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Abstract Timing and climate change with a 2°C global warming, with reference to the pre-industrial period, have
been paid more attention to worldwide. In particular, many countries, including the member states of the European
Union, and international organizations have set the greenhouse-gas emission targets for limiting global warming to
2°C. In this study, two sets of simulations performed with 16 atmospheric — ocean general circulation models, i. e.,
the model outputs from the 20th Century Climate in Coupled Models (20C3M) and from the Special Report on Emis-

sion Scenarios (SRES) emission scenarios Bl, A1B, and A2, are used to analyze the timing, atmospheric concentra-
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tion of greenhouse gases, and climate change over China with a 2°C global warming. Based on the multi-model en-

semble mean, a 2°C global warming is expected to occur in 2064, 2046, and 2049, with equivalent atmospheric CO,

concentrations of 625 ppm, 645 ppm, and 669 ppm, under the SRES Bl, A1B, and A2, respectively. At that time,

warming is stronger overall in China. Where the spatial pattern is concerned, warming is stronger towards the north

and on the Qinghai-Tibetan Plateau. At the national scale, annual mean surface air temperature is elevated by 2. 7 -

2.9°C, and the winter temperature is elevated by 3.1 - 3.2°C, which is the strongest among the seasons. Annual

mean precipitation is reduced by 0 - 5% in most parts of South China, but increased by 0 - 20% in the rest of the

country. Annual (seasonal) mean precipitation is increased on average by 3. 4%-4. 4% (0. 5%-6. 6%) over China.

Key words 2°C global warming, timing, equivalent CO, concentration, climate over China, projection

515

B R HP I 2 AR MR B A 5 8 0 -t )
A, S RGEIEAEL T — IR LA AR ol 2RI
2 A8k, Horp 1906 ~2005 48 4x Bk 2 il |
F+ 717 0.74+0. 18°C (Trenberth et al., 2007)., Hiit
[, SR R 22 iM HLIEAE 3 8067 i E T, K
BRI . MFAEmR A . B KA = R 3
A CECED 9 BN A — R 90 0 e F R 4 A2 4k
JEICAAR A X A= M 78 1 5y 50U R 5383 ) e I
(Schneider et al., 2007; Gleick et al., 2010)., 4¥k
TR N 2T FkE AT RSl A R 5 A e i 5 2z
BT BB RSB, AW 24 P
D CROKTEIR . W B4 S R B P IS H £ 58
AR A S LA BT B B Dy 2 R ) T T R

a1

o ] SR ] o 52 e L7 R X A At o e T
FIHAR R R A SE R R R AR S 25 57 R B
PR E AT LRI S AR DXL o il i) > 30 A
BRI, T AR BRA
SHEES L SRR XN . 2 A 3
MBI 5y 52 TARAE AL E IR - R AT 24— 0
DX AR AL A ) BRI AN fE 255 X 8, 20 {28 i 39T 1A
K. BEHE BRGNS AR W R
[ KA TR 2278 (R, 2003) » RAFIAUME
FRF XA TN R TG 0 H e 45
I OB R T EAHIR GRAR, 2005; 5Kk
ARAE, 2006) . FpHlJE I JLAR IR P IEERIR
GCEWUA BN 2008 A 7 4 DX 4RI
HUKAEICE , 2009 4Fp)dLT5 15, 2010 4-0) Y R
KRE 5 A Z 5 R AR 73 H IX 22 45 2 5 e /K

A RTARALAC R SR BEME S P . R, KU P A

TENPEEE G VEAG TR SE R T, ARG B 5| & ) <A
R T X kAR AEMAESRG 4 TR
SO, JEA Ak S BRI T E K B . R R X
2T K AL 2 ORIBKFHIXT R A E 5K (Schnei-
der et al., 2007), XEFFEIEIETE (Zeng et al.,
2008) o A RIBGE NI X A AR B R L DR
A AR A N — A 2 EK
AR Z [ PR 2 E 200 e 2°C 2 3k2 e CREXS T
Tolk Al 5 i wiE D A R A R0 H bR
(Meinshausen et al., 2009), 31\ h— HIikF| T}
TR, A 78 A 2 R 458 0 i R RN A =
PR VO AREERE MR i VT TR AL
A S R GEAE NI 2 A O T A IR 20 Y 5 R
(Schneider et al., 2007) , JEHIEF LR, IRAKFI
VT T AE Yo 0 30T 5 S U0 23 i W I A A 2K
4515 f (Fischlin et al., 2007), S5 ICAHX A, B
2°CEBRARE O 2K [ bt & AR TR
FRA L R = SAARDHE . SRS BB B 4 e
O NE (Ding et al., 2009; Meinshausen et al.,
2009; Gleick et al., 2010), 2C4LIRTBEETH
DX 3l A 722 Ak 1] A, 4 75 2 5 S FE A (Kaplan
and New, 2006; Giannakopoulos et al., 2009), $R
M, BATEASIEAHE 2°CBRA8 BT T H [E S %
R EWRE 4

