J. Lake Sci.(#ia#3), 2023, 35(4): 1470-1480
DOI 10. 18307/2023. 0442
© 2023 by Journal of Lake Sciences

MIBAMEKRENSENTREALTRMN X ZWREEAR

BOOLY 2R F T R R R LR R AT R
(Ll A TR K GRS TRBERFIE L, 1M 510275)
(2 ROPEIFRRE 5 TR R 5005 (K1) , i 519082)

O SRS ST AR A RRAE A O R S e IR R K R B R R AR SCR AR T 1900— 2008 4[] 4Bk
83 WAL E , 5T Budyko K ARG P-4 5 FE , 5T 100 ZAR AR [ S04 T IR SZE R K 5 (AET/P) 3PS AT
AR AR S N 56 R AR EPE . A5 ONK IR RE R, KB/ I AR e/ 5 5 S TS B (PET/ P) R sk
FHIESE (n (8) 75 5 100 R 56 22 S BRI A I R e bk o DA SRS ) JRUBE I 7, 2 M 37 3k Ay 28 BIORE /K 306 48k 4 0y o i
FELO(AET/P) /9( PET/P)7E 20 4 W FREERE AR, AR S A T 2R HBORE /K SN i BURRAE S 500 1 B 3R 40 (AET/P) /
a(n) AR BE . AR FRERAERE K n (B (n<2) TN AET/P X n BB AL 0T R 8US @S 4 A1 (PET/
P) BRZHOVHE X NABFKRN EFHEE , ETRESETREREN, FRERESE (0 () X AET/P ST K, IR
WX P, PET/P X AET/P {9 SRR B2 B I 1) /N 42 T 208008 X 9 PET/P %t AET/P 1 STk 3 2 F M 7% n {E
(n<2; FIRFEKAESTHLHS) FiIk A, n (EXT AET/P FTIRTE 2, FE70 n B (n>2; FIBRIKEE I EHR) Hisd ey, PET/P 27
HEEK 5 M3, FRRNEAS SRR . BT 2 A28 R ZEHGE K SR AR STk 83 AN B AL FE Rl 43 T ST
FEFX AE-THREIEFEEAX S E S X ; G 28 B v K HAH 5648 B 7E 1910— 19201920 — 1930, 1930 — 1940
2000—2008 4F- 55 i ] 15 57 HH B4 A b A AR 5

KRR : ZEFFE KA AR 5 M 7 R 450 A BRI 5 I TR) AR 1

Time stability in response of evapotranspiration ratio to variation in climate and watershed
surface characteristics *

1,2 %

Miao Bei’er'”, Liu Zhiyong , Chen Xingrong'”, Chen Xiaohong'?, Lin Kairong"* & Tu Xinjun'*
(1: Center for Water Resources and Environment, School of Civil Engineering, Sun Yat-sen University, Guangzhou 510275,
P.R.China)

(2: Southern Marine Science and Engineering Guangdong Laboratory ( Zhuhai) , Zhuhai 519082, P.R.China)

Abstract: Climate variability and changes in watershed surface characteristics are strongly affecting the watershed
evapolranspiration associated with the water loss. Based on Budyko-based coupled water-energy balance model, this paper focused
on the evapotranspiration ratio (i.e., the ratio of actual evapotranspiration to precipitation) in 83 typical basins worldwide during
1900-2008, exploring the time stability and scale effects in the response of evapotranspiration ratio to variation in climate and wa-
tershed surface characteristics. By analyzing relative contributions of each variable to evapotranspiration ratio at different time sta-
ges, time stability or variability of evapotranspiration response mode and its influencing mechanism were examined, respectively.
The results indicated that: (1) At a long-term scale, there was a strong time stability in the response of evapotranspiration ratio to
variation in aridity index (i.e., the ratio of potential evapotranspiration to precipitation) as well as watershed surface characteristics
parameters ( the n value) over most watersheds worldwide. Yet, from a perspective of short-term time scale, it was clear that the re-
sponse coefficient of evapotranspiration ratio to aridity index in semi-humid watershed had been decreasing continuously in the past

