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km horizontal resolution. Climatic means and seasonal cycles from the 20CR-v2 and WREF results are compared with observations in
southern China for the last 50 years (1961-2010) with a focus on annual mean surface air temperature and precipitation and mean
surface air temperature and precipitation in summer and winter. Results indicate that the dynamical downscaling method can
reproduce the main spatial distributions and seasonal cycles of surface air temperature and precipitation. The WRF model
outperforms the 20CR-v2 in regional details due to the high-resolution topography and land-use forcing. Compared with the
20CR-v2, biases of surface air temperature and rainfall are reduced in the dynamically downscaled WRF model experiment,
especially in the annual mean and in summer. The pattern correlations between observations and WRF simulation for surface air
temperature and precipitation are greater than 0.97 and 0.5, respectively. Furthermore, the simulated regionally averaged temperature
and precipitation are close to observations in four periods (1914-1942, 1943-1971, 1972-2000, and 2001-2010) of the past 100
years over three sub-regions (South China, Central China, and Southwest China) of southern China. The WRF model has
significantly improved the simulation in summer but temperature is underestimated in winter. Compared with the 20CR-v2, the WRF
model has improved the simulation of temperature trend during the last 100 years, particularly that after the 1940s.

Keywords Regional climate model, Southern China, Dynamical downscaling, Surface air temperature, Precipitation
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Fig. 2 Distributions of annual (left column), summer (middle column), and winter (right column) mean surface air temperature over southern China from

observed (a, b, ¢) CRU TS 3.21 data and (d, e, f) CNO5.1 data, (g, h, i) 20CR-v reanalysis data, (j, k, 1) WRF simulation for the period of 1961-2010
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Fig. 3 Differences of annual (left column), summer (middle column), and winter (right column) mean surface air temperature over southern China from (a, b, c)

20CR-v2 data, (d, e, f) WRF simulation and CNO05.1 data for the period of 1961-2010

— T
110°E




O =7 N 21 3%

716 Climatic and Environmental Research

T T T T T T T — T T
100°E 110°E

[ |
4 7 10 mmd!

K4 1961~2010 “EFE g /7 I WM (ay by ¢) CRUTS 3.21 %KL, (d. ev ) CNOS.1 ZERHBEK AT (gv hy i) 20CR-v2 FEHT R (.
k. 1D WRF BB RN T o5 P, . B 45 X5
Fig. 4 Distributions of annual (left column), summer (middle column), and winter (right column) precipitation over southern China from observed (a, b, c)

CRU TS 3.21 data and (d, e, f) CNO05.1 data, (g, h, i) 20CR-v reanalysis data, (j, k, 1) WRF simulation for the period of 1961-2010
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Fig. 5 Differences of annual (left column), summer (middle column), and winter (right column) precipitation over southern China between the (a, b, c)

20CR-v2 data, (d, e, f) WRF simulation and CNO05.1 data for the period of 1961-2010
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Fig. 6 Taylor diagrams for the mean surface air temperature from the 20CR-v2 data, WRF simulation and (a) CRU TS 3.21 data, (b) CNO05.1 data for the period
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mean (ANN), respectively



S (7S T 7 N S 1 S I 21 3%
718 Climatic and Environmental Research Vol. 21

B (Kl 6a) FI CNO5.1 ZRL (K] 6b) 1 1961~2010
VYA LA R . B 27 20CR-v2
FORLAT WRF B, 55351l 5 P 2 7 A )
A G RAURR ZE AR 2 B LU, (HF S
CNO5.1 FERHP R A OC R £ —# 5 CRU TS 3.21
PORHG A A R BE A 0.01 24, RZEmEZEN
5K 0.02 Zifi e MPUANZETHIE 352K, 20CR-v2
PUEHS CNO5.1 GBI MIAHOC R 5L WRF AU
UL R 5 CNO5.1 ZERHE S A S REUD, anfe s =2
20CR-v2 BEEHIME A 0.968, WRF HAMHUIIE A
0.989. MiRZEMRMEZERE, BR T 4 F4h, 20CR-v2
PERHAEARLL 17N, 110 WRF BB 45 RAE T
ZENTHRRT 1, kB WRE BB 1) 45 SR 2 W) 22
PERCR . WRFE AU ) &5 SR AR DY AN A B el
5 REF 22 11, i W] WRF B 1) s A oot
20CR-v2 A1 WRE FECALL R B 7K 5 Y I %
BHOZREE B 7 4. WEHAT I R
20CR-v2 BRI B A 23 [ AH DG R ZAE DY N =5 4B L
WRF BB 45 H N, 20CR-v2 BERHR R ZEFRTE
FEE KT WRF BRI IRZERRER . 7EREK 7R
TE R, 20CR-v2 kLS CNO5.1 FERHI A A AH G
FBOHRZEARUEZE 23] 0.430 A1 1.862; WRF Hiix{
TR 7K 5 CNOS.T BRI 25 (A AHOC R BORR ZEbR
HEZEN 0.515 1 1.484,
3.2 E=HEIR

