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AR ZROR S K SO PR AE B 30 10 T B2 R, 76 Bl A1 K S B3 B b 45 5 SR L 25 S R READL B U [R5 4
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FABURLE  F T 208 Seds il g, sy 3 35 AR AR A 5 R FAE fboxt 28 80& B AR 2 i, 43 FT T 1983—2018 4F
i b 2 R 1 2 AR A S et T T A0 A8 A R b R FH AR AR 28 BIOR B AR AR I R X BTk, 25 SRR . (1) P X 2 4R
YIZERUR N 350.62 mm , ZEALER N 1.59 mm/a, 28 W] 4340 B AR 7 ) PU AL, (2) SRR ZE /UL By Trmk it 70% , 3k
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FIANAEHS TE 16.19% i DX 35 S/ w3, 17 L M A AR A TE 15.69% B9 X 38 3 S 28 BOR 3 a3, JLF- 5045 X iy -+ o A1)
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Simulation and variation analysis of terrestrial evapotranspiration in China based

on the land surface model CLMS5
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Abstract; Evapotranspiration is a crucial component of the hydrological cycle and energy cycle, playing a key role in water
and heat interactions between land and atmosphere. The simulation and attribution studies of evapotranspiration are of great
significance for climate change, water resource management, and agricultural production. In recent decades, significant
changes have occurred in the climate and surface characteristics of regions in China, but the coupled impacts and relative
contributions of these changes on evapotranspiration remain poorly understood. In this study, a multi-scenario control
experiment was conducted based on the Land Surface Model CLMS5.0, using long-series forcing data and a continuous land

use dataset to independently isolate the impacts of climate change and land use change in evapotranspiration trends. The
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spatiotemporal patterns of terrestrial evapotranspiration in China from 1983 to 2018 were analyzed and the relative
contributions of climate change and land use change to evapotranspiration variations were quantified. Results show that: (1)
the multi-year average evapotranspiration in China was 350.62 mm, with a trend of 1.59 mm/a, and the spatial distribution
was decreasing from south-east to north-west. (2) Climate change contributes more than 70% to the evapotranspiration
trend, reaching 1.13 mm/a and dominating the trend; Land use contributes 0.44 mm/a to the evapotranspiration trend.
Spatially, climate change drove evapotranspiration increases in 67.6% of the regions and decreases in 16.1% , while land
use change dominated the increasing trend of evapotranspiration in 15.6% of the regions, and almost no region was
dominated by land use change in the decreasing trend of evapotranspiration. (3) 83.7% of the evapotranspiration trends in
China were dominated by climate change, mainly including humid areas and arid areas in Northwest China, while the
dramatic increase of evapotranspiration in North China Plain was dominated by land use change, because of the land types
of grassland in this region were transformed into farmland and forest. This study revealed the spatiotemporal distribution of
terrestrial evapotranspiration in China, and identifies the driving factors of evapotranspiration trends in different basins,

providing a reference for differentiated management and planning of water resources under changing environment.

Key Words: numerical simulation; Community Land Model version5( CLM5) ; evapotranspiration; climate change; land

use change; attribution analysis
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FEH R A TR A 2 B Bt 4 R B A BRI WL R AR a3 25 40 AR A S BB N A R4 34 " Yang 251 I FH Z U5
BB AL T kiR bR K IAE 1982—2011 4FE ] 284k 15 3] (0.66+0.38) mm/a,2001—2020 4F[H]
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ABEFE R T ol — R A Bl TR X CLMS.0 , #5401 1982—2018 4w ] i b 28 iK1 Bt 23 A8 Al A Jm, i 4
FRRNGES KIS A A BRI AR A0 5 L AR BOK J1 A HE ST Bf 1 K o0 i i A 9 A2 e A, 2k
TR FR KW 2R ATBOG A R I T2 D3 F P, 338 1 X 28 O MBLIIBOR Y IR iE T2
(RSt i o A i sk YDA E 4 7y SRS /T SIER 4 €I DN | oy /L i W W U A A R T ok L S T A RO B 13
FAFAEACH TN, I [ 2 6] A 25 DR R AR sk, U A [ 4k 2 o) 2 Bl At S A ) 2 5 I
R e e 1T A N ZR STk 2E e RN o AT D AR AT 5T i DI IR]  st R F IR B DX EK
GRS PR PR AL A AK A