century. Variations of response coefficient of evapotranspiration ratio to watershed surface characteristics under different climatic
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conditions were significantly departing. According to various watershed surface characteristics of the basins, AETs in low-n basins
(i.e., whose n is lower than 2) were more sensitive to the changes of underlying surface conditions. (2) PET/P played a dominant
role in evapotranspiration in most humid basins while n contributes most to AET/P in arid and semi-arid basins. Contributions of
PET/P to AET/P increased slightly in humid regions while it showed a decline in semi-humid basins. In basins with low n values
(n<2), the contribution of n to AET/P was dominant. In high-n basins (n>2) , evapotranspiration was dominated by the PET/P.
Based on relative contributions of two variables to water loss, 83 typical watersheds were divided into watershed-dominant areas,
climate & watershed-coefficient areas and climate-dominant areas. (3) Between 1900 and 2008, global evapotranspiration sensitiv-
ity and its related variables showed obvious variations in some periods including 1910-1920, 1920-1930, 1930-1940 and 2000—
2008. By seeking some universal laws globally, the results of the study can be helpful to manage water resources in river basins,
especially to provide scientific reference for strategy on rational and effective vegetation and ecological restoration in basins with dif-
ferent climates and underlying surface conditions.

Keywords ; evapotranspiration ratio; water-energy balance; response coefficient; global basins; time stability
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Fig.1 Changes in evapotranspiration ratio and influencing factors under various conditions
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Fig.2 Evapotranspiration ratio response under various conditions at long-term time scale
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Fig.3 Evapotranspiration ratio response under various conditions at short-term time scale

[19.0.19 FHE 21 LRI 0.25. o (ABT/P) /o) T i85 n (LIRS n {07500 52 A 003 0K 22 5
SRR, 0 B ABT/P X 0 B9 B 0.12~0.16, 763 ) 108 4F PR + 1 n (00
RS THI#  KLOTE 0.41~0.52, FLUHHHI &, BLOIIE n (VLR ABT/P 3 n 2L UK, JE HEAE 2000
2008 4E[A] ik n (HIRIR A0 (AET/P) /9 (n) TREW &,

Zhow %5 45 1 YU 1 55 n (ELAGINE 00 R AR B 2 A0 TR K 0 M0 20 I 3 T
BLZERRILHE) 0 (25 RS RIAUR K SO, L n KT 2.0 RS CELER RIS AR KT
JREKH KB AR R ) 23 ST RY (AR HOWIRIE (0 (ABT/P) /3(n) <0.2) JTWE ABT/P 3 n (80U
VEARICREE 1 OJCF n (EAORE 16, VEBRIGRE n (14 ABT/P XY n 7 LSRG , B0 F 38 FOAFAE— s BB
SR A FE R AR S . BRI TR R RE ™ RIS B0 I AR RERBAS 48187 6 10 A2
TR S0 G B SR , A 220 T4 4, Tl A 03 2 B2 M O AR
BRI Ot T AR I 86 R 28 R PRI G T 90 8 T AE S £ MR B
e R e M i BTG 2 B LT DMK RN T4 T AR Mk B
FIK) TSR BOKIRER SRR . —HEHB AET/P % n (RLH075 LB BRG0P 22 A B K P
R LT MR R IR
2.3 FRFEKEMRREZAH

SREBFIEA T T B0 AR P 6 U e O B ™ AR 8 PET/P %04} 83 AR, 18
SURIVUR AP T PET/P o (153 BIREIR AET/P () SO A0FE da B, PET/P K 2 ORI X



