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Abstract; Evapotranspiration is a major component of water and heat exchange in terrestrial ecosystems, as it acts as a
critical link between ecological and hydrological processes, particularly for the exchange of mass and energy involved in land
surface-air interaction, carbon cycle, and hydrological cycle in arid regions. In this study, we used Landsat 8 remote-
sensing images and resources NO.3 (ZY3) images, with high-resolution vegetation information, and surface energy balance
system ( SEBS) model to estimate surface evapotranspiration (ET) in a desert oasis in the middle Hexi corridor area of the

arid regions of northwestern China. We compared the estimated ET values with the measured values by using the eddy
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covariance method. We also spatially analyzed the effects of land cover types on ET. The main results of this study indicated
that (1) the estimated daily ET was consistent with the corresponding measured values, especially for homogeneous
underlying surface such as oasis (R*=0.96, P < 0.001) with low values of RMSE (0.84 mm/d) and MAE (0.56 mm/d).
(2) In terms of seasonal changes, ET is closely related to phonological period, highest in summer, followed by spring,
autumn, and winter (e.g., daily ET was 5.95 mm/d for cropland within the oasis, as opposed to 0.52 mm/d in winter) ,
because of the peaked plant cover and summer rainfall in this study area. (3) With respect to spatial variations in ET, the
surface ET for water body was the highest, followed by those for cropland, shelterbelt, bare land, and shrubland; this
suggested that evapotranspiration also increases gradually with the increase in plant cover, except for water body. In
addition, performance of the SEBS model for estimating ET in this region was fairly good when applying the data fusion of
high-resolution vegetation information of ZY3 and thermal infrared data of the Landsat 8 remote-sensing images was
performed. All these results have enhanced our understanding of the patterns of water and heat exchange between the
underlying surface and atmosphere, which play a key role in hydrological and ecological processes or interaction between
ecological and hydrological processes locally in arid desert oasis area. Our findings may provide some scientific insights into

the decision-making for rational water utilization by the local government.
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Fig.1 Classification of land cover in study area
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Fig.2 Correlation between measured values and ET,;, ( daily evapotranspiration) estimated by surface energy balance system (SEBS) model
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Table 1 Comparison between measured values and ET,,;, ( daily evapotranspiration ) estimated by surface energy balance system ( SEBS)
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YEYIE it 55— 5 T K St hE | A= (IR, 28 e W 3, AP 3d ml LAFE 2L 3 A I 28 B e e v ey, 3
SE T H KB I A BELE— R A BT X N BT A AR AT 580K, IX T80 B T 7K 73X T 28 B s i 2 A fi
F RIS K P2 RTIAL S 3 T (B K O B ) B 25 BUEOR B BT, nl ik 7.0 mm/d,

7 H 24 HZEEEERACGR PRI | MO D 2 DXCRR 2 1 i 16 DXL 949 A 4 2, DR I g 6 e X 2 (L
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Fig.3  ETg,, estimated by SEBS model for various days
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9 H 26 HZEHZERXT Rk TR AVEY) AR R S5, 3 A ORI ZRT 2 XFP AR A VE ) RB o0  BoK, 757
£9 A 20 HZE 10 A 1 HAfEIE 7Y HubrHE R tA B R, Rz a8 A 9 H RIERAL, 11 A
13 HEMRKAR , 582 I LM 3% MOV 2 RS 28 BUEAR /N, Y97 1.5 mm/d LATF
2.3 M SR RIS ZE LAY

¥ 8 H 27 H ZY3 Bl m i B me H 9 H
Landsat 8 #2144 (K 4) 504 H 8 H 9 H Landsat 8
AR (W 36) THE LS X LR e K LA H A
FR IR A ER | ZEHOELAT P37 23 Pa bR i 3 16
AbZEBE AR EAS /N ANAE 0.5 mm/d LR 7E X S X
TR M AL T, 25 [R5 J5 R T N ML R AR e AR AR
ik, PR 28 HUE & A AR b 32 B th R B A5 B 1o
R Eo g/ I i R b R (% (U e At 2 ) FE 25 [
HAOR 5 2 HUE AR/, 5 8 LA H | 97 47 R ) 28 UL IX 43
FEXER , HULAT UL, FEHb ) 2R B g B n o Oy, ank 5
T BEAC FAL | B Ml T % 55 R A% 58 LA | # A P02
NG K AR XA BE AR A S, AR AR Z97E 2 mm/d
ZEAT 5 AR T AR K B b T 223 [B] 38 58 i ) 748 f0 R B 4
/NSATE 1T mm/d

