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Abstract: Water cycle, which is significantly affected by climate change, is the most active and important
part in the interaction among ocean, land and atmosphere. This paper reviews the impact of climate change
on global water cycle, and evaluates the changes of water cycle elements including atmospheric water va-
por, precipitation, evapotranspiration and surface runoff and water vapor in China since the 1960s. Climate
warming has strengthened the global water cycle, showing that global near-surface and tropospheric speci-
fic humidity have increased since 1970s. However, due to the insufficient observation, the trend of various
variables in the water cycle still remains considerably uncertain. Moreover, due to interaction between the
increase of tropical water vapor and the weakening of the circulation, the influence of climate change on re-
gional water cycle is more uncertain. Obvious changes of regional water cycle in China have been found
since 1960s. The atmospheric water vapor and its budget show up an increasing trend after 1980s. No ob-
vious changes in total precipitation, but largely spatial difference of regional precipitation can be found in

China since 1960s. Moreover, average evapotranspiration increases slightly, while the mean surface runoff
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decreases. Since the 21st Century, the precipitation transformed from evapotranspiration has been increa-

sing, and the internal water cycle is more active than before.

Key words: water cycle, climate change, China, global
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PEIR I 25 484k . 2020 AFE ARG H O 80 AR
5K7 F8 43 R BT AP A AR Ak X 7K ST B R R 1
B,

L G BROK SCE 3 B 0t 58 0t

20 22 60 A AR Lk, 78t 51 i BT UR 5 A 4R
GaEkm A E RN, A E AR AR
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MYV T — RN EKEPRRF2E ], X e R}
2R K SO PR TE 42 BRI A 28 R B8 A Ak
JIT RS VR FE & 32 B R TR Bk 5 TR 27 1 ) S )
SR B2 ] R Rl A 48 AT I L 2006 5 i 1 IRUFHIVE
#2007 . FERE BR B AV R (WCRP) T
1988 4F 52 it — 151 48 WL L 3 56 L BF 5 Ol — 1A 1l B 2
TH——2 R A8 i 5 K SO 2 58 (GEWEXD) 3f
K. B TE T 0000 B B R 3R R 2
FR9 7K 5340 P4 R R et 52 e 3ok B O 4 F 5 B T T 4

AR DCIORT AR A L K SC T RN K BT R A B
(Stewart et al,1998; Trenberth and Asrar,2014).
Oki and Kanae(2006) il Trenberth et al(2007)ZE&
T Z R0 BTk % 42 BRK SCHE PR B HEAT T
PEAG B T A BROK SO FRHEZE < b 58 v A9 35 7K i i
2 AH b B2 7K A At AR 1) 32 3 A 2 92148 L A
M 2K SCAE B o S 8 P A 20 s L T Uk
RAH R R 8 2245 UK TR i K R o i)
1 335 040 J742.26 350 JifZ . 12. 7 JifZ 15 300 Ji
{2122 42,22 Fif2. 178 Fife m?® . g 357 ¥ 43 4F
IR 413 T14C m’  Hoh A 373 1A mt T
TEVE R K 40 TAC m® Fay ik B Bl st Sy Bl b 3 7K $E A28
KR B ¥R AERE K 113 T2 m*, o 73 5
f¢ m® HI TR B ZEHL. 40 T4 m® ¥ 7% Sy R AR
(E D,

BE b AR B e 57 1B 30 (C-O) Ty 2 L 1
AR PR 23 B AR 08 b TR 385 0 B R A i 7K A
& BEAE W R b T, X 2 G i) R A
BRI S D0 1) S IR S A b U R SR T Y A
SR 3E i, IR 42 BROK SCHE 36 77 A 52 Wi (Boer , 19935
Milly et al.2002) . i/ 4R HEAE TR TH & L0 2]
F 4 BRORURE B 7K L 28 TR K VR B AR I A 43 AT L 5 B
FVERARLER A8 1 A8 Ak 3 BI04 78 1B A 6 42 BR UK SC
& ¥ mam (Milly et al, 2002; IPCC, 2013 ; Kramer et
al,2015) , fH Hy T8 KAy IX 48 22 53¢ . 9F H fy 7 i
o8] 28 A 223 (] AR ) 5 555 Y0 BB O T ) B A S oK SCAE B
257 8 FATY SR AE AR A 24 R B S B € M (Hun-
tington, 2006 ; Huntington et al, 2018; Rawlins et
al,2010;Syed et al,2010;Durack et al,2012;Giorgi
et al,2014; Kramer et al,2015;Good et al,2015) .

A GPS e TR AE UL 45 SR & B, 1970
AR RIK AR I Z AN R KRS R R IE S, K
SRR VRS TR AR A B A G C-C J5 2, i 40 4F
LRI T4 0.5C K ERE EFT 3,507k
A,2000 4R DLJS U RIT B IG nE Ha Z2 . th T
SR T 50 A 1 PR 4 BRI 7K/ 28 Xk A 78 W ) ]
A AR KB AT E ¥ (IPCC,2013) . UL 3 %5 4 2%
B, 1900 45 LUK , il b B3 7K 228 A A L H 3R B Al R
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Fig. 1 Global water cycle (Trenberth et al, 2007)