1476 J. Lake Sci. (#:a#%),2023,35(4)

AET/P AR £ S IRE  1E 1920— 1929 4E[6] PET/P I TTHRE I 2 TR, PET/P B4 2211000 X N 28 5k K
WEFHEE, B 1930— 1939 FFLK, n I TTERR R KIS, HEITLEY PET/P (STERFMIE. £ T %
G RN 0 A AET/ P HAESS STRRR e 75% o AENRIE XA, PET/P % AET/P (1) 5Tk R FE Bl ik
[/ NIE ST s RIS X N PET/P Xt AET/P W STERR Z B R Bt sy i T2 520 T2 X N ZEHFE K ST =X
JCHH Ak

a. ANTA) AR DS I R T X0 26 TBORE AR B TR 0L
SRAlEN R TR TR

pAlEb R B i

100

75
RS
Eso
=
=
25
0 1 1 1 1 1 1
9 9 ©® O EO O ® © O O O 9 O O O P OO
\D’Q %"’b‘@b\"’%wgﬁgx“w F P qu\o,'\,\q \(,,b@%w@a\o;\, o qto\o,q:%@‘&
QQ,@/@@/@/Q/@Q/&@/Q/ m/q, m/b%m/m/m/m/q/c( m/
RRCIECARC IO CORCISC RGOS GG I IS OIS
THKKF  WMPET/P On
b. AN T HHPRHAE S0 25 53 1 510 2 HORE K R 1 BT 1% 0
Fnfiiis n e JIrA
100
75
N
i 0
=y
jueng
=
25
1 1 1 1 1 1 1 1
S O P O O SO R I
CIANC S o,% S \o,q, & o,b & S \o,f\, I '\,@Y&
S &S QQQQ/ ,\9/ @/ @ Q/ QQ/QQ/ &y NS
NN N AN N I SN N R AN NN IO AN N A

kAT IPET/P On
& 4 520 PR X 22 BORE K R B TR AR

Fig.4 Contributions of influencing factors to evapotranspiration ratio

MR n LIRS BRI SEAL, e — 20 Mt PET/P \n % AET/P BARX STERR ([ 4b) |, R BUR Al 4R
TR Z XS AET/P {0022 5 B3 o 1R n (EWREAN , n (X AET/P (9 5THR A7 £ S ML 7ER n (H R IR
W, SUREEIE(PET/P) SR HGFE K I £ R o AR USR] U 25 T 26 RIS R 59 A 7 ) 1S I ) 22 S 4
$ n ARG 0 U BT R R JC I o B 22 5



ZIULF GRS A AR A T 8 LS X R AGRE AR 1477

3 iip

3.1 ZBFKIERAN BN EERE

ZRHIOFEZK A 5 AR S8 TR A A M) B 5 28 B4 IR TR RE P A7 A — R R RN . ORI RUBEER, R
TR U BIORE /K R A5 AR 28 5 P o 7 5 28 2 LA 5 ) P T A0 1 5 o P ) RLUE 2 0 4 B
BRZES . A URIEBRE A3 IR AU 28 BIORE K R XU B WA B 3R Ko (AET/P) /9 (PET/P) 1E 20 fit4
FREL AR, AR I B M . R RS 45 18 R AET/P %) n (B A9 S80RRME A8 Ak 22 Sk, T X
I(AET/P)/9(n) B2 P 3 T B R H, 15 1 [R) I 9 30 3 30 A R S I A5 AR n 52 1 THE 3 SRR XA
I(AET/P) /9 (n) BP 8l ETb ITAFAR A UM TR o0 (AET/P) /6 (n) KA . 73 T # R AE K
B AR n AHIIN AET X n 59728 A S HURR, JEHAE 2000— 2008 4R [ Ko (AET/P) /9 (n) T REWI N, @id
ST AR HIORE /K R STRRBIL ] 14 P i) e A8 AL R B, (23 DX P, ET/P X AET/ P18 STk B2 BN (1) /) i 2 7
U XN PET/P X AET/ P 1 TR B BRI 3 0T 5 5 2T 5 X N 28 BORE /K SRR BTG I a9
TT% T TSR (B3 288 A0 i SR 1 STk T B0 0L Py I 1] 22 55, 150 B 2 BB mR A = 19 i 1] 728 e B0 5 AU
A DI KR

i3 BRI, R BLLAS A ] B (D 1910 — 1920 4F (], 2% 283k n {52 3 T FE B 005 3 30 X
I(AET/P)/a(n) Kl T @1920— 1930 4R (i), 5 52 T 2k PET/P 1T 5 {304 X n {0 L
Tt,0(AET/P)/9(n) K N FE. (D1930— 1940 4F[a], 287 i 380 (AET/P) /6 (n) K LT+, @)2000— 2008
AR, TR R PET/P SRR TR (AET/P) /0 (n) & HBUCHR T B Ry (] A [5] 0 48 PA) 25 HCRE
IR B R PR ZR W 7 28 RSO3 S 1) i SR S, LA R A T 78 7208 S 2 7 A7 TR S GG
WA FFTEA R BT h it — PR R
3.2 &AM RFAYRKEEISAEZTEARS