UTEEAEg o [ 2R TR A A0 UH R R T
T E IR T 2L TR, Horp 24550 0
Bk e 22 AL 4598 (Qian and Zhu, 20015
W2 ZE4E, 2005; Wang and Sun, 2009; Dong et
al., 2010; Zhao et al., 2010) . @1 E(E IR I WL
AR BT AT (Ding et al., 2007; Gao et al.,
2007; JA R Z4E, 2008) X A e A g k47 A
(Wang et al., 1993; Xu et al., 20065 Yu et al.,
2008; Liu et al., 2010; Gao et al., 2011; I jkdE
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S, 2011) A AT Brol G 8 2 A R R AR
CMIP) %t R X op [/ S A 47 48 5 Bl fili (Chen
and Sun, 2009; VI.3E214, 2009; Xu et al.,, 2009;
Lu and Fu, 2010; Sun and Ding, 2010; Sun et al.,
2010, LAKA S A2 Ak 52 Wi 401 553 1 1 400 26 0F
3% (Wu et al.,, 2007; Yao et al., 2007; Jiang,
2008; Tao et al., 2009), SR, EA W AA TARfh
LB 2°CApkAe e R A 5T A E X s A2 A
)L, AR BOR ] Ui A2 & 1T & B2 CRTAR
IPCO) FHi il 45 . ARG Irg | & i 4 eRAE
e fF 21 2L, 2090 ~ 2099 45 42 BRAF 15 M 32 il A
X 1980 ~ 1999 4E 4% 2 gk 2k I 1.1 ~6.4°C
(Meehl et al., 2007, 7EMF R T, T EFMFA R
AR BT L AR 28 T AL 2 5 L K
DR i 5553 M AR DR P A S T e T A, LAGE S [
R R A DR A T L1 55t R SR R ] Bk 4 3
A LRl AL A E O

BTLL AR, A IS5 IPCC 5 4 KGF
i S I 2B A BUE I 4R, L0
TAEIA W FL A FIK PR, 78 SRES (Special
Report on Emission Scenarios) . #4%. & HEK
&5 T (Nakicenovic et al., 2000) 2°C £ FR7A% 1E f

*x1

ARt amt &, KA EERE IR
FEIR I 23R 2D, R DT R 5 AR X B 1 R
kS AE{e .,

2 BEXFZHFSHFE

£ CMIP 25 =K Bt (fiifx CMIP3) o, Jhf —
T2 B G IR AR G O Ao A it
177 BE LA . ARYE CMIP3 Bk b 20 4
SRRl (i 20C3M) FI SRES AL (BL) | 1
& (AIB) ., & (A2) RS IR BEHERUE 5
B TR B AT PR R SE M 16 AN B &5
R AT T, A A A AR
ARG E AR 1, HARMAHDCH 125 http:
// www-pemdi. 1Inl. gov/ipee/about _ipee. php [ 2011-
06-02],

5 [ B AH [ s AR AR 3R 2 AR T A vk
FERRIA ST s AR SR T A5 2 i 45 3 2 [F) A7
225 T HINH BRI A I R Bl i 5 A
BTG5 R s R AR AE KSR |,
B, ARSCESHT T 16 AR S AE RERA
TR TIEEA A 25 5 0Bl R it
TGS R E . TFER R, FIRFsE

CMIP3 #1 16 M 2R AS 5iFFARB AR R EYERIRENERER

Table 1 Basic information on the 16 atmosphere-ocean general circulation models in the CMIP3 (phase 3 of the Coupled Model

Intercomparison Project) and their numerical experiments

KGR 53

20C3M IS HERT 5t BRI > %

. n

ft PR (ST -2 g R EO PUsHEL 20C3M Bl AlB A2
1 BCCR-BCM2.0 o 128 X 64 1850~2099 4F: 1 1 1 1
2 CCSM3 g 256 X 128 1870~2099 4F 7 9 7 4
3 CGCMS3. 1(T47) 19N 96 X 48 1850~2100 4¢ 5 5 5 5
4 CNRM-CM3 [ 128 X 64 1860~2100 4F 1 1 1 1
5  CSIRO-Mk3. 0 PRI I 192 X 96 1871~2100 4F 2 1 1 1
6  CSIRO-MK3. 5 TRRA I 192 X 96 1871~2100 4F 3 1 1 1
7 ECHAMS5/MPI-OM [ 192 X 96 1860~2100 4F 4 3 4 3
8§  GFDL-CM2.0 S| 144 X 90 1861~2100 4F 3 1 1 1
9  GFDL-CM2.1 FH 144 X 90 1861~2100 4F 3 1 1 1
10 GISS-ER S| 72 X 46 1880~2100 4F: 9 1 5 1
11 INM-CM3. 0 e 72 X 45 1871~2200 4 1 1 1 1
12 IPSL-CM4 e 96 X 72 1860~2100 4F 1 1 1 1
13 MIROCS. 2(medres) H 4 128 X 64 1850~2100 4F 3 3 3 3
14 MRI-CGCM2. 3. 2 H A 128 X 64 1851~2100 4F 5 5 5 5
15 PCM Egm 128 X 64 1890~2099 4F 4 3 3 4
16 UKMO-HadCM3 Y 96 X 73 1860~2099 4F 2 1 1 1
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T AR AR AL TG SR C 215 8z sz Fl
(Meehl et al., 2007), HA MW T FRI#R (An-
nan and Hargreaves, 2010), A &R RLHE TP
TAENE R, 2RSSR T IR WA M5
SR b S B A8 X H A S O ] S R AR AU RE
(Jiang et al., 2005; Zhou and Yu, 2006; 4%t
S, 2007), T H., AHXHE BRI 16 MERER
A PRABTADL S [ DX A 4 b 3R AR Y S 2 [B) 43 A
FFAE. 1990~1999 4F 20C3M Hr 4542025 5L 55 L)
BORLZ B8] A 5C R EITE 0. 95 (41 A% £D
Db, HEHSEAE A0 LRI T L r A
RES) (Jiang et al., 2009) , Xk —2 50Hf T A
SCRZ LG Ik . 1830, Bl
U LIAL, B G 4 R 4G 16 DRI R4
ER SOk

