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Abstract  Contributions of natural and anthropogenic forcings in the twentieth-century air
temperature change are evaluated with a climate system model named FGOALS_gl developed at
LASG/IAP. The HadCRUT3v dataset is used to validate the model. Observed warming trends

on the global scale and in many regions are simulated more realistically in the all-forcing run than
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in the natural-only forcing experiment. The simulations support that the twentieth-century global
warming could have resulted from a combination of natural and anthropogenic forcings, with
human-induced radiative forcing being the dominant cause of the pronounced late twentieth-
century warming. For global and hemispheric means, external forcings could explain most of the
variance; however, the tropical eastern Pacific and the North Atlantic are examples of regions
where internal variability may dominate. Attributions generally become more difficult on regional
scales due to both a decreasing externally forced signal level and an increasing internally generated
noise level. The reproducibility of the air temperature averaged over China is lower than that of

the global and hemispheric averages. Anthropogenic forcings are simulated to act as the dominant

role for the late twentieth century warming over China.
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Fig. 1 The radiative effects of external forcings used for

driving the climate model (W « m™*)
(a) Solar irradiance + volcanic activity, (b) Greenhouse gases
(solid line, all forcing run; dashed line, natural forcing run),
(c) Tropospheric aerosol (solid line, all forcing run; dashed

line, natural forcing run).
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Fig. 2 Global annual mean air temperature time series
for the observations (HadCRUT3v, black line) (C)
and model historical forcing runs
The red, blue and grey lines are anomalies for all-forcing run,
natural-forcing run and the difference between all- and natural-

forcing runs. All curves are referenced to the period 1961~1990.

RS AR 43 X LG TR A 3 (E R B P
5 b 55 T 50 AR 7R FAR IR A N7 3 )

1900 1920

R AR R EE AL Y T A BRI PRl X 38 AR % (P
Ad) ARYAG A 3T IOUL I e 20 B X3 A8 v
B/(1 s o NG O S | o N o 119 & S ES A e L O £
SR ZEAE T B /D B0 X A1 8RO 45 H X R
AL TR 4D, A H TSRS 4
5 36 3 30 AH 24 (T 4h) s 43R R FB 43 b X 28 B 14 1L
Fath UL N B R R R AR TR AR R
3.4 BEREEMANEEHENERESHIFE
R BT RW] L1911 ~1940 AF IS I FEZ A
SRR AE T . 1971~2000 4 1y 38 12 W] A i = <A 5%
M o PRI AR SCKE 1911 ~ 1940 4F & R H 9K 18 B2 B
LMK 1971 ~2000 48 & Xy N Ry 3G 02 3. R 2%
A H SR I BE R G W2 0 DCIURRAE , B 5 45 H AR
HE R I (1911~ 1940 45) AN Ay 48 18 1 9] (1971 ~
2000 4F) 4 BR AW 8 b 8 B A W A, 1911 ~
1940 454 BRI 2 1 i #, B Jb KO8 7 b X 41
b2 BR v i 05 R b DX R 2 3 (8] Sa). 1971~
2000 A LI A I 19 722 Ak #3423k — B0y 3
M 22 Fo i X 2 #on] ik 2~4 C/100a([&] 5b).
1E B AR IR F 2L [\ AE TR 1911~ 1940 4 (14 3
% 22 Wy 4 BR OB 43t DX 1 o, 14 IR e R A O
0 f O 55 (Bl 5005 % F 1971~ 2000 4F 38 12, BR
Q1IN RS | oy N R S | o N R o 21 9 S S

1900 1920 1940 1960 1980 2000

V

1960 1980 2000

&1 3 LI RASE $L 1 8 1 - 4 S B S B B [ £ 38 AR (B . C)
(a) OBS,(b) ALL,(c) NAT, (d) ALL-NAT. & 3a,3b 3 ¥ CHk[ 155 Hi .

