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Abstract

Based on the homogenized daily data of 2255 meteorological stations during the past 60 years
from 1961 to 2020, the potential evapotranspiration was calculated using the revised FAO56
Penman-Monteith model, and then the annual Al (aridity index, the ratio of annual potential eva-
potranspiration to annual precipitation) was employed to analyze the dry-wet climate change in
China. The climate models prediction data was used to analyze the possible trends of dry-wet cli-
mate in China by the end of this century. The results showed that in recent decades, the climate in
China was in the tendency to get wet, and the areas that have become wetter relative to other
areas located in the western regions of China, including Xinjiang, western Qinghai, Gansu, western
Inner Mongolia, and northwestern Tibet. In recent 10 years, China’s climate has become more hu-
mid. Compared with the 1960s, the total area of arid has decreased about 650,000 square kilome-
ters. The changes of different climate zones have obvious regional and periodical characteristics.
There was a tendency to get wet in all four seasons, especially in summer. The results show that by
the end of this century, the climate in China would have a general trend of becoming drier. The
drier areas are mainly located in the central and eastern parts of China, while the western regions
of China continue to maintain the wetting trends. In the case of high emission, the trends of drying
in the central and eastern and wetting in the west are more significant than in the case of medium
emission.
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1. 5|15

TERFRABWTE SR, A R TIRUEAS AL T 5TERSZ B AT E AL S. Feng S5 [1]F] FH UNEP 5& X
MR R AL [2] /b7 T 3k 25 60 -0 21 AL A3k R TR X AR B, AR REW, EaRRAE
THEHE ST, 2RTRETREXEGY K. i ERBIA M Lystist, 8 1987 4FLk, FRE 7
JEsh X, HEHEE TG ERLATE, S5ET 100 LR, FSCAEE IR ESE ETE. Mok Bl B iass, Hee
IE B PG A0 X A P8 SR AE A R BT ) R A e R 2 7k 9 S5 [4] 1 1961~2008 4 M I 5k Hit 8 2 A
1t 50 AR IR E FU AL X BRI T A B R, R BRI S . K5 = 55 [5] [6]F] FH T fa o 3k
ER [FIEAR RSk X RIBEAT 77T, $8HIE 2% 60 4£(1951~2010 4F)FRE A6 72T R A8 AL T N 5
TR XA T, Hlr B A& e R T R X T R XSRS, R TR X AR R A
AR, PR AR AR T

Pty B E S [7] [81d 2 A o [ DX 3 b S 009 P A5 P e B, 20 12 80 AFAR AR, PadbZR
AL S LT AL A 35 O 1 BAFAE, IX R 3AEIT 15 SEANWT IR, B /D AV R T e AR i
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RN SEAIRFE[9]10HT T 1961~2015 45 A [ S MR DL I I 2eRFAIE, - 98 H R R K 0 X 4T
AL e A, FFRIE TR EAL X, AR AL S KR s A k. T —ILAF[10] [11]#r AN
] 74 0 X 1) A2 3 5 B /K G I s PR AT T8 18, A A DT AE 9 2 W v (R A K R AR A 5 N
FKIGEEYIA R, Frid “BEER, THET” , “BRHEEER” 8 “BIRGTmAuy R 4 R12]#8 0k
A B AR A XA K SR KA A AL

FUAT, BFXE AR RIS 0T, FZFIHT IPCC AN R HERUS 5t AN RIS 45 50T & 23
B, RZHW AR AT FORERANZZR N 13] [14]. BERIRZE[15]70 4 1 AR LAY A2 4
BRI R T RO 5, a8 RRY T EALT T2 4T R XAR W e a2k LT FK
FEINEON RFE X 2, IF4R B R — X R RO 75 25 R . B R SRR
LA RN . SPHIAAE[16]HM ) 5 MBI, &5 RAHRAGH, A 1 RCP 8.5 1 5t N AR A4 i H X
AR A S, 25 R AR W AR R RS R AR A AT [X 525 el L R i 0 IX R 25 K O - SRR AE .
REEHETOR, ARRAURAMRAE 2 R Efmh FE TR, T BRI iE AR, 45 R4
IRTEAEAR R AT 5E 1

IEFERA R X BRRALI D18 I 2, T2 B B0RAE 2R AR, A LRI 7T R I 22 RO
IRABR, Joik el 2 X A A A it 23 18]V AT [ RUBE, 7% M) Y SE A I TR KON Bk M R R AR
PR I AR KA BT R 2011 4F DIORE E THRAR L W TR D, A 0 B oL B ks
FET U AR TR AUE AT LA T IR AT . VF 2B O TR R 0 i . i, 58
5 4 AEEG, AT B T R DA R XA AR, B AT A s e DX A A g i
D DGR ABRARORTE 75 2R Y SERG 240 T 0% DX Rl S5 bR R AT F

FT UL B, AU E A G R BoE 2 28— VT 1E A4 UL I SRR = A 17 55 LA £
P, BT FAOS6-PM BT SBEZK I, 4 A MK EMIE TR IREL IR 6 TR
SRR hRtE, WL 60 45(1961~2020 4R E TR URAL M EARHIE . XIRFIE . SRR Z AR Ry
AERFFEATIRANETT, SRR AR 7= 3 A 7] XS TR TR AL AL R, 40 B T 20 R e [ I <
AL AT RERESS , D BE B TRAAL L B v AR SR AR A 4R -

2. #RERFE
2.1 FrREEHR

VFZ TR YI[17] [18] [19] [20], 58 45 H (it v FE Fia ) Re W6 25 & S Wi U SEFR R L . T4
FEARETE B OB o) R AT B e W AR 8 B . PR TSI SR PR, d o AL AT AR, R
Thornthwaite. Holdridge LA & Penman-Monteith 557772 .t FURAKRHZAHEFE ) FAO56-PM J77%[21], &
TR B XU, MRS 2 PR EN AR R, B ROR A B LR AN B A B R S
EAESEP S B PT UL L SEX R ART 2N BT RN RS RERTRERZ, N
2B PRSI ASCRHRARFBITE (IR TEER) [22]hr#fEh ) FAO56-PM J7ik, X4
[ [ 2255 MR g £ A R AT I 5.

TR FEFR B HITH R TR B WA, — P S 2B LR PR K B (— RO TR BEFR 2K), 5 —Fb
FEE PR B RV 2SR (— RO E FR ) . X TR BOT BRI S — Rk, iHE AR
H(1):

Al ==2 )

R Al TR, PONFEBKE, Eo MR FAO56-PM 7t B B ZREE, HEARMAR(Q).
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900 u, (e +e,)
2 S a

A+y(1+0.34u, )

0.408A(R, -G)+7
E, =

X, Eg NHIBEZAEE(mm), G N HIEHGERZEMIM ™), T 2 K HFHSE(C), uh
2 KA RGE(ms ™), e NP IMERIKIAE(KPa), e, NIBR/KiSE(KPa), ANMIRIKISIEIZE R (KPa'C™),
y NIRRT (KPa'C™), R, AMIEFES(MIm ™). MR FES R, bR BIR RS Ry ALK
FHES Ry THEA R o ASCHL R BT AR T R IR4E A X (B)THE A F:

Rm=077ng+m[£}}&o 3)

. Ry AHERSMERS (MI m2day™), n AysibrH B (h), N vicRnTae H IR E(h), R a ABR
HBERNE S SA I 10IE L R EL a, + b NG RMERSME S BIAB I AEE AR, ASCREE (HB RS
) HExbrdE[23]40 i e EAFFERZEH a M b HIF AR EES —1IZH as M b EH, W& 1 is:

