5539 B 13 1 *E &~ 2 Eild Vol.39,No.13
2019 4F 7 A ACTA ECOLOGICA SINICA Jul.,2019

DOI: 10.5846/stxb201803090467

A R SA SO ATHEAR AT NI, TR AR B AR TR, AR IR, B 48.2000—2015 AT v [ il A 2 AR SR 2R B A AR Ak S LR e B 3L AR IS 2R
2019,39(13) .

Niu Z E, Hu KM, He HL, Ren X L, Zhang L, Ge R, Li P, Zheng H, Zhu X B, Zeng N.The spatial-temporal patterns of evapotranspiration and its
influencing factors in Chinese terrestrial ecosystem from 2000 to 2015.Acta Ecologica Sinica,2019,39(13) :

2000—2015 FHEGMMAESTSESEXZHFNETTURER
i (& 2=

Fu B M ATk Edm ik &N E RV E OB R B,
ﬁiﬂﬂ.ﬁ/& ,%9 ?P!]l’z

1 P Rl BE R 5 PRI T, AR S R G AR UL S D T Se e, kst 100101
2 P EBEBER: AL 100049

3 Ry KiE 116026

4 EREEBE BRI, 5 550002

5 P ERLEBE BRI BT I, 8 4 A DU 4 5 K R SR P 710061

6 VU R 2= MR 22 B S RO B 1o P PR T TR rhuls R 400715

FEE B T X3 R 235 A% e B 2 i PR 38 06 B ki b A S R ROK A B+ B AR X, T ARk R E &) T
B 28 S5 G RSB B, BRATIRTT ZE B I 25 A8 Ak S HE I R & . ABFSTY 5L T PT-JPL( Priestly-Taylor Jet Propulsion Laboratory)
AR AR BRI S S BREAL T b E R A 25 R 58 2000—2015 AEZEHL, I i as AR Ak R £ S5 RE 1) S
BARALSS PT-JPL BB fif B2 AR PRAE ALY 68% , O T IR B2 MODIS ZEHL™ i 5 2) rh [ M IX 22457 ¥ 2580y 440.16 mm/
a, S AR I v B WG b P ok T 3 UK 4 23 [T SRS 5 3) 2000—2015 AEZ8 IR AR 2421 [ #a3 (slope = 6.48 Gv/a, P=0.17) {H BLA
AEARBR2E 5, 2000—2010 45 A [ L X ZE B 4 35 R A4 35 (slope=21.05,P<0.01) , 5 & FEZERUS & 45.05% BN 52 11X H 5
i1 IX P D X R T R X RS T 61.88% FIAE BRAE AL ;2010—2015 4E LR 1 FH#a 3 (slope=10.48,P=0.71) , 4 1 X 16
EAE RS 4) RS B S T ZRBAIAECPR S, AR T 2010 SRS 25T % K BT HY 51.45% 85.26% , FEHIE
AR PN S X A R RO X T R X 32 A2 AR S ), X A K AR EE A
KSR AR H PT-JPL AR A Bp 234K oy s R I i M A S R B

The spatial-temporal patterns of evapotranspiration and its influencing factors in

Chinese terrestrial ecosystem from 2000 to 2015
NIU Zhongen'?, HU Kemei®, HE Honglin"* , REN Xiaoli', ZHANG Li', GE Rong"*, LI Pan>*, ZHENG Han’
ZHU Xiaobo®, ZENG Na'?