Pk 8 SR ) B AR RE B B UG R tok
T B[] - M 78 56 2000 F P A B e (3 2) L T B4 Landsat § 5273 MEREMARER
’ﬁ[]ﬁ 6 ﬂlf@ %% ﬁﬂ[ {E EI 4] § _%_ § ’ﬂj ﬁ %_ ﬁ, iL] T{ 7 )E] Fig.4 The results of evapotranspiration of Landsat 8 and ZY3
24 H (205) BAS e RAE, (H 45 - Wb 5 35 S B0 2= 5 A
AR AN TR, K AR A 2R AR R e K (6.20 mm/d) |, R AR H (5.43 mm/d) |, T AR A B9 AR i B /s, AR 2.66
mm/d, HERNEESEVEN 753 H 18 H(77) LA, 4 1 M 55 2R i Z8 BB FE 22 18 48 K H 228 K, i
M6 H 6 H(157) FFIaZER P B 225 75 9 H 26 H (269) ZJ5 , 4% 1 155 55 25 80 (1 28 B (i X 7] 24 2%
AKIPIRAS 788 1Y 22 /04 B A M 5 2 HE AR UK R < K A4S A T > B 47 b > R bl > 2 i 1 B 77 XL T V0 3

R ZEB R/ (mm/d)
[To—o05
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0 2 km

39°24'N

39022’

39°20'
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Table 2 ET,,;, and range of variation in different land covers

[ A DIETREIN AR S HoAty ik
Julian day Cropland/ Shelterbelt/ Shrubland/ Bare land/ Others/ Water body/
(mm/d) (mm/d) (mm/d) (mm/d) (mm/d) (mm/d)

13 0.52 0.69 0.72 0.59 0.68 0.74

45 1.09 1.29 1.27 1.08 1.28 1.36

72 2.18 2.29 1.91 1.67 2.23 2.93
157 3.48 3.90 1.73 2.19 3.43 6.57
205 5.95 5.14 3.38 3.78 4.85 6.94
221 4.84 4.20 1.69 2.05 3.88 6.34
269 1.74 1.71 1.14 1.14 1.81 3.01
317 1.03 1.08 0.91 0.74 1.03 1.20
EACHRIE/ (mm/d) 5.43 4.45 2.66 3.19 4.17 6.20

Range of variation

“filgm B IR —AE PRI LH

AN H K R ZE B A L H 50 iR, AR ol 760 5 /K R A 45 | 28 BEQL B s, TR A IAHERT
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PRl 5 A AT P A TE AR NP 1) 28 B A R FA A AR, ol T b DX AR A K T MRS R K R T K AR
IR II AN AR T T A A WS X R 2 KRS R A R e, BT L 7 H 24 HZ8 B BOR, HiAt
T EIAE 2 mm/d DAE, At UL Rt 55 98 AR DA AR SR SRl IX 8 Bl ) A Ak, AR TH Y H Z8 B BR B
7 H 24 HA8 A 9 HAL, HAR a2 /N TMH 5302 i TAEYIE UK TER  ME A K IE RS, 26 e
s, PRI gy bR P 2 L