Table 1. Monthly average a5 and bsvalues in China
# 1. 2ERAFa M b &

1H 2 A 3A 4 F 5H 6 H 7H 8 A 9 H 108 118 12H
as 0.205 0.187 0175 0.167 0169 0173 0179 0.178 0.175 0.177 0.192 0.206
bs 0535 0571 0583 0586 0584 0577 0559 0555 0568 0576 0556 0525

AR Yin S [241 42 152 24207 A Ak S Hb R KB a5 Ry, 1HE A X (4):
Tr:ax, + Tr::in, n
&,=o{__J%E__l}x(ase—oszQ){ol+og[FiH ()

X, o AR - WK% B HE(4.903 x 10°MJ K*mday ™), T . NHERELREK), T NH
ARSI P (K) -
2.2. FiRSEFEITRE

N T Bt ] A S STk X AR AR R R X AR AR AL, X BoE i TR TR R R AL
SAEFARN 5 6 AN [25], R RIEX . X, iiEX . PHRX, FRX. HTREX. Bk
SARAEUNER 2 fR o

Table 2. The grades of dry-wet climate division

*® 2. FIESEFRRSIRE

&9 1 2 3 4 5 6
sy X pURLTAE ST RIRLTALE] T2 F& T2
Al 8% <0.5 0.5~1.0 1.0~15 1.5~3.5 3.5~20.0 >20.0

23 FERE&MESREENRT

AL 1961 6E 5 2020 673 60 4T HRIEHE KON (i ot [/ SR L5 35 B b DR 2255 %
TS0 BB TA95UR . AR BOAUR . MIRHRRE . TH9RGE, PGS, T
BYURL BEUR SRR AR, T KR 2R — R BRI IE (0 BORH26] [27]. ARSI
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AR ST RN E A AR B 4 BRI BCC-CSML.L (2.5° x 2.5°R#) Filfli Kot , it X <,
1355 RegCMA4.0 [ R B 97K F-43 24 0.5° x 0.5° %3 [28]. A 3K 2020 4 1 A 1 H % 2099 4F 12 H
31 H RCP4.5 f1 RCP8.5 Tifli #i4ls, ZRMFEME/KE . FHSM . U SRR S5 XN
EZ IR S ST

RGP BE TR A 1981~2010 AR HlE, etk R 1961~2020 A 4dE . A SCig A
Mann-Kendall &34 3072 29106 T 5 10 e ME R Ak AT B B VAR 00 . SRR HLE B 10 4R 8 —ANMEAR,
1960 FfUF5 1961~1970 4F, 2010 FA%HE 2011~2020 4E. A5k M 1~2 H A B4 12 H &2, 3~5
HAHEZ, 6~8 HNEZ, 9~11 HAKE. N7 TSGR ERHE, KBRERI N 7 X,
R PalLthIX EIERTEE. Hl . S TEABRT 5 ANME(X), FIuthX EFE IR RE. Wk, L7
FAZ T 5 AN ), RACMX AL 7. SHRAMERIT 34N, BRI AR R o 28 IR,
WL, VLRGSR 7 NE (), X A HER R . BIER R 3 N, R EIET AR IR R
3MME(X), TUREHLIXALHEDU)I. HEER. B, =M MTEE 5 M. X).

3. i 60 SFRE TR SIRZEHHFHE
3.1 RETFESEZEZHHE

A= [E 2255 AN B AR BCT G DR E (K] 1), SRR T REES, AR 2RISR,
FERTEER S 7 N 1960 44X 2,54, 1970 4% 2.21. 1980 4E4L 1.98. 1990 4E4L 1.86. 2000
4R 1.81, 2010 4E4R 1.85, LM LA NAE 10 £ FF% 0.17, REMEL T 0.01 MEERE . %
Yol HBLAE 80 AR, KERorulh HBLTE 1987 4EAT o, HATIAm R IR, AR BBl
FEE

MNA A B R B R A R (5] 2R, A G Hh X 8 B FR RS 2 T RS, IR
AR ES, JUH R E X, IR HIEOE. R R ST, P LA, AR
AR, TYE 10 FETEERET % 2.0 UL, HArERo X T 8.0~16.0. T MK
P (VA R L8101 PN 7 NN & 7 N i N DB N = AL N N i i
A, (HEHR N REMRRRI(E 2 PRIRHEIX ), BT XM BAA R, AR R
Sy DRI TR VARG o H ] P R X (B FE R SRR TS HOR P ES . P R A A ) L VI
TR SRV M X AR A 2, 83T 0.05 HUME BEAGES, HFrasva . Filerhs. vl s s B
I 0.01 K55G, WiREAIEE RE.