Fig. 3 The zonal mean air temperature from (a) the observation, (b) all-forcing run,

(¢) natural-forcing run, (d) difference between all- and natural- forcing runs ('C)

Figs. 3a,3b are repeated from Ref. [15].
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Fig. 4

(a) Observed air temperature trends (1949~2000) in ‘C per 100a, (b) As in Fig. (a), but for 1901 ~2000, (c)-

(d), As in Fig. (a) and (b), but for all-forcing run, (e)-(f), As in Fig. (a) and (b), but for natural-forcing run, (g)-

(h), As in Fig. (a) and (b), but for difference between all- and natural- forcing runs. The shaded areas are statistically

significant at the 5% level. Figs. 4a—4d are repeated from Ref. [15].

M AT R TR RO, 2 BRKER 43 Hb X DL 3G R N
F RSB R T 1911~1940 451 [ 281
% (EAK SR B S i 55 (P 5D 7 AR ZEAER T S
(3B R N N ARE = R 1 N/ 2 9 T O N
1911 ~1940 4F 1y 4% 8 25 Bl b 4 Bk K38 20 b X <R
T S S A5 R 5 A 2 (] Se) s SR, )

1971~2000 4F {54 B 1M 55 » bR 4L 5 71K PG 94 I8 350
DXl A F A e DX U 3% BRI Y e L R
(5D EANNEFAERT 1911 ~1940 4Ff9 18 1%
TE B BE R / VU R W X AR T8 P AR A R B
5§53 ) 8 3 A AN Al DX D) 2 B e 555 114 R i o A ()
5g) s A T 20 T 22 J& 9 10y 1 W T L BR ALK OF T L



378 H Bk ¥ B % R (Chinese J. Geophys. ) 55 %

90°N
60°N
300N s

30°S &,

gﬂos ] Ll 1 1

I
60°W

U Ll Ll
0° 60°E  120°E  180° 120°W

90°N

60°N
30°N

0°
30°8
60°S
90°8

T T T T T T T T T T T T
0° 60°E  120°E  180° 120°W  60°W

N o )
T T

T T T
120°E  180° 120°W  60°W

T
0° 60°E

90°s T T = T T ==t

T T
0° 60°E  120°E  180° 120°W  60°W

T Ll T Ll
0° 60°E  120°E 120°W  60°W 0°

T T T T T T I T
0° GO°E  120°E  180°

T - T T
120°W  60°W  0°

T T T

T T
120°E  180°

T
0° 60°E

0.5 1 2 3 4

B 5 [R 4By B ARG M (1911~ 1940 4F) F1A g 38 1 I 1 (1971~ 2000 4F)
Fig. 5 As in Fig. 4, but for the earlier warming period (1911~1940) and the later warming period (1971~2000)

B |y N o 1 9 A N R S 5 D
B 43 1l X2 L 1 2% A 1 T B #5 (&) Sho. D E
SRR TE H AR N O B T AR AR R ALY
20 H- 20 F 09 0 195 0 5 O B0 N A 48 IR R B AR 5 5 B AR
PRIZ X5 20 20 B0 4 Bk SOR A2 b fa #0r f HoA &
BEDTHR T B R 20 20 S5 BA N Ok B B2 1 U
3.5 KEEREFMEKRRESEBERT

Rl e S N DN LS O N DS E
BRORUBE A0 U8 722 1) AH X TR L B 6 45 H 08 AR 4
F18 K il B 2 3ok RUJBE AUl 38 78 7 4 & I 9 34 AT T
10 AF R IGE B8 . AT C S48 . fE AR E AN

F R FALEE T RS S PRI 20 2 2Bk
S5 T A 5 AFE F AR FeaE T L B TE
B 20 20 5 WA A ERAS I (P 2). 2200 i W], A
Shr PR ZE T LA T AR A EROF- AR AR 72,0 %
H AR AE R B T 13,4 %0, BERA N by R 2 s i e
AR SR A2 2R .

Pl 6a—6b 45 i WL 5 4 401 1) oK il ~F- 349 B ¥
S8R A I Ry R i v R AR I AR
LRI 5 2RO A — 80, RIS 1910~1940 4F
M BERE TN 1940 ~1970 4FE 5 55 48 ¥ L LA S 1970 4E LA
JE R EERG . AE B AR A B AL R AR TR B
RS 5 BHFR BT 1 4F K i RUBE S i v RUBE I 1Y)



2 4 W SCHAE 20 2R B

R A AR A TR S < TR A 2 U TR A

379

#AR AR A AR 58 R L B TSR PR B 1970 4F
DA Bl b B Y S 24 S B R B T T 25 A b
B N A R AT DA i R 0T AT oy T 24 SR AR A 1
76.6% . BARAERMARET 7. 4% ;% T HEF- 5K
AR N R 7R B AR A R B R R T 70 206 0
1.6 %6 e BH N Sk PR 28 % 300 7 4 K i B it 7 RUBE 19 <
T AR b e e PEAE .