AN, BHEAER 1 R AP X (HER

(a) CRU TS 3.21

2.00 2
1.75
1.50
1.25
1.00 f
amff

0.50 [+

Standardized deviation (normalized)

0.25

0.00 & 1.0
0.25 0.50 0.75 REF 1.25 1.50 1.75 2.00

Standardized deviation (normalized)
1. MAM

X SC. YLHEHX TH FIPG R X SW) 73T 50 £/
RN IZE 1 EER . an 18] 8 o CRU TS 3.21 Bk},
20CR-v2 FRLHT WRF Bl 2= 151G 34
%, 20CR-v2 %EEMFI WRE A CR0L (60 5 0
IR FE IR AR IEAR T R HL X (] 8a)
(132, 20CR-v2 BORHE R LU fE A%, 3L
b F 43 WU RGO ) i s AEVEAERBIX C(JE) 8b), M
9 H# 12 H 20CR-v2 TEMELE S = L% s 77
X (8c) MIEZE, 20CR-v2 /iR ALAE T 0
(1) - WRE BRI SR AR = R EA ik
LA 8, ARFSUWNMERILFES, (HE
A2, [HERGMEM RIS, ~FMmE 2°C
A,

Bl 9 & KA B B w7 — AN IX I 2T 10
W MMER S REFRENES, LFHKRED.
20CR-v2 Bk RE R ILFE K 2= A8 4k, (RAE T 1)
A s T =AM K, UH R e i
X FPY F X . WRE AL B K (1) 2= 15 A2 4k 5
P FEA—S,  H K-S Sy HaE . (H
EAE R HLIX, WRF A0 H 1 H 2] 12 H 23 fi—
E—F I 258 AEVEEHL X R e X, WRF
B il T2 ZEROK, AR T AR K . BRI
AIXFT 20CR-v2 %k, WRF FX H pil  1
AR K I ZE 1T AR REAE o
33 ATEIREARS

ST L E AR T RS, A b X

(b) CNO5.1

Y] ® WRF
<]

2.00 /\ 20CR-v2

1.75
1.50
1.25
1.00
075!
0.50 i/ 8 ~
> : 1.0
0.25 0.50 0.75 REF 1.25 1.50 1.75 2.00
Standardized deviation (normalized)

Standardized deviation (normalized)

0.25 [,

0.00

2.JJA 3.SON 4.DJF 5 ANN

K7 R 6, (HAREAKRRZ# 0 E
Fig. 7 As in Fig. 6, but for precipitation



6 11 FLAEREAR PR D A A o0 T g 7 71 A LA B K R 3l 1 e RURE UL
No. 6 KONG Xianghui et al. Simulation of Temperature and Precipitation during the Last 100 Years over Southern China ... 719

30 PR S S S R SO ST
20 4

10 4-=-2
e

Air temperature/°C

Air temperature/°C

Air temperature/°C

Mar Jun Sep Dec
Month
---------------- Lhe--eemeeeeee-- WRF
————— #— — — — — 20CR-v2
CRU TS 3.21

B8 1961~2010 4 (a) #HERFHLIX . (b) VLMEHLIX . (c) PHRFHLIX
CRU TS 3.21 %EH}. 20CRv2 % RIAT WRF K xR oL (3 1 i< 2 ) 271
(EEN

Fig. 8 Seasonal cycles of monthly mean surface air temperature for (a)
South China (SC), (b) Central China (JH), and (c) Southwest China (SW)
for the period of 1961-2010 from CRU TS 3.21 data, 20CR-v2 data, and
WREF simulation

55 B e Y I () B BAR DG, FRATT B SR L A
XI5 AR BE . 43 B CRU TS 3.21 % k. CNO05.1
ORI APHRO A Rl 1 07 b X X s~ 4 1<
WSS CEIG) mI%n, KLLE 1942 4ELLHT,
AR IR S ETHaR, BEE 1971 44
F N TR, 4 2000 40 g FTRIRA,

Precipitation/mm 47!