1 HiEMAGE

>z

11 B XARAL

S REESI R v A1 O = i A [ B N B Y
SRR . PYAEE LA A L o 32 AR R LA
PR R A E S0 ARl E A R B R
PRI B SR o AA% Ry . 2 2R T 2= XU ) b [ 4 5
R K B FIAR P-4 S 2 B BIR S A . 2R P B O 1 T
IR SR X AR oK B 5 RREGE s PYALE A T o
TRTRARK KRR COREIT, MR e | AT
HOJE PV A P 1 b B K B B B s ey 1S g R
FHAR DXk, BEA LU 4 T 1) B WA [R] SR 30T 45 1 E1 REMER AL RS G E
T HZERUREACFRE . A FEARIE KT AT I pig1  Spatial distributions of DEM and nine river basins in
FEAE 5 [ X g B LR AT R 4, 7 )& . #A3L China
¥ Songhua and Liao River Basin(SLRB) ¥/ Hai River SLRB ; #A T i 5, Songhua and Liao River Basin; HAIRB ; ] Vi 1
Basin( HAIRB) JEJ Huai River Basin( HUAIRB) . # Hai River Basin; HUAIRB - JfE{T[ Jfi 8 Huai River Basin; YLRB: 5 {1

Wik Yellow River Basiny YTRB: K JT.#i 38 Yangtze River Basin;

Yellow River Basin (YLRB) \ & 7T. Yangize River Basin  (op oo s ohest River Basin; PRB; k7T 30 b, Pearl
(YTRB) A i#77 Southeast River Basin (SERB) JKVL  Riier Basing SWRB. 7 #5758 Southwest River Basin; NWRB,
Pearl River Basin ( PRB) . P4 5 i W] Southwest River i Northwest River Basin
Basin ( SWRB ) LA J&& N fifi W[ Northwest River Basin
(NWRB) (&l 1), 3XFf gt 3k 4] 23 77 12 g % 0 1 R DX 3R R 9 7K 3t~ 4 5 B, 08 T o0 A 28 Uk 19 28 [) 49 A
A,
1.2 HFse
1.2.1 fif BB X s b 2

(1) PRV DR SR - S B8 Hh ) DX gt i 22 R AR 4E China Meteorological Forcing Dataset( CMFD) |
A LI T 9 1 B AR 0 T 3R AS (hitps : // data.tpde.ac.en) ) ALEERE K R AR L HERE KU | )R S I
RN SRS 7 ARG E R AR E R 3h, 2SS HER R 0,10 B )5 BE AN 1979 4F & 2018
A, IR SIS AR R SR EE C )z T ] Xl K SCRCAUARE SR o, B Sl LM AR Y Y il 3
T SN 135 R R | S BRSBTS A TS0 R A 1) e 2 o e
ABHESEI SR E  FEAE R 322k B 2001—2015 4 MODIS 43075 35 846 5 (MCD12Q1 v5.1) , i i fl4s
HULAI (MCD15A2 v5) , Fi R s B4 (MCD43B3 v5) i
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F*1 BSKEZE1983—2018 F TR

Table 1 Variation trend of meteorological elements over China and nine basins from 1983—2018

X3 [k ey IR BT TR
River basin Pr/(mm/a) R/(Wm™al) U/(ms'a™) ¢/(kgkg'a™h) 7/(K/a)
4= China 2.16 -0.05 -0.01" 0.08 " 0.04"
ERIT PRB 2.47 -0.07"* 0.00 -0.01 0.03*
ZRE 1 SERB 7.45* 0.03 -0.04" 0.02 0.04*
PYR T SWRB 1.96 -0.04 -0.01" 0.06 0.05"
KT YTRB 1.50 -0.03 -0.01" 0.07 0.04*
#7 YERB 1.64* -0.06 * -0.01" 0.10* 0.04*
JE HUAIRB 1.94 -0.10* -0.01"* 0.07 0.04*
T HAIRB 0.94 -0.15" -0.01" 0.08 0.04"
FALLT SLRB 0.61 -0.03 -0.02" 0.08 0.03"
Paiif NWRB 291" -0.01 0.00 0.06 0.04"

Pr.f&K Precipitation; R, 4R Net radiation; U: XG#E Wind ; RH ; HIR Specific humidity ; T: ¥ ¥ Temperature; * 7~ P<0.05