1 Key Laboratory of Ecosystem Network Observation and Modeling , Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of

b

Sciences, Beijing 100101, China
2 University of Chinese Academy of Sciences, Beijing 100049, China
3 Dalian Maritime University, Dalian 116026, China
4 Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China
5 State Key Laboratory of Loess and Quaternary Geology, Institute of Earth Environment, Chinese Academy of Sciences, Xi'an 710061, China

6 Chongqing Engineering Research Center for Remote Sensing Big Data Application, School of Geographical Sciences, Southwest University, Chongqing

EL£WME . BRESWEITH5 H (2016 YFC0500204 )
175 H #9:2018-03-09; ™ & t ki B #A : 2018-00- 00
# W IRAER Corresponding author.E-mail ; hehl@ igsnrr.ac.cn

http ://www.ecologica.cn



2 S % 39 &

400715, China

Abstract: Accurately quantifying the spatial and temporal patterns of regional evapotranspiration and their influencing
factors has significant implications for understanding carbon and water cycles in the terrestrial ecosystem. Based on MODIS
remote sensing data and meteorological data from 2000 to 2015, we used the modified Priestly —Taylor Jet Propulsion
Laboratory ( PT-JPL) model to simulate evapotranspiration and its spatial distribution in the Chinese terrestrial ecosystem
and analyzed the temporal and spatial variation of evapotranspiration and its influencing factors. The results revealed the
following. 1) The observation data demonstrated that the PT-JPL model with optimized parameters illustrated 68% of the
seasonal variation and spatial distribution patterns of evapotranspiration better than the original model and the MODIS
evapotranspiration product. 2) The mean evapotranspiration over the years was 440. 16 mm/a with obvious spatial
heterogeneity, gradually decreasing from the southeast coast to the inland of the northwest. 3) The total evapotranspiration
showed a slight downward trend (slope = 6.48 Gt/a, P=0.17) from 2000 to 2015; however, there was an interdecadal
difference as the evapotranspiration significantly decreased from 2000 to 2010 (slope = 21.05 Gt/a, P<0.01). The Inner
Mongolia region, Loess Plateau region, Gan-xin region, and Qinghai-Tibet region accounted for 45.05% of the total national
evapotranspiration and 61.88% of the interannual change; these regions showed a slightly increasing but insignificant trend
from 2010 to 2015 (slope = 10.48 Gt/a, P=0.71). 4) Radiation was the main influencing factor of the trend of

evapotranspiration before and after 2010, accounting for 51.45% and 85.26% of the total, respectively.

Key Words: evapotranspiration; PT-JPL model ; spatial-temporal patterns; Chinese terrestrial ecosystem

ZETRCE i 4 25 3R GERBOK G R 1 e 2 7 3 1 T B G 48, 5 S R G A T B A i T
LIy Bl A S R G R PRERST , JEHE 60% Lh 1A RE KGR MBI RS2 ™ i A AR A AT 8
S, 1o 2 JUAR N RS RR LIRS BRI 28 B A AR RN s e 1 L MERRASL LN L X
I RUEE ZE IR LS PR 30 2 RO IR IR G T g

DX I 22 ARSI YR R 4 3R B XU RUBE A I ] 2 81 e 2 () o B2 B i B B, SR T AW
P A LB R HAT S (%) BROS RE A HL 7R ol i RO B B 1 3R B (R 2 5 A5 GBS B A R T R RR
T PR AR R R R A DR R AR R T T R R A SRR B 1 B A T, A X R
BAG S T R R B RO T, DA 2 B M T AR BT 2R 00 o 2 B AR AL - 202 fH R AE
23 BN 12 R 10T B 7 (19— 2 B B2 A f AR 3 g 3 AR, BR ) 7 A R I 2 S S IR 5
RIS, Cleugh et al (2007 ) 2£F Penman-Monteith ANIPR R 18 JERURK S A ZE R R 2 I sl v T
4Bk MODIS 7=t Al 521 HF Z2 3150 5 J22 A0 S Bl B 0 19 2 5005 A0 8 T b T <0 5 L0 R 7 A 7 i 7
Priestley-Taylor 72" 0] LIIA K J2&: Penman-Monteith 572> (AL IRAS , Hale 4 T 25 80 1 28 A i L7
TR 20 AT AR A A 2 A 25 PR VR L 2R B AR B S BR R A RN A B Iz R R R
WACMOS-ET I [H 518 12 WL RS 3 |t e P 1 500 25 7 3l e B DXCIORUBE U 1 DU Rl P ) DX S A
SIS (PM-MOD ,GLEAM \PT-JPL SEBE) , & ¥ PT-JPL L AI7E 48 SR/ 25 R G AV IX R B