Precipitation/mm d”'

Precipitation/mm 4

————— & — — — — — 20CRV2

CRU TS 3.21

9 M8, ENFKRERZE

Fig.9 Asin Fig. 8, but for seasonal cycles of precipitation

5 i TR R A BN NS . R, AR
FEEHAERS N 1914~1942 4F, 1943~1971 4F,
1972~2000 4FF1 2000~2010 4F: PY/ B i) B Sk b4 7
RIS HT R R, AT AN A B TG
B30 29 47, SEPUANEFRIBN 11 4F. gk4h, K CRU
TS 3.21 BRI R R AS, T 3CHI o8 LAAE R
XL

K10 2 = ERRINRARERE T =AFX
B, PUANET R BRSPS B2 RIAZR I 3 A
REL WY EoRE, SEmthiX (& 10a) FIVL



o5 KR O\ O OR 21 %

720 Climatic and Environmental Research

Vol. 21

HEHLIX (& 10d) 20CR-v2 %R} AE K 2 Hont
i) B #5me =5 T CRU TS 3.21 %R/, 7E7H R
X (K 10g) 20CR-v2 ZEEHIIEL CRU TS 3.21 %k}
()R AL s WRE A5 AR 14 il U0 A [ B X )
AN[EINHE B EE CRU TS 3.21 %ORHESRAIR 1.5°C
Jidio T BRI AL, CRU TS 3.21 %EHAHEEL

CNO5.1 R = 0.5~1°C. fEEZF (4 10b.
10e #1 10h), 5 CRU TS 3.21 %RHSIRAHLL,

20CR-v2 BERHA il ARG, WRE B
A CRU TS 3.21 BERHO R T4 . 42
(& 10c. 10f #1101, 20CR-v2 % kHb/< i 7r e
B X RV IX B CRU TS 3.21 %kl 2~
3°C, 7EVURGHLX 5 CRU TS 3.21 %kl A,

WREF 52 AL 1) A28 A AR FR P R D A
Fo PR, DA AN B = R ARALL 2 TR 4

30

(17, W AR IR RE ) A it — P e

YIRS, BRTHE 1914~1942 FAZ=H4E
B (] 11e) FVLiEMX (& 11) 20CR-v2 %
BB KEL CRU TS 3.21 &R K WD A5,
20CR-v2 HRHFIBE K E AR L CRU TS 3.21 %k
% . WRF BRI B AR K e 3 T 9K )37 1%
KEMZ RIS, WEP X 42 (] 111D,
20CR-v2 BEREHABE K SAEANF P A BOZ CRU TS
3.21 BRIE 2~3 £%, 1 WRF BRI B K
CRU TS 3.21 #RHWEAKRE 8. R WRF
FE AR P 30T H TR 95 RN FA /K 52475 5 CRU TS 3.21
PR — IR 22, AH T RIS R 23 R
By, WRE BT &5 RAHXT 20CR-v2 #Ek}
B LAE

I 2 AR A IRAE A R N B3y B

i(a) 1 (b)

25 ]

20 E

Air temperature/°C

(©

1

1l

Air temperature/°C
o

LR

1l

o o

25—j ]

20 3 ]

Air temperature/°C

_Ej;ljlzll

1

Il b b

1914-1942 1943-1971 1972-2000 2001-2010 1914-1942 1943-1971 1972-2000 2001-2010 1914-1942 1943-1971 1972-2000 2001-2010

Period
I CRU TS 3.21

Period Period
[ 20CR-v2

CCwRF

10 CRU TS 3.21 ¥4}, 20CR-v2 Bk WRF BLCHUM T U AE (av by o) HERHLX . (dv e D VLM, (gi h ) PERgHLX PYA
T B (1914~1942 4. 1943~1971 4. 1972~2000 4EF1 2000~2010 4F) HItb#t. Z5: EFH; ). B3 L5 &5