ARG T & TEAE S IR r
WA RS BB AN A B A0 sk 1 L
AP AR i FiF I A 20 20 2 A — AR A AR
1961~1990 4F/ A% 1990 ~2000 4E 75, %
T2 RN 2°C R3RAR MR AR T ol Ak i Hi
BT 5 1Y, SEMERERT BRI 1% 32 B 20 g
BRI RZ R 5 [R5 B F £E 20C3M HESL T 45
KBE IR Y06 T 19 225 B, 4 piaX
BT B B e — PR (R D, SO 2o 5
WAL E O 1890~ 1900 4R 3k 11 4 iy < f - 1y
A, X5EPR A X FEMR TAERA BT LS
HELE AL PR e —EHY (Schneider et al., 2007),
IUE LR, R EFE 1990~ 2000 4F4E Ry Bl Be
W7 1256 1 3 A F 5 1. 4°C S BRAZ IR () A5, [H Ky
VI BBk IR T AL A A0 0 e e A3t
AR T 0.6°C (Schneider et al., 2007),

i T AR Z AR N A e AR (R
D, FATE el 251 5T A — B 2B 5
ZERIATERE Y, AR BB B B — B
HFBRE TR, MG B RIKF 2 B i s =X
TR TG — AR T T42 mig s b (m—2&
A6 ECH 128 X 64, pPERZN 2.8, N TH
T Wi Fz e 2°C 4RSI & A= i s ] Je 55 Z A XF
JO7 P I A AR O[] S = A HE S 35t T A =X
ORI A LI By 2004 ~2099 48, FEWFSE L FE
H 2014~2095 4E& W0 K HAE G- BBk T T
9 M ST AL B, H H TE T A S0H B 5k

HRARRR IR S AR B RO M AT AR A 42 Bk
PR TIRAEAIR R E ARG O B A AL

3 R

3.1 2CE&KETRER LR H

MG 20C3M ik BG, 19 405 2 B A BRAE 1 b
PR H R — 8 FE AR PR AR 2, TS A B
WIS FRE A 20 L JE I LIOE (& 1.
Hrr A 5 BRI = 2°C 43R 8 K A= 10 4F
3+ 5 R R R AR Al (CO,) HRE (B
fii: ppm, 1 ppm=10"°), H g (CH,) ¥ (H
fii: ppbs 1 ppb=10""), AL A (N,O) ¥
(HfL: ppb), CO, MR AL ppm), 5 H
KA CO,. CHy N,OL =58 fe . — 8 /P ke
IR/ SC R E DI S DUREAS SR UETE Sy N NS
(Trenberth et al., 2007), BEHE =FHEAUE = T K
SR E AR L RREG N, kAR 2 i —
ik, 7 BLAHERE 5T, 12 PSR BN
ALtk A 2°C Rk W, I [a] 4 7E 2041 4
(CNRM-CM3) # 2068 4 (MRI-CGCM2. 3. 2); 5
A TE, BCCR-BCM2. 0, CSIRO-MKk3. 0, GISS-
ER 1 PCM YA 20 b 4 BRAF 3 6 SRR 8 B
FRgE BTb (BTEA 229 Rk B 2°C THROK P 4
ML GHIRM =, 2°CAE R & AT 2064 4F (&
D,

AT B AR, A1 S HERI 55 T BT AR
KRBT 2°C kAR, KAERTE N 2032
4FE [CGCM3. 1(T47) F1 INM-CM3. 0 45 fk % 2079
4 (CSIRO-Mk2. 0), BEE LR N 2046 47,
A2 e HECRE B, Bl TREA LR E S
ATB 1 5t 2 AR i % UARHE UG B B A 22 A R,
H 2020 4= Z1i7 A1B i 50 T HEBO) G S A X I 2
% —U (Nakicenovic et al., 2000), [RILTE A2 [§5
TEBER T 2°C 2 BRAR R M KA IS ALB Kk
—3, FEHTE 2033 4E (CGCM3. 1 (T47) ) & 2065
4 (CSIRO-MKS. 0), BEEEALRN 2049 4,
3.2 2CeRTRMEERESHERE

