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Characteristics and drivers of spatial and temporal evolution of evapotranspiration

and components in four major climate zones in China, 1982—2021

Yusupukadier Zimini, ZHANG Tianyou, YANG Meng, LIU Yandan, WANG Zhipeng, WEN Zhongming *
College of Grassland Agriculture, North West Agriculture and Forest University, Yangling 712100, China

Abstract: This study focuses on the temporal and spatial evolution of Evapotranspiration ( ET) , Transpiration (T), and
Transpiration-Evapotranspiration ratio ( 7/ET) in four major climatic zones ( temperate continental, temperate monsoon,
alpine Tibetan Plateau, and subtropical-tropical monsoon climatic zones) in China during 1982—2021 and the driving
mechanisms. ET,T and T/ET, and their driving mechanisms. Based on the dataset of transpiration and evapotranspiration
(T/ET) ratios of Chinese terrestrial ecosystems, trend analysis, coefficient of variation ( CV), R/S analysis, and
geodetector was used to reveal the dynamic changes of ET, T, and T/ET, as well as the main driving factors. The results
showed that (1) ET decreased significantly ( Slope=-1.09 mm/a, P<0.05), while T and T/ET increased significantly
(Slope T=0.34 mm/a, Slope T/ET=0.0019/a, P<0.05) in the Chinese region. ET increased significantly in the alpine
Tibetan Plateau climate zone (P<0.05), while other climate zones showed a decreasing trend ; T’ decreased significantly in
the temperate monsoon zone (—0.61 mm/a, P<0.05) , but increased significantly in the other climate zones ( P<0.05). 7/
ET increased significantly in all zones (P<0.05). (2) The spatial distribution of ET, T and T/ET showed a gradient from
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the southeast coast to the northwest inland, with the alpine Tibetan Plateau climatic region having the highest ET (813.49
mm) , T (515.23 mm) and T/ET (0.62). (3) Precipitation, vegetation index and temperature were the main drivers of
the changes in ET, T and T/ET across the country, and the interaction of vegetation index with temperature, precipitation,
saturated water vapor pressure difference and radiation was most pronounced for T and T/ET. The results provide an

important basis for water resource management and ecological protection in the context of climate change.

Key Words: evapotranspiration; transpiration; transpiration-evapotranspiration ratio; climate zones; drivers
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Fig.1 Schematic diagram of China’s elevation, climate zones, and vegetation types
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AWFFEAALEE T ASTER GDEM 90 m 7™ it 4L i %55 5 B4R Y ( Digital Elevation Model, DEM ) %4 5T
MODIS 4R + #1535 7 ity (MCD12C1) B9 M 5 8 . PKU GIMMS 7= 42 A9 3 — AL B 15 %5 ( Normalized
Difference Vegetation Index, NDVI) &#li , LA K [ 525 i e i B840 O B2 £ 19 “< il ( Temperature, TMP ) 17K
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Table 1 Data information

VeI ZE [ 3 PR i ] 5 Al

Date name Spatial Time Source

MR ET 0.05° 1981—2021 4F hitp : //www.nesdc.org.cn

7 T

WL T/ET

= DEM 90 m 2000 4F https://www.gscloud.cn

+ Y LUCC 0.05° 2001—2023 https : //Ipdaac.usgs.gov/ products/ med12¢1v061/
IH— LA AR S NDVI 8 km 1982—2022 4 https ://zenodo.org/records/ 8253971

AR TMP 1 km 1901—2023 4F hitps ; //data.tpde.ac.cn

FE/K PRE

R VS

TFKHEHZE VPD 4638.3 m 1958—2023 4F- https : //www.climatologylab.org/ terraclimate. html
MR B SoIL

f@4F SRAD

ET. 7580 % Evapotranspiration; T'; 26 5 Transpiration; T/ET; 7% ¥ 2§ B Lt Transpiration to evapotranspiration ratio; DEM: /% 72 Digital elevation
model; NDVI; JH— LA #5550 Normalized difference vegetation index; PRE: F#7K Precipitation; TMP ; i Temperature ; VS: X Wind speed; VPD:
TAIZKIREZ Vapor pressure deficit; SOIL; T3 Soil moisture; SRAD: §& 5T Solar radiation
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1.3.4 RTREFR AL

TS £ ( Hurst Index, H)J&—Fh @ @ #iAR ] 51 B A UPE R B0 #a 3 md 2, ] DA e B Bst (8] 5 371)
PINTERME . MR PE Hurst F8 5B AL, v LR 3 IRFF M (0SS H<0.5) FIFFEEE (0.5<H <1) X 2 5%
G2 R T EEMT A AT R E R ET T RN T/ET MR AL Fa 3 AR SCilE— 44 Hurst $8 5055 Sen 4%
Mras kAT B R 2 2 R s RN 2 BiR 43 B SRR et I (Sen<0,0<H<0.5) e Figetk
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Table 2 Hierarchy of future trends in ET, T and 7/ET in China

R AL Sen % RN 5 X
Hurst index Sen trend Hierarchy classification Meaning
0<H<0.5 Sen<0 FRAFEE T A K e a3 3k AR T W R A
Sen>0 RFFEE E T AR I i RS B AR
0.5<H<I Sen<0 ESE N KRR RS T ek 3
Sen>0 Rpgltk -7t KK RN L IS
H 3 Hurst 851