Fig. 10 Comparison of area-averaged surface air temperature from CRU TS 3.21 data, 20CR-v2 data, and WRF simulation for the four periods (1914-1942,
1943-1971, 1972-2000, and 2000-2010): (a, b, ¢) South China; (d, e, f) Central China; (g, h, i) Southwest China. Left column: annual mean surface air

temperature; middle column: temperature in the summer; right column: temperature in the winter



6 11 FUREREAE R DI A 2O B w7 71 Gl A B /K FR) 30 0 RO BE AL

No. 6

KONG Xianghui et al. Simulation of Temperature and Precipitation during the Last 100 Years over Southern China ... 721

1 (@) 1 (b) 1
- 104 E ]
E o | ]
RN 11NN
12_3 ] jﬂ
1(d) )

1 (e)

Precipitation/mm d’
&)
1
1

Precipitation/mm d
(0]
1
1

o

Eﬁﬁﬂﬂﬁmﬂﬂﬁmth

1914-1942 1943-1971 1972-2000 2001-2010 1914-1942 1943-1971 1972-2000 2001-2010 1914-1942 1943-1971 1972-2000 2001-2010

Period

I CRU TS 3.21

[ 20CR-v2

Period Period

CCOwRrF

K11 [ 10, ARG R Y XT3
Fig. 11 Asin Fig. 10, but for area-averaged precipitation

FRIAEN R MR 12 4. hTaisch s
DUANINHALBE (2001~2010) WA 11 48, 5
I = AN B ) B FEAN A, W5 2 A A A e ) B 11
iR mTHREERSERIREG. 25
BRKMBURLE, T RN Rk iRz, K
HIR T R R M XA [R]  f) BEER ah . 2 ab4EA 9y
BIPERT 5 (EHIE B AR (K =5
JE) ISR, 0 1914~1942 4FHEFT— 4 WA K
1913~1941 4F, 1914~1942 4F, e AR
fHhIX CRU TS 3.21 BEETMEFE N IE, K
4 0.3°C (10 a) ' 20CR-v2 ¥k WRF 504
AR AEN KT T 0 5 4 s, 50
TSR] . 1943~1971 4F, 20CR-v2 ¥k}
[ A% CRU TS 3.21 %EHIAF S 52 A0 K ;
AW R BRI 5, WRF BEaUBl 1/t 5
CRU TS 3.21 Bk EEARIT . 705 A0 B

A LI, =90k BRI AR A 1E,
WRF BB ilEaH KAk 5 CRU TS 3.21
PRI R A AEE AR S WE P4 R Ak R
e, AL R PTG E —ERR
G BA RN, AT IR SRR
AT ). R, 20 4D 40 4EACLAJS, WRE
PR S A S WS I R T — 3%, JedL
D3 AL R Bl ) B RO S 4% T 1943 ~
1971 4 20CR-v2 ZERMER 1 (1) T

4 BEFTE

ACH NOAA [1) 20 2L For#r ekl (20CR-
v2) BRI R L WRF-ARW (v3.5.1) 3K
Ny, AEARWHX AT T A T RE 80 ) B R
B B a0, I e 1 e O b X500 B k) A



S =T N 1 S 21 3%
722 Climatic and Environmental Research Vol. 21
< 125 ]
= @ I(b) © v
T 08 ] h
O ] ] ]
2 04 ] b \Y
o 4 4 J
e ™ Eﬁﬂ3fﬁu @Jﬂ:gh
2 0T g ] EFE ]
g ] ] 1
£ —0.4- ] h
i) ] E ]
E 1 2 | T T T T T T T T T
G [© [
< 0.8 . 1 \Y
O ] ] ]
g 041 ] 1V
e ] ﬁﬂ ] ﬂ-ﬂ ]
g %% ] = ]
g —0.4- ] 1V H
5 ’ _ ] 1 M
E 1 2 | T T T T T T | T T T
s 19) 1(h) 1(1) v
= ] ] 1
T 084 - .
% ] ] ] v
2 04 ] ]
o 1 ] ]
: L e 1 1 mefd| | [
=3
*@‘ ° 4 4 4
o} ] ] 1 9
£ —0.4- - .
i) ] ] 1
Z T T T T T T T T T
1914-1942 1943-1971 1972-2000  1914-1942 1943-1971 1972-2000  1914-1942 1943-1971 1972-2000
Period Period Period
1 cruTS321 [ 20CR-v2 [ IwRrF