kb 2°C R ERAR IR . A7 IR F R R HE
JitE b R85 LA R E 22 11 R e e HE i o T
BAER) B H 253 3] %7 (Schneider and Mastran-
drea, 2005; Fisher et al., 2007; Ding et al., 2009;
Meinshausen et al., 2009), HAv, 450 ppm CO, 24
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m #  ppm ppb ppb ppm
(BI) ___ BCCR—BCM2.0
41 ___ CCSM3 2059 501 1840 362 615
_ CGCM3.1(T47) 2042 462 1913 351 568
______ CNRM—CM3 2041 460 1916 350 564
____ CSIRO—Mk3.0
o _____ CSIRO—Mk3.5 2049 480 1886 356 589
< _____ ECHAM5/MPI—OM 2067 514 1809 367 630
j?;‘i GFDL—CM2.0 2059 501 1840 362 615
®” __ GFDL—CMZ2.1 2060 503 1836 363 617
E=) _____ GISS—ER
g INM—CM3.0 2048 477 1890 356 586
____ IPSL—CM4 2045 470 1902 353 577
—____ MIROC3.2(medres)2058 499 1844 362 613
MRI—CGCM2.3.2 2068 515 1805 367 632
_____PCM
__ UKMO—HadCM3 2066 513 1813 366 629
— MME 2064 510 1821 365 625
—14= : : . . . : :
1860 1890 1920 1950 1980 2010 2040 2070
(A1B)
_____ BCCR—BCM2.0 2060 563 2386 356 726
__ CCSM3 2034 461 2264 341 579
____ CGCM3.1(T47) 2032 454 2234 339 569
_____ CNRM—CM3 2033 457 2249 340 574
_____ CSIRO—Mk3.0 2079 635 2202 365 817
o ___ CSIRO—MkK3.5 2043 494 2364 346 629
< ___ ECHAM5/MPI—OM 2052 530 2404 351 680
%;.i GFDL—CM2.0 2047 510 2389 348 651
® __ GFDL—CMZ2.1 2039 479 2327 343 606
E=) _____ GISS—ER 2060 563 2386 356 726
g INM—CM3.0 2032 454 2234 339 569
_____ IPSL—CM4 2035 464 2277 341 585
—____ MIROC3.2(medres)2045 502 2378 347 640
MRI—CGCM2.3.2 2048 514 2393 349 657
_____PCM 2060 563 2386 356 726
___ UKMO—HadCM3 2047 510 2389 348 651
— MME 2046 506 2384 348 645
—11 . . . . : : :
1860 1890 1920 1950 1980 2010 2040 2070
(A2)
_____ BCCR—BCM2.0 2064 588 2870 393 783
_____ ccsMm3 2037 469 2297 356 594
__ CGCM3.1(T47) 2033 454 2219 351 571
_____ CNRM—CM3 2038 473 2317 357 600
_____ CSIRO—Mk3.0 2065 593 2893 394 792
o ___ CSIRO—MkK3.5 2043 493 2418 364 630
< __ ECHAM5/MPI—OM 2058 558 2734 384 734
%‘5 GFDL—CM2.0 2049 518 2541 372 669
®” _____ GFDL—CM2.1 2045 501 2458 366 643
R _____ GISS—ER 2059 563 2757 386 742
-g INM—CM3.0 2038 473 2317 357 600
_____ IPSL—CM4 2039 477 2337 359 606
—___ MIROC3.2(medres)2049 518 2541 372 669
MRI—CGCM2.3.2 2054 540 2647 379 704
_____PCM 2062 578 2824 390 767
____ UKMO—HadCM3 2050 522 2562 373 676
— MME 2049 518 2541 372 669

1860 1890 1920 1950

F4

1980 2010 2040 2070

B1 ZEZAHERCE ST . AR T4 B 1890~1900 ARREYES M. 16 P HAEG T (MME) 85 sk AR <R Ak (2014~

2095 4F4%

AT T 9 AENT B4R, 2000 4R 2Z {3400 20C3M R IEE5 L) .

Fig. 1 Global mean temperature change, with reference to the baseline climatology during 1890 = 1900, as derived from the 16 models and

their ensemble mean under the SRES Bl, Al1B, and A2
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TP AN O S e 2°C 4 BR AR IR B 5% B E
(Ding et al., 2010), 53k J5 1 TAEA[R . ASCAHF
52/ CO, Mo ABEHES 2°C 2Bk, M2y
A B TGS R . TR R
=AU E E B (Nakicenovic et al., 2000), 435
SRR ST 24 2°C 2Rk KR,
Bt R A CO, . CHyw NL O WREE 230 &2 2 /0,
G4 PR =R AR =S R . — T m e
R EIE CO, X &£ /> (Ramaswamy et al.,
2001) o X SEAE ELAT Sy o [ 7 A e 7 I 1 (1 A I 2
SRBEHES A B TARSR i —E 2%,

MBS SR (B D AT, 7F 2°CarkAs
kAT, KR CO, ., CHy L N, O, CO, itk EEALE
Bl 15t F 4%~ 510 ppm, 1821 ppb. 365 ppb,
625 ppm, AlBEH T} 506 ppm, 2384 ppb, 348
ppb. 645 ppm, A2 &5 T} 518 ppm. 2541 ppb.
372 ppb. 669 ppm. WU A LIEF, R4 Bl 5
AlB. A2 1§ 5T 2°C 2 BRARWE 1) &R I ] E 43 5140
251 18 AFFN 15 4, fH 2°C 2 pkAZ Iy KA %
T3 MU FEAE &1 S M i 2200 A K (CH, #l
N, O BN A0 Z— o BTLLE A EBUE AR el
sedEE/MYED . Hh CO, iR IRTE 44 ppm
PN X EWRETE =MHESE ST . 625~669 ppm
KA CO, Y T REZ 2°C A BRAZ IR & AR 1) i
EX[E, F—JH, 2°C 2R AR FTRE
SR EFT CO, Y AR A A AR BOR 2 5+
XU TR A DG il 2 AR B I (TR I A R4t 58
Hh, AR AN B A 1 TR R R AEAE /R 2 LA
T, Hor, BEEETE IR T RO AR AR R
AL s ST RS A ASAGE AR AE AT AR BE T 255 i) )
CO, & MIFIE .
3.3 2CE&HRTRESTHESERMG

T LA VAL 2°C kAR i i v [ A g A AR
B FRATE SR & HE g 5 h 16 X M H A
BaR T 2°CRBRAR M KA ARy, 3 iR
HEHHATE 4 3 9 U8, miEEd S
HAS BAHXT BLY 1890~ 1900 4 B UE e A 1Y 4T He
A B 38 Z ] & A 1 i 22001
3.3.1 WEAR

i 2 s AR S 45 R vl L. R =i
ST 2°C 42 3RAZ 02 & A2 1Y I ] A A AN ] {H
2°CARBRARWE T e B v AR 2 2 <l 28 1k 1 45 )