HP Lt R 25 R G2 | A ERZE B R Y 5.6%—8.3% ") Xt Bk KGR B B W RE Y
HEEAS X IR 2R 4 1 R AR ST, (E b B 2R WO A AR B > %) A T /A 2R B AL L o
[l X 22 AR P25 WA T 535—852 mm Z 8]0 | X IZE MO T F — 2B e o T bk, AR5 2 B0 o T Bt A 25
RGEZEHU T R TR Bk oy 1) b A 5T (AR [R] X 2 AR BRAE Ak 32 5 R R AE 2 AR K22 5, e i i
Mo IX 4R A R T R BUAEBR AR AL AR TR X, K o B R T 2R B T AR At 3 SRk T E
Hb DX H 25 7 H 1 23 A0S YL ) R ORI IR BE B THES RIS 2R 37 2 XU 5 S 350 [ e R e LR 0
IR IR S B T v ] DX ) A A R K A S A SR O A S ZE B I A AR A CYETE AR

http ; //www.ecologica.cn



13 1) A A5 .2000—2015 4FH E LA S RG2S ARk O I I & 3

HRIE T v M DX % A TR) AR AR A > T B A AR A X T L A 2 2R G AN ) i X 2% G R o S R

ASCHET PT-JPL LAY AR plaa BB A A Ak g Bl Ll 1 rp [ i M A= 28 R 48 2000—2015 4R 25,
FEE— 253 HT T 4 [ AN [R) 1l X ZE B PR AR A B S i PR 2R A R K ) RUJBE A 2 A 2 A 5 S LB R
2 TRIAIL ) AR AR A 722 A By e [0 2 (A

1 HIEfMAE

1.1 PT-JPL £l
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K, a 4 Priestley-Taylor 75 BT LR ZE BRI FUEA A (0.26) 1) | A IR FE- A AK IR RIF (kPa/C) , y A
TR $2(0.066) , R, N HEE IR (W/m?) | R N R IGS 4R 5T (W/m?) |, G o R HERGE & (W/m?”)
Fo TR HOZRVRE (TCIRAN) |, f, MERNBE R LB (TCIEAN) | f, IR BRI 5~ (TE 4R | f,, AE B K 53 BR A
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Rk, WUE BRI T i AE S RS mate 437
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Table 1 Determined values of key model parameters for China terrestrial ecosystem

HBAT BB S 3k R RH 2% ik
Vegetation type Parameter 8 References Extinction coefficient References
W LRET AR Evergreen needleleaf forest 1.5 [46] 0.45 [47]
W LRRF AR Evergreen broadleaf forest 1.5 [46] 0.59 [47]
V&4 K Deciduous needleleaf forest 1.8 [46] 0.45 [47]
V& FEHAK Deciduous broadleaf forest 1.8 [46] 0.59 [47]
TR AEHK Mixed forest 1.8 [46] 0.50 [28]
# M\ Shrubland 1.0 [28] 0.56 [47]
HiHh Grassland 1.0 [28] 0.50 [47]
41 Cropland 1.0 [28] 0.62 [47]
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Fig.1 Spatial distribution of flux sites and literature collection data sites. The base map is comprehensive zoning map
I ZJbHi X Northeast region; 11 N ZEHILIX. Inner Mongolia region; 111 H T Hi X Gan—xin region; 1V HEMHFHLIX Huang—huang—hai region; V ¥ 1
JHBIX. Loess Plateau region; VI 75 i #fi X Tibetan region; VII } VLA N iiF 4 X Mid - downstream of Yangtze region; VIII P4 B 4h X Southwest
China; IX #EFg i [X. South China; ENF % £&41 MK Evergreen needleleaf forest; EBF % £& [ I #k Evergreen broadleaf forest; DNF 75 %1 i Ak
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[51]