K12 CRUTS 3.21 ¥kl 20CR-v2 BEkHF WRF BB R AEATE (ay by o HEHX, (d. e H) ILIEHIX, (g hy D FHRHIXE
SAEBE (1914~1942 4, 1943~1971 4EH1 1972~2000 4F) LR, 76810 4EF: gl HE: 45l &%

Fig. 12 Trends of area-averaged surface air temperature from CRU TS 3.21 data, 20CR-v2 data, and WRF simulation for the three periods (1914-1942,
1943-1971, and 1972-2000): (a, b, ¢) South China; (d, e, f) Central China; (g, h, i) Southwest China. Left column: annual mean surface air temperature; middle

column: temperature in the summer; right column: temperature in the winter

20CR-v2 TERHE S5 BT T 0 Ee 4, VRS T
X DRI R B0y g B ROBERSEAU e D)

(1) WRF #E Sk VRl T 3R E w7 Hi X
1T 30 AEA AN BRI B R 3 A TEAS . R &
R o0 DA R P 7K 2 T 90 1) G A ) 3 k340
L5 X AR X I8 o AR B 7K 1R 25 1) A 5 R B P A
ZEAT RS | LG 20CR-v2 B RE6] I (148 35 4 A [
FREERIBE 7 o ARG T 20CR-v2 WERHI AN B 7K 55
NSRS %, WRE 200N T A B K AR
YRR TS, HAEAZE, WRF BRI A
B 7K 5 AL IAE AH EE AR /) o eAh, 6 T 3R B # 7
ANTRI X PR AT B K 25 5 IR B0, WRE B [R50
R 20CR-v2 BRMH LA T BRI

(2) XFad 2 F A3 B 7 AN R ) BeAN R X

S IR6F G2 BT 2 B, WRE B UBEA0L 6 X357 1) il
B E S A bR, (AL TR RS
()i 22 WRE BRI K 5 L 20CR-v2 %
LR B 7K 8 B 20 5 W P B 7K A, 98N T 20CR-
v2 BRI K W 2 R 22

(3) JE I 25 B A=A B () B
P TR, WRF B REME IR I AU HY 20 1
20 40 AR UG I SRS, JUHORLE 1943~
1971 X B TR RS iy 7 RERIPERE . 7E 20 Al
40 FARLLHT, T OREh I Rk ) SR SR R R
il , WRF FE R Bl 25 5L 5 0 () <& #5400 —
SEIRE S .

FEARSCH, SRR, WRF B LR R
RIS LA A A R A OC R B F A ER



6 11 FLAEREAR PR D A A o0 T g 7 71 A LA B K R 3l 1 e RURE UL
No. 6 KONG Xianghui et al. Simulation of Temperature and Precipitation during the Last 100 Years over Southern China ... 723

SRR R AT A AR LE . XK S, WRE
R AR e 15 22 o WRF BEUAEAE I — A
JE S AR AR 6 T 1 S AR RCR
A2z AL, AR, ERAMHH, &
i DXl A AR AT B g B R RE R i 5 &= 1)
AT R G IV e 22 2 B P BT R AN
AL, A S HA 2 1T M AR A R A AR R K 1)
Mok, X /NSRRI B T LA 2 M . Fu et
al. (2005) 4EF]M 9 4 RCM B 0 4 WX 1997
SRR DI Y (P M T AR T T L, 25
REFE 5 A RCM BRI A& RAWAK, 9
A RCM A AR A 2= I AR & 3 25 AR 4R
if . Yu et al. (2015) FJ Ff WRF #:x} 1976~2005
AR M T AR A AT R RE R B, WRE B AL 4
TR A TR G o 1 B3R 50 SR FH 1 DX ok A
K IRBIH AP LS E A 7 RS, AR
T AR R R — B I R % . R,
S Xl A A 0 AR P X 3 A 2 A 3L R VA I 22
JEA 5 T BEE AL . eAh, IR A 25 AT ik
QLY B (C PV E St vIL EP N TN (S S )
SIS ATR TN I NG W, RN/ . // LS O N ol i
T AR 20 RS VF 2 B . XS B 7R
SEAHELAE R, Ao, OIS o Jpt s S T o e 08 A B
Ji BRI, BER R 2K SO R
B ARG VB R ORI AR T
KRR E P 1 50 5 R AR 2 Wt 7 7= A 5
F7K s B /K B0t [ 5 SO SR VR R s th4h,
2 IR A R ) NI e e A A ), g
ST A3 b T O R R AR AR A . AT S T — 2
YIRS A RO, XU R K R
ANTRIFR B R 52, AT A 2= KA e 22 34 2 R B
AR € G OND i e 7 %11 .97/ QA =3 ) N P [
JEATERGNEMA 22 JR R, DR i S B Hh e oK
ARG R, R, R RS LR
IR, T T AR IE . A KR
Je 1 A AR i 2 7 A T s ERTEA T PR AT ) i