A AITE S HE I R Z B R B T — 8k, 5 2°C
GBRASMARXT N T ARAZ R Y 2R, =
FEHERCN 5 T AR R R R BT 2. 0~3.7°C,
FER A2 8] ROBE b AR W 32 23R B AR 1) A6 Jin
5\ LETT R SR X A7 AE— 24 3. 0°C LA ERYTHR
KA s X5 e BV T 5 T 7 1 e L e L
J7 M el S DXL TP R A B PR — B (%

50°N 1
45°N
40°N
35°N]
30°N

25°N+

20°N-'i
75°E | 85°E  95°E  105°E  115°E  125°E  135°E

50°N
45°N;
40°N-
35°N+
30°N+
25°N;

20°N+

75°E  8°E  95°E  105°E  115°E  125°E  135°E

50°N
45°N
40°N
35°N]
30°N

25°N+

20°N+

75°E | 85°E  95°E  105°E  115°E  125°E  135°E

B2 AT 1890~1900 4F e Mo, 72 = FPHEMUR 5 T MR
16 MR A L5 RAS SR 2°C S BRASBR o (5 4 24 b R S AR
b (L T

Fig. 2 Annual mean surface air temperature change over China
with a 2°C global warming. with reference to the baseline clima-
tology during 1890 = 1900, as derived from the 16-model ensem-
ble mean under the SRES Bl, A1B, and A2 (units: “C)
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FEEE, 2004; Jiang et al., 2009), EHEE AN S
UK S BB R A % (Giorgi et al., 1997), % J& 3|
20 2t fe 2 Berp E b 3 R AR At R B TR
AR (CEIESF, 2004) , Xt EME DLk
PR b DX ARG AT BB H A A 12 19 o BURR X
DB R A AR AT o AR A R SR
FHig A R ] 2°C kg ok (R 2), X5 20
20 e H S 2 B v [ AR B 2 v T A R S4
W28 5L HA —FME (Ding et al., 2007), 7 Bl {5
T, BESE R PR EAERE 2. 7°C, fEiRE] 2°C 4
BRABDE K- 12 AR R W A i 1 2°C,
M 2.3C (UKMO-HadCM3) %] 2.9°C (INM-
CM3.0) A%, XthE 2°C kg, fERRES
ik, AIB AT A2 5 h EAERZ 43 90 2. 9°C
F12.8°C, Mg T BLAE S NAE, mH. PIFhi s
T E AR iR BB R T 2°C, A
7 2.3°C (BCCR-BCM2.0 fil PCM) % 3.1C
(INM-CM3. 0) 1 2. 2°C (BCCR-BCM2. 0 F1 MRI-

CGCM2. 3.2) % 3.1°C (INM-CM3. 0) JERIN, X
UEAH R A = A HERCIS S 7E 2°C 2 BRAS I 1 & AR 1 A
FAEAEE AR (H 2°C 23R8 I I e [ 25 15 A
TEAB I Z (A1 B ARG 19— 3k

FEZETT R b 2°C 2 BRAR IR B v [ 4t 3R <0
AL TCIS S AE A A0 A b L B R TE IR 345 HAR
PR ARl (B . fE2S [ 40 b, &bk
ATRAE T R DAL Oy H X TR R AR, SRR
2.5°CLA L, MTER 7 IX B /h—2E, i 1.8~
2.5C, BREM S, £FEWARAAE 1.8~4.0C
ZMa); 35k, XTI B8 m T HE =4
AT X — SR AR 45 A — 3 (Ding
et al., 2007), MR ESLE, 7£ Bl. AlB,
A2 ERCT, 2°CBRARBE I H [ XSO 3 i 45 2R T
MR ZENAK, 3 EFT 2.5~3.1C,
2.7~3.2°C. 2. 6~3.1°C, H:h 4 Z575 B8 I i i K
SRE R A8k 3. 1°C, 3. 2°CL 3. 1°C (58 2),
PE—25 X HE AT 2 PR RV 45 21 v R R 1) s

R2 MHEXNTER 1890~1900 FEASE, 6 MEXAREESERT 2CeHRTERRENPERBFHNMBRIBEL

(Bfi: C)

Table 2 Regionally-averaged surface air temperature change over China with a 2°C global warming, with reference to the baseline

climatology during 1890 - 1900, as derived from the 16 models and their ensemble mean (units; C )

