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Abstract This study projects changes in China’s dry/wet climate in the 21st century using datasets from 21 climate
models from the Coupled Model Intercomparison Project Phase 5 (CMIPS) under the RCP4.5 (Representative
Concentration Pathway 4.5) scenario through soil moisture levels and a drought index, with the latter being calculated
using eight surface meteorological variables. Results show that the models can reproduce the basic characteristics of the
climatological dry/wet climate in China during 1986-2005, although there are some differences between the models and
observations for the spatial pattern of dry climate over western China. Under the RCP4.5 scenario, the standardized
precipitation evapotranspiration index and soil moisture levels would generally decrease across the whole of China,
corresponding to an upward trend in the frequency of short- and long-term droughts, and a downward trend in the wet

climate region. From 2016 to 2100, approximately 1.5 to 3.5 percent of the land area of China would change from a
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humid to semi-humid or semi-arid climate. With respect to the geographical distribution, the most obvious dryness would

occur in northwestern and southeastern China where short- and long-term drought frequencies would increase remarkably,

and the dryness would be detectable earlier than in other regions. Wetness would only occur in northeastern and

southwestern China, but would be very weak. Seasonally, there would be warm season dryness in northern China and

cold season dryness in southern China. The dryness trend of China would be primarily due to the decrease of available

surface water as determined by precipitation and evapotranspiration levels.

Keywords RCP4.5, Dry/wet climate, Soil moisture, Standardized precipitation evapotranspiration index, Projection
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Table 1

which “*” denotes the 10 better models

CMIPS models and their ensemble means, in

Fe LEN Fr LS ] (5N

01 ACCESSI1.0* 09 GISS-E2-H 17 IPSL-CM5B-LR*
02 ACCESS1.3 10 GISS-E2-H-CC 18 MIROCS

03 BCC-CSML.1* 11 GISS-E2-R 19 MIROC-ESM
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Fig. 1 Taylor diagram (Taylor, 2001) for displaying a spatial statistical
comparison between 21 models and their ensemble means and observations
for the annual mean precipitation in China during 1986-2005, in which the
numbers in graph correspond to the numbers of models in Table 1. The
point of “REF” indicates the observations of annual mean precipitation in
China, the distance between number and origin of coordinates denotes the
ratio of the standard deviations from observation and model, the azimuth
angle indicates spatial correlation coefficient between observation and
model, the distance between number and REF denotes centralized

root-mean-square error after normalization



PN S

492 Chinese Journal of Atmospheric Sciences

39 %
Vol. 39

X TS AL P X, i X 3 A Ky
TRV B, P A R X AR A ] bR AR
Jb—vam oA, EEAFEARIL. b, S,
7o A AL DA K e S i X (R 20 0 T R H A A2
A_F oy A 5 DL Hp 0 S0 DX Rk SR A,
Sl T R X ) s 22 0 2 B T R
P Y DX 2 S AT AN TR DL T R X
T RERAN AL ABRAREE, 2002; ik E AT
SR, 2005; HIXUFIZE, 2009), IXIR AT AE &R T7%
TEABUR M EIEAF TS, RO R AR 1%
R AR A R, 5 T 228 IR AT 7K 9 5 IR 7 4
AT 32 2 -5 R i s N 5 7 3 2 AR
FAER, JFHEIE I AE T AR X 4 5 S 2 %A
W7 R A A8 (Jensen et al., 1990),
ERREE F, MME-10 &3 B T B8 2
A CEL 2D b, SO A 5 IX Rl 8 R
TR R ;BT T T SR AR S
DAL ) K R 22, 3 A T X — Hb X A S
P, 5N ZE AR, B I — il X ABE DL A /K
i 2 19 J5 DRI AT 2 Hh 1 4 BB X 4 e i AN o
i3 (Yuetal., 2010; Gao et al.,, 2012), FHéb, Kk
20 A R PR DX RT3 DX I T AR K, 5
DT ARG AN s B AR A 4 L Ak B AR T A A
3, MME-10 {i T MME-21.