S 3Hk (References)

Berrisford P, Kéllberg P, Kobayashi S, et al. 2011. Atmospheric conservation
properties in ERA-Interim [J]. Quart. J. Roy. Meteor. Soc., 137:
1381-1399, doi:10.1002/qj.864.

Chen F, Dudhia J. 2001. Coupling an advanced land surface-hydrology
model with the Penn State-NCAR MMS5 modeling system. Part I: Model

implementation and sensitivity [J]. Mon. Wea. Rev., 129: 569-585, doi:
10.1175/1520-0493(2001)129<0569:CAALSH>2.0.CO;2.

BRI, vk, 2000, BRI AERBLCRRE BOR XKW RE [J].
KRAFI, 24 (2): 253-262. Chen Ming, Fu Congbin. 2000. A nest
procedure between regional and global climate model and its application
in long term climate simulations [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 24 (2): 253-262, doi:10.3878/j.issn.1006-9895.
2000.02.13.

Collins W D, Rasch P J, Boville B A, et al. 2004. A description of the
NCAR community atmosphere model (CAM3.0) [R]. NCAR Technical
Note, NCAR/TH-464+STR, 226pp.

Compo G P, Whitaker J S, Sardeshmukh P D, et al. 2011. The twentieth
century reanalysis project [J]. Quart. J. Roy. Meteor. Soc., 137: 1-28,
doi:10.1002/qj.776.

Dickinson R E, Errico R M, Giorgi F, et al. 1989. A regional climate model
for the western United States [J]. Climate Change, 15: 383-422,
doi:10.1007/BF00240465.

Ek M B, Mitchell K E, Lin Y, et al. 2003. Implementation of Noah land
surface model advances in the national centers for environmental
prediction operational mesoscale Eta model [J]. J. Geophys. Res., 108
(D22): 8851, doi:10.1029/2002JD003296.

JUWT, X, 2013, SRR EA TP THRARAE 1] K
SR, 37 (2): 383-394. Fan Ke, Liu Hui. 2013. Winter temperature
over East Asia and atmospheric circulation patterns in the last 100 years
[J]. Chinese Journal of Atmospheric Sciences (in Chinese), 37 (2):
383-394, doi:10.3878/j.issn.1006-9895.2012.12305.

Fu C B, Wang S Y, Xiong Z, et al. 2005. Regional climate model
intercomparison project for Asia [J]. Bull. Amer. Meteor. Soc., 86 (2):
257-266.

Gao X J, Zhao Z C, Ding Y H, et al. 2001. Climate change due to
greenhouse effects in China as simulated by a regional climate model [J].
Advances in Atmospheric Sciences, 18: 1224-1230, doi:10.1007/s00376-
001-0036-y.

Gao X J, Shi Y, Giorgi F. 2011. A high resolution simulation of climate
change over China [J]. Science China Earth Sciences, 54: 462-472,
doi:10.1007/s11430-010-4035-7.

Giorgi F. 1990. On the simulation of regional climate using a limited area
model nested in a general circulation model [J]. J. Climate, 3: 941-963,
doi:10.1175/1520-0442(1990)003<0941:SORCUA>2.0.CO:;?2.