ot B1 A& e 5 ALB SR 5 A2 B HEO S

- Yy BFE O OHEFE O BRE XF OHEY HF HFE KE XF Y HFF O HFE ME £F
BCCR-BCM2. 0 / / / / / 2.3 2.6 22 1.8 2.7 2.2 2.2 2.1 2.1 2.4
CCSM3 2.6 2.4 25 2.6 28 2.6 25 26 25 28 25 2.3 26 26 2.6
CGCMS3. 1(T47) 2.5 2.2 25 23 31 25 21 25 2.4 29 2.4 2.2 25 2.3 2.7
CNRM-CM3 2.4 2.6 2.4 20 27 24 27 25 20 24 25 2.8 2.6 18 28
CSIRO-MK3. 0 / / / / / 2.7 2.6 26 25 3.0 2.6 2.4 2.6 2.7 2.7
CSIRO-MK3. 5 2.4 1.9 2.4 2.6 2.8 25 23 24 2.4 2.7 2.3 2.1 2.4 2.2 26
ECHAM5/MPI-OM 2.8 2.6 2.5 2.7 3.4 30 27 26 29 37 28 26 26 29 3.2
GFDL-CM2. 0 2.8 2.5 23 27 39 30 27 28 31 35 25 23 25 25 28
GFDL-CM2. 1 2.7 2.4 2.2 29 32 26 21 26 26 33 2.4 21 2.3 2.3 3.0
GISS-ER / / / / / 2.5 2.4 2.2 2.5 3.0 2.7 2.5 2.4 2.7 3.2
INM-CMS3. 0 2.9 3.2 25 27 3.4 31 32 26 29 38 3.1 33 2.4 3.0 3.7
IPSL-CM4 2.7 3.0 25 28 25 2.6 2.7 23 27 2.9 26 3.3 24 26 20
MIROCS. 2(medres) 2.8 2.7 2.7 3.0 3.0 29 30 27 30 30 30 32 26 29 32
MRI-CGCM2. 3. 2 2.5 2.3 22 25 28 25 23 23 2.6 2.7 2.2 20 21 23 2.5
PCM / / / / / 23 L9 222 23 29 23 21 2.1 2.2 28
UKMO-HadCM3 2.3 2.3 2.4 2.4 21 25 24 27 25 24 2.3 2.3 2.3 20 27
ELHTH 2.7 2.6 2.5 2.6 31 29 28 27 28 32 2.8 2.7 2.6 2.7 3.1
e /7 FORMRBRIXE] 2°C BRI 3 R 3~5 HFH ., BFEH 6~8 AV, BkFERO~11 AP £F R 12 AT 42 A

T CRED,
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JEAEA RPN, HE B e A 25 R M
s 1 FERTA R A TR0 T LT AR R i
3.3.2 REMRMKIEAAR

A FRAE b 2 A= A8 M 1 7 > A8 0 e e P A
I 3R AT A B Dy 5 TR R B 130 S5 AR i RIS
s . AR O A ) R % R O T H 25 52 31 O%
. fE CMIP3 % k& 1, {14 BCCR-BCM2. 0,
CCSM3, CSIRO-Mk3.0, CSIRO-Mk3.5, INM-
CM3. 0, MIROCS3. 2 (medres) * 6 PMHE=CIEAET
DL ERAE R B A P50k, AR sk e A5 R
2°C L BRAS MR I [ DX AR A 2= . Bk
MR AR AL e b, A3 E) 40 A R B A 5 RS
WA AR AR (IS o FEAL J7 0 5 e Jit b DX 7
b T AR X AR R e K. 7E BLE R R
T BCCR-BCM2. 0 F1 CSIRO-MK3. 0 # H i 2°C
SRR AN, Hoay 4 A BEE A SR
Hh AR 2 i e A I 3R R Al BT T 2 2.2~
4.0CH 1.7~4.3C, 7E 6 PMEIR 4445 R,
A1B I A2 16 50 F PS5 0 28 Ak B2 R AR AR ]
IR 2. 2~3.8°CHI 1. 8~4.3°C, fTEETRE I,
¢ e PR AR R SR S A AR 25 (8] 40 b S5 481
BUARARL s H AR SRR I 5 2 K —L, ) /AT 24

R, XA 2°C Bk, e MR IR
AR A FE 25 (8] 43 A R B 1A ARG I A AL
A= FIHATE MR = FhHEBCR 5 R 3R A2
FEAE SR AE T e B P (30°N~35°N, 83°E~91°E)
AF 1 S AV 3 AR ) TP M 1 T e e M R AR A A
Bl (22 0.0~0.6°C), i £E 1 B K43 H X
(22°N~35°N, 100°E~122°E) (41 T8 W 5 A0 F2
(#H2Z£ 0.0~0.5°C) (W&, Pk, HuZR~Rm S
R AT — D HLIX 25080y, MTEfG— ML X 2538 K
3.3.3 K

MR B 45 L 2°C kAR i i [ K
AR AR 2 8] 43 A7 R BEAE = AP HEBOE Stz i 2 A —
HE (B3, WA EE . FEBREKIEL 30°N
PARE AR R RER 2 b X 2> 0~5%0, Ti7E HAx i X
B 0~20%, Her, ZRAb. NEEHRIZ) 100°E LAFY
GRS M X AE ISR K I SR AR 6 70 LA by Rl 7E
BRI AR R X, HAE R E) 1026 ~2020.
XM GR 3, 76 BL R F, BELS
b AR K IS N 4. 4% (0.10 mm/d) . £E 12 4
KE| 2°C 4 Bk AR g K OF- 19 A = . CNRM-CM3
(—3.2%). GFDL-CM2. 1(—1. 2%) #1 IPSL-CM4
(—0.9%) HFEIKIE A, T AR H Ak 945 2 B K

x3 ER2, BEAPERXBEARKNESEEL

Table 3 Same as Table 2, but for percentage change in regionally-averaged precipitation over China

