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Dry/wet Climate Projections over China Using a High-resolution

Regional Climate Model
WANG Kaixi!, IANG Dabang? 3*, and HUA Wei!

1 Chengdu University of Information Technology, Chengdu 610225
2 Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

3 University of Chinese Academy of Sciences, Beijing 100049

Abstract We evaluate the ability of models to simulate aridity index (Al) and project the future dry/wet climate
changes in China under the Representative Concentration Pathway (RCP) 4.5 scenario using experimental data of
a high-resolution regional climate model (RegCM4) nested within three global climate models. For the reference
period of 19862005, RegCM4 is capable of simulating the spatial pattern of Al in China reasonably, and the
simulated Al slightly differs with the methods to calculate potential evapotranspiration, especially in the western
high-altitude and northern regions over the country. Based on the projections of RegCM4, the Al averaged over
China would decrease by 2—4% and 2-5% in the middle (2046-2065) and end (2081-2098) of the 21st century
relative to the reference period, respectively, with central Northwest China becoming wetter while other regions
drier. The predominant factor for the future dry/wet climate changes in China varies with regions. Precipitation is
the first leading factor in central Northwest China, while potential evapotranspiration changes due to increasing
temperature play the major role in the rest regions.

Keywords RegCM4, Dry/wet changes, Potential evapotranspiration, Projection
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1 3]

AARTFRF BRI E e TR R RS GAMIE (Scheff and Frierson, 2012), HAZ
IR ZIF W E ARSI S 25 & 8 (Huang et al., 2017b). fill0, fEMSE 3R FUT
SCARUBITEE (R B BT e R X, B 3 A AT e AT P P e L 0 XU X
SZHTEARTHER, SEARHRIE . RS A% TR AR T B R RS R G A R RN
HiE3) (Dai, 2013; Dai and Zhao, 2017). 1, ICPREFARRRIR & AR P8 7 2 A APR IR ¥ 2
ST EERFR LA FE R (Mccabe et al., 2004; 5+ E A AL 45, 2006; D E AR HER,
2007), Je/RJev—rd 77 s MIAEAE bR RS E A2 i /E A (Dai and Wigley, 20000; A&7 3
51 S AR IR 2 S [ A BRI IR TR S (Dai, 2013; ZHEFS, 2014).

BURF R SR B TR 2 (APCCO) B T i fia th, 1880~2012 FEBk-F- 3k
IETE 1 0.65~1.06°C, 1951~2012 EARER-F MR E b THE 1P 2 1880 4K THiRE
FEFIfE (IPCC, 2013) . AFRAFRETT S, PRAKRITEE 28 HUR A8 b S o Hh R /K /IS P4l
SR M F TR BTN ZZKBY, 2015a) o KN TR ARE R EAEH], ARRFHRE AR i
TEZZRUR 52 IR A W3S K (Feng and Fu, 2013; Fu and Feng, 2014). & MIMEH#ERH, B
20 4D 50 FARLASR, RERRER - X+ F A2 A Frig i (Dai et al., 2004; i EARF R,
2007; Dai, 2013; Feng and Fu, 2013; Trenberth et al., 2013; Huang et al., 2016; Dai and Zhao,
2017), REEER FIBFELE ANHiENE (Sheffield et al., 2012), #£ RCP4.5 Al RCPS.5 15~
(1) 2 A T BRI, 21 40 4Bk 2 X FlH K (Dai, 2013; Feng and Fu, 2013; Fu and Feng,
2014; Zhao and Dai, 2017). fEHFEXIL, 1T 60 KT RHARA G M, S4AZT, Hiblg
Jb. ZRACFIVE R O B (TR EE, 2005; SRR EAIRFGOK, 2006; 48ABAEAE, 2010; REOGIE
25 2013; XUFIAISE KBS, 2015a; 327145, 2017), PEALIULE 20 tHh2g 80 4FAX A 3 H B HHE T i)
RV B (55 (HAEIEE, 2002). 7E RCP4.5 15 50 F I 21 AN 18 AN AERA R A 1 Tk X

Irp, ARk EREAAAR T, ANAEPEAL REAFE AR BRI KR, 2015b; VL4, 2017).
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[ AR 5% H 8 A AR READURT TS A, B AT K 2 8 A 3RS A iR 3 240
BT 23 FE AR A, X /K RIS 6 R R R B E A IR B 22, BETT s 1
ST IR K H AL BT 5% (Jiang et al., 2016; Huang et al., 2017a). AHXT S, &7 PR X 5
AT O S B KRR B BB — A AL T 2 Bk B (Giorgi et al., 2012), FealExt BA
SR EMX, TRREUF AL AN R AR E S, — R A IE T AR AR
XEAMZE (Gao etal., 2012; K& IEZE 2017).