1960 1970 1980 1990 2000 2010 2020
EE

Figure 1. The linear trend of the annual average aridity index in China from 1961 to 2020
1. 2EFPHTIREIERE M T LiE3(1961~2020)
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Figure 2. The linear trend of the annual aridity index (color) and the significance test (slash) in China from 1961 to 2020

[&] 2. 1961~2020 £ EFFIEER B LT ISR, NEAREBET 0.05 FERWXE

3.2. HETFIESIED XA ERIEFHE

321 BEFRSIEXENRFRTLAHE

M 1981~2010 F-FERAE, HETRAUEX(EFEHTF. T2 T2 X)F B T3 E AL
M X, STETAR 7 [ TR 48.1%; i A% X (E0FE It MR YR R X ) = A [ 2R S A i s
X, G TEAR o AR 51.9%. M 3 FTRAE HE, H 1960 FEARTFAA TR E R A AE X HFN 2 I T B,
1960 AT IX THI AR (5 4 [H S T AR 2 54.46%, F1] 2010 2R/ N 47.57%, Jili/b 6.89%, £ 65 J3-F-J7 /A B,
TR S X TR I N %4, 1960 FEAR A 2000 AEARER -5 A 05 X R TR K TR < 0 R AR, T
10 R AR ERIE S X AR T T R AR X A, AR R (5] 4). JUH 2020 4, XP AR TN
WA, RS X R TR | EiA ) 60%, F2 20 tH20 60 44X ARG S 5 DX s T AR B R —4F

T 60 IR FE TR R X AEACBRAARFE W R (% 3). B T X R > o &, T 10 4R
1960 SEARAH LIS 2) 10%, 322 K& Hrsl S oK B 30 2, B TR IX AT RIX . FRAEX HE
H 1980 FATFUR IR Ry I, AHTIRE, — AT T TR X T RIX, H— NS AR
ST R XY K, TR X RS AR EORI R, 2010 42 AT P 52 1 4830R 4 bt X PG 358 0152 (X T
PR, 3T 10 43K, PHILHBIX AHR. AAbSE S E R IR, R XA . WX AR A A
AL, AEARBRRFER] 2, 1960 FAREIAEL), 1970 FEARGREY K, 1980 AR/, 1990 FALLEZBHY K,
2000 FELARPGALHEDX A3 At o X b M52 X [ ARl X A . R 1 7 i o DX Ak I K 17
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#1960 AR 26.66%74 A 2010 4FARH) 30.2%, 14K 3.56%, #£133.6 Fi VAR, FIE Ry IHBIES %
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Figure 3. The proportions of whole dry area and whole wet area to the area of China in different decadal
from 1961 to 2020 (unit: %)
3. 2EFERESEXER&H (D) FEESRXER G (ZL) FRREL(ERL: %)
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Figure 4. Dry and wet climate zoning map of 1960s (a) and 2000s (b) in China
4. 1960 F{X (a)F0 2010 FR ()2 EFESESX

Table 3. The proportions of the area of different climate zones to the whole area of China in different periods from 1961 to

2020 (unit: %)

3. FRIFR2ETESESXERASEEREN: %)

[X 35 pURLTAH pATAlE] RIALTAE RIS T e T5
1960S 131 26.66 17.56 19.98 16.28 18.2
1970S 2.14 25.4 18.48 20.78 16.51 16.69
1980S 3.51 29.26 15.4 19.03 18.31 14.48
1990S 6.15 26.62 15.12 20.22 20.35 11.54
2000S 2.33 29.78 16.32 19.77 21.03 10.76
2010S 5.61 30.2 16.62 175 21.8 8.27