3 e

M\ SEBS A 1 3 SCME T g7 i RE Rk R, BRR IR T 1, B AR {30 — 30, B A R
B H G Z M 22 58K, RINZAEARLE F R, (R A AE A 5 28 BB A7 76 B i s Al I 4, 7
SR R FEVEE b DX LA T b DX g A 0 G B ™ 6, 32 fh A T 5 AR 2R K R b s 320K 4 e TR 2541
Al IERHGE B, G 28 HUE , Gokmen 267 ZERFF 5T i & B . SEBS 7 r 75 11 2% HICER: B oA B A % 8 31 + 39k
G RIHCHEE Xk S ABAT 1K AR P ol 0 e R R 37K 43 2 88 & ik SEBS A5 b I G = T HEL, DUIRIRAE
IR AR A ZE B, itk J5 4SS B s AKe 3K 432 R AR T3 2 B P 0 SRS | 7 I S S A
FH METRIC BEAS 5 28 T] i A K 28 H 28 (A 5 38 i 50008 00T BL , R AE o k A RUAAFE S Al B4 . Ma
2 L9 ) P ek i I 1 SEBS BEELAL L T BT PP i 6—9 A X A4 H 2880, M 4.9 mm/d, 5437 7 A 24 H
FIFH SEBS RSS2 A4 X H ZEBUHE 6.0 mm/d A — & A BB HFSE AL A A TR, 78 Al fE &
SEBS BAELFLE R B G, A ELE S o M 5 o ) o - S B Y, T 440 T O 35— A P IR ASE 281 (i A 4D 30 2R
B AR REREED FIFH MODIS/ Terra $41% , 5T SEBS AR 78 0] Hh i A 55 H 28 HUE I S TR R 4
T P38 e S R A T IR I A5 th A 458 — 35, R A T B R 38— S5 PRI A AR SR 45 SR T A o . (AR
JSEAEREAR I T A(E 5 STME A 7 L Bt T A5 e A ORI B2 5 MR ASSABL ARG 2, Meeijninger 251 8 3
TR AN LAS FEAEY Bubb 2 1938 HPEIF00 0 T TR OB R , A SCrh oy TAEBR R UL, (G #E T
S TR 22 B () —MEOTE, FESEBR R, T TR 43 32 K/ N T i (8 e 4, [FIRT, i Tl
B w5 Vu BB 5 TT RN T8 43, DR L 28 (B A 22 R A 1, Xt 2 X S e 45 R o M = A 52 ), o
25 X AR S ABOR Bt S, 1 5 B 5 38 3 5 3 R A > AR o R/ N L, DA B T8 R 2 A M H:
b i R 3 RS T AR T A IR, FR T X A 4 T RINSE 5 PR - b B 56 S0 T A Tl e, LA LR 28
U ZE BB 050 UEESE |, SO P 2H 2500 A S0 e S AR 3 FH PR S A5l T B

ISR AE AR B Z i 7o e VR A KR /K R A A o P 1 , LR e 5 Ml X 1 R 2%, K 31 7K e
FERR G A, IR 28 B i K2R, 2800 2 /0 222 i T 1 $8 E A ACIR 0 IR B A 1 25 53 B, 2l A
FH RN B AP AR K T8 2 AR AR R, BLAT i 2 B, i B MG S AR S, S IRZE B X, R LR Ui IR 5 7%
2 B OE 2 K AN TR] - b7 35 28R NDVI 5 2 i 530 (28U (7 A 24 H2A%) dEA7 % Har i, ek |
I NDVI 4 0.74 B BRI ZEHUE R 7.14 mm/d, B4 AREL NDVI 25 0.44 B, 288080 4.91 mm/d, AR I
NDVI 4 0.22 B, Z& 850 3.19 mm/d, #EHEC NDVI Sk 0.13 B, 2885080 2.98 mm/d, HH 16 T 158 B 6 % F i 7
i FEXG N, ZE R fl 2 3G