1.3.5  HuBEIRm 2%
Hi SRR 2 —RhSe A Ge 2R e, 4 1 T80 b BR PR 42 14 23 (6] 23 SRR AE , I IR A S 48 H 3 5 AY oK
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Fig.2 Characteristics of interannual variations of ET, T and T/ET in four major climate zones of China, 1982—2021
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0.05) , He A KBl A X B A B AR A R B i, oA 0.0028/a, He vk Sl 1 AT - By 28 KU 61X (0.0025/a) |
T 2 KUK (0.0014/ ) Fl i FE 75 8 g JiL A6 1X.(0.0011/a)
2.2 ET.TH T/ET fy=s a4 AL RRAE
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ET R 2 TR, BE A (P<0.05) FARBIEA 1 X551 b7 42.09% F1 12.75% , 4 0 T KR
A DX A AR | bty 2 IRV DX ORI Ay - R4 2 AU DX T S 35 34 0 (P <0.05) FIER R T i) DX 388 43 51 o5
11.83% 1 8.06% , T 5L 3 Aii 7 1o FE T o Ji S0 M X R0 44T 30T e KU X AR B, T 35 39 ( P<0.05)
TR ARG N A DX S A R 3501 7 26.97 % F1 17.50% , 32 A5 T ekt 2R i A0 DX 1 7 30 o 2R 5 7 s JA A IXC
I PAHT - P 22 KU X, I 080 (P <0.05 ) FRER T /b 1 IX SRR 73301 R 16.68% F1 13.50% , F 453 A 7E
T 2 U DX L BB B AT - 2= SR X PU R &8, T/ET 330 (P<0.05) RGOS fin i IX 3853
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e B A XA R R AR A 5 o

HE ET AR 3 A s s 2 X343 o5 11.59% F1 59.06% , i % 2 I i 38 3 X 38853 31
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RSB IR A 138, TP &5 2l X Ry 29.22% , 431 T Il 2 XU ABE DX %) 75 950 R I Ay - By 2 XU X v ol
T/ET W sl P B0 0 2 ARURRAIE A% /55 0 3 R v 10 2 DX 3T B 43 0 29.58% 1 16.52% , 4R Tkl KBt 1<
A6 DX PG A B R AR R S | Tk 2 IRV DX G e S ey S 7 R ey D A X1 PG g 0, IR B 2 X B 24.56%
FE B T 2 R DX ORI R -y 2 KU X (8D 3)
2.3 ET.T F T/ET W] 2504y

e 4 iR, 4B ET B Hurst 38E04ME R 0.39, %3 [ 43 40 5 R 4380, IRAE X0, e (L XSk 4 v TR
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WX PR, 75 T/ET /) Hurst T8ECR ARG, 3(E 5500 0.37 F10.38, = B X AR e iy 22 X
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HE ET DU FFEeE PR, b B AU 68.07% , 2 B4 A 2R IR AT KBTS IX R 23 KU i X FNIE
Py Py = XU X 5 AP BePE T 23.25% , S T s JE T e I UM X, P2tk R R 5.31% , A
T 1 FE T R e DA DX 0 B I A - R 2 RV DX P R s R BT 3.37% , 43 A T i FE T R IR
B DX PHFR AN G 78 5 X3k, T A b A DL RR 8tk B TR 32, 7 56.67% , 32543 A7 78 Ty 25 KU X RS 7
o T e S A DX S R AT AT XU X5 SRR M T I o 38.64% , B2 Hh Tl Bty M = A XN
T A I RIS, FRE T R Y 1.78% , B F W #HE -4y 28 XU A DX PG e 30 5 R ik BT o 2.
90% , 53 i TSR IXVEHS, T/ET B8 Abas 5 T AL, IFRLrE B 72.43% , 772 434 T8 S X, O
LA AR - R 28 XU DRI Y 28 UM% DX i S o Oy B 8 5 SO T R o7 21.81% , 48 Th Ty 2 WU
o X ARALHR . FRZEPE TR 0.89% , 325534 Tl KBl S0 DX A 3 o DX i Rl vk b7t 4.87% , 404 T
ST - 2 XU A DX PG BB R AR B R
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Fig.3 Spatial distribution, trends and degree of CV variability of the mean values of ET, T and 7/ET in different climatic zones of China,

1982—2021
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Fig.5 g-values of explanatory power of environmental factors for ET, T and T/ET in 1982, 1992, 2002 and 2021
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NDVI 52 HAF FHUK SN T/ET (97384 3552 VPD 5 NDVI 22 B AE 0 . 78 Z2 KSR X, ET 284k &
%% TMP 5 NDVI il TMP 5 PRE 22 B AE IS4 ; T 19725 K LA TMP 5 NDVI 22 HAEFH R £5 T/ET 754k
0| &} 237 TMP 5 NDVI fl SRAD 5 NDVI &2 BAE IR, 7 i J€ 35 ik = JE e X, ET 28 £ 8% TMP 5
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*3 HENKSERXEEES ET.T.1/ET WRBNEH q &
Table 3 Mean annual g-values of the explanatory power of each factor for ET, T, and 7/ET in different climatic zones of China
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Climatic e 38 TR Lt gt e RS
e mﬁfilﬁ PRE SOIL SRAD TMP “VJ;D% VS
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ET i 0.20* 0.31* 0.15* 0.24" 0.42* 0.16* 0.04
1 0.66* 055" 0.39* 0.36" 0.36* 0.05" 0.36*
v 0.23* 0.48* 0.33* 0.38" 043" 0.25* 0.04
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T i} 0.51* 0.19* 0.20* 0.06* 0.04* 0.03 0.02
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111 0.81°* 0.59* 0.42°* 0.55* 0.38* 0.02 0.46*
v 0.34* 0.14* 0.19* 0.06 0.03 0.05 0.12*

* P<0.05; L. il R 00 DX 5 IL Wy 28 U0 X 5 TIL . 1o 57 3 i D A0 IX 5 TV o M 3y by 2 XU IXC
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Fig.6 Average annual g-values of the explanatory power of the interaction of environmental factors on ET, T and 7/ET in different

climatic zones of China, 1982—2021
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