]. R B2, 47 (5): 776-784. Jiang
Dabang, Wang Huijun, Lang Xianmei. 2004. Multimodel ensemble
prediction for climate change trend of China under SRES A2 scenario [J].
Chinese Journal of Geophysics (in Chinese), 47 (5): 776-784.

TLARLL, 9KiE, E3E. 2008 IPCC-AR4 BExUxhE 21 el TR
TS TUE [J]. HBRAIESY, 27 (4): 787-799. Jiang Zhihong, Zhang Xia,
Wang Ji. 2008. Projection of climate change in China in the 21st century
by IPCC-AR4 models [J]. Geographical Research (in Chinese), 27 (4):
787-799.

Jones R G, Noguer M, Hassell D, et al. 2004. Generating High Resolution
Climate Change Scenarios Using PRECIS [M]. UK: Meteorological
Office Hadley Centre, 40.

Zefd, JHRZE. 2010, F5T IPCC A1B 5 5t b [ AR SRR L TiAl: 2
BEURG S R HAENE [J]. AR, 6 (4): 270-276.
Li Bo, Zhou Tianjun. 2010. Projected climate change over China under
SRES AIB scenario: Multi-model ensemble and uncertainties [J].
Advances in Climate Change Research (in Chinese), 6 (4): 270-276.

B, R, FEEEL 2012, SRR TG 21 iR
AR5t [J]. MRS, 31 (6): 1622-1635. Li Xiuping, Xu Zongxue,
Cheng Huaqiong. 2012. Projection of climate change with various
emission scenarios over Huaihe River basin in the 21st century [J].
Plateau Meteorology (in Chinese), 31 (6): 1622-1635.

AR, FEN, B, L2013, CMIPS MLt IR B KB 45
WA BR B I S R (7] W%, 32 (4): 921-928. Li
Zhenchao, Wei Zhigang, Lii Shihua, et al. 2013. Verifications of surface
air temperature and precipitation from CMIP5 model in Northern
Hemisphere and Qinghai-Xizang Plateau [J]. Plateau Meteorology (in
Chinese), 32 (4): 921-928.

X, YLELT. 2009. 13 A~ IPCC AR4 AR rh [H X BT 408 54
LRE T HOTERS [T]. BRI 0 244R, 32 (2): 256-268. Liu Min, Jiang
Zhihong. 2009. Simulation ability evaluation of surface temperature and
precipitation by thirteen IPCC AR4 coupled climate models in China
during 1961-2000 [J]. Journal of Nanjing Institute of Meteorology (in
Chinese), 32 (2): 256-268.

Liu Y H, Feng ] M, Ma Z G. 2014. An analysis of historical and future
temperature fluctuations over China based on CMIPS simulations [J].
Advances in Atmospheric Sciences, 31 (2): 457-467.

Moss R H, Nakicenvic N, O’Neill B C. 2008. Towards new scenarios for
analysis of emissions, climate change, impacts, and response strategies

[R]. Geneva: Intergovernmental Panel on Climate Change, 25.

Murphy J M, Booth B B, Collins M, et al. 2007. A methodology for
probabilistic predictions of regional climate change from perturbed
physics ensembles [J]. Philosophical Transactions of the Royal Society A:
Mathematical, Physical and Engineering Sciences, 365 (1857): 1993—
2028.

Nakicenovic N, Alcamo J, Davis G, et al. 2000. Special report on emissions
scenarios: A special report of working group III of the intergovernmental
panel on climate change [M]. New York: Cambridge University Press,
1-599.

FIOE, A, AR, AR 2010, ARt R I v 43 R i
Rl [9]. REJHA % 244R, 21 (5): 580-589. Shi Ying, Gao Xuejie, Wu Jia,
et al. 2010. Simulating Future climate changes over North China with a
high resolution regional climate model [J]. Journal of Applied
Meteorological Science (in Chinese), 21 (5): 580-589.

Fu, BH, B, 2012 PHTRBUREE ] TRARLHIA
B, 8 (3): 232-234. Wang Shaowu, Luo Yong, Zhao Zongci, et al. 2012.
Equilibrium climate sensitivity [J]. Progressus Inquisitiones de Mutatione
Climatis (in Chinese), 8 (3): 232-234.

ERSE, TE#E. 2014, 5T MIROC/WRF ik B2 1 v [ A i A8 Ak Tt
i [J]. A SEREIESY, 19 (1): 11-22. Wang Shuzhou, Yu Entao. 2014.
Projected climate changes over China based on the nested MIROC/WRF
model [J]. Climatic and Environmental Research (in Chinese), 19 (1):
11-22.

FAE, WEEAN, ATHE. 2012, R 20 4R 38R R KR AR A R
SPHRRE [ SEARALHETTIERE, 8 (4): 243-249. Wu Jia, Gao
Xuejie, Shi Ying. 2012. Changes of 20-year return temperature and
precipitation extremes over China simulated by RegCM3 [J]. Progressus
Inquisitiones de Mutatione Climatis (in Chinese), 8 (4): 243-249.