SET A YN A HE0 AET/P RIS STERAR K 4Bk 83 A S A 3t sl da] 73 by P 3T 8 T AR AE 2 5 X
(RCpyy,p <40% B8 RC,>60% ) T fok— T B [ A F X (40% <RCppyp <60% ) M T X (RC gy p >40% B
RC,<60% ), L3 3 S0l K 5 i sl s iy He 51120591 O 30.12% ,22.89% ,46.99% (&1 5) o fie T IX &
FLG AT AE IR TE R S AR 0 S0 BT | E T T A3, LA e — S S 0 9 R U A 35, K L6 1l DX 11 e F
USSR  FEAEAT 6 B R BB 5 L ORI R OB = 0 2 B b B I AR SR B AR LT B I B Y
TS . AR YT - YT AL SE YN AR5 7 PG HEIRT BRSP4 285 2R -3 4] Y Bk A U 40 A U — T 3
TAERI P IX o T S0 5 DX 70 BT B JRE > B 1) Sk BC LT oL A JE A 2 3 it 3 AR A AR U 1 572
DX AL SEYH P FEL B8 — A% 22 Tt | 78 SV P o] g — 85 22 9 o IV RAC il A el X BRI AT S ) 4 A I
5 PARET S5 S5 s A, AR 5 HL e (AR 03X 15 Zhou 457 R MK 4 SFLBURFAE n>2.0
I, T2 T RE S A SR 2 A 2K SO o WA AR 325 o A, T A b A BRAS BIORE K 5 20, 2k B ek 2
FIXH AET/P 3 5 o p I, 7653 25 0L AR, A2 Sl 6 SRR AE 52 il BES R 1 2 48 Y
PR 2 PR K S

4 &t

A SCHET SRR 1 Budyko ZEH0R R BFTOHESR ) | 5L IR P/ 28 S A 0 SRR, A T P A
T ETEREAE S B SRR X 4Bk 83 AN LU R HEA T 702 AN [) 4 I ) RUBE 4 %2, 20 A7 I s % BIORE K S %
UGN B 18T %A A ) 137 5 2R AR I 1) RUBEZ8OE , IR FEA [ I 11 [ Bt P % 1 D2 TR %o 28 FBORE 7K 38 1 ik
AU , LA A ) A 0T 38 TRT 2% A2 98 D s S AT - TR S8 AR B A 2 O L o /K 9 0 B e R o
2%, FEERWT .

1) ZE BIORE /K 3815 A AR SR A ey 7 X 2% 18 R TR R 1 B ROBE SN I I B ROBE R, AT 75
R 3 E  Z5 FBORE 7K 38 5 A R Sl 28 S £ ) 7 O 2% 552 LA o g I ) B RE  o 9K TT DKL R Ji) RUBE
MR B, ANTR) A T 8 AT 2H 28 14 Y o 2 FSORE K S S BN ] B4 D5 Bl R A

2) ZE AR K TTIRAIL G 0BT - PET/ P K2 BRI X ZE AR K R AET/P 2R EFH R, ET5Y



1478 J. Lake Sci. (#3aF3) ,2023,35(4)

AETIPE 32 A X 4
. R X
WA T A X
SRR _ al

Pl 5 ARG 28 HIORE K 4 32 5 PR R K 2 A R i ok

Fig.5 Watershed regionalization based on dominant factors of water loss

AT  n X AET/P B 5THR S 20 0o FEAR n (BRI, n XF AET/P B 5THR A 0L, TER n
{HIRIRA, PET/P J2 RN 2, FETPAZEEXT AET/P BAHX SRR, 7] LIRS 4Bk 83 A4~ MR i sl i 8
DTHRIN 2 B S [0 A i Joy , U8 T i 32 9 DX AU — T S 3 R A XU £ X