ot B AIRHE R 5 ALB P AEHERCS 5 A2 B HECE B

- Y FE OHEFE KE O XF O HY HF HFE ME O AXF Y BE O BEF BE XF
BCCR-BCMZ2. 0 / / / / / 4.0% 8.1% 4.0% —0.4% 3.4% 5.1% 9.7% 2.3% —0.6% 19.8%
CCSM3 7.4% 6.9% 8.1% 6.9% 6.3% 5.9% 4.1% 5.8% 9.2% 4.5% 6.0% 3.6% 6.6% 8.4% 3.9%
CGCM3. 1(T47) 11.2% 14.9% 9.6% 8.3% 17.4% 10.9% 15.1% 9.2% 7.9% 14.0% 10.6% 13.8% 8.9% 9.3% 13.8%
CNRM-CM3 —=3.2% —3.1% —0.6% —1.9%—16.1% —55%—10.2% 0.0% —10.1% —6.6% —2.9% —2.1% 0.5% —6.3% —13.0%
CSIRO-MKk3. 0 / / / / / 2.2% 3.3% 1.6% 5.1% 0.5%—0.5%—1.0%—0.3% 1.4% —6.7%
CSIRO-MK3. 5 1.3% 7.5% 1.3%—7.9% 3.1% 5.8% 12.6% 3.9% 2.4%10.4% 3.6% 10.9% 0.4% 3.5% —0.8%
ECHAM5/MPFOM 1.7%  6.1%—2.0% 0.3% 7.4% 1.2% 4.2%—0.9% 0.3% 1.3% 1.9% 6.8%—2.6% 0.2% 7.0%
GFDL-CM2. 0 4.5% 10.8% 5.0%—4.4% 2.7% 4.8% 9.3% 8.7% —6.4%—2.5% 0.0% 2.2% 1.1% —2.5% —7.2%
GFDL-CM2.1  —1.2% 2.7%—4.1%—0.5% 4.9%—6.8%—3.0%—6.0%—18.3%2.5%—4.7%—5.0%—5.0% —8.2% 4.7%
GISS-ER / / / / /o 8.5% 10.4% 8.7% 3.9% 9.6% 7.4% 10.9% 5.8% 5.9% 3.3%
INM-CM3. 0 5.0% 10.7% 6.2%—8.2% 6.1% 2.0% 9.5% 5.9%15.9%0.2% 3.5% 10.2% 5.1% —8.0% —1.0%
IPSL-CM4 —0.9% 1.9% 1.8%—8.2%—0.8%—0.8% 1.5% 2.9% —6.6%4.1%—1.8% 1.6% 2.3%—12.3% —2.6%
MIROCS, 2(medres)  3.8% 7.4%—0.4% 5.0% 10.7% 5.5% 9.3% 2.2% 6.0% 8.7% 2.5% 6.1%—2.0% 5.2% 7.9%
MRI-CGCM2.3.2 5.3% 9.6% 2.3% 6.4% 2.7% 3.5% 6.8% 2.2% —1.4% 5.9% 1.1% 3.4% 0.6% —0.2% —0.2%
PCM / / / / /1% 9.3% 6.8% 0.3% 11.8% 6.4% 8.4% 6.8% —0.7% 10.8%
UKMO-HadCM3  8.2% 10.0% 3.7% 10.9% 23.9% 5.5% 2.5% 2.0% 14.9% 12.5% 4.7% 7.5%—0.7% 5.8% 20.3%
EATH 4.4% 6.6% 3.7% 1.8% 6.0% 4.0% 6.1% 3.8% 1.1% 5.2% 3.4% 5.4% 3.0% 0.5% 5.3%
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Fig. 3 Change in annual precipitation over China with a 2°C
global warming. with reference to the baseline climatology dur-

ing 1890 - 1900, as derived from the 16-model ensemble mean

under the SRES Bl, AlB, and A2 (units: %)

B, AR ARV R —3. 2% (CNRM-CM3) %
11. 2% (CGCM3. 1 (T47) ), £ AIBIEH T, X
O B AR K R R A A R PRI T 4. 0%
(0. 09 mm/d); CNRM-CM3, GFDL-CM2. 1 fil IP-
SL-CM4 H 433620 T 5.5% . 6.8% F1 0. 8%, i
FEH Ay 13 A B s in T 1.2% (ECHAMS/
MIP-OM) % 10.9% (CGCM3.1 (T47)) A%, 1F

A2 T 5CF , BEREA SR PRI N 3. 4% (0.08
mm/d); H#, CSIRO-Mk3.0 (—0.5%). IPSL-
CM4 (— 1.8%). CNRM-CM3 (— 2.9%) HI
GFDL-CM2. 1 (—4.7%) &K, mife 5 sk
12 A 2 b [ DI 2 09 41 K 2 8 s A
GFDL-CM2. 0 (] 0. 0% (PR A DU A A s i
Bl k% CGCM3. 1 (T47) #10. 6%, HtA]
L, REEMRERG R Z MR EEER, HEK
Z RS R b [ X 0T B AR K s R R
B, AL R R 3. 400 ~4. 4%,

TEZ R B B 5T ek A2 e 5 HAR
ARG BUARDT . T2 B R AE AR R A H DX
A AR XN 53— 5T 4521 N REK
3 B8 ARG B2 AF X T4 P 2T 2 K2k,
W R SR (3, =MHdER THERKX
WP KA A = ER G N, i H SRR R
K (5.4%~6.6%) XFRZ (5.26~6.0%)
Mg NEZE (3.0% ~3.8%). Bk Z= M %) iz /b
(0.5%~1.8%0), TE=FHEBUIE T, S
BN AT KL TR AR [ oAl b R AE
H EAR SRS E A 2], FERMAEREK
AR S () 534 Z2RE AL IR BE TR, (H R 288X
HR BT KK AR LA ARG ka3 32, AR AL B AR
A EBA R 2R, ZEPE—10%FE 1002
LET)8
3.4 2CEHRTBRESTHERRSBET UKL

AHEED

AR RIAE S IAESE . YA
T SRUATTRE . I 2SS PR A T A AN A AR
FEN 25 5 o X (A5 ) —HEORS 5¢F RS 20 i T4l 45
RZFHEEAN . R T INGREfE 2°C 23R B
o E SRR s BR T LA 45 i 2 A A 4
RZIN, BATETFEM 2L T i A GE R Z 0] Y
ERRTAZRK, G WL 4 R A E
PERREE Gl PRLG, FEASHERCR 50T A28 —i1 5
T 16 AL B Al A 2°C 2 BRAR B B b ] X
FEZNAL, WijEE T 16 MR UL S5 R Z [h]
Y BEARY o FOAR I 22 R A LB HORE . FELA T 3%
gy FAULL T ALB Hr S HERUE 5T B4 RAE
M.

