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Analysis of evapotranspiration pattern by SEBAL model during the growing

season in the agro-pastoral ecotone in Northwest China
LI Xuliang', YANG Lixiao', XU Xuefeng', TIAN Wei', HE Chansheng'" >

1 Center for Dryland Water Resources Research and Watershed Science, Minisiry of Education Key Laboratory of Western China's Environmental Systems,
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Abstract; Evapotranspiration ( ET) is the major component of water cycle and energy balance in the soil-vegetation-
atmosphere system. Accurate estimation of regional ET is crucial to agricultural water allocation and water resources
management. Combining the MODIS data and the meteorological observations from national weather stations, this paper used
the SEBAL (Surface Energy Balance Algorithms for Land) model of energy balance theory to estimate the ET pattern of
agro-pastoral ecotone in Northwest China during the growing season in 2015 ( April to October). The Penman-Monteith
formula (P-M) , together with the crop coefficients, was used to compare the ET results by the SEBAL model. The results
show that the average absolute error between the SEBAL and the P-M ET values is 0.79mm/d, the root mean square error
(RMSE) is 0.94mm/d, and R*=0.76. While slightly higher than the actual ET values, the SEBAL estimated ET values
reasonably represent ET pattern in the study region. The range of daily average ET is 0.12—10.66mm/d, and the average

daily ET is 4.31mm/d during the growing season. Spatially, the ET is higher in the southeastern and northeastern areas and
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lower in the western area of the study region. Statistical analysis of the ET and land surface parameters shows a significant
positive correlation between the ET and NDVI and net radiation, and a negative correlation with the surface temperature and
surface albedo. The daily ET values display a decreasing order with the following land use/cover types: cultivated land >

forest land>unutilized land >grassland.

Key Words: agro-pastoral ecotone in Northwest China; evapotranspiration; SEBAL model; MODIS data; spatial-

temporal pattern
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Fig.1 Location map of the agro-pastoral ecotone in Northwest China and its spatial distribution of land use
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Fig.3 Spatial dist ribution of ