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Fig.1 Location of the study area
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Table 1 Data types and sources
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Table 2 Data of driving factors
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Fig.2 Schematic of the HTEM model
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Fig.3 Schematic diagram of the trapezoidal feature space
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P AT Y0 E , PR R B 5 3 45 T P 3 o AR A (4 4
PEAT IR : — R 7E 3 HLACTAL T Ui 0 5 s X, R FH
SC Eb - B P OUL I A AR R VR 2R R S
HTEM #5 AURE 401 1) 8 400 v 78 I A st AR A7 0T 1L 36
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WFFE eI 4-9 7 £ 7 H Y78 & /X LIk
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Ko £ T AR 0 KK A 78 &3, mm-d
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Pria 240 D

E20
EGO]

R H I RL A B i e A 25 5 b BRI 5 T 1989—
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Table 3 Water surface evaporation conversion
factor at Aksu Station

Koo = (20)

A 4 5 6 7 8 9 10

TERHE 077 077 076 077 078  0.83  0.89

o 6 IR AL R AT R ok R O MR IR 22
(RMSE) 4t A (NSE) Kb Ji s A 5 B2 i )
R () P R E(R) X HTEM A5 5 [ K5 B 2F 477
flic BAFHIRARAHT R AT

(21)
S, - v,y

NSE =1 -1 (22)
(X =Xy
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2.1 ZEBERUEETN

T SC H — B VA I W (R R M BT R R R
HTEM A5 BB A BRI 75 75 1K 1) LA an 151 4 i
TN o TR BOEAG T 0 KV T K K 28 &
5 HTEM £ RUBEADL ) 7K T 7% & 1 LA 81 5 i s
HTEM # BUBE 0L ) K 1 25 & i 5 9108 R B0A A6 5
P 7K T 2% A& f 3 5 MR 22 (RMSE) 24 0.29 , 404 3
0 (NSE) 2 0.89; & (B) 4 0.90, P R (R?) Ky
0.86; HTEM ¥ RUASLALL (Y B MR V& 2 & 5 10 S He—
B 12 A7 VA W0 8 R MR 5 2R R 38 O AR 22
(RMSE) }3 0.22, 44 A1 ZEU(NSE) }7 0.82; #HK (B)
0.99, P ZEL(R?) 2 0.82, %A T AE B4 BR[|
Ui BT R4 (038 F M, mT T 20 i X sk 28 0K 19
At 2 AR AL R

22 EHHEHRZEHWHIFME

22,1 ARETHFARBZHE

2000—2022 4F- 3% HLAR ] jife AS [m) 1) FH 28 280 4
HhZE L& AR A AN 2% 4 T W98 X N K IR 25 0k
K, 29 ZEHUK M 906.7 mm, 7E 2000—2015
AR RARE , 4EHFTE 1000 mm A2 A5, (HAE 2020 4E 78
W& T RS 658.7 mm, Jifi f5 7E 2022 4F 7] 7 2] 846.3
mm, Hf #1925 WK IR T KK, Z AR B R
482.3mm, AR R T #a#, By 2000 4F 1) 448.0 mm
HafmE] 2022 4£ 19 511.5 mm. FE B9 28 Bk B/ B
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KRB AR 55 50 4th Y 78 HIOR B3R Tk
H b AR Hb 7E 2000—2005 4F, 2010—2015 4F 14 i #4

OTO OTS llAO 1T5 2I.O 215 310
TS - B B P HE S B 2 OR B (mm-d )
P4 PECHE-RE TR -k S i 2 Al 2 5 HTEM AR
HREL B0 2 FCR E LU A
Fig.4 Comparison between evapotranspiration intensity
measured by Bowen ratio-energy balance method
and simulated by the HTEM model
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Fig.5 Comparison of water surface evaporation intensity

N
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estimated by the conversion coefficient method and
simulated by the HTEM model

PO NI, 439 193.6 mm 5 05 280.2 mm,
269.9 mm ¥4 /i #) 317 mm, F L 4E $) ZE Bk TE
2010—2015 4F [FIAE L A H R 2, B 124.3 mm 3
hn#) 169.5 mm.
222 EBEHRIBTEZEFE

B LR R 3 2000—2022 4F 25 i & e Ak 5L 4
Kitadt, ZARTE B R 7 127.57 mm([& 6) . Hir
2000 4FEZE B R B /R 117.1 mm, 2022 4EZE B R B K
9 151.2 mm, 2000—2010 4E2€ B R WS &/, K
117.1~126.1 mm. 2015—2022 4EZ5 B & Atk K,
5 117.4~154.2 mm,
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F4 ARTHFARBEZEKE (B mm)
Table 4 Evapotranspiration for different

land use types (unit: mm)