XiFF b 2 BR #HT S0 R0 R 2 Bk G A b X (R
6c—6d) . 7E H AR AN 7 19 2[Rl 4E T, A58 A
LRI AR SRS fb o B 5 I B — 3, 1R

1910~1940 4E fA 3G i L1940~ 1970 4F 1) 13 55 P 1 S
1970 4ELLJ5 Y 15 Ut » WL 55 45400 0% AH 5 R B0 3k 3
OMXtﬁﬁT5%E%ﬁ%¥WFE%I?W%
T AT DU AR B 20 28 B 5 — IR AR g L (.
%&ﬁﬂ%ﬂﬁﬁﬁmﬁﬁﬁ%ﬁﬁ%%ﬂﬁ
36 AT DA BT AS R A TR 700 DA 1, YR AR
S DT HR U R X s B AR L Ah i aE AR e H A R R
(5200 KT 3 SRS 8.
3.6 XERESEEZ

(] 7 3F— 20 25 UL FASE 0L Ay DX R B A< i

P

— O0BS
—ALL
—NAT

0.20 4

0.40

0.00 o
-0.20 1
-0.40 A

(a)
-0.60

T T T T T
1880 1900 1920 1940 1960 1980

2000

0.40

0.20 A

[

0.00
-0.20 7

-0.40
(c)

-0.60 T T T T T
1880 1900 1920 1940 1960 1980

Kl 6

2000

0.40
0.20 ﬂ_/
0.00 Do
-0.20
-0.40 o
(b)
‘060 T T U 1 I
1880 1900 1920 1940 1960 1980 2000
0.30 A ,\Paé
0.00
-0.30
-0.60
(d)
T T I T Ll
1880 1900 1920 1940 1960 1980 2000

Rt FROBE 24 BRORUE =L B B T [ 9 38 728 CARD6E T 1961 ~1990 4234 {ED (A . C) L i B35 10 a ARl

(a) 2BREEHL, (b) BRIV, (o) Jb2P BRI S X (20°N—90°N) , (d) R 2} BRIHE Fh ML IX (20°S—90°S).

Fig. 6 Low-pass filtered area-averaged time series of air temperature anomalies (‘'C) relative

to 1961~1990 for the land and hemispheric mean
(a) Global land, (b) Global ocean, (¢) Northern Hemisphere extratropics (20°N—90°N), (d) Southern Hemisphere extratropics (20°S—90°S).

1534

0.40 0.60
— 0OBS
0.20q4 —ALL
— NAT W 030 A /],QM
0.00
-0.20 \/\
-0.40 A
(a) (b)
-0.60 T T T T T -0.60 T T T T |
1880 1900 1920 1940 1960 1980 2000 1880 1900 1920 1940 1960 1980 2000
0.60
0.30 /_/\/\
ol AT A ] f\/\ .,%J
B i \/
Y ra\ /\ Fa
-0.30 4 0.00 § N N
-0.30 +
-0.60 <
(c) (d)
T T T T T -0.60 T T T T T
1880 1900 1920 1940 1960 1980 2000 1880 1900 1920 1940 1960 1980 2000
7 DK RO A B - B ) ) 38 A8 CREX T 1961~ 1990 48 F- S4ED (A AL C) , i Bl A 10 a (Y A% 8 I
Ca) EREEVE/TU R ME X . (b) B AR RSP (o) LR (DL R P E.
Fig. 7 Low-pass filtered area-averaged time series of air temperature anomalies(‘'C) relative to 1961~1990 over various regions

(a) Indian Ocean/western Pacific warm pool, (b) Tropical East Pacific, (¢) North Pacific, (d) North Atlantic.