Giorgi F, Mearns L O. 1999. Introduction to special section: Regional
climate modeling revisited [J]. J. Geophys. Res., 104 (D6): 6335-6352,
doi:10.1029/98JD02072.

Giorgi F, Coppola E, Solmon F, et al. 2012. RegCM4: Model description
and preliminary tests over multiple CORDEX domains [J]. Climate
Research, 52: 7-29, doi:10.3354/cr01018.

Hansen J, Ruedy R, Sato M, et al. 2010. Global surface temperature change
[J]. Reviews of Geophysics, 48: 1-29, doi:10.1029/2010RG000345.

Harris I, Jones P D, Osborn T J, et al. 2014. Updated high-resolution grids
of monthly climatic observations—The CRU TS 3.10 dataset [J].
International Journal of Climatology, 34: 623—642, doi:10.1002/joc.3711.

Hersbach H C, Peubey C, Simmons A, et al. 2015. ERA-20CM: A
twentieth-century atmospheric model ensemble [J]. Quart. J. Roy. Meteor.



R /=T N W T/ 21 %
724 Climatic and Environmental Research Vol. 21

Soc., 141: 2350-2375, doi:10.1002/qj.2528.

Hong S 'Y, Lim J O J. 2006. The WRF single-moment 6-class microphysics
scheme (WSMB6) [J]. Journal of the Korean Meteorological Society, 42:
129-151.

Hong S'Y, Noh Y, Dudhia J. 2006. A new vertical diffusion package with an
explicit treatment of entrainment processes [J]. Mon. Wea. Rea., 134:
2318-2341, doi:10.1175/MWR3199.1.

IPCC. 2013. Climate Change 2013: The Physical Science Basis.
Contribution of Working Group I to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change [M]. Stocker T F, Qin D,
Plattner G K, et al, Eds. Cambridge, UK and New York, NY, USA:
Cambridge University Press, 1535pp, doi:10.1017/CB0O9781107415324.

Jones R G, Noguer M, Hassell D C, et al. 2004. Generating high resolution
climate change scenarios using PRECIS [R]. Technology Report. Exeter,
United Kingdom: Met Office Hadley Centre.

W, %, 2006, HAROCTIRRAR AR S DR UM UL ZR
WIAR A% [J]. HOERBE 2R, 49 (1): 52-60. Ju Lixia, Wang Huijun.
2006. Modern climate over East Asia simulated by a regional climate
model nested in a global grid point general circulation model [J]. Chinese
Journal of Geophysics (in Chinese), 49 (1): 52-60, doi:10.3321/j.issn:
0001-5733.2006.01.008.

Kain J S, Fritsch J M. 1993. Convective parameterization for mesoscale

models: The Kain-Fritsch scheme [M]// Emanuel K A, Raymond D J, Eds.

The Representation of Cumulus Convection in Numerical Models.
Boston: American Meteorological Society, 165-170, doi:10.1007/978-1-
935704-13-3_16.

Kain J S. 2004. The Kain-Fritsch convective parameterization: An update [J].

J. Appl. Meteor., 43: 170-181, doi:10.1175/1520-0450(2004)043<0170:
TKCPAU>2.0.CO;2.

Kalnay E, Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR 40-year
reanalysis project [J]. Bull. Amer. Meteor. Soc., 77: 437472,
doi:10.1175/1520-0477(1996)077<0437:TNYRP>2.0.CO;2.

Kobayashi S, Ota Y, Harada Y, et al. 2015. The JRA-55 reanalysis: General
specifications and basic characteristics [J]. J. Meteor. Soc. Japan, 93:
5-48, doi:10.2151/jms;j.2015-001.

Liu Y Q, Avissar R, Giorgi F. 1997. Simulation with the regional climate
model RegCM2 of extremely anomalous precipitation during the 1991
East Asian flood: An evaluation study [J]. J. Geophys. Res., 101 (D21):
26199-26215, doi:10.1029/96JD01612.

Osborn T J, Jones P D. 2014. The CRUTEM4 land—surface air temperature
data set: Construction, previous versions and dissemination via Google
Earth [J]. Earth System Science Data, 6: 61-68, doi:10.5194/essd-
6-61-2014.