1E 2 CARRRERE =, hREFER R L
Tt 2.0~3.4°C (K 42), @it S5H73CH 7R ALBE 5
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Fig. 4 Change of (a) annual temperature (units: °C) and (c) precipitation (units: %) over China with a 2°C global warming, with refer-

ence to the baseline climatology during 1890 = 1900, as derived from the ensemble mean of the 16 individual model results under the SRES

AlB. Also shown are the corresponding standard deviation of (b) annual temperature Cunits: °C) and (d) precipitation (units: %) between

the individual model results. All changes in panel a (¢) are statistically significant (insignificant) at the 95% confidence level in terms of the

Student’s ¢ test

TARBRE O (L 2) (X BRI DUE I, % Z A AE
23] o3 A B R AR LAY, A 2= A K (Y
0. 2°CLAPY o X VEEH . JCIS A SCEAF 5 1 SE X 16
M TR BN G AT G R AE, E2 Ak
SeTTH 16 A B Sk 245 201 ) o kA T

G, 2°C A BRI v [ e AU ) FA 4 2R
HA -8k, J—Jri, & B HhG 45 1 Z [\
FETER 25 5%, T RRAAREZETE 0. 1~0.9°C
ZIa) (B 4b), Hr, 7225 45°N RIdUA AL K.
Herh KHB (32°N~38°N, 103°E~120°E) DI &%
95°E LA K 43 b DX 2 485 SR 22 [A] 22 0 K
XA 0.4~0.9°C Z (8], JLHIEEVG X, SR
1M AR FAE b SR A T2 A8 T 5 An 22
FEA /N, XU 2°C 2RI S S T
r ] AT 4 b 2R SR AR AR A T A 25 RAE B A 2 (i) A

RAF—2etE GEE T 95 %05 KPR, it
BARE WA EEE
SRR DU, AERREK A 0 LA
b (B 40) HHiSCE 3 Hh AIB 15T sy 4R —
2, SIS KR D L T A b DX R K
B 5 AR R s AR IR Z B AR i 2E A
T 3% ~18%0 2], A e IS R L i e
T e Do KR 43 Ml DX AR B fE 25 AR R ZE TR (8T 4D
E— 2D IS HE o BT A B, ARl SR 22 (8] s v 25 22
RTAABLAY 16 488 X Bl 45 R 9 & & 2472 1k
AP AR R AT/ N T EATZ Y
B IS S Al E R EE AR (18] 4e L
{EAS AR T 95 05 AR S0 o 31X N 5 4Bk
KA GG R IR G B O 25 M2 R 7K RS0 RE ) D
KA 5% (Jiang et al., 2005; PFE2H4E, 2007; FKF]
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%, 2008; Chen and Sun, 2009), [A]EftiE—10
R 2 T FEA 20 v [ BB K i UG 25 2R A7 AE
EBRBAHENE (Ding et al., 2007,

4 Zig

A CMIP3 H1 16 S A AE 20C3M
FI SRES Bl., A1B. A2 i & S8 B HE U
N EEALLRIE 5 A, BRSO SE T AR T Talk
LA 2°C BkARBE & AR BT R] . 5 2Z A0 R
A A 32 L 3 A B DA B R A A A A
. EEAEE

(1) MR 7E SRES Bl, A1B, A2 =FfhHEK
M5 FEG LR, 2°C2BRARE /30l & 1 2064
4, 2046 4R 2049 4, XA KA CO, CHy
N, O, CO, Yk 44 506~518 ppm., 1821~
2541 ppb. 348~372 ppb. 625~669 ppm,

(2) 7E 2CRBRAERE = F, T EARAZREL
TR, AR A AR, XIS R 4EEy
WFRSWE T 2.7~2.9C, BEAKKEM 3.4% ~
4. 4%, BTN B I

(3) £ N TUL 45 S A AE R AR 1 A
e, HRAREN B S R RE T EE.
K G5 FE AT A B A

LEAME . Y 2 CapkArm kAR, E X
PR SO LR BER A A R 22 5B, X
B 2 AR B AR PO AR T X AR AR
fRrsZm B8 E B, f e i B UL &, 20 {4
IR I EERAERE O 29 2452, VA ED S
HAEAEXF B M, 8. AR RS Y ZHEE
DA e 2 Rt S 4 0 = A TR Z s ), SR T AE 4Bk
Bl 0] Y AN S I (11 S S e il e <2
EEANFMEI, X FEZE R TR 2. <
15 R G0 S R B A L TR MR ) SR, S H
VERMLIIAA Ry iE— AR, AR A a5
ARV TR R AR = SR HEBUE AT A
38 (ZJ[, 2003; Schneider et al., 2007; Tren-
berth et al., 2007; Gleick et al., 2010),

BB SO R B SRR B R R4 2 R A
SR ARSI S G R) (PCMDD) i 4E 3877 i X Rt
S S AR (WCRP) R A B TAE4 (WGCM) 4141
B TR0 T/E. WCRP F B k8 & B3Rt 400 128 3 B B
(CMIP3) )2 B e i 55 [ B IR R I A = R
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