380 H Bk ¥ B % R (Chinese J. Geophys. ) 55 %

AP H) KIS SR L15 ] &) 4. 5 28k R
sk Ko R i RO Y AT T8 728 A — B, 2 2 50 AR BB
T/ VG R 1 T I 3t X & A R Y B R B e (E
Ta). 1 A ARAI N R 7 2 ] 5838 T L 4% 2 BE 68 45 4
Mo R 20 T 20 0 A0 38 72 L AU LI A AH S5C AR AL
IKEN 0.7 LA b AHE B AR Faaa o 8 0 ik R
20 a5 Y 0 1 . J7 22 o> A R WL Ahsiaa ] DL
TN B/ PG K1V B b X IR AR Ry 77. 8%, N
F AR 2R ) TTRR O Ry 22. 2 %6, U BTN TR 5 R %
H X AR S R R

XFF IR AR R F (B 7h) o WL 9% k) 3= 3
S 1910~1940 45 | b FF.1950 ~1970 4E X IE T
B L1970 AF LU G Al R 203 . 4 i 38 3R 0 ) <R
7 Al A LI 58 Ay — B0 AL LI ) AH G R B
KF] 0. 785 HAR Tl o U R AL SR B W
AEARPRAAE BN BE PR B 1970 4F LUJG Y38 3. 7
2550 M 2 B L 15 3 AT DLAR BRI M X AR RO AR
fR1 365 %0 o P B AR F 19 BT kW 55 15 63. 5 %0, X 1]
e Tz X 5% El Nino DA K& K AR PR IR
(P ATIES E EaN P W i RSP Y S ER EReA LN
fi b R

o F A0 R H X (R 7o), W 28 8 B 7w i b
DR S A AETE 2 35 1 AE AR PR IR 35 R AE LU (B A7
AR A B AL AR 53 501 0 BLAE 1940 £E40FN 1980 £E4K.
1E B AR AN R L [m] 5t 8 T, A6 20 RE 8 455 400 Hh
S AR R LA A2 A B AN T 1940 4RI AR AR PR A2
B H R B TC A B AL T 1980 AFEAR Y AF AR PR AR
s AAE A AR B R AE TR AR T 2 1 iR A8 1 1Y)
AEARPRFRAE. J7 2250 B W1, A i aE ] DL R AL P
T X TR AR A B 55. 2 %0, 1 P B AR 2R A BT kA
44,806 MR A A aE AE ) CRL3E B AR A )
A RESE 5 R A P AR AR PR S A 1 E S A

UL I b P 3 AT AR Ak 2R B 3 A AR AR B
ALFFAE (B 7d) , Toig & 4 w8 7 51 ik & A SR+
Jo 51 o REAPL A AL DR PG 3 AR 7 A 1 5 00 1 2 ) A
R U AL R P ¥ 09 R S Ak T REFEAR R AR B2
S RGN F SRR B e L T 2 e R
AP A AT DL R b K 7 VM DX A AR AR R R Y
25. 4% WHBAZ Z 1 TTRR w35 74, 600, i — 2B Ui B
AUMBE R G N TR R A A6 RV TR AU A2 Ak B TR E
K.

Ph B br B, Toie & e Bk Pk i 2 R Rl R
JESIRAEAL . H AR X 20 20 55 — WO 0z i 4 )
B L TR B AR AE 20 A IS A0 S R P i 32

SO T3 22 0 BT 45 SR R WYL BR AR 8 b AR RO AL
RVGHAN o N PR Z 0T 37 A A 485 102 ke ke P P
X a3k 2 BK b B RUBE T & 5 Ah ik a8 AT DL 1 24
SARARARIA 7026 L L T N R AR 35Tk /N {H
F X IR BT & . 2 50 X Py 38 48 5 114 53 koK F 4
SEE L 10 B DX RS AR 8 A B AL R 4 4 3K L2 BROR
JEEE AR 2. 5 S a2, X J7 22 40 A U2
FGOALS_gl B2 5 1) 45 5, A HE B b 45 48 7T B
LA O
3.7 hEMRKEERET
UL R ASE 0L ) v DX e A A L 8 TR
S G R R I h 1910~1940 AT BE ,1940~1970
AR (UL R 1970 AE LSS I B % . 1940 4F DL Y
KRR EE 5 20 o J5 BIAR 2. Ao aa R e p <R AR
At B WL BE A — B0, 1950 4 DT % 48 Ut i3 B2 /)
UL ASEALLFD WL Y 51 [ (4 A OC 2R B 0. 57, 3
BTSN BEERR. ARE IR A EH
1940 4E LAY 4 5L, (HAR SR Jo B R B 1970 4E LU R
)RR ZE N B R AR R 21970 48 DL Al TS B
AR, 1970 42 DLJS W) 2 38 Y IR 7 220 kL 0
AR, 3R A IR [ 51k 4 A
17.4A%F A7, 4% . HA3E R, it 2 il 5
HE AR IR AN RE R FE L 1920 AR E
DXl 1 3 3 L B H RIS B R BR b B 1920 1) 1Y 2