(2) B iERE  ABF X T MODIS (GLEAM I MTE ™ ity , £ 2] TR0 uERE R i i, o e fidi 42
£345 MOD16A2 ZERL A& HHE ™ (http ://files.ntsg.umt.edu) MTE ZEH & K05 (hitps ://www.bge-jena.mpg. de/
geodb/ projects ) il GLEAM Z& L & £ 95 (hitps://www. gleam. eu ) , B3l 2% ] 23 3% 2 43 5] 4 0.05°,0.5° Fll
0.25° I a] 5 B2 435 i 2000—2014 4 2000—2015 4FF1 1980—2022 4, 24 1 PR IE 46 3IE 245 R /) — B ARG
JE A B8 o FOR AR AL I 2 (B Ay HE R G — R 0.25° X SRR A A o 0 oh TR T PR s S 4 DA
Lo PML ZE R AR RSG5 5 A ) ) e 2 30 LR 22 580N | T DI A R 48 SR 22 £ J8E O 30 TE S 3, B PR 4l 2R
(R ERITSEVE AT 1 28 H] GLEAM B Xt 28 MU BEA TS L SIE , Yang 551 6] GLEAM X HAE
] DI 38 PR LR T 3PN, AT IR 2 25 28 UK I LA
1.3 Wik
1.3.1 Community Land Model ( CLM5 ) 5574

CLM J&— T R A Bl A A, phy Ay ek Py B AR WP ER AL~ K SC TR S A 2 R G0 8l Jy 20
MBS AL | REAS AT R AR I K RIBRAG IR . CLM KA~ IS S TT R 43 2Bl 0T
ANITH 2D/ SAEE A, X 2ekE AN W] A D RE SR Y i B . CLM A s = Al SR 28 iU K, £
BLOY IAEZEIS MR & o 28 % Mo N 225 % R 78 kBRI M 2R 08 S5 TR 78 & ek )2 78 &
TR ZE IS Z F KB ST .

E=E+E, (1)
E,=E'+E! (2)
E, = (1o oot ) Bt Vo E oo o B (3)
P (9,=9%) ()

X E SRk R (kg m™ s7") B 2R B RAR/K IR & E 2R Rkl &, £ RoR el 2 80
KR I, B, RIS R I K VOB 5 5 £, e 77 PR N B 36 5 A RAK I REE ) By B 5T
R N 3 S RIS B R R KIS (kg m T 87" p, B KREIE (kg/m®) |, q Flg" 53 W e it 2
LU FIAE B IR RE R B4R A K VR IR (ke/kg) | r 2 R R 18 202 25 SIBHE (s/m) .

AWFFERH CLMS [l m AR | A0 T 2Z R AR CLM4.5 , CLMS X R Ry B B2 b4 T T okt 51 A TIBIE
Y768 J2 8 B S 80 a5 () R AR 1Y) 3 PR R D) R AR R T AR [R] I T Richard J7 R ATHAD K 5 ik 125
ERORE BERERPE DY L R HEER R T R R, CLMS B T — MEIER IR R S EUL T R S Bk T R
g TOKZRAGE D TR 2 BN ER ORI R IR R 1 5K 2 R R TR, B IR T AN
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THRZ L ZEENT SR, BGE T AEBE T EERIRCR M BT Al 1A R, CLMS 7R X K SCHE R
AR B B R R BCR
1.3.2 B

A CLMS BRI Ao HE3 0 0.25° B w i N AR 48 70 2 R AR 248 140 B2, b4 15 FE &b 4 55
JE TR RS R [ X, ARSI T 3 B SRR (3R 2) , T 43 B A0 AR A i AR P A Aok 25
RIS, FEE SR ST ffiFH 1983—2018 4F [H] 4% £ A% A5 38 RN 4 Hb A1 Bcdls | RBP4 J G ¢, Herp
HUF % B MODIS FE# %223 (VCF) \MODIS #7357 i Al AVHRR a1 CLM P 8 Y 3R 508 &
BT T A B, A BT 5 B Lawerence 55 % HE 1, FEAS B4Rl S2 Hf (] 1983—2018 A [in] 28 £k (14 K A< ik
30, 1 R AR R AR 1983 SEARAE, FENE SR S3 v, {1980 Z 1985 4F Y i it Bl V- 4 (A Jy d
ABHE, A B PR AR 1983 4R, BRI B ST AT S2 22 AR T R HAS fL A2, S2 i S3
M Z(EACER T AL 20, S1 AT S3 22 (E A0 T MM - R AR (R AR A E . BRI 3 A AE 9k
P TN, T SRR 1979 4F 2] 1982 4F By e 18 Ztls A TR PR FiER 200 4, 1 WA £ 3 R FH 1983 4F
BRSO AR EE , S S5 3 VR AL A LA 1A

x2 FHARBEBER

Table 2 Simulation protocol in this study

JE 3% Simulation protocol KAHREEE Forcing data + R FHEHE Land use data
P 525 S1 Control experiment S1 1983—2018 1983—2018