4 HERRKFEEL

4.1 SPEI F£3kZ 1k
RCP4.5 5N, 21 2l [ XA F1 215
¥J SPEI s fA 3% 2/ vEa#s (- 3), MME-10 [

Obs X/ﬂ\.
N ER s a,

40°N

30°N

20°N

75°E 90°E 105°E 120°E

B TR TR ETR REE 8 ke

W/ NEEEAIEL T MME-21 228k, 78 10 4E R N
b, SERIZEAFY) SPET RELKN &S, FRiE
1 2050s /efiik Bl K, 2T g . MR
(B ECRE R, 20 tHZ0FT 21 tHA0 A R ) 25 5
R, 21 s i s (B3 451D, EK W 20508
AU ) [ A e i B R S i — 3k . e
WRE b, HRATEAWIE, X
BHERER, KEMEFRZ, £FNAAHTR
N X BT 5L 55 Wang (2005) FiT IPCC
(2007) HEIITAE—2, MAEAHFEZETEL
5 U A AR 8P — B N 22
N 55 BT FH R VAR TR A %

BT R R B B, ARVEREES 60 N2
B, ma AL AT I B A, 0 7 e SR T )
TELE, DIk ZE IR K. ik, FATIZ Bt
WERARAEAE (20060 ARefers o [E 2y XAk, HARr X
LK 2. K 4250 T 1986~2100 4EH [EH L H 74T
XIRAN 4 MAFEBE SPEL 2 EH AR L. Hid
[ X I T S, PUZE SPEL #54 AS AR (R
i HRZFEREECR, X 5HTSCEE T4 R —3
FEI 23254k b, SPET AR AT A1 56 1) b Sl vk R 2
Yo EAFEARIL. At FEALAb T X, HRA
K78 SPEI J/Ne e, HhedbE ZFp)e+ 32
RAAE 21 AR, oAb X Rz 2548 1 ) R B0
TR s IAETIE AR VUMM
X, SPEI i/ B W 2515 B AR 2R,
FOrVTVERN PG R HL X BV TR A TAh, BT
AL A RAE AR 2 78 & X, BAPE
JEVG X AR TR ok, R ZERKEEY R AR

MME-10
50°N

40°N

30°N

20°N

T T T
75°E 90°E

I
BRTR TR ETE HEE  8E BRI

T
120°E

2 1986~2005 EMLIUAT MME-10 (10 MEALBEXFELA-FIHEN BT, PE 7 AT XISTEE R R &
Fig. 2 The geographical distribution of division of dry and wet regions in China during 1986-2005 from the observations and MME-10 (ensemble average of

10 optimal models), the seven subregions of China show in left-hand chart



311 XF A RCPA.S 535 B rp B AR T AL A T

No. 3 LIU Ke et al. Projected Changes in the Dry/Wet Climate of China under the RCP4.5 Scenario 493
1M FLE R 4 i TEREsi. XREFTNHET 2000 —HEH

HIEL 234, SPEL o Ak [ XA W2 W5, BI= SPEI fE£E4E 4~6 > /N —0.5 I
AT, AHXIRIEAR T RIS A IR R AT 2 —2RE KI5, B SPEI
Mo HEABIE AR TREER, BATHZIE  HRDEE 124 H/F—0.5 W kA — K]

0.6
Annual ] Annual
0.8 0.4 -
0.2
2 00 l $ | é #
-0.2 4
~0.4-
——t 77T
2000 2020 2040 2060 2080 2100 -0.6 T T T T T
Year 2000 2020 2040 2060 2080
Year
Spring 0.6+ Spring
0.8 . 0.4
04 0.2 1 E:j
= ] =
2 00 2 00 |
04 - -0.2
an ~0.4-
-—_—
2000 2020 2040 2060 2080 2100 -0.6 T T T T T
v 2000 2020 2040 2060 2080
ear
Year
Summer 0-61 Summer
0.8 — 0.4
04 0.2
n P
=) oA, <A A —
& 00 ¥ e 2 0.0
W v kA ]
-04 ] -0.2 1
-0.8 -0.4-
T T T T T T T T T T
2000 2020 2040 2060 2080 2100 -0.6 T T T T T
Year 2000 2020 2040 2060 2080