- IIV\.1I
1.0 ‘ r\ 8
A M\ 'vﬁ' W
0.5 _Iillll|'Jlll\/ \ M U W | *v’w\/\ |K'\,I‘|||ﬂ'.f JA

/
0.0 “

-1.0

T T T T T
1900 1920 1940 1960 1980 2000

(08 v ] b DX A - 249 AR B T B ) ) 8
CFHXFF 1961 ~1990 4EFH{E) (. C)
1951~2000 4 /9 W 7 41 >k B i B K5 R 3240 160 35 08 i
Bk, 1881 ~19504F Yy il % ok 1B T 20 ik 1180 i & e 21
Fig. 8 As in Fig. 2 except for that averaged over China
The observed curves are compiled of the 160 station data from
China Meteorological Administration (CMA) for 1951 ~ 2000

and the reconstruction data from Wang et al. ['8) for 1881~1950.



2 4

T SCABAE < 20 20 IR BE AR Ak b B AR AR Al DR 3R 010 R < 3 T R A A5 X 1 ) DR S 40

381

2 T HEORF I A R B0 R R

B9 Z5H 1949~2000 4Lz 1901 ~2000 4
]t DX 1 22 A 3 o0 A WL R, 3 50 4R i
AR TP [ AR R EE 43 Ml DX EL A 1 R A, 3 i

#50.5 C/100a. 75 [ 28 R A 1~ 19 3L ) 45
T AT LA B B A I B [ 2R XA
i A 39 0 R S WL 5 g . AR R
el b X ) 22 B2 SRR/ 78 BRI AR RTR L A R

(a) OBS (1949~2000) (¢) ALL (1949~2000)

(b) OBS (1901~2000) (d) ALL (1901~2000)

40°N
30°N
20°N T T (s o 1
100°E  110°E  120°E 100°E  110°E  120°E 100°E 110°E 120°E 100°E  110°E  120°E
(e) NAT (1949~2000) (f) NAT (1901~2000) () ALL-NAT (1949~2000)
40°N N . 4 |

30°N 4

20°N
120°E

100°E

110°E 120°E

100°E 110°E 120°E 100°E

-3

B9 (Rl 4 H A o [l DX AR A 2 A 3
Fig.9 As in Fig. 4 except for that over China

JJA  (j) OBS (1949~2000)

(a) OBS (1949~2000)

DIF (d) OBS (1949~2000)

MAM (g) OBS (1949~2000)

20°N

120°E
SON

120°E 100°E  110°E
JJA (k) ALL (1949~2000)

120°E 100°E  110°E
MAM  (h) ALL (1949~2000)

120°E 100°E  110°E
DIF (e) ALL (1949~2000)

100°E  110°E
(b) ALL (1949~2000)

120°E
SON
-

100°E  110°E
(1) NAT (1949~2000)

120°E
JIA

120°E
MAM

100°E  110°E
(i) NAT (1949~2000)

120°E 100°E  110°E
DIF () NAT (1949~2000)

100°E  110°E
(c) NAT (1949~2000)

40°N
30°N
20°N i Z — FEEN . Finr 2
100°E 110°E 120°E 100°E 110°E 120°E 110°E
[ e I S R — e |

2 <1 0.5 1

B10 [ X 50 48 72 Ak 2 75 3 A2 1 O
(a—c) DJF, (d—f) MAM, (g—1) JJA.(G—D SON.
Fig. 10 Air temperature trends (1949~2000) over China for separate seasons in °C per 100a