Pal J S, Giorgi F, Bi X Q, et al. 2007. Regional climate modeling for the
developing world: The ICTP RegCM3 and RegCNET [J]. Bull. Amer.
Meteor. Soc., 88: 13951409, doi:10.1175/BAMS-88-9-1395.

Rayner N A, Parker D E, Horton E B, et al. 2003. Global analyses of sea
surface temperature, sea ice, and night marine air temperature since the
late nineteenth century [J]. J. Geophys. Res., 108 (D14): 4407,
doi:10.1029/2002JD002670.

Reynolds R W, Smith T M, Liu C Y, et al. 2007. Daily high-resolution-

blended analyses for sea surface temperature [J]. J. Climate, 20:
5473-5496, doi:10.1175/2007JCLI1824.1.

Skamarock W C, Klemp J B, Dudhia J, et al. 2008. A description of the
advanced research  WRF version 3 [R]. NCAR Technical Note,
NCAR/TN-475+STR, 113pp.

Taylor K E. 2001. Summarizing multiple aspects of model performance in a
single diagram [J]. J. Geophys. Res., 106 (D7): 7183-7192, doi:10.1029/
2000JD900719.

Torma C, Giorgi F, Coppola E. 2015. Added value of regional climate modeling
over areas characterized by complex terrain—Precipitation over the Alps [J].
J. Geophys. Res., 120: 3957-3972, doi:10.1002/ 2014JD022781.

Uppala S M, KAllberg P W, Simmons A, et al. 2005. The ERA-40
re-analysis [J]. Quart. J. Roy. Meteor. Soc., 131: 2961-3012, doi:
0.1256/qj.04.176.

S, AN 2013, 2R AL I X L B} e oA
BHAOXTEE [J]. HERYIBEE2E4R, 56 (4): 1102-1111. Wu Jia, Gao Xuejie.
2013. A gridded daily observation dataset over China region and
comparison with the other datasets [J]. Chinese Journal of Geophysics (in
Chinese), 56 (4): 11021111, doi:10.6038/cjg20130406.

Yasutomi N, Hamada A, Yatagai A. 2011. Development of a long-term daily
gridded temperature dataset and its application to rain/snow
discrimination of daily precipitation [J]. Global Environmental Research,
15 (2): 165-172.

Yu E T, Sun J Q, Chen H P, et al. 2015. Evaluation of a high-resolution
historical simulation over China: Climatology and extremes [J]. Climate
Dyn., 45 (7-8): 2013-1031, doi:10.1007/s00382-014-2452-6.

Yuan X, Liang X Z, Wood E F. 2012. WRF ensemble downscaling seasonal
forecasts of China winter precipitation during 1982-2008 [J]. Climate
Dyn., 39: 2041-2058, doi:10.1007/s00382-011-1241-8.

Zeng X B, Beljaars A. 2005. A prognostic scheme of sea surface skin
temperature for modeling and data assimilation [J]. Geophys. Res. Lett.,
32(14): L14605, doi:10.1029/2005GL023030.

Zhang Y, Xu Y L, Dong W J, et al. 2006. A future climate scenario of
regional changes in extreme climate events over China using the PRECIS
climate model [J]. Geophys. Res. Lett., 33 (24): L24702, doi:10.1029/
2006GL027229.

Zhao D M. 2013. Performance of regional integrated environment modeling
system (RIEMS) in precipitation simulations over East Asia [J]. Climate
Dyn., 40: 1767-1787, doi:10.1007/s00382-012-1660-1.

AoRRE, B, 1998, I AR AR BT S Bk )], <
%2R, 56 (2): 225-246. Zhao Zongcei, Luo Yong. 1998. Advance on
investigations of regional climate modelling since 1990 [J]. Acta
Meteorologica Sinica (in Chinese), 56 (2): 225-246, doi:10.11676/
qxxb1998.021.

Zhou T, Li Z. 2002. Simulation of the East Asian summer monsoon by using
a variable resolution atmospheric GCM [J]. Climate Dyn., 19: 167-180,
doi:10.1007/s00382-001-0214-8.

Zhu Y L. 2013. Interdecadal variations of winter temperatures in East China
during the past 100 years and related atmospheric circulation [J].
Atmospheric and Oceanic Science Letters, 6 (5): 290-294, doi:10.3878/
j.issn.1674-2834.12.0094.