3) A BROAN[A) E1 14 J JeR M) 28 BB 7K 200 [ 38 S LU R 7 1910— 1920,1920— 1930,1930— 1940,
20002008 A fia] £ ] 45 53 BT AR 5, HEELAAR IR B AP BB AR AT R A AR ORI vh it — PR R

5 Btx

Fff2 T UL HL MR (DOT: 10.18307/2023.0442)

6 S%& ik

[ 1] Barett TP, Adam JC, Lettenmaier DP. Potential impacts of a warming climate on water availability in snow-dominated regions. Nature,
2005, 438(7066) : 303-309. DOI: 10.1038/nature04141.

[2] Mo XG, Hu S, Lin Z et al. Impacts of climate change on agricultural water resources and adaptation on the North China Plain. Advances in
Climate Change Research, 2017, 8(2): 93-98. DOI. 10.1016/j.accre.2017.05.007.

[ 3] LiulJY, Zhang Q, Chen X et al. Quantitative evaluations of human- and climate-induced impacts on hydrological processes of China. Acta
Geographica Sinica, 2016, T1(11) : 1875-1885. [ XS5, JKik, BREAE. UBALALAI A SIS o 1] il 2 7K SO B 52 i s F P
HPE2AHR, 2016, 71(11) ; 1875-1885. ]

[ 4] Jansen E, Overpeck J, Briffa K et al. The physical science basis. Cambridge : Cambridge University Press, 2007.

[ 5] DongSY, Gao XJ. Long-term climate change ; Interpretation of IPCC fifth assessment report. Progressus Inquisitiones de Mutatione Climatis
2014, 10(1) : 56-59. [ B H, m2A7A. KWIRRAE——IPCC S UM e i B LFet i, 2014, 10(1) : 56-59.]

[ 6] . Budyko HEALT A i AR AR BN 25 A AL BRI AMAT. bt s IERREBe 2R 3K O 5 A SRR S e, 2017,

[ 7] ULiu CM, Zhang D. Temporal and spatial change analysis of the sensitivity of potential evapotranspiration to meteorological influencing factors
in China. Acta Geographica Sinica, 2011, 66(5) : 579-588. [ X B, 3k}, v [RI bV E A UL BUBME I 22 28 (LA AE 0BT, M2
4%, 2011, 66(5) : 579-588.]

[ 8] Xu CY, Singh VP. Evaluation of three complementary relationship evapotranspiration models by water balance approach to estimate actual
regional evapotranspiration in different climatic regions. Journal of Hydrology, 2005, 308(1/2/3/4) : 105-121. DOI. 10.1016/].jhydrol.
2004.10.024.

[ 9] Stoy PC, Katul GG, Siqueira MBS et al. Separating the effects of climate and vegetation on evapotranspiration along a successional chronose-

quence in the southeastern US. Global Change Biology, 2006, 12(11) : 2115-2135. DOI 10.1111/].1365-2486.2006.01244.x.



ZIULF GRS A AR A T 8 LS X R AGRE AR 1479

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Liu Y, Zhou MC, Chen ZJ et al. Sensitivity of the potential evapotranspiration to climate and vegetation in Hanjiang River Basin based on S-
W Model. Transactions of the Chinese Society of Agricultural Engineering, 2013, 29(10) ; 92-100, 294. [ X3t , JFEHK, B, 5T
S-W ARSI A YT A S A 78 U P SR FIAE B AU, Al TAR A4z, 2013, 29(10) = 92-100, 294. ]

Zhang Q, Liu J, Singh VP et al. Hydrological responses to climatic changes in the Yellow River Basin, China: Climatic elasticity and stre-
amflow prediction. Journal of Hydrology, 2017, 554: 635-645. DOI: 10.1016/j.jhydrol.2017.09.040.