3 -0.5 0



382 i BR ) PR 2% R (Chinese J. Geophys. ) 55 #

PR HR 3 4l X HA ARV B H. AN IR 50 4F K&
AT T AR R TR A A A 0 T T

10 3 — 2% 2838 50 4F (1949 ~2000 &) H
P A 90 A A A B4 A AN [ 24 1) 0 A O I ek
S R AR R A A AT A I B T R AL L &
B R A T PR e XA — S R B A oA
WX IR B AR RME PR RITH T
e 3t X HE T 0 B A — S R B SRR
P8 /0 5 XIS A A DR 270 b DX B8 X 5 i A
(B TESE A — B AE B AR R 2 W A
RN 3 W AR 4 Tk B oK R ZEBR AL T L XA
— BRI BN A DX 50 TR A, 5 R
583 AT B B R P i X i
TR A TR B B R TR T U ) 45 2R ] KB
{5 S 2% DXIR N A2 Ve A SRR L IR AR X
el 2 B A B A R ) o {ELRE X0 3 P Bt DXL
AR F AT 2 . T A I AR R M X R T AR AL
PRE G A8 N e 465 A TS S RO K N
ERIDES R (G RN N e e D L B R (D RN |
T Tt T 5 A TS e F) 0 ) 5 . H T — B
9 B AR BT KA AR B 55 Y DX A B

4 giig e

AR SCH ] LASG/TAP 4 Bk “ W-Fl-< -0k 7 #5 &
3 R e B FGOALS gl i o I & #4185 X
TR RIS B T 20 AR e T AR R
FUN Ry B R A Bk 2P BR R Bl B DX R i AR b
(R X BTk, BN T

(DTE AR B2 1 [l 3l 1R R A X
AE A% BN FEEE 20 {H 40 4 BR K 25 1) F- 2 A0 A TR
XAE B AR B e T B AT DL A BB 1910 ~
1940 4F {5 B8 J 1940~ 1970 4F B L 55 25 4% . B G
B 1970 FFE LR MR B fE N R RAER T,
1970 4F AFT IR IC B 2 A8 4k, 1970 4 LLUG B 35 1 .

(2) BRI AR bR 1 25 18] 43 A 20 L 76 A AR
PR 28RN0 B i 6 W) VR T L A5 mT DL A B P
T 50 4 R E AR AR AR fb R Ao A (R IR I B 4K
S 55 5 76 F AR PR T - kO 4y 1 X 2 3
AR fa ¥, [ AR Z X 20 i 20 B BRI AS b
A LA T TTHR L i R 20 R4S A 4 Bk
AR AR bR S e R R

(3)J7 2253 M 2 B L BR 2R 38 v AR ROF PR AL K v
PEAN N Ry PR 2K 3T T A 1 1 1 R e AR s x4

BR Bk KRG R B  AMaikad o] DA R 2 <R
SR 70 %6 DA T PN B AR 26 Tk 4R /DN 5 (HX X
SORBE I 5 22 500Hh DX 38 A% 26 1) BTk 2 K 4 ik
TE DR I AR A I L 4 A ER L BROREE
k.

() St Hp [ b X 7, 20 THe 20 4 1 SR AR b
A2 E) 3R 520 A 5 5 20 20 )5 WA AR 1R
F2 B A L AR AR AR A 53 (8] 4y
T, BRI ZE XL 50 45 St A 4F H [ M X ) AR
2 Ea 5 STk /N, FE A SRR N PR (] 5 e 1
T BRI AGENS P I 50 4F P E A IR A&
T T 2 1 R ) RRAIE L (H A B R K VT T
b DX B THE VT 3 ) AR T H s 1 OR TR U 1 5
FEH L K BT 20 % 1% XS AR Ve A sk AR e ik
T AL A8 0 1) 2245 RRAIE

B VAR A SRR A R S TR 20
20 S AR AR AL P A T T L (H AR S 25 SR AR
J& FGOALS gl A S e X 45 R Hui ks &
RRAS KT 20 T 20 fi 38 A2 1 B BE ) i AFE IR 2 A8
LY W7/ B BOR R Y o (NP Al i O S N A
AN HEBR 45 5 AT e B A B ORIt Ah A SO F
G HE T B ARG 1 45 L 3 45 15 R LA O 1R
7 M R T R OGO T AR LT R4
AU ST

2 % 3Lk (References)

[ 1] 1IPCC. Climate Change 2007 : The Physical Science Basis. //
Solomon S D, Qin M, Manning Z eds. Contribution of
Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge:
Cambridge University Press, 2007.

