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Abstract: The Yangtze River Basin is an important water resource supply area in China. The water resource supply service
of the river basin ecosystem not only serves the interior of the river basin, but also serves parts of the north through the
South-to-North Water Transfer Project. As an important part of the surface hydrological cycle, actual evapotranspiration will
directly affect the ability of the ecosystem to provide water resources. Under the background of climate and surface
environment changes, analysis of the evolutionary trend and causes of actual evapotranspiration in the Yangtze River Basin
has important referential significance for the protection of water resources and ecological security in China. Based on the

comparison of the accuracy GLEAM_v3.2a, MOD16, GLDAS_Noah2, and ERA_Interim four evapotranspiration data sets,

BEE&TE . {0 ITHIBTH (2016YFC0502102)
Wo#s B #1:2020-01-24; W45t A F #A : 2021-06- 11
# MIVEH Corresponding author.E-mail ; yyan@ rcees.ac.cn

http ://www.ecologica.cn



17 3] ERF AR RV PR 28 A A 35 B A 3R 6925

we select the GLEAM_v3.2a data set with the best accuracy to analyze the evolution trend and influencing factors of the
actual evapotranspiration in the Yangtze River Basin from 1981 to 2017. The results show that: (1) the evolution of the
actual evapotranspiration in the Yangtze River Basin is staged. 1981—1997 was an insignificant decline stage with a decline
rate of —0.02 mm/a. The decline area was mainly distributed in the northwest and eastern parts of the Yangtze River Basin.
1998—2017 was a significant rising stage of the whole basin, with an increasing rate of 1.94 mm/a. (2) The decreasing
rate of sunshine hours and the increasing rate of vegetation index are the main reasons of periodic changes of the actual
evapotranspiration in the Yangtze River Basin. The sudden increases of temperature and wind speed have also played the
positive role in the long-term increase trend of actual evapotranspiration in the Yangtze River Basin. (3) Between 1998 and
2017, the water yield of ecosystem in Yangtze River Basin decreased due to the significant increase in actual
evapotranspiration. The decline in the western region of the river basin was obvious, and the drought situation was
intensified. (4) It is recommended to preferentially strengthen the protection of native forests in the arid areas in the western
part of the Yangtze River Basin, and to select tree species with weak transpiration ability such as coniferous trees in

afforestation projects, to alleviate the trend of increasing drought.

Key Words: actual evapotranspiration; ecosystem services; climate change; vegetation; Yangtze River Basin
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Fig.1 Topographical conditions and sub-basin distribution in the Yangtze River Basin
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Table 1 Basic overview of four actual evapotranspiration data sets

LG A S WS HER 2SR FTRIBSRE || AR 2R WP HER z=[E AR P 5] 55 2
Dataset name Time resolution Spatial resolution ~ Time span Dataset name Time resolution Spatial resolution Time span
GLEAM_v3.2a 1d 0.25° 1981—2017 || GLDAS_Noah2 1A 0.25° 2000—2017
MOD16 8d 1 km 2000—2014 || ERA_Interim 1d 0.25° 1979—2017
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Fig 2 Accuracy verification and interannual variation comparison of four evapotranspiration data sets in the Yangtze river basin
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2 KIIFFE 1981—2017 £ R ERHEHETHER

Table 2 Trends of actual evapotranspiration in sub-basins of Yangtze River from 1981 to 2017

Fiid Sub basin 1981—1997  1998—2017  1981—2017 || F¥fids Sub basin 1981—1997  1998—2017  1981—2017
VT Jinshajiang -0.03 0.51 0.45 YT Hanjiang -0.83 2.87** 1.35*
IR TT. Mintuojiang -0.36 2.53" 0.43 FiiF T Middle mainstream 1.23 1.88 1.85*
FEBRIT Jialingjiang -0.77 3.39** 1.47** || FH#TI Lower mainstream 0.72 1.71 2.14**
BT Wujiang 0.46 2.04 1.41** || K Taihu Lake -0.19 1.48 1.12*
LT3 Upper mainstream 0.38 239" 1.55** HBFHM Poyang Lake -0.36 2.81" 1.92**
i 2 Dongting Lake 0.82 2.27 1.51**

% :P<0.05; % # :P<0.01; HEARELREA B3
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Table 3 The trends in meteorological and vegetation elements in the Yangtze River Basin from 1981 to 2017

1] TR — LR 5L H R4 il A% Rk i AHXE
T Normalized difference Sunshine hours/ Temperature/ Wind speed/ Precipitation/ Relative humidity/
me
© vegetation index(/10a) (h/a) (C/a) (mstal) (mm/a) (%/a)
1981—2017 24.120 " -1.836 0.034 " -0.005 " 0.822 0.005
1981—1997 8.714" -2.775 0.012 -0.014"" -2.612 0.009
1998—2017 33.773** -0.355 0.019 0.060 ** 1.335 -0.100