Xin X G, Cheng Y J, Wang F, et al. 2013. Asymmetry of surface climate
change under RCP2.6 projections from the CMIP5 models [J]. Advances
in Atmospheric Sciences, 30 (3): 796-805.

Xu C H, Xu Y. 2012. The projection of temperature and precipitation over
China under RCP scenarios using a CMIP5 multi-model ensemble [J].
Atmospheric and Oceanic Science Letters, 5 (6): 527-533.

VESEiE, JEHTE, 1R5%. 2007. IPCC AR4 FEF 4R X S A Bl g
MAHT (3] ARAEABFTCER, 3 (5): 287-292. Xu Chonghai, Shen
Xinyong, Xu Ying. 2007. An analysis of climate change in East Asia by
using the IPCC AR4 simulations [J]. Advances in Climate Change
Research (in Chinese), 3 (5): 287-292.

PR, Bl H T2, A79E 2011, AERFIX 3 AU A Cn e [ 2R 35 5 2= K
FHEBRII LR (1] KSR, 35 (6): 1177-1186. Xu Xuan, Lu
Riyu, Shi Ying. 2011. Comparison between the results on seasonal
evolution of summer precipitation over eastern China simulated by a
regional climate model and the driving GCM [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 35 (6): 1177-1186.

Xu Y, Xu C H. 2012. Preliminary assessment of simulations of climate
changes over China by CMIP5 multi-models [J]. Atmospheric and
Oceanic Science Letters, 5 (6): 489—494.

Xu'Y, Gao X J, Shen Y, et al. 2009. A daily temperature dataset over China
and its application in validating a RCM simulation [J]. Advances in
Atmospheric Sciences, 26 (4): 763-772.

VRIS EE. 2005, HE 21 ARSI [T]. MRS



qofE 5w 5 20 %
510 Climatic and Environmental Research Vol. 20

ez 4%, 28 (3): 323-329. Xu Yinlong. 2005. Analyses on scenario
simulations of the 21st century climate change in China [J]. Journal of
Nanjing Institute of Meteorology (in Chinese), 28 (3): 323-329.

VR RE, 5k53, #R—E, 4 2006. FIH PRECIS 734t SRES B2 fi§35t T
o D AR AR A Y [J]. BEAEIEAR, 51 (17): 2068-2074. Xu
Yinlong, Zhang Yong, Lin Yihua, et al. 2006. Analysis on the responses to
climate change over China by PRECIS under the SERS B2 scenario [J].
Chinese Science Bulletin (in Chinese), 51 (17): 2068-2074.

VISR, Segiut, S, 25 2013, SARAS A x o AL AR AR fE R
W 5IE N ML b5 BR AR, 137pp. Xu Yinlong, Wu
Shaohong, Wu Jianguo, et al. 2013. Climate change impacts and
adaptation in China: Ecological and human health [M] (in Chinese).
Beijing: Science Press, 137pp.

FE e, e, . 2011 AN S SR HEONS 5T Ak b E d
AURARCRRIE [T]. M RE B LR R FE R (AREHEIR), 3 (1)
36-46. Yan Guanhua, Li Qiaoping, Xing Chao. 2011. Future surface air
temperature changes in China under different greenhouse gas emission
scenarios [J]. Journal of Nanjing University of Information Science and
Technology: Natural Science Edition (in Chinese), 3 (1): 36-46.

WAk, VIgRE, skik, 5. 2010. SRES A2 5% FepE X 21 #E41R

SRR AR AL (7], SRR UL RE, 6 (3): 157-163.
Yang Honglong, Xu Yinlong, Zhang Lei, et al. 2010. Projected change in
mean and extreme climate over China in the late 21Ist century from
PRECIS under SRES A2 scenario [J]. Advances in Climate Change
Research (in Chinese), 6 (3): 157-163.

FRAT, T, R, %2013, CMIPS BN 21 (AL AxERAI 4
SRR TR AR 2 °C TREBMRITY [1]. Bk, 71 (6):
1047-1060. Zhang Li, Ding Yihui, Wu Tongwen, et al. 2013. The 21st
century annual mean surface air temperature change and the 2 °C
warming threshold over the globe and China as projected by the CMIP5
models [J]. Acta Meteorologica Sinica (in Chinese), 71 (6): 1047-1060.

SR, VR, A, 2. 2006, Hh[E AR AR I K SRR L —E
TR S R 20T (9] ARKF ¥R, 15 (6): 228-234,
Zhang Yong, Xu Yinlong, Dong Wenjie, et al. 2006. Change of extreme
precipitation events in China in future: An analysis based on prediction of
climate change [J]. Journal of Natural Disasters (in Chinese), 15 (6):
228-234.

Zhou T J, Yu R C. 2006. Twentieth-century surface air temperature over
China and the globe simulated by coupled climate models [J]. J. Climate,
19 (22): 5843-5858.