I FH S )38 58 5 (0% 1 2 U B (SR B PO A > TSR T 1 25 8] 43 90 23 (R B0 K g A TR S 20T N R Y 1%
0, BEASAT 2 T A I b AR (B, X L AW s [ G 5 1A, 2 IR G R T i sg | 1 Hb 7 25 28 I xg AL
AT E B 215 RE 2 TR A — MBI N AT AETE A B FIAE A 22 /0 T b 4 b 7 o S A0 U322 40 1)
- e RGE PR A AR b A AE 23 LS (R SR TG, DR 28 (A S AR /N s A A A — MG T INFEE A AR T AR
by N R A R T AR/ N M SSRGS e W | T AR 2 (RIS SR I X PG
SBIN, FEHUEARAE /N, A IT A S S W 2 0 MODIS 3465 CBERS-02 48418 14 b 2 S R A 45 &
AR - 249545 51 MODIS 1470 (93 5 — S AT AR 2538, LA 45 ) 12k A BT 3 stk
A b 338 o (A BT P 598 R — B . BT R ZE S YER T ETM+5 MODIS B8 Xof G 3 Vo7 3 3ol i 26 25 10

http ; //www.ecologica.cn



19 1] FEPHY ST Landsat 8 1 ZY3 BdRaL G HPGI TR XV R A - M 5 S 2R O R 11

(EHEAT AR & IR B R IR A BOTA W B B R, B e TS RORE BE | i b g 23 e A
BAE BRG] RS ] BEHFEIT Landsat 8 SEARAYARIBURT ] | 1XRE 74 AT LAGRAIE M F AR A5 22 70 A [R] IR AH T 2R
SRy (R ol T PRI R SRR S0 10 2 5 | S RO e 56 B0 I )T P T O S H BRde . O MRS TR A
KE AR B EH] T w0 PR, I R A B e 2R IR Bl S D 2RO R4S
SRBIFZMEEAR /N, LA A A5 ] 1 5 vk B p T

A B 5 2R H 28 R Ge iAok, AR S — 2y (BRI AR AR TR, 28 AR
R/ A < RS A T > B4 4R > BRHl > 2 A1 BT B AU PO BEAR DA, Z8 BB IR f o R B (R AE L 5, 5
SERAEY A BB Y, R T R ELAER 25 2 AR T AVbR M Y 2 (L A 8, SRR DA i X R 2, R
MoK RSRA AT ELSE AR e AR 2R DRI At R0 2 A A1 BT D77 XU 0 T8 A DA 8 ZE IR A AR 7T TSR R
O X ZE i I 2T AR, A S B E T PR A %, LA R e AR RME T B S S PR AN, 3O
TRUEH T 0 AR BRI 2Y 3 Bl SR Ot 21 | (EAS nl sl G iR A TH slpfsts Sl 7328 25 | HLAS T RH A
2R B0 M AR5 AT Ml TR R AL AT P B 22 S O, M U RE B B4 i) 2 205 U] S R M i 3 A% LRSS #
I FRIE ATRE RS, A I bR 32 2030 1o A A7 5 fe | D M 25 ) 75 5 T P S 4, 77 A v B
BONE™ A T R A b st AR P AR RS A R T b A A s A

4 ZHie

A SCRI R I GEIR — 5 AR SR AL 0 5 2 B A A5 BRI T 225 (A 19 58 5 1 b 3R B (8, 32 A SEBS A5 78
Xof PRIAT R i S Y - SE A T M AR O AT T A BRI T R [R] 7 55 R X ZE 2 (R A3 A RS ) A5
P FEELEA .

(1) B 5y BERN Z2Y3 52185 Landsat 8 EUHlE HEATRLG IS H TAE G B B 5R | 76 #b Py 28 AL 25 it 1)
X3 AR5 B dd 5 3 2o 5 30 5 A LD (T B 43 B 2R B - SEBS AR XTZ i X H Z8 i A T4 B mT A7, HAE
H— Hb ARG T

(2) NZ=T ARk R 45 T M S A R AL 3 — B H RSB E>MESLF) (HRRAEER .
IKAAR S A > B 47 > Rl > 2 S L 977 XU TEL D TE AR A, F2 28 5 N I K $A e IS PR 7 G

(3) TEZS [ 400 b BRAK AR A1, b 9 Ml 4 8 5 %o 2 Wl ok 2 i) B S | B 2 g N o 950 4 LRI 7 0 bR 2 il o
AR 5.95 mm/d 5.14 mm/d, 4 LIRS AR 1Y 2—3 %
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