% . P<0.05; * * .P<0.01; HEZHA D

3.4 KILHBECPRZEUR R0 H &R 53 b
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A3 AR VLI UOR s i RUBE B4R T AR BU RS S B R AR 2 R AR W R A s

HRYEZ AL I A3 45 2R (3R 4) AT LR I, FER VLI B R B | | SEPR 28 iU 1Y 32 2E5% e R 25 HAl A By B
Ak, TE 1981—1997 4 [H],6 A sE M R (A H BB e 2 [m 0 R AnifEfb 250K 0.470( P<0.05) ,
H BRSBTS PRa& S0k T R0 S22, H BB IRHER) T B 23 ek 20 b 26 2% 180K 1Y BE R UL, a0
7T ) 553 1t 2 5 % 2% 1 1) 3t e, Wang ') ZE AR 58 Pt 15 1 T AHARLAG 2538 5 1998—2017 4[] , A 4% 19— 1k 48 %
NDVI F1 H BB AL 73840 M H 5 F bk 1 R 500530 8 0.768 ,0.551 (P<0.01) , Bt 783X — i Be i 4
B SR VLI B ) 2 PR S R I il ) T T R AR P AR Y 1 S 1S I 28 A o R 1Y) I R I 2R A
SR w7 i, AR H BB RO T BT SE PR A HUR AT IO, (HZEAE K E ) 5 T, KT PR ik
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BT B3 ETRY S, K FoRFE | 1981—2017 4R [A] AR B2 R KT IR SE R zg ok W H K &

SRR, bRl R8RS, 0 0.805( P>0.01)
FET R b A SCHEE T R IR BRAH I R B, 40 i

T A FIRBN RS S RE AR B 5L bR 78 L

F4 KIREEBREHNLZSEZMWERNZSEAITER
Table 4 Stepwise regression analysis of actual evapotranspiration

and its influencing factors in the Yangtze River Basin

KBS 45 RN 5—7 3 5—7 Fias, 1F 1981— . A B ) )y bR RS
1997 4E15], H IR I BOLE K VTR 5T kA 55 92 B Time SRR andardived
U RS R  PUAL BRI VT RBEE UL om aon e Py
WAL K2R e DXl 4 R0 BH 980 37 ek 3 Az 21 B BRI H Ba gL 0.407 "
WERRAI , SEBRA R oA IO, THAE FUEIX 39T 19811997 [ 0.470°
VoI REEWIVE A |, SE PR A R A BRI R e 1998200 f?;WWﬁ 0768
AR % 0.551 "

K VRIRFRRNZEEMEA T, 23 BT EH, K
8 H A AT BT X1, LS PR HIOR A S A
I — P R 2 A G, T 0 X G A Bt el i i
B —Aes Bfe X — B BOA BT T B (K Se e 2 i UL

# . P<0.05; # * . P<0.01; H'EAREL R BN B3

AT 2 L T — B ) | ¥
B MR A RN TR S B R A ) 58 M TP -~
1E 1998—2017 4F [, [ T SR B2 BBHEM KA1 B2, §?~ §#%;

KT 4T kA 0 — L H R 5 S PR A % i, m

STEADCHTE DG RO R R T i e

MK SRR TR R B

SR A A — L5 AR 3 575, A DS oL

RS BR AR ML SR B TEA G, A A | e
RRIPECTE SR b TT 0T | 3 T 0 I 2 R A ek O ey TR

FIEEIN 75 H& AW 5T I [H] 58 B (1981—2017 4F) [k
F RS T T 7 e bR sk T 5 1981—1997 EKIFREBLFEERELSS K EHEEM
B SR T P A TR bR R T e . N

" 2 - ;h:ﬁ LJ|J - f Fig.5 Correlation Analysis of Actual Evapotranspiration and
ﬁ!& jt E/‘J IE ['Ej /ﬁz JEH © 7{ j( %IS ﬁ ? o 2 oL fim £E. Meteorological and Vegetation Factors in the Yangtze River Basin
1981—1997 4F 1998—2017 4E W4~ IF BE N 5 PR ZEBL  from 1981 to 1997
RIAR S AE IR BTt H 7E T4 Y B B (1981—2017
AE) b5 SehR g Bk AR G X AT SR th TR AE 1981—1997 4E | 1998—2017 4F W/~ Bt N A8 AL I A i
FLTE 1997 A2 AT R RPIRGL BN, UL AR B R IR AR VLI ST PR ZE Uk A Tt b 47 ke 2]
BRI #EEH