Ak, AR = A AR AR IR S T 1 e o R XA A 2 RegCM4 7E 24481 21
20 RCP4.5 &5 T 13 77 B RUOBEIRER Bt . v Se ke 1R et o [E R i se /o, 485
il 7 AR TR R R R

2 ERSRE
2.1 %R
T P AR B ok E = AN e BRA %A X CSIRO-MK3-6-0.  HadGEM2-ES Il MPI-ESM-MR
() 3 23R 56 A RCP4.5 R IGHE (4 3 iFR CSIRO_GCM. Had GCM 1 MPI_ GCM), LA J2iX
LE 56 2 UK 3 RegCM4 R I AR L% 20 77 B RBERBILEAR (4 7 ik CdR, HAR F1 MdR)
(Gao et al., 2018), HHa#fiHfmii/E. HalGRE . K. M E. 2m Kok, A
JEE 01t 3 A S S B RO ) R . RegCM4 R 30 B 4DLYE B A X 3 B4 4 U2 1 &I) (CORDEX)
(Giorgi et al., 2009) FZ X Chttp://www.cordex.org/domains/region-7-east-asia/), 7KF-4>
HERN 25 km x 25 km, EE A 18 2.
DA U e O At >k B 20 B AU Bk, JH o b 3 A i 368 AR 4 =0 DA B v 30
KA L (ECMWE) [ 41 3E (Simmons et al., 2007), 7KF73 ¥ N 0.25° x 0.25°;
HRTEIRE CNOS.1 #& Bl (REME A, 2013), AKF0HRN 025° % 0.25° £T

EERAERE RegCM4 R AT BURHR AT 0 R AN, SRS T iR EA 1l

5


http://www.cordex.org/domains/region-7-east-asia/），水平分辨率为25
http://www.cordex.org/domains/region-7-east-asia/），水平分辨率为25

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

2| 75 RegCM4 AHIFI [ 0.25° x 0.25°7KF Lo

2.2 HE

FHREFRE (AD B T RAE U AR, Hog SONBK (P) SIEZAHUK (PET)
[fIEL{E, BP AT=P/PET (Middleton and Thomas, 1997). Z#i4E4E 5% (Thornthwaite, 1948)
M2 5777 (Penman, 1948; Monteith, 1981) 8% 4 T1H5H PET. #i#& Tt EE RS
ApgD, JPETEE, RRT N, EHR RTINS, 7 E P koL s R
X 2A%Af PET (BEREE, 2017); & BIBCS ERR L (FAO) #EFF 9Tt 5 PET B & k77 %
(Allen et al., 1998). fE N3, DL EWMINEIWN T1HE PET, UILLEA [F) SEE R ) 7
[ o

S YER A A R

PET,,, =16x( HZ>A (1)
12

H=y oy (2)
i=1

A=6.75x10"H> —7.71x10° H* +1.792x10>H +0.49 (3)

Horb PETn A ABEZABR (mm), ToNAFHIRE (C), HAEREIEH, A NS5EHE
e B . M Ti<0CH, ABEZRER PETm=0.
P2 A A AR

408A(R — G)+ _ 0 e—e)
e R PR 7 Sl @
o A+y (1+0.34u,)

Hrp PETpm NEAEZEBUR (mm d™), Ro AR IFES MIm™ d), G ALIEHGERE (MJ m™2
d—l), Tmeanj'\jE%i@%%%ﬂ%f&/ﬁg%%i@{ﬁ <°C)7 UZ%2m%E%mj\% (m S_l)y esj"j/[j@
FKIEE (kPa), ea ASEFR/KAIE (kPa), AAWFKIRIEMARZE (kPa 'C™D, yATIRE