Xu XL, Li YL, Tan ZQ et al. Water fluxes in the groundwater-soil-plant-atmosphere continuum and water sources of typical wetland vegeta-
tion communities in Poyang Lake. J Lake Sei, 2018, 30(5) : 1351-1367. DOI;10.18307/2018.0517.[ ¥ 750, 25 R, WG4, FH
T M M TR A A 7 M T 7K - 1 M- R - R R G FHRIK 43 i BRI WEAL:, 2018, 30(5) « 1351-1367. ]

Liu SR, Chang JG, Sun PS. Forest hydrology: Forest and water in a context of global change. Chinese Journal of Plant Ecology, 2007, 31
(5): 753-756. [ XIS, HEE, MR HMOK % BRI ST ARG KI R MPES¥M, 2007, 31(5):
753-756.

Yang DW, Shao WW, Yeh PJF et al. Impact of vegetation coverage on regional water balance in the nonhumid regions of China. Water Re-
sources Research, 2009, 45(7); W00A14. DOI:; 10.1029/2008 WR0069438.

Zan CJ, Huang Y, Li JL et al. Analysis of water balance in Aral Sea and the influencing factors from 1990 to 2019. J Lake Sci, 2021, 33
(4): 1265-1275. DOIL:10.18307/2021.0426. [ 44 il , #5234, 1990— 2019 45 g K 57 K Hs i [N 2 0. AR,
2021, 33(4) . 1265-1275.]

Li D, Pan M, Cong ZT et al. Vegetation control on water and energy balance within the Budyko framework. Water Resources Research
2013, 49(2) : 969-976. DOI: 10.1002/wrcr.20107.

Zhou GY, Wei XH, Chen XZ et al. Global pattern for the effect of climate and land cover on water yield. Nature Communications, 2015, 6.
5918. DOI; 10.1038/ncomms6918.

Tan YJ, Yu YZ, Ding JN et al. Control effects of Lake Poyang hydrological process on the wetland biology. J Lake Sci, 2015, 27(6) : 997-
1003. DOI:10.18307/2015.0602. [ Jal#, FT—2F, T @M. FEHMIK SCS FEAHRH0 A Y 01 e, ARk, 2015, 27(6) :
997-1003. ]

Chen YN. Impacts of climate change on the water cycle mechanism and water resources security in the arid region of northwest China. China
Basic Science, 2015, 17(2) : 15-21, 2. [ BRIET . AR LT 5 XK FRZ M HLER LK IR 22 A m 5T b SRR, 2015,
17(2): 15-21, 2.]

Milly PCD. An analytic solution of the stochastic storage problem applicable to soil water. Water Resources Research, 1993, 29(11) ; 3755-
3758. DOI; 10.1029/93WR01934.

Williams CA, Reichstein M, Buchmann N et al. Climate and vegetation controls on the surface water balance: Synthesis of evapotranspira-
tion measured across a global network of flux towers. Water Resources Research, 2012, 48(6) : W06523. DOI; 10.1029/2011WR011586.
Han SJ, Hu HP, Tian FQ. Annual evapotranspiration in oases of the Tarim Basin based on a coupled waterenergy balance. Journal of Tsing-
hua University : Science and Technology , 2008, 48(12) : 2070-2073. [ #hA_{2, WA, MIRI0E. 2 T/KMRG &P E A0S HLAR 2
RYAEZE K. TR . ASRBIAIR, 2008, 48(12) : 2070-2073.]

Lang Y, Liu N, Liu SR. Changes in soil erosion and its driving factors under climate change and land use scenarios in Sichuan-Yunnan-Lo-
ess Plateau region and the Southern Hilly Mountain Belt, China. Acta Ecologica Sinica, 2021, 41 (13).5106-5117. DOI. 10.5846/
stxb202101310341. [ B3, X117, XUHEoR. A LA AL i T AR S DR Bl K i e a3 E o, A28 28 i, 2021, 41(13) :
5106-5117. ]

Yin JB, Gentine P, Zhou S et al. Large increase in global storm runoff extremes driven by climate and anthropogenic changes. Nature Com-
munications, 2018, 9: 4389. DOI: 10.1038/s41467-018-06765-2.