(The unit of white words is 10® km?, and the unit of black italics is 10° km?®

[i1) 42 3th e B Wi 7K/ 28 K 9 28 4k, 20 42 50 4R AR LK
A TRV 75 2 U825 [ K I 1 52 19 % (Held and
Soden, 2006 ; Wentz et al, 2007 ; Stephens and Hu,
2010;Durack et al,2012;Skliris et al,2016),
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2018),
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HRAE 19612018 4R Gl WL I A4l » vh (6 2 4E 1 1
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SUPLID T DL R P 58l P R A X, AN R 100 mm, A
Xof e (i H B A o T AR e S R S U T A X AR 2R
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Fig. 2 Spatial distribution of annual average atomospheric water vapor (a), precipitation (b),
actual evapotranspiration (¢) and surface runoff depth (d) in China during 1961—2018

(evapotranspiration from Ma et al, 2019)
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Fig. 3 Conceptual model of water cycle in China during 1961—2018
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FEHL R AR AR L T A R ZE R
BT A AL 19612000 4F AN R ZE B K 7
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P-4 ERA-Interim . CR & AA 5570 {1 54 [ 25 5
] M 25 R AE 2000 4E 2 ST N B (F
4d),
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1961—2018 4, ZKJA & i BR 74 e 185 T 19 A 55 |
FHEa LA R AR = R R . 20 A
60.70 AR, SR FE 7 19 VG R I T AR A T T SR T
WALGEEARPN R R 7T D REAEREENT
R Ea 4 s AU AR 3 APt 38k (S AR VT L 3 Y] AR i) g 3R AR
b A R — B A 90 AEACA 55945 & #, 2000 4F
PUE FF UG080 ABAE 2010 4F DL SCHEAG 3G 105 WE T
B A VLI AE 1961—2018 AR T [ (H
T R RE A AR 9%, 2010 AF ST B AR Sy B 0k B AR
A T ] R ER VL B 7E 2000 AF Fi 22 1k #a HOA B L 78
2000 4F J5 1 4f B 3 R BE 34, 2010 4R J5 AR
b FH e VL i I AE 2000 AF Fi AR 16 G HOR B
ELE 2010 E IR 2 BB H OB E R, 2013; A
25,2013; JR AR 45, 2014 X 55 45, 2017 ; ¥ /4R,
2018; FPl%5,2018; 2% 4, 2019) ,

TR IR S A A T WS A6 7T 30 0] TR AT 97 ek 4
U D R e, WA AE VTR R K YR IR
1980 4 Hij T i 8 B2 R . 1980 4 DL JiF T R e 4 2
G AHAKIRWCAEPRIE S K . WA ARV Sl A 21
el J5 2 KRR XL 0 8 21 40 /i 22 o K JRIE
X5 R B 20 28 60,70 AR 2 S KIRIT X, 70
ERRBARM L Z A KRIFEX . LR H A 7
60 A DEAE R K IRIE X, HAy R 2 HAF#R o K

TRIR DX, B3 3 Ry 22 4F 1 1 KPR X H K R 4
A S /N B R B AE 1978 AR RN A A
P 1978 4FE LU AR G . W] I I £ 4F B KR
T ANAE 2000 4E 2245 A7 JLAE R K 95 0R b HAE 2002
AE LA 55 90T I 3 2 AR 9 3R ) K YR A S AT S
MR, ZAEBAMM T REEA RS, RKILKAZ
FESEAA K PRIE IR . 19612018 4F 7K 9574 Wi < e 1 4
PG N . P RS U TR SRR o &2 AR 2 K RIE
X, 21 e J5 i A KRl b . BRI AR B I T I
WRAE 1961 4 A K IRIL Z 40 Ha A4 2 R KPR R
M, 1985 45 AR It 38 N 7K 35 0 o 20 G i, 1986 4
Z 5 TR i KRR . TS b I S 24
-4 55 K PRI DX 21 2 i I S e K PR TR X AR
SRR PR R (X A5, 20125 R AR 5 55, 2016 s B B8 45
2017 ;X6 45,2017 s EHL4E,2018)
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& B IX IR KA P B B R . 19612018 4Frh [E
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B b o Ath 1 DX R 7K DA /0 SRy T JH v il T B TR
HR N i R R i R R VTP R RN PG A T e R R
WD o VT B L R L DX ity R K S R 1 e A R
BB R R R YT L AE 3 X T R A & AR AR
BAERE N SR LR AL X f ol P E (B B4R, 20175
AEIA . 2017),

ZE & AE [ PG SR AR L B AR ok &, AR
B R H S I /N # (Han et al, 2014 ; Mo et
al,2015;Ma et al,2019) ., H: A 8 ] 3 48 % VG 35 1
T] 1) A% bR S AE AR AN i M A VT VT T L BR YT
T3 FN AR P O TS B 2K R AR & 50 AR AR 2
TR (CEHE%,2010: BB 0%,2014; 8 B4,
2017) S A AL VT3 38 < AL ¥ 378 3R 35 BEL A YT 97 R 5 7
if & 40 ~ 50 A (] #8520 BG ok e Gl A A 4E
2014) . AHIE VAT I8 58K L 7Y R O AT RN PG b i AR 21
B ULJG B A T R AR W T i T R R
ARG I BT VU R T AR AR
TREEECVTALE R B B RIS A B
P, (AR A2, 7 9 s I Hh DX 28 BOR i 1)
3 B o e [ A R 25 R ke DG R F (Mo
et al,2015),
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