HWH (kPa T,
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117 £S5 BL 1986~2005 4F, i FIALMIAT PETem S92 AT 753160 AL 16 p EHLIX 20 A A Eg (1
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119 =AAERAI HAEA T RS B SO0 (1 AT 2% 8] 53 A, (EHU0E LA R FE A K
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1 1986~2005 {4 1] PETem SR T AL, () B (b)y (e (h) Al
(d) AEAREREARI LG (o (D, (D) Al (g) R =A RegCM4 i
W J AR BT 1
Fig. 1 Al climatology based on the PETpm method for the period 1986-2005. (a) observation; (b),
(e), (h) and (d) are obtained from three global climate models and their ensemble mean; (c), (f), (1)

and (g) are obtained from the corresponding simulations by RegCM4 and their ensemble mean.
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TEIX ) AL NS, JF— @R B4R T 2Bk AW E S K im2E (B 1e. L g
MDD b [ XA S, BT ALF2{E29 0.7, CSIRO_GCM. Had GCM #I
MPI_GCM K HAE G- (iR EN_GCM) FIRIME 53731 4 1.3.2.5.1.8 A1 1.9, #HW [] RegCM4
B om0 1.20 1.0 L1 A 1L, JEE W BRI . 5itEE, CSIRO_GCM. Had GCM
HMPL_GCM S HAE G- P30 S50 AL 2 (8] AR E 22 2 i 2 il 3.84 8.3+ 10.1 AT 5.8,

PRt b B 5 MR 223 500 3.9 8.4, 11.2 A1 6.0; #HM. A RegCM4 HEAU bR 2 2 LU AE
1.8~22 28], brAefbr b RIRZELE 2.0~2.4 2], BE/NT R, B4h, Rk
PETrn tH 5 T 151 225 I BOWLMI AL AT O 73 [8) 70 A 5 18] 1 3840, S7E TR db iy, 2R EK

RINEAR G, 2T PETm tHE 1) AT BB AL AR 0 75 70 e i 2 S K

4 RFFREXTM

MR RCP4.5 15 5t N =N A BRI UIKE) T Y RegCM4 2l /7 [ RIS, ] PETem 57
FITA3 ) AT ARAL 23 (] 0 AR 4E 21 40 8 2046~2065 4 (] 2a. e i A1 m) AR 2081~2098
(K 2by fo AT n) SVAAMEAL, FEERBUONIE IR e, AEDEARsgn, e bt
X L 3, HAX R AR (AR &M A e i — Btk 78 CdR. HdR 1 MdR & HAE &
Py (R MME) 1, 21 fHE28 A 3 o [ X307 35 AL 70 30080 3% 4% 2% 3%, KI5

B 5% 2% 4%A01 4%; Bk HdR Fb, RI AT 2 20T i Gk Do

# 1 RegCM4 Fifhig 21 g d il (2046~2065) AW (2081~2098) Hi[E &% X5k AT X}
T 1986~2005 “F 4L (%)
Table 1 Projected Al changes (%) in regions of China by using RegCM4 in the middle (2046-2065)

and the end (2081-2098) of the 21st century relative to the reference period 1986—2005
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2046~2065 4F 2081~2098 4F

PET it#&

X i CdR HdR MdR MME CdR HdR MdR MME
PETpMm 12% 14% 12% 13% 13% 22% 9% 15%
[iiil] st
PETtH —2% -1% 5% 1% —2% 2% 1% 0%
ZAbEE e PETprm 5% 9% 7% 7% 7% —-10% -15% —-10%
FAEIEdE
il PETtH 7% -11% —8% 9% —-10% —14% —15% -13%
PETrm —6% —4% 3% —4% —10% 7% —8% —8%
itk
PETtH —-10% —9% —6% —8% —-16% -13% -10% -13%
PETrm 5% -11% 5% 7% —-6% 5% 0% —4%
N
PETTH —12% -16% -10% -13% —-16% —14% —6% —-12%
PETrm 3% —4% —2% 3% 5% —2% 4% —4%
4 [F 1
PETTH —8% -10% —-5% —8% -11% -10% 7% —-10%

NET L, B AU B PEIES . RILE AR IeE. v Ar kP4 X
AR SN, 5 X EE WL 20 76 21 el ] ORI, PETem HHEFTA AT S AL
BEWI, PN 12%~14% (9%~22%), AHIIEMEARXS B RIGm S LIAL #5575 r
AL ZZWN, HN-9%~—5% (—15%~=7%) Fl—-6%~-3% (—10%~-7%), KHIAJIIE
R ZREHIX ALTMEDN, FEA-11%~—5% (—6%~0%), A HIARMEH kN (Bl 2 A