P 5230 S2 Control experiment S2 1983—2018 1983

5286 S3 Control experiment S3 1980—1985 4F-i 161 B - ¥ {4 1983

1.3.3  KEFAr ik

AHFFEVEEL T E K BRI A R 9 AN ERIX. 2000—2018 4F [i] ) 4 7K FiA2 i 85 , 1) P K 2 S s 344
BN FIUE (AR ZE R, P T PPAS A RIS 00 2 IR (B A 38R BORG 1E , K i P A R

ET=P-R-AW (5)

P, PONAERKE (mm) ;R ARARIFTER (mm) ;AW SIS BE PRI E K R AL (mm ) | Y058 BE A 22 4R T,
AW DLW s ET it 5345 B 20 (mm) .
134 itk

WG T Theil-Sen Median #3387 F1 Mann-Kendall #3465 S /3 Hr 28 HUR A8 b #a 3 | IF
VPSSR 2 SRS 2 I 22 L0 B R BB 2 I 22 e 8 (7 5% RO )
XJ{'_f") (Vj>i) (6)
A, median fCRBCPRAL .0 8 SRS LI ] 3 X, FLX I )50 EARE 8 AL, B KT 0 FoR v )51
TS B /T 0 FoRitE T A1 R TR

B=median (

S-1

V/Var(S)

Z=10 (S=0) (7)
S+1

V/Var(S)

n—1 n
S = z ZSign(Xj—Xi) (8)
i=1j=i+l
1 (6>0)

sign(8)=10 (6=0) (9)
-1 (6<0)

(S>0)

(S<0)

http ; //www.ecologica.cn



12 4] e A T RE AR A r il 2% IR AR S A B 5931

X, S RS ; Var J2 07 22 R X FIX 2 6] 6] 2 51 B4 5 n Ry I IR]P B BE 5 sign A5 AL, Jdad Z {8
AT LAFIB i 5 TR 0 EARK T o T, 28 Z BZEXER T 1.96 I, £l 1 &5 5 95% 1Y
B
1.3.5 FHfEbs

AT VSR ILGE R W PE , A TER A T 3 DNIEM e AR, L FE I T iR 2 RMSE ( Root Mean Square
Error) " &4 R*( Coefficient of determination) " AHX{ /2% PBIAS( Percent Bias) " Fl H¢ JRi#MH I 250 r
(Pearson correlation coefficient) 4] o IXEETEMNFRFRMETT TR 1R 22, 0] LI e AR U 45 R 5 SE PR 28 BRI 22
5, Jerf RMSE Al PBIAS SRARME N O, IEAE RN L SE I I A, (B AR BU LS i/, R* e L (ER 1

n

Z (Xi —X>(Yi _?)
r= (10)
JZ(&—X%JZ(K—DZ
Ao FREE B XY FR NSRRI AR XY SR PR AR AR
RMSE = (11)
PO (12)
(05_0)2
z (XL - 0;)
PBIAS =~ x 100% (13)
0,

i TR § MBS 81 n RAERAS ATUEEL 0, FIX 43512 W (B RIS LML ; O S LI #9408
2 #R

2.1 ZEMURBALE RATAL

1983 % 2018 4 (0] S1 1 5t PRI 24 P28 UK 5 GLEAM ZE Uk RS (E 2) F B, CLM B
FEMUR BRI 1:1 LR, R* 5] 0.84, PBIAS i RMSE 435135 3] -8.37% 1 105.11 mm, PBIAS i/t
0 H RMSE ¢ {Iii & 2 WIS AY T A A Erf . 4 X BRZE Uk s m B, CLM AL BB 45 A T GLEAM 28
R SIS FHIE 8RR BMEAL T 111 254 F oy, RIBIAE S 28 WU IS 5 PAAEREUN 25 . Hh T4%
ANZEROUR T i R ] 51 AR ], B4 2000—2014 AR Ry X FUAE, Z2 R Z8 /UK 7 il FVSEADL ZE B3 I 2000—2014
AR AR N AR AL 3 B 7R CLM BERIAE A ZR AR 2L 0 25 W& (B A L F 2 R 28 08 7™ S /N (HR R B 22
TR LS FBAT , BE BT Al B 28 B0k A O [ i AR {34 (18 2) . GLEAM 2K Hl & B0 78 B K ¢
1983—2018 4 [A] (1 BE V-4 — 5, R B8 LIS FHOC R r 355 0.89 , X 2K HUK AR PRIl (1) 28 1k
B A A ( 2)