[2] FRZE, B4, k¥, RKERHBIFNGIBELLEN LR
WS s Bl i — A H RS s BR AL 2% E R, 2000, 15(6)
654-660.

Zhou T J, Wang S W, Zhang X H. Comments on the role of
thermohaline circulation in global climate system. Adwvances
in Earth Sciences (in Chinese) ., 2000, 15(6): 654-660.

[3] JRZE, &30, L. S pAs b i I8 R 5 700 450 1L 0
g8, RARHF, 2008, 32(4): 906-922.

Zhou T J, Li L J, Li H M, et al. Progress in climate change
attribution and projection studies. Chinese Journal of
Atmospheric Sciences (in Chinese), 2008, 32(4): 906-922.

[ 4] Scaife A A, Kucharski F, Folland C K, et al. The CLIVAR
C20C Project: selected twentieth century climate events.
Clim. Dyn. , 2009, 33(5): 603-614, doi: 10. 1007/ s00382-
008-0451-1.

[ 5] Kucharski F, Scaife A A, Yoo J] H, et al. The CLIVAR

C20C project: skill of simulating Indian monsoon rainfall on



2 4

T SCRIAE < 20 i 203 A P B AR

(kIS D)

SO TR A AR U DR AL 383

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

interannual to decadal timescales. Does GHG forcing play a

role? Clim. Dyn., 2009, 33(5): 615-627, doi: 10. 1007/
500382-008-0462-y.
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.
Meteorologische Zeitschrift » 2009: 18(4) ; 455-467.
B, Eom. JRZE. PRI T A 20 t 48 4 sRAR I
A, BlardEdk, 2007, 52(15); 1820-1825.

Li L J, Wang B, Zhou T J. Influences of external forcings on
the 20™ century global warming. Chinese Science Bulletin (in
Chinese), 2007, 52(15). 1820-1825.
Tett SF B, Stott P A, Allen M A, et al. Causes of twentieth

century temperature change near the Earth’ s surface.
Nature, 1999, 399(6736): 569-572.
Stott P A, Tett SF B, Jones G S, et al. External control of
20th century temperature by natural and anthropogenic
forcings. Science, 2000, 290(5499) . 2133-2137.

Meehl G A, Ammann C M, Arblaster ] M, et al

and

3721-

anthropogenic forcings

2004, 17:

Combination of natural and
twentieth-century climate. J. Climate,
3727.

Stouffer R J. Manabe S, Vinnikov K Y. Model assessment of
the role of natural variability in recent global warming.
Nature, 1994, 367(6464) . 634-636.

Santer B D, Taylor K E, Wigley T M L, et al.
on global climate? Nature, 1996, 384. 522-524.
Zhou T J. Yu R C
temperature over China and the globe simulated by coupled

J. Climate, 2006, 19(22) . 5843-5858.

Human effect
surface air

Twentieth-century

climate models.

JERZE, W SC, ok o 2% T AR AR AR 1k i) 20 (E A LB 5
PEE. HUERBE PR, 2009, 24(5): 469-476.

Zhou T J, Man W M, Zhang J. Progress in numerical
simulations of the climate over the last millennium. Adwvances
in Earth Science (in Chinese), 2009, 24(5) . 469-476.

T SCHE FJﬂE+ %( . AR GEHRA FGOALS_gl 1)
M 20 R BE ARG, G254, 2011,69(4) :644-654.

Man W M. Zhou T J. Zhang J. et al.
simulated by LASG/IAP
Acta Meteor. Sinica (in Chinese), 2011, 69

The 20" century

climate climate system model
FGOALS_gl.
(4):644-654.
Zhou T J, Wu B, Wen X Y, et al.

IAP

A fast version of LASG/
system model 1000-year
integration. Adwv. Sci. » 2008, 25(4): 655-672.
Brohan P, Kennedy J J,
and global

climate and its control
Atmos.
et al.

Harris 1, Uncertainty

estimates in regional observed temperature

changes: a new data set from 1850. J. Geophys. Res. ,
2006, 111 D12106, doi:10.1029/2005JD006548.
4R, R, 32IE AR P E AR RIRF
AR S, 1998, 9(4): 392-401.
Wang SW, YeJ L, Gong D Y, et al.
annual temperature series for the last one hundred years in
China. Quarterly Journal of Applied Meteorology (in
Chinese) , 1998, 9(4): 392-401.

Dai A G, Wigley T M L, Boville B A, et al.

Fe o By

Construction of mean

Climates of the

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

20th and 21st centuries simulated by NCAR Climate System
Model. J. Climate, 2001, 14, 485-519.

Knutson T R, Delworth T L, Dixon K W, et al. Assessment
surface temperature trends

J. Climate, 2005,

of twentieth-century regional
using the GFDL CM2 coupled models.
19. 1624-1651.

JARZE, ARy R B b R B R 6 R AR A
KB, 2003, 61(2): 164-179.

Zhou T J. Adjustment of the North Atlantic thermohaline

TR W 3.

circulation to the atmospheric forcing in a global air-sea
coupled model. Acta Meteor. Sinica (in Chinese), 2003, 61
(2): 164-179.

JARZ, Helge D BLRME MG P PG P PER IR LA AR 5
AEPRAER AR, KA BRF . 2005, 29(2) : 167-177.

Zhou T J, Helge D. Climate impacts of the decadal and
interannual variability of the Atlantic thermohaline circulation
Chinese Jowrnal of Atmospheric

167-177.

in Bergen climate model.
Sciences (in Chinese), 2005, 29(2)

Wang SW, Gong DY. Enhancement of the warming trend in

China. J. Geophys. Res. , 2000, 27(16) . 2581-2584.
Bk, WET, FARE. PEASRZMGPDIEARESN

LW RIBAIAT ST, MR AL R, 2007, 22(5) .
Pu B, Wen X Y, Wang S W, et al.

456-467.
Diagnostic and modeling

study of the two basic modes of surface air temperature and

its variation in China. Advances in Earth Science (in
Chinese) , 2007, 22(5); 456-467.
EEE, S5, REBES. I 50 4F o [ Hh <A b S A R

fiE. K454, 2005, 63(6): 942-956.
Ren G Y, Guo J, Xu M Z, et al. Climate changes of China's
mainland over the past half century. Acta Meteor. Sinica (in
Chinese) , 2005, 63(6): 942-956.

Yu R C, Zhou T J. Seasonality and three-dimensional
structure of interdecadal change in the East Asian monsoon.
J. Climate, 2007, 20(21) . 5344-5355.

FURES . RZE, @, o R AR R = e
AE M BF FE . FOARRES, 2008, 32(4): 893-905.

Yu R C, Zhou T J, LiJ, et al. Progress in the studies of
three-dimensional structure of interdecadal climate change
over eastern China. Chinese Journal of Atmospheric Sciences
(in Chinese), 2008, 32(4): 893-905.

Hu Z Z, Yang S. Wu R G. Long-term climate variations in
China and global warming signals. J. Geophys. Res. , 2003,
108(D19): 4614, doi: 10. 1029/2003JD003651.

Li HM, Dai A G, Zhou T J, et al. Responses of East Asian
summer monsoon to historical SST and atmospheric forcing
during 1950 ~ 2000. Clim. Dyn., 2010, 34(4). 501-514,
doi: 10. 1007/s00382-008-0482-7.

Qian Y, Giorgi F. Interactive coupling of regional climate and
sulfate aerosol models over eastern Asia. J. Geophys. Res. .
1999, 104(D6): 6477-6499.

Zhou T J, Wu B, Scaife A A, et al. The CLIVAR C20C
Project; Which components of the Asian-Australian monsoon
circulation variations are forced and reproducible? Clim.

Dyn. , 2009, 33(7-8): 1051-1068.
CRSCO% T )