Rx5 1981—1997 ERKITIFRBEREHEZES K EHEENHEXRE

Table 3 Correlation coefficient of Actual Evapotranspiration and Meteorological and Vegetation Factors in the Yangtze River Basin from 1981

to 1997
A A — LR £ " ;

JEL . X - OpiT:
R Normalized H Tﬁ( KB J_LL Wk i AT {JKE
. . Sunshine Wind . Relative

Sub basin difference Temperature Precipitation .
L hours speed humidity

vegetation index

A VT Jinshajiang 0.40 0.31 0.08 0.00 -0.26 0.23

I7EYT. Mintuojiang 0.30 0.39"" 0.29 0.14 -0.06 -0.17

F BT Jialingjiang 0.09 0.37** 0.01 -0.07 0.31 0.29

YT Wuyjiang 0.16 0.64 " 0.51" 0.36 -0.34 0.21
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FE A — A8 %L " ;

3 EF{H‘ N X ‘% DORLTAES
F I Normalized H T%ﬁ IR ! Ll— [ B # Tﬂ&:
. R . Sunshine Wind o Relative
Sub basin difference Temperature Precipitation .

L. hours speed humidity
vegetation index
I Upper mainstream 0.33 0.81"" 0.64 " 0.48* -0.65* 0.20
i BZ 5] Dongting Lake 0.46* 0.67** -0.03 0.15 -0.16 0.15
YT Hanjiang 0.13 0.42"" 0.02 -0.14 0.04 0.36
F1 1% Middle mainstream 0.56* 0.70 ** 0.46 0.17 -0.68* 0.18
T Lower mainstream 0.51" 0.59" 0.24 -0.05 -0.67" 0.08
K] Taihu Lake 0.54" 0.42 0.23 0.20 -0.05 0.42
FEBHIH Poyang Lake 0.32 0.35"" 0.31 0.02 0.18 0.05
*:P<0.05; * * . P<0.01; HEMMELREA B E
N N
A ‘; A
SR R i Lo hy

-G edid

HI3 R B(1998—20174F) SRR B(1981—20174F)

=l 0.40 i 0.40

= R — R B 0 JMaE R — R R SRy ihL]

= H R . ok £ H AR % - K

L dat! £ FHXRE - 3 MR

S B EHH(P <0.05) S B FEHEE(P <0.05)
El6 1998—2017 FRIIFREELMARRZSSK EHEEREE B7 1981—2017 ERITIFREEIMEHRESK EHEERE
RS K
Fig.6  Correlation Analysis of Actual Evapotranspiration and Fig.7  Correlation Analysis of Actual Evapotranspiration and
Meteorological and Vegetation Factors in the Yangtze River Basin Meteorological and Vegetation Factors in the Yangtze River Basin
from 1998 to 2017 from 1981 to 2017

Fz6 1998—2017 ERKIIFREERERNEE|SR EHEEZNHEXRE

Table 4 Correlation coefficient of Actual Evapotranspiration and Meteorological and Vegetation Factors in the Yangtze River Basin from 1998

to 2017

A — A5 £

JjiRing . R o QRLT
F Normalized H Tﬁ( IR J_LL 7K ARRS UKE
X . Sunshine Wind L Relative

Sub basin difference Temperature Precipitation .
L. hours speed humidity

vegetation index

4 VML Jinshajiang 0.30 -0.27 -0.03 0.02 -0.07 0.15

IRYE L Mintuojiang 0.63** 0.42 0.31 0.62** -0.09 -0.14

FBR YL Jialingjiang 0.76** 0.52* 0.44 0.59** 0.05 -0.27

9T Wujiang 0.51* 0.56" 0.46* 0.59** -0.31 -0.29

L3 T3 Upper mainstream 0.52* 0.59 ** 0.71** 0.51°* -0.32 -0.10
A EE W] Dongting Lake 0.42 0.38 0.24 0.28 -0.42 -0.63**

YL Hanjiang 0.53* 0.17 0.37 -0.28 -0.11 0.22

FRiiF T Middle mainstream 0.38 0.39 0.32 0.07 -0.28 -0.18

T Lower mainstream 0.50* 0.33 0.25 -0.45 -05" -0.37

KB Taihu Lake 0.01 0.30 0.49* -0.40 -0.03 0.06
FBH Poyang Lake 0.34 0.21 0.12 0.43 -0.37 -0.57**

% . P<0.05; % * . P<0.01; o EArElb RBA B3
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F7 1981—2017 ERKITIFREEREREESR EHEENEXRE