SBIEE IR . RIS EIASG PT-IPL AT A B B A7 i a  JE AR 50 RN R 8 28 BIAF PR AR Fh 1Y 68% |
59% .65% ,RMSE 43-51]°4 130.82 mm/a(22%) .116.32 mm/a(16%) .147.5 mm/a(30%) (K 2) ; R H IR IR S5
1) PT-JPL A5 BUATALL 48 SR X AF PRz fb i) i B R i I T S84k J5 PT-JPL #24Y {0 RMSE B % & T 28Uk )5
PT-JPL #1354 209.54 mm/a(36% ) .211.68 mm/a(30%) .207.06 mm/a(42% ) (&l 2b) ; MOD16 7= fh7E
FRAREY 25 X AEBR AR Ak 1 i B R AR T 25004k 5 PT-JPL #5548 (58% ) , 76 AR ZR Mkl 5 e B R4 22 (32%)
RMSE 43 51°4 206.13 mm/a(28% ) .225.39 mm/a(62%) (E 2¢) . UWIHSEULALIG PT-JPL AR 45 5 4f A A0 5
PRCRA TR, BOLT) 28 MOD16 7 &, AT DAAR G AL v 6] Bl b 2F 28 R e 28 B AR B2 £k
Kz (a3
2.2 ZEESr kR

ZAE R ZEHCEAT B 23 1) S Bk, BV pR AR B VRV 2 PG b o8 Bl a2 s s (1] 3a) , 4 B ZRHCH 440.
16 mm/a, #E— BT JURIX 3B fili Az 25 R Ge 28 B0 23 [R) 43 A1 A% Jmy (181 3b) |, A A2 g Ml X 2 i 5 ( 833.80
mm/a) , HRON KT FiFHIX (699.14 mm/a) FITE R 11X (586.9 mm/a) (&l 3b) , ixX #6b X /K P25 B4 HL
M7 25 B A s T IX (263.81 mm/a) ZE B AK (18 3b) , IZHb IX R K s /0 EL A W B
2.3 AR L

2000—2015 4 [E [l A S R GRS E 24 IE R 4.12 Tva, R I 6.48 Gv/a(P=0.17)
HEAFARZS, B 2000—2010 4F A [ L X 78 #02 W3% T R (P<0.01) , 1 2010—2015 4ER 6L Tt
(P=0.71) (& 4), 2004 K% 2013 4FZ8 1 E (A 5 EHR 5 CF SRR 448 AR ) & (i Rl & 28 (18 4)
2010 4FZE AR AL R ST AT BE 5 AR FAH G, 2010 4E 5 FEK B RS i b HCh T R A i T i T R AR
Jy ETHER (K 4)
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Fig.2 Validation of PT-JPL model with optimized parameters, PT-JPL model with original parameters and MOD16 evapotranspiration

product based on literature collection data
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Fig.3 Spatial distribution and statistical results of evapotranspiration in Chinese terrestrial ecosystem during 2000 to 2015; Spatial

distribution of annual evapotranspiration trends of Chinese terrestrial ecosystem from 2000 to 2010 and 2010 to 2015
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Fig.4 Interannual changes of Chinese terrestrial ecosystems in evapotranspiration, and anomaly of precipitation, temperature,

and radiation

EAE (R 2) PRI X R VTP R e X 5 R R S W T A B TR 57.59% ; HARHLIX R
T LTS H b IX & 4 T 70.52% , & 3 FEAGOCRE R T 28 BUFEPRAE AL 3 1 25 (Al 43 A i Ry,
2000—2010 4F- 73.95% W5 T T R, Hih 14.5% 01400 B3 T 1%, FE AR E SR HIX  HBHb X | %
- R X R T O X, XA R — (3,38 2) 52010—2015 4F EFHEIC I PR 0L 10.83% ,
EAALTTIU R 7.01% (K 3)