AR AR v L K 8 A A A 1A B8R 7K b 2 A0 T RSO , R FH K P A D B AR 0 % v [ B LR
2000—2018 4E[AI LI Z AP 25 Uk 5 GLEAM FIRUZE R A #5470 e &30, AH L T GLEAM Z8 iUk, BT K
VA R A AR R AR S SR T, 4 X ISR M 25 9 - 0.41% , RMSE 7 15.26 mm, 4% S HH X 2
Z5F1 RMSE Wil /NF GLEAM ZEHUE (23) o ZEMEI] KVT BRVT AR i 1 1T ok SR 0 e i IX 4D 45 A7 7
/NI, ESER , CLM D ZE UK RERCAF W AT 18 1™ i A A8 A FUA AR Dok P4 25 21 (HR TR
ZAE A AR AU RN X SR AU S0 E 7 D /) P [0 R
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Fig.2 Comparison of simulated evapotranspiration by CLM and remote sensing product evapotranspiration

F£3 2000—2018 ££ERRE S EFEEHEL . GLEAM EH& SEMET L

Table 3 Comparison of averaged annual value of GLEAM, basin scale and simulated evapotranspiration over China and nine river basins for

2000—2018
Kbk (TEVERE S FidkZEHU % Basin evapotranspiration GLEAM ZEH{% GLEAM evapotranspiration
River basin Simulation ippzewr gy MIXMEZE BTN GLEAM Z&WUE  MIRHW: By 7R 2
results/mm ET/mm PBIAS/% RMSE/mm ET/mm PBIAS/% RMSE/mm
4:[# China 365.20 366.72 -0.41% 15.26 392.84 -7.04% 29.04
¥AiL SLRB 387.16 382.95 1.10% 39.82 439.76 -11.96% 54.11
T HAIRB 450.77 471.23 -4.34% 55.22 461.06 -2.23% 27.75
M YLRB 379.99 391.93 -3.05% 34.77 380.25 -0.07% 11.58
HE HUAIRB 565.00 654.10 -15.77% 104.57 561.17 0.91% 132.75
K1 YTRB 490.12 520.91 -5.91% 82.80 572.66 -14.41% 83.43
ERIT. PRB 677.15 726.75 -6.83% 137.19 820.37 -17.46% 145.02
M SERB 617.03 741.15 -16.75% 142.19 859.1 -28.18% 243.07
PE G4 T SWRB 454.21 405.08 12.13% 56.15 444.77 2.12% 22.38
P NWRB 169.35 137.20 23.43% 33.99 165.03 2.62% 12.62

ET .78 % Evapotranspiration ; PBIAS ; #1%1 i 2% Percent Bias; RMSE ;¥ 5 #i%2% Root Mean Square Error

2.2 1983—2018 4FZEHI A& It a5 28 4k
rp ] X Js 1983—2018 4E AR Z AR -2 25 5l & N 350.62 mm , 25 [8] 434 H 285 B 15 16 1) 74 b PN it S 390 0k
INTEAS (TR 3) | ZE BRI/ NI DX R 3 6 T N B TAT i e, T b A R B A R A T A R R, K
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A R ZE SR AR TS A BRI FR A BR VLI A VT AP 1 i LB 7R R 1 T e S K
EERRHLIX . 1983—2018 4FH [ P24 28 BUK AE N TR]_L S8 IE S IR 1.59 mm/a,

1111
e e P

I,,':\¥ . } 5 X - '. o
ZERL KR /mm o / L] FEHL R Y/ (mm/a) &
- T I I I o -
°c8g8g88¢88 4 -2 0 2 4 6

B3 1983—2018 FHEREEF FHEFLMEARLEBZLTUZE S
Fig.3 The spatial distribution of average annual evapotranspiration and evapotranspiration trend during 1983—2018

SRR XIS P<0.05

T 83.7% WY IX Iz Bk 5t LTS AR b ORI 35  ren J s X B0 28 U 2 25 40 (P <0.05) , T 3
AR 16.3% ZE A IS0 B ML X 3 B A FE RN AL (B 3) o LR TR HUA 22 AL B AE 0.23 mm/a 2
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