Table 5 Correlation coefficient of Actual Evapotranspiration and Meteorological and Vegetation Factors in the Yangtze River Basin from 1981

to 2017
T B — b HE % " N
JEL s . R - Xof 1 5
F Normalized H Tﬁ( iR J_Ll— [ 7K i ]L{[,VJ)L
R K Sunshine Wind L Relative
Sub basin difference Temperature Precipitation .
tation ind hours speed humidity
vegetation mdex
4 VPIT. Jinshajiang 0.39" -0.14 0.22 -0.19 -0.01 0.23
IR YETT. Mintuojiang 0.36 " 0.41" 0.25 0.46 " -0.08 -0.15
#& BT Jialingjiang 0.68 0.45" 0.51° 0.56"" 0.12 -0.05
59T, Wujiang 0.63" 0.52* 0.59 0.61*" -0.22 -0.10
3T Upper mainstream 0.64** 0.65* 0.76 ** 0.64** -0.33 0.07
1 2 15 Dongting Lake 0.60 " 0.29 0.35" -0.11 -0.27 -0.41"
YT, Hanjiang 0.56** 0.12 0.45** -0.23 -0.02 0.39
HE T Middle mainstream 0.69 0.24 0.60** -0.29 -0.43" 0.11
FUF T Lower mainstream 0.78 ** -0.03 0.43 ** -0.31 -0.39* 0.01
] Taihu Lake 0.38" -0.05 0.56** -0.34 0.04 0.14
FBFHIB Poyang Lake 0.62** 0.06 0.61** -0.45 -0.15 -0.10

#:P<0.05;5 # * :P<0.01; HEREML RECR B35

4 itig

SLPRZE L A A MK RETGIA  SS SR YT EAS 2 T 192 BT, (YT A AR SRR 7 v 1 /0 25 X sk
SEBRZE B R AL AR BT BEE . 455 L Gao'®™ Fl Wang! " FIFSE 45 SR T LA & B, 4 VT Sk 5 o 28 B K 1) T
AR RS ELAT W 5 A B B, A 20 40 60 AR AR A9 3 IR, 51 20 40 K R R 3 ik 2% , 7 30k A
21 205 IS brzE iR B3 ETF(E 3) . 20 HE2E 60 AEARLLK , KT Bl — B BA FIhmy s sipbr
FETOUR AR T A T SN A BTSN, (0 H B A R R D T bR 2RO R A RE SRR, 3 20 1
LR Z AT, RITHIR S PR 28 UL 72 IR TR AR 00 R S B0 R g4 10 Bt st ) A4S, KT i A R
HUF REAA A TR , 1 VTSR 1 A 285 R G0 T A FCR AR THRIRE B 1 AR TR A AT e T
WM R (R 2) , Z R EZ R, {20 HE2E R DIOK KITRIBESCPRZE 8Kk B 1N, 7538 1) 1
{175 ke 25 s ot IR /KRR P 78 A P, [ s R A 2 v AU o 2 T (3R 2) o A — e R AR i
T RIS PR ZEHOR T s PR R SEBRZE TR (AR A AE 4 25 1) 22 S, S5OSO B0 A8 A VT 3 3k P 5
(F5—7) , RIFHBAETE TSRk 2 18], & OB 5 3T Budyko 155 & B e 28 PH A8 8 1T 37 3o 5 ok 2
K 1961—2009 4F[H] 3 g A b 2 = 2AEH , STBR RS 80% , AR 9 22 Ak 1Y STk Rl 20% , 57 SCH
Lt SEBRZEHUR S R 2 AT A5 RAFAE I B 25 5 o AR SO X — R0 AT BB it duk 1] 1R 0 9 25 5 ARG e
P Z AR AR B9 RN 5, zhang ™ FERIFSE v S B BI040k A0 298 150 2% /DN 32 32 31 K 43 ) IR S T B 91 97 38 14
S PRI R D) %o A B e 2 A T R B 1 sk A 3 T Budyko (B & B, 7R K TR ZE L bR IR
B = ANEER IR T RO R K e A SRR VT SO M e R R S B U R

SRR I RRLE T R 2 B R W B VT 28 R G K SR IR LS5 IR 55 RE 0, 3 Tk P IR B, 45
4 GLEAM SE PRz A MR K S Am (A5 , v DA R RV U A R Gk B TR AL 45 iR 55 i e S PR 78 R
FHONT RN AR 2R 8 Fian, 21 Lok, KIT kA A oK B AR LRI AN R (R 2),
AESIPRZER R AN (E 3) , SR T A S R G KRS IR S5 S U R A AR S M
X AZ B R SR 520, K GERAL 2R T A7 FirsGn , S0 A 0 1Ak P A e T G S e, IX K e R AL 45 o 1 2 Ak
G AR — B, A T I RAE IR, X 5 8 Y AR ST A R — B, VT G X TR A S
&5 T2 St Y 5 2 X382 — , 1997—2006 41 5] 25 e Hb X TR i bk TR B4 S, AR 36 %6 1R 349038 K

http ; //www.ecologica.cn



6934 JAE = 41 4

BT 509% " AR PR ARSI 58 DI A 25 R ST I AR RE A K PR RE A A 25 I 55 DA (ELIRT Il 2 1 58 DX 4
BRGMKGEMELAEE S . AHE TAHY AR AR, P A K i S A 45 SR i 28 AR ) ) E X R
IR SR B R VLR B & P X A A= A A S i R b SRS s g 2 3t i A= AR 9 i £ [
I PEAE R AR IR BHEAR TR v | PR B I IR R S 20 R 1 555 A A | LD AL R /K Bt G A 55195 B 14
(SRR

F8 19982017 FEKIHRBESRAKEREARESE2TL
Table 8 Changes in water yield of the ecosystem in the Yangtze River Basin from 1998 to 2017
K BE U B Al 55tk 14 A8 k3
Variation rate of water yield/( mm/a)

4% FK Basin name

RKATIHIH Yangtze river basin -0.623
4 VBIT I Jinshajiang river basin -2.667
URYEYLI I8, Mintuojiang river basin -1.391
B TR, Jialingjiang river basin -0.975
BT i3 Wujiang river basin -3.088
B3 Upper mainstream river basin -2.535
i BZ 1 3% Dongting Lake basin ~1.141
BT, Hanjiang river basin -1.838
T i Middle mainstream river basin 0.191
TR Lower mainstream river basin 9.115
KA HIL Taihu Lake basin 8.506
FRBH A Poyang Lake basin 2.142
5 it

ASORE N Z2 A~ SEBR 28 R A BB AR AT TR BE T LU E, SR 5 2 TR B B A m B 4, v i T
1981—2017 4E [ VLIS PRZE B R ka3 S i, 25 R %1 .

(1)7E GLEAM_v3.2a MOD16 .GLDAS_Noah2 .ERA_Interim PUFPZE & B i4E T GIEAM_v3.2a 45 &4
e

(2) KL Pras Uk BA e islUs 3 W B Btk A2 fea 3, 78 1981—1997 4 [8], & VL it bl 5 PR 25 Bk
L 0.02 mm/a 13N i b 9/ () DX S A TP AR R VL PG T A VL AR 8 5 E 1998—2017 4
RV 3 S PR 28 & L 1,94 mm/a () 38038 5 38 8 0, Jr A - 30t 36 5 B 28 1k 359 4 o 188 5 S84 - 7
1981—2017 4F-[0] , KT HIR SE PR ZE A LA 1.16 mm/a 1H 5 & 10

(3)1981—1997 4[], F VTG P A RN AR X I A9 55 B 28 B0U&: 32 2247 21 K FH 4R 5 12 F B R 52 ) | 28 6K
RA BT R T HIX VTR R X 8 R 52 21 5 BRAH A BRI R BRI 2 I R 25 5 52, 76 H 8
IPEC R RIS LT, SEBRzE B AT FIE b FF 5 1998—2017 4F 8], A Ik 5 J2 4 V1378 485 R 380 4 IX 3 512 s 2 ik &
TR E R DR AR T DX AT T 2R O A D A S PR 2 R R A2 B A O 8 S W AR PG S 43 I
r ) IR A [ 5P %o 52 o 2 T80 1 485 ke 28 7 AR E A AR A R VI 4 52 P 28 IR 79 8 19 (1981—1997
4F 1998—2017 4F) BrBeth: A8 {5 52 PRz U AR SR I AN B I (HAE A 9] (1981—2017 4F) By 722 fk i 34
SRR F AR E AR

(4) Z R LPrAERUL BE M 2, K VTR S R G K FEIRHEAA IR 55 KL 7E 1998—2017 4F (B i
TR, WA S R GK B IR HE L IR S5 S IR VO D> AR A R

(5) HEZS R GEK GEEA LA IR 55 0 Aol /2 (e A5 VT3 3 G 3 B/ DX 52 5 R, 38 A K T 3 PG 3
DX N8R R A i S A AR DR | RIS ZEAB AR 3 AR AR BF IR RS A B . TR IR e BT T R 5 28 B fig 8%
SRR A, DL RRARAR B (1B /K 2, 8 ik DX I+ S ka3
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