MR 2SR
R
Al i e B IS

2000 193.6 1186 524 448.0 1068.5

2005 2802 11938 44.4 495.9 935.1

2010 270.0 1243 46.1 479.9 976.9

2015 3170 169.5 49.2 489.3 954.7

2020 3075 1674 475 469.4 658.7

2022 3284 1647 51.7 5115 846.3
FHIE 2828 14411 48.6 4823 906.7

223 FHHENTETEFE

7 R8T 2000—2022 4F 845 BLA ] T i L X
EZRBR 2 [ o3 Ak R o BEAR b i XS 78k
SEITL = FE AR 23 (8] 23 A REAE , 2010 4R AT 28 UL =
{H X FE 200 A5 T X A ER 1) K PG i 1 /K e (34 1A

20004¢ 20054¢

1601

140

120

HERCR (mmva)
5 3 8 8

I )
<

(=}
I

2000 2005 2010 2015 2020 2022
£4

Ko 35 BRI AT X 28U I ] A2 AL 3
Fig.6 Temporal variation trend of evapotranspiration

in the study area of the lower Tarim River
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Fig.7 Spatiotemporal variations of evapotranspiration in representative years
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SRR o R e A X ok 2 Xy T ok B
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19 o JUICAERE R i, R A A ) B Bl P b
P T AR 5 R 5 T AT B T B DX A R
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Fig.8 Spatial distribution of vegetation transpiration ratio in representative years
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2.2.5 E/ETHZTEIZUHFE

B BRI R i ) R R 2R R 7 L R 2 S
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2, R R . 2015 A LS AR )
S S Ay AR R e R AT T RS XA R K
FEFF 0 B R AT, 29878 e A 5 12 0.18~1.00

23 REHHEE

2.3.1 FBIRFHEFITET = 845 7518 /5 B9 I8 37 F501

K H B A 2 B0 b BRI 45 A A T SR B Y
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BT gMHGRS) o AR FXE BN Rk

() 3R Sh/E A TR] ]8I 8l B 776 AN TR 4y o 2 20
IR S RE SR A AR . M 2R T K
VRS 3 ()52 ) 0 8 25 8 T LA R, FL 241
S35 g (543 514 0.422.0.303.0.287, 1 £ FIF A 1
g ] RS T e 55, 2 4R 3 g (B AXA 0.001, A
PR T KSR AL T K HEVR (1) g (R S 38 m
FEB E KA 3R AR A 7 5 7 2022 AR B0/
H R KRN AE 2005 4F 5 R 2R RS K . &
() g (EIEENEE/IN, 4 0.025~0.044 . 3% [ (1) g {83 AR
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Characteristics and driving factors of evapotranspiration
in the lower reaches of the Tarim River

Wang Xulong'?, Hu Shunjun’, Yang Pengnian'
(1. College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumgqi 830052, China;
2. Xinjiang Key Laboratory of Water Cycle and Utilization in Arid Zone, Xinjiang Institute of Ecology and Geography,
Chinese Academy of Sciences, Urumgqi 830011, China)

Abstract: To reveal the spatiotemporal patterns and driving mechanisms of evapotranspiration (ET) and pro-
vide theoretical support for ecological conservation planning in the lower reaches of the Tarim River. Based on
MODIS data, the Hybrid Dual-Source Triangle Evapotranspiration Model (HTEM) was employed to estimate
ET from 2000 to 2022 in the lower Tarim River basin. The spatiotemporal distribution characteristics and trends
of ET were analyzed, and the optimized parameter Geodetector was applied to identify factors influenci ET spa-
tial patterns.(1) Simulated water surface evaporation aligned well with calculated values, amodeled ET for Tama-
rix communities matched field observations. (2) Over the past two decades, ET in the lower Tarim River showed
an increasing trend, with a multi-year average of 127.6 mm. Annual ET varied significantly across land cover
types: water bodies (906.7 mm) , cropland (482.3 mm), forestland (282.8 mm), grassland (144.0 mm) , and
desert (48.6 mm). (3) ET exhibited a "high-north, low-south" spatial pattern. From 2000-2015, high-value
zones clustered in the northern Daxihaizi Reservoir, 34th Regiment, and 35th Regiment irrigation areas, while
low values occurred in desert regions >1 km from the river channel. In 2015-2022, high ET values expanded to
floodplain zones. (4) Vegetation coverage was the dominant driver of ET spatial distribution, followed by water-
body frequency and groundwater depth. Climatic factors (precipitation, temperature) exerted weaker influences.
The HTEM model accurately estimates ET in the lower Tarim River. These findings offer critical insights for
combating desertification, ecological restoration, and sustainable water resource management in the region.

Key words: HTEM; evapotranspiration; spatiotemporal pattern; geodetector; lower reaches of the Tarim River