Year

3 1986~2100 4 H BXARAEANZE 1574 SPEL ChidfEAL K ZSHURIEHEO IAERS (JEF1D A 10 4EF5 (A5 Aefl. Zeg) B hsi g m e 2 23
MME-21 il MME-10 &7, B ARME S A A 5IARR B O HEACR DT UL SPET I DU Sz, 1 S5 23 R s K A ey
B, A0 RT3 MME-21 fil MME-10 452

Fig. 3 The annual (left) and decadal (right) changes of the annual and seasonal mean SPEI (Standardized Precipitation Evapotranspiration Index) across the
whole China during 1986-2100. The solid and dashed lines in left column figures represent results of MME-21(ensemble average of 21 equally-weighted
models) and MME-10, and the shaded areas are the range of simulations; the box and cross in right column figures represent the inner quartile and the range

(maximum and minimum values) of the set of models; the soft dots and cross represent MME-21 and MME-10, respectively; others are the same as Fig. 1



K AR

Chinese Journal of Atmospheric Sciences

494

2
=&

39 %
Vol. 39

Autumn

0.8

SPEI

-0.8-

|
2040 2060 2080 2100

Year

— ‘ ———
2000 2020

Winter

0.8

SPEI

-0.8

——
2000

— —T —
2040 2060 2080 2100
Year

—
2020

EK]

SPEI

SPEI

0.6 1

Autumn

0.4-
0.2-
o.o-

“02]

-0.4

T T T
2040 2060 2080

Year

T T
2000 2020

7 Winter

-0.4-

-0.6

T T T
2040 2060 2080

Year

T T
2000 2020

(¢59)

Fig.3 (Continued)

T M T 1986~2005 (EZF#IN B, 5T 5
RAEUEAE V2 H X R 3 (L S), 3
DA 2 LI A FARAL AR IR S . WS BT
FEP . HRE AR, R R IR
2016~2035 AT R R A REE D a W in T 5
o B 21 ML IRFIRIA, R 5 R A R
BEMEAR K, BN 2 A XA T P 52k e R
SRR TR o AFDRE TV 22 1l D 30T 52 e A2 B K S
BN, AT SR8 A b ORI P AR AN, kD 1
X E T AR AL TLERIPE RS o AT T
B RIS IE AN, 2016~2100 4
A5 R AR RO B B SR R R DX S B TR
AP, #) 21 AR TR R A R
T2, HAbI RIS, R KT X i
K 2 AR IER, AR N

F B BIRA ) B RO, (R % X
[ AFAE BRI ZE 5, BATTHE— DR A DY o R
5T AN DI T 2R A B SR IR . AH

YT 1986~2005 “FZFE N B, AEREIHTFIE
KT, A RS R R AR R
s (B 6). fERINT I, PHALAR AR
(P3G IR B 52, 55 2 A A AR o R B R ORI A
2081~2100 FEik Blldg ks AEAACFNPE pg X, 400
T B RA RN A A 5. T 5
o, LAPGAG VG SRR R s s o B, ) B A
A B HUEEAE 2081~2100 “FIARH K. FohT 2
Pt B2, AT 2016~2035 4E A1 2046~2065 4F,
2081~2100 =5 DX 3k 11 -1 A% b 7 A5 X ) 1) 2
FEINCR, W Bl 4 BRAR I ) 452 CRBEATA 1) T A%
22 AR IR o
42 TIEERERRKTHL