R Do #E2, 21 e rh E AL #8240 AR AL s E LR PR B AT
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XHF 1986~2005 £ (%), M EZETKIKN: CdR, HAR, MdR K&HAEE T MME;

I HIHET PETem, 2 —FEEIUFIET PETm. fEf& MTEIH, AEARILEAR A

A RN — B X, BARESRRET 95% 8 R CFED; BEERR AL

N FERE SRR X, 252 (1D PdbdEs: 37° ~42° N, 79° ~95° E; (2) AKILM

AAIAEARAEEE: 35° ~45° N, 116.5° ~130° E; (3) #ipg: 21° ~32.5° N, 97.5° ~107.5°
E; (4) K@: 17.5° ~32.5° N, 107.5° ~125° E.

Fig. 2 Projected Al changes (%) relative to the reference period 1986 - 2005 in the middle (columns
1 and 3) and end (columns 2 and 4) of the 21st century by using RegCM4 under the RCP4.5
scenario. The panels from top to bottom indicate results from CdR, HdR, MdR, and their ensemble
mean MME, respectively. The potential evapotranspiration is calculated by PETpm (columns 1 and
2) and PETtH (columns 3 and 4). In the bottom panels, the red slash represents the results of three
models agree in sign with each other, and black dots represent the 95% confidence level (the same
below); black boxes show key regions where there are large Al changes: (1) central Northwest
China (referred to as CNW in the following figures: 37° -42° N,79° -95° E), (2) southern
Northeast China plus northern Central North China (SNE plus NN: 35° -45° N, 116.5° -130°
E), (3) Southwest China (SW:21° -32.5° N, 97.5° -107.5° E), and (4) Southeast China (SE:

17.5° =32.5° N, 107.5° -125° E).

5 Wih&GREERSTH
BET PETem T AT AZALAE 21 20 fp ARSI AR I AR UL 2 T 231, AR DA 21 i
8RN, e 1SR PR R R TR A AL BN DTk .

5.1 B&sKF0 PET Xt Al ZE{LHYTR AR
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FE7K AN PET BX G 4RE 1 AL RULFR 3t — P BN E/KH PET KI/EM . R4 Feng and Fu
(2013) $EH I MR AN 7 AR PET 1) 5T#A:

AAI =~ F (AP)+G (APET) (5)
F (aPy=—L G
PET )
G (APET) = APETP+ F (APET)* = AAI - F (AP) (7
" PET* PET’ B )

HAAALL AP FIAPET 4r5il# 7R AL. F/KA1 PET 284k, F (AP) Fil G (APET) 3 BRIk
FPET 5t AT AL 5Tk -

RegCM4 =gl ) 1 RS L LR G- 45 R BoR, 78 21 SR, BE/Kx [ AL
A HAE AR N IE, XA 5Tk 3% ~4% (& 3a. d. g A1 j); PET MITEH A, XI5
I TTR 8% ~—5% (Kl 3b. ey h Ml k). EZFIA] L, ASKRPEHSREK —BG N, X Al 284k
EIEVER] s ARE P LB KA AR PRI N 32, BARg RGO SR AT, AEE RE AR XD,
1M BB A BRI A € 1. PET 74 EVE N —B08n, AoTsle®. Ak T4
TR T G da . BT PET SEINAT R Kb, W IRE JE R 7 i X A 2+ %5 (Feng
and Fu, 2013), X5 RegCM4 HB4DL%) 3R] DA R i X 5 35728 40 — 2.

FEPT G R U SO B A X, PR R SRRk AL AE A IE R T PET, HTTERA 15%~
17%, PET KN AN—-4%~—2%;: TEHR=AWITTIX, PET 5LER Al B E AT oK, Hr
RACEE AL AL B K ST 0%~2%, PET RN N—10%~—6%; 7t 5§ Al 45 B F 7K 1) 5T
Wk 2> AN 1%~3%FM-4%~1%, PET [FN-7%~—6%M-8%~—4%. %5, BEIRBEKIERHE
SrX A FTREN, {2 PET MGl ARX 3R, E# S8 21 b b E AT 3. (K 3c,

f. 1A Do
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Fig. 5 Regionally averaged Al (black) changes over China and its four key regions in the middle
21st century under the RCP4.5 scenario (%) and associated contributions of mean temperature
(blue), relative humidity (red), 2 m wind speed (green), effective energy (purple), and precipitation

(orange) as obtained from three sets of RegCM4 experiments (a, b, and c) and their ensemble mean
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