1981~2020 1.47 43.80 17.51 16.56 17.42 0.24

3.2.2. HEFBSIRXEEZLFHE

T BT A [ DO R AR AR AL, AT A5 7 1981~2010 £EpEAEHX . #RAbHBIX . 2R
JEdX . A, B, SRR PRI A 7 A XA [E] R DT AR T o A X 3 AR
ILEER (2 4), FFHT 13 60 SRR A TR U X THAR LR AR A (2 5)0 T AT X AN A ) T U
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Table 4. The proportions of the area of different climate zones to the whole area of China in different regions from 1981 to
2010 (unit: %)
i 4. ZERXETFESES XEIRATEEEER(1981~2010) (BAL: %)

X 45 PURLTAYE b aEd R ALTAYE T8 F&2 W52
Pkt X 0 431 9.24 15.15 36.19 3451
fedb X 0 3.49 14.95 51.05 23.39 7.12
FAbHIX 0 33.70 48.11 18.19 0 0
HERHIX 22.77 56.43 13.67 7.13 0 0
frhih X 9.93 60.35 15.24 5.48 0 0
ARG HLIX 16.25 83.22 0.49 0.04 0 0
PE R HL X 1.47 43.80 17.51 16.56 17.42 0.24

4 H 3.61 28.63 15.89 19.48 19.51 12.88

Table 5. The linear trends of the areas of different climate zones and proportions to the whole area of China in different re-
gions from 1961 to 2020 (unit: Km? (%)/10 year)
#5 2ERXETESIES XIS R & M#E25(1961~2020) (B1: Km? (%)/10 £)

X 4% o Ak NI ALTAE T+5 +52 WT52
PEIE#X  0.02(0.01) 1.05 (0.35) 1.26 (0.42) 2.84(0.94)” 5.55 (1.84)"  —10.7 (-3.56)"
#HIHX 0.02 (0.01) 0.9 (0.59) 1.02 (0.67) -1.0(-0.66)  -0.18(-0.12) —0.76 (-0.5)

ZAbX  0.09(0.12) 3.69(4.67)"  -1.84(-2.33)" -1.98(-25)" 0.04 (0.05) 0
R 259 (3.27)" -1.28(-1.62) -0.5 (—0.64) -0.75(-0.95)  —0.05 (—0.06) 0
Herfl[X 139 (247)° -051(-091)  —0.26(-0.47)  —0.58 (-1.02)"  —0.05(-0.07) 0
ERFHX  15(3.36)°  —1.31(-2.94)° -0.17(-0.38)  —0.02 (-0.04) 0 0
PEFFHIX 0.7 (0.30) 1.24 (0.53) —0.14 (-0.06) 0.02 (0.01) 1.49 (0.64) —3.32 (-1.43)"
4 6.35 (0.67)” 3.94 (0.42) -0.82(-0.09)  —1.49 (-0.16) 6.81(0.72)"  -14.78 (-1.56)"

VE: Y7 (SRR 0.05 KB, e [FRFE 0.01 K.

T e TR X HANL) 12221 T3P AR, S EE - ER R 12.88% 4 47, EEA T Ik X G
0 Al (R P 5 ot P ) A0 P e X S (B PR P ), R P b X AR T R X AR AR, A
BRI 34.51%. T 60 4F3k, R M X AR RIS R B, SR 10 4R 14.78 5T
I3 HL(Z) 1.56%) . Ph-{bh DX AR o 5240 X TR R B f BA S, P 3545F 10 4F98/> 10.7 7377 A HL(2 3.56%).
7P e X (P ) Al o+ 2 o0 IX T AR R Bt LU P 2, “P 3594 10 4R/ 3.32 J5°F 5 A BL(Z) 1.43%) .
REVERIR R, TG b DX R VG R b X R X AR AGET T 0.01 BME A ES, Ak X bl T R
53 XA AR AE >, AR E .