Zeng 77, Peng 1.Q, Piao SL et al. Response of terrestrial evapotranspiration to earth’s greening. Current Opinion in Environmental Sustain-
ability , 2018, 33 9-25. DOI: 10.1016/j.cosust.2018.03.001.

Zastrow M. China’s tree-planting drive could falter in a warming world. Nature, 2019, 573(7775) ; 474-475. DOI; 10.1038/d41586-019-
02789-w.

Liu XY, Liu CM, Yang ST et al. Influences of shrubs-herbs-Arbor vegetation coverage on the runoff based on the remote sensing data in Lo-
ess Plateau. Acta Geographica Sinica, 2014, 69(11) ; 1595-1603. [ XL, X E W], kK4, JT IR0 8 1+ 5 MRS B A8 b Xt
I BISE R S0 BT. HBEEAEAT, 2014, 69(11) : 1595-1603. ]

Zhang SL, Yang HB, Yang DW et al. Quantifying the effect of vegetation change on the regional water balance within the Budyko frame-
work. Geophysical Research Letters, 2016, 43(3) . 1140-1148. DOI. 10.1002/2015GL066952.

Liu JY, Zhang Q, Singh VP et al. Hydrological effects of climate variability and vegetation dynamics on annual fluvial water balance in glob-
al large river basins. Hydrology and Earth System Sciences, 2018, 22(7) : 4047-4060. DOI: 10.5194/hess-22-4047-2018.

Liu ZY, Cheng LY, Zhou GY et al. Global response of evapotranspiration ratio to climate conditions and watershed characteristics in a chan-

ging environment. Journal of Geophysical Research: Atmospheres, 2020, 125(7) ; €2020JD032371. DOI: 10.1029,/2020JD032371.



1480 J. Lake Sci. (#3aF3) ,2023,35(4)

[31] Jaramillo F, Destouni G. Local flow regulation and irrigation raise global human water consumption and footprint. Science, 2015, 350
(6265) : 1248-1251. DOI; 10.1126/science.aad1010.

[32] Budyko MI. The heat balance of the earth’s surface. Soviet Geography, 1961, 2(4) . 3-13. DOI; 10.1080/00385417.1961.10770761.

[33] Mt eRimA L i, RARE, 1981, 5(1) . 23-31.

[34] Zhang L, Hickel K, Dawes WR et al. A rational function approach for estimating mean annual evapotranspiration. Water Resources Research ,
2004, 40(2) : W02502. DOI; 10.1029/2003WR002710.

[35] Chen JW, Zhang YX. Discussion on relation between humidity index and aridity degree. Journal of Desert Research, 1996, 16(1) : 79-82.
[ B, ski L. WRIREE AT THREE SR MBS, PETE, 1996, 16(1) : 79-82.]

[36] Zhou GY, Xia J, Zhou P et al. Not vegetation itself but mis-revegetation reduces water resources. Scientia Sinica: Terrae, 2021, 51(2) :
175-182. [ JElilk, H25, V4. A LI BIR R S EOKSHRD. P EREE . Bk, 2021, 51(2) : 175-182.]

[37] Friedrich K, Grossman RL, Huntington J et al. Reservoir evaporation in the western United States: Current science, challenges, and future
needs. Bulletin of the American Meteorological Society, 2018, 99(1) ; 167-187. DOI; 10.1175/bams-d-15-00224.1.

[38] Min T. Assessment of the effects of climate variability and land-use changes on the hydrology of the meuse river basin[ Dissertation | . Delft:
UNESCO-IHE Institute, Balkema, Taylor & Francis Group. http ://wwwtaylorandfranciscouk, 2006.

[39] Zhang M, Wei X. The effects of cumulative forest disturbance on streamflow in a large watershed in the central interior of British Columbia,

Canada. Hydrology and Earth System Sciences, 2012, 16(7) : 2021-2034. DOI: 10.5194/hess-16-2021-2012.