Fr T Bi& SPEL A&, SCH R o04r 1 135808
BEARAk, DL i R AR A T i e .
(R kadt, A RARL (1) r (5] DX 3T 45 1) g it 3 % S
BB H RN, BRI 2R K — 18,
ERIRRE b, 2Rty Aedb. PHAbPESRT AL AR5



XIS RCP4.5 150 T A B AR R AR Tl g

3
No. 3 LIU Ke et al. Projected Changes in the Dry/Wet Climate of China under the RCP4.5 Scenario 495
[ China [ Northeast China
0.60 — 0.60 _—
ozo - 1 | 1] ] oso | | | | [ | [ |
- s H o g g os R B . n B oo | H @ ]
—_ L i —_ = ‘ J
: o e é%@é oL I AIETIEY
w2 = w2 -
L i .I. ! i I | i B i l i i | I 1 I 1
-0.30 = | 11 lJ!.-I..L —030 — | **li,!,"l.
-0.60 — —-0.60 [—
—0.90 I T T T T TR T TN TR TN TR B | o000 L—L 1 1 4 1141111
Jan Feb Mar AprMay Jun Jul Aug Sep Oct NovDec Jan Feb Mar AprMay Jun Jul Aug Sep Oct NovDec
[ North China [ Jianghuai
0.60 [— 0.60 |-
0.30 | f sl [t 0.30 |
2 000 - L i 2 000 [
& L L s [
—030 i —0.30 |- I i
F e Ll L N R
- o ]
—0.60 |- | -0.60 |- | 11 L]
L [ 1
—0.90 Ly —0.90 Lo
Jan Feb Mar AprMay Jun Jul Aug Sep Oct NovDec Jan Feb Mar AprMay Jun Jul Aug Sep Oct NovDec
[ South China [ Southwest China
0.60 — 0.60 _— .
- | r i T T
0.30 [ |f H O hod 0.30 |- T 1
— - [i] — L
&5 | l m |
% 0.00 i !| % 0.00 B % %
F e T - T
-0.30 — i -0.30 |~ i i |
i i i 1 ol i : + ! - j. i j. i 4
-0.60 - | -0.60 |-
—0.90 [N T T TN Y TN TN Y N TN N NN 000 L—L 1 1 4 1110111
Jan Feb Mar AprMay Jun Jul Aug Sep Oct NovDec Jan Feb Mar AprMay Jun Jul Aug Sep OctNovDec
[ Western Northwest China | 1 [ Eastern Northwest China
0.60 | 0.60 |- L | g [ é T
030 |- M 1] H .”. H 0.30 |- [ i Lo !
B - oo - 1}
= 0.00 _— ] E 0.00 _ 1
& ’ L Z |
B H L
-030 [+ ¢ T ; e -0.30 [~
» | | 1 1 .|. B = l I l ! = 1
L Lo = S 1 1 1 |. 1
-0.60 [— ! b 1 -0.60 |— i i
= ] -
i i S B
_0.90 [ Y [N (NN NN NN N T M s B —0.90 T I (NN (NN NN NN N I (N S B
Jan Feb Mar AprMay Jun Jul Aug Sep Oct NovDec Jan Feb Mar AprMay Jun Jul Aug Sep Oct NovDec
Month Month
K4 1986~2100 4 4 /M BL 1986~2005 4 (£L{5). 2016~2035 4F (F{4). 2046~2065 4 (£%{4). 2081~2100 4F (4 [ ZILFIX 5K SPEI

FAEAL, AR b 5 HEARRBEA K P DU M, 1 R i i 2 AR A R AR B, RN S50 i 23l AR38 MME-21 1 MME-10 4521
Fig. 4 Mean seasonal cycle of SPEI for the whole China and its subdomains for the four periods including 19862005 (red), 20162035 (orange), 20462065

(green), and 2081-2100 (blue); the box and dendritic symbol represent the inner quartile and the range (maximum and minimum values) of the set of models;

the large and small solid dots represent MME-21 and MME-10, respectively
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