REFEAEr XY 185.04 5 FHAR, HaEE IR 195%4A 4, EEAT L. b,
POES, 200 5 A X [ AR 36.19%. 23.39%. 17.42%, ZRAbHBIX &t T 2K, {5 5
/b0 3T 60 AR, FIE PG b DX RN 7E B 4 X T 55 2 X AT AR R EG &S, 43518 1.84%7F1 0.64%,
2 5 R B T AR T BB T AU S B JU PR AL X AR AR A T 0.01 (945 FE RS AR
AR AR R A ko X T A R ILD e, (B B3
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FEE 2S5 X AR 184.83 J3-F 7 AR, 4 E E L IAR 1) 19.48% 7 47, FEAL T4k ARAb.
PEEGAITE L, 4390 i A X [E - A 51.05%. 18.19%. 16.56%7F1 15.15%, Ak r 5 X i #H
K, G T AR XS E AR . 5 60 A5k, TR 7 bt DXORT P R kb X 52X AR 2 39 00 1)
e, Sy n3E I 0.94%7F1 0.01%, PHALHE X VS IX [HIFASE 10 423800 2.84 J5~F 77 A B, @ik 1 0.01 ({5
g6 . b, fedb. R, BSOS X AR S IR B, PR 10 F5 kb 2.5%.
0.66%- 0.95%. 1.02%, HARICHLXES [ 0.01 {5 AL, i X@id 7 0.05 (5 AL, HAh X
AT AL o

P E v A X T AR 2 150.71 J3-F 5 AL, di 4 E AR 1) 15.89% 7 47, FEAL TR A6 P E
ferpy ARdb. BAR. PEILSEHLIX, 2l o A HE X [ T AR Y 48.11%. 17.51%. 15.24%. 14.95%. 13.67%
F19.24%, Horp R ILH X MR I X AR B K. 3T 60 4EK, R E P ALk X YRy X A 2 1 ks, 71
£ 10 SEHE N 2.84 J5°F 5 HL(Z 0.94%), JEIE T 0.01 {5 KRG, Al H X P 3 i X T AR 52 48 e 34,
PHAE 10 FEREIN 0.67%, (HECEITE B RAb. AR, M. LR R RE M X I X AR 2 ek
i, FEEE 10 £ 5> 2.33%. 0.64%. 0.47%. 0.38%F11 0.06%, Forb b X e /b de B &, 3@
i 7 0.05 HME RIS,  Hod it X R @ AR5 .

BRIE AR 1o X 8 TR A X, AR 271,59 J3F 7 AR, TETRSA% 5 XA T & Ll
BOK, 2R EE R 28.63%, EEALTAER. B, ER TERAMARICE X, HAPEriXiE
T 43 DX AR F oK, Ik A X3 ] T AR B 80%. 3T 60 4E2K, 4 VRIS A% 43 X AR T 4% 10 43140 3.94
TP A B2 0.42%), HARE. Rk, St PEALFIPE R X8 A% X AR 2B & s, F
HI5E 10 53 BN 4.67% 0.59%. 0.35%. 0.53%, HAZRIHhIX e N EE, Wi 17 0.01 MEER
oo MERg. ferhy ARAHN DRI A g X THAR SR S, I 10 4500k 2.94%. 0.91%.
1.62%, HrpfEmgth[X @it T 0.05 IS ER .

TR VR S X AR L 34.34 3P A, 2y A E AR 3.61%, EEATAER, R R
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Table 6. The linear trends of annual and seasonal mean aridity indexin China from 1961 to 2020
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Figure 5. The annual mean aridity index in China under RCP4.5 (red line) and RCP8.5 (blue line) from 2020
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Figure 6. The linear trends of aridity index under RCP4.5 (a) and RCP8.5 (b) in China from 2020 to 2099
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