(B WIS TRE R

Attached Tab. I Overview of the watershed involved in the research

Fr TIPSR TR CAATR IR T A
1 L) ORANGE FRE5E+5 nfd
2 JeA% IR NIGER TRELETH i n Al
3 B L P ZAMBEZI -3 fn il
4 Je B NILE FR5EF5 i nfE
5 ARIRREAT VOLTA FRE5E+5 i nfd
6 foeaib) CHARI TRELETH fn il
7 KiT YANGTZE RIVER i ik nf
8 2 AR KRISHNA FR5EF5 fiinfd
9 % FL R GODAVARI FRE5EF+5 finfd
10 g KAMCHATKA i i nff
11 e 0] LENA -3 ik nfd
12 R AZ /K] AMUR IR nfd
13 L33 CHUNA (UDA) pimalss flknf&
14 nt-Je ZE ] YENISEY i fenfd
15 TR EEY] OB AT i fl
16 R SYR DARYA FRE5EF5 finfd
17 R 4] AMU DARYA FRE5E+5 finfd
18 VAT MEKONG piTales] ik nf
19 RI&iME) YANA TRELETH ik nfd
20 B ST INDIGIRKA IR finfd
21 ) KOLYMA IR finfd
22 e IR ] PUR TR ik nf
23 BRI P B ] OLENEK i fnfd
24 BB RN ORINOCO pimalss nfd
25 (i i 18] PARANA IR nfd
26 A% 2] NEGRO (ARGENTINIA) FRE5FFE fnfd
27 Y. Ty 3y AMAZONAS piTalE] fn il
28 2 91 BTG e SAO FRANCISCO IR nfd
29 IR JE B JEQUITINHONHA 3T nfd
30 pjre: X120 RIO JUQUIA piTlE| fn il
31 SFAE L3 COLUMBIA RIVER FRE5FTE ik nf
32 Eiaan| MISSISSIPPI RIVER FR5EF5 nfd
33 SR T T KLAMATH RIVER T finfd
34 BT SAN JOAQUIN RIVER TREETH fknfg
35 s A iRk PENOBSCOT RIVER prlE| fnfd
36 FREVE KA TR CONNECTICUT RIVER pimalss nfd
37 R AR DELAWARE RIVER pimalss ik nf&
38 B B ARG 4 SUSQUEHANNA RIVER piTale] ik nf
39 BT 5] POTOMAC RIVER prlE| fn il
40 200 PEE DEE RIVER pimalss nfd
41 A1 A BROAD  RIVER  (TRIB. #&id nfd

SANTEE)




42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

5% LRI
PR B ]
L TR SUE VAT
(AR )
RAT iy iz 53]
AT
ERzam)
Fe 5 R
W LR ]
B A 2R
Ly PR ]
LIRS 24 ]
LA
520
FEYNT
F5 LRI
piyAT]
=300]
B B
LR Y
RFIGER
FE/R P LT
JR ]
Sy
k)
BRZZ ]
ST
PR
27 FLIR
R PR
M)
EIVSE)
R J& ]
JeAt kg
fis3c )
LA
TE N ELIR
TR TR
RIR N
L)
JEE PRI
JE R

SAVANNAH RIVER
ALTAMAHA RIVER
PASCAGOULA RIVER
ALABAMA RIVER

APALACHICOLA RIVER

COLORADO RIVER
FRASER RIVER
CHURCHILL RIVER
HARRICANAW RIVER
SAGUENAY (RIVIERE)

OUTARDES (RIVIERE AUX)

RIO GRANDE
DARLING RIVER
MURRAY

SEINE

LOIRE

GARONNE
RHONE

EBRO
ANGERMANAELVEN
KALIXAELVEN
TORNEAELVEN
WESER

ELBE RIVER

PO

MEUSE

RHINE RIVER
ODER RIVER
VISTULA (WISLA)
EUPHRATES
DANUBE RIVER
KEMIJOKI
ONEGA
SEVERNAYA DVINA
MEZEN
PECHORA
DAUGAVA
NEMUNAS - NEMAN
VOLGA

DON

KUBAN

KURA

i

Fii

iz

iz

i
TREETR
iz

i

i

i

iz
TREETR
TREETR
TREETR
i
i
Fii

i
TREETR
iz

i

i

iz

Fii

i

i

iz

Fii
Fii
TREETR
iz

iz

i

i

iz

iz

i

i

i
TREETR
Fii
TR