Rz2 2000—2010 £ K 2010—2015 FhEME SR EFEFRESR BT LY

Table 2 The trends of evapotranspiration in different ecosystem regions of Chinese terrestrial ecosystem from 2000 to 2010 and 2010 to 2015

K 2000—2010 2010—2015
Regions B 2 » i e p
Slope/ (Gt/a) Slope/ (G/a)

At HBIX. Northeast region -1.99 0.15 0.245 -0.68 0.02 0.765
W5 X Inner Mongolia region -2.09 0.51 0.014 0.79 0.21 0.362
H B X Gan—xin region -3.75 0.29 0.087 7.39 0.50 0.114
HEHEHE X, Huang—huai—hai region -1.49 0.13 0.280 1.87 0.12 0.500
# 185 JR X Loess Plateau region -2.19 0.38 0.044 3.61 0.49 0.120
FMHLIX. Tibetan region -4.99 0.40 0.036 1.20 0.02 0.792
KATH F i IX. Mid-downstream of Yangize -1.17 0.03 0.585 -5.35 0.05 0.668
ViR HLIX. Southwest China -1.88 0.12 0.305 0.04 0.00 0.997
HEHHILIX. South China -1.49 0.10 0.338 1.60 0.06 0.632

2.4 BF[AIAR b g P 3

1 2000—2015 4 ZE ORI A% P 22 8] 19 AH DG P 2 A w0 76 4 B RO 2880 5 40 5 i 35 IE AH OC (P<
0.05) , 57 K BoKAHOCHEARSS (B S) o AEAESRRE  FaS £ 5 T LTI i X ZE B AR PR 5 (H IR B
FK S 2R B A S AF AR 1035 25 5 L 7 N 58 iy b DX X 56 1 572l DX /K 5 25 1 B 38 1E AH G (P<0.05)
T H A X (BRI IX ) 44 5L 600HH 56 s 78 KV U X 1Y gt X S A g L X T 5 2 B S IE AT DG T
S i b DX R H A b DX 2R S I S A DG (TR S) o FEZS R A 78 % MR TR S 5 258 1tk 3 IEAH G (P<
0.05) , [ AE Y 5ty 1l DX H 3 b DX 438 o0 0 B AH DGR E5 (8] 6) 5 20 8% MR IT IR /K 15 25 i i 38 IE AH G (P<
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PO S 3 E ARG (P<0.05) A fE 5 f-o oL

IR FE R YT AP TR Ui b X P e X R A e i X (] T v o w1 A
6), X3} Regions

AR — AT 22 Jr 2 M R E Jy A A AR TR A A
PR X ZE WU PR A R 3 ) sk R . 25 R R 2000—
2010 AFFRE PR AT i BEZE T FE Y 51.45% 32010 4F LA
Ji A S v v AT A R R R T 1Y 85.26% , Ul AR S 1 %
T A EREZEMAAEPRAS AL, (R [F) 3l X Y 32 25 1)
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Fig.5 Correlation coefficient between evapotranspiration and

precipitation, temperature and radiation for each region
LML 5 R P=0.05 Fl P=0.01
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Table 3 The trends of climate variables in different regions of Chinese terrestrial ecosystem from 2000 to 2010 and 2010 to 2015

K 2000—2010 2010—2015

Regions L Rk iR T EE fEK LieE)
Temperature Precipitation Radiation Temperature Precipitation Radiation
ZLHBIX Northeast region -0.03 9.44 -82.68 0.31 -10.58 -86.83
P52 X Inner Mongolia region 0.01 0.49 -74.91 0.27 0.82 11.56
HPrIX Gan-xin region 0.03 -1.36 29.40 -0.23 0.54 151.90
B HEH X, Huang-huai-hai region 0.01 1.40 -95.15 0.16 -17.10 -41.02
#+ T JEIX Loess Plateau region 0.02 -3.91 -96.50 0.12 -7.08 70.93
T IX. Tibetan region 0.11* 2.87 12.30 -0.13* -18.66 129.08
KATH R IX. Mid-downstream of Yangtze 0.03 -0.12 18.79 0.08 29.43 -307.21
PUHIHLIX Southwest China 0.05 -8.13 -11.82 0.06 28.05 -19.13
1ERHBIX. South China 0.02 -3.63 -59.44 -0.13 -2.91 191.91
#* P<0.05
3 itie

3.1 BREURHEE

AR5 J5 38 ORI B SR A 1) S0 2 IR Xo B TR AT 45 SR E AT B UE , R IR PT-JPL AR A i B 75
B AR AL AR BRAE AR IY 65% .68% ., Chen et al (2014) FIFH 23 N30 5 0000 336 S0 AP %k 8 A 7€ Bk 7 347
THAE, & BLULE ZBN T 0.5—0.8 PO HoAfh A0 S BF 58 AT 15 28 B A s 8 R AT 0.55—0.80 =
fia] 2 730 6070 5 B A AT AR AU 2 S L a8 2 24 A T T 2% AR R A B ORG R
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Fig.6 Spatial distribution of the coefficients between evapotranspiration and precipitation, temperature, and radiation from 2000 to 2015;
Spatial distribution of annual precipitation, temperature, and radiation interannual trends from 2000 to 2010; Spatial distribution of

annual precipitation, temperature, and radiation interannual trends from 2010 to 2015

AT 22 45 F- P4 ZE B 440.16 mm/a, 5 T AH G W 58 1) 364—852 mm/a Z[A] (5K 4), Chen et al
(2014) F£T 8 AR R, T o [ M [X 260 ( 535—852 mm/a) )| i 35 8 T AT 57 B HA AR P FE 45 4
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(FET ARG R F ZAFRBETT RS ) 7 FEAR R BE P A8 A5 53 B9 28 AR 38 R R 0.12% , B A
— 3, AW ZE B B A ECBR 22 5, B 2000—2010 4E4EH) BE % 0.51%, B3 F RN X H
ML DX e D X M X R AR N 4 Y 45.05% , T 61.88% (AR FRAE AL, T 2010—2015 4F
BT 0.26% (P=0.71) , 3:F PT-DTsR LAV B 2001—2010 Ho [ b X v HGE £ 52 R A7) 1
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Table 4 Related studies of evapotranspiration in Chinese terrestrial ecosystem

Trik W B ZEH 275 3k
Methods Study Periods Evapotranspiration/ ( mm/a) References
RS-PM 1982—2009 500 [2]
PT-DTsR 2001—2010 364+14.6 [7]
SWH 2001—2010 408.7 [1]
AR TR )

';‘:wl rTi:lztI%jU\eight models 19822009 335852 [36]
MODIS 2001—2013 553 [68]
PT-JPL 2000—2015 440.16 BN

R — PN B B N B A B

3.2 ZEHUEm

i b A 245 R G0 ZEHIAT PR AR b SR B2 A S sl 7 TR Az B K A TR AR IR AR T 70 2000
SRR FEAC A BRIRFEAS 2T 5O, o b DX 7 A 1 ( BV 3k 1t e St/ ) 77, 2000—2010 454 5306k 2 fift
BT 75T Y 51.45% ,2010—2015 AR5 5T L FH# R 1T 2880 LT 85.26% , AT WF5E 26 W B 7 28 U 55 =
£ 2009—2010 4T H (5] P4 g S AL X & A P T 5 K R R H AR I 249 25% 75 KA I AR L 3K
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1T 2009—2010 479 KT AL 52 2 380 770 A A AR A R R0 i b IX S IR BB A 999%™ 2000—
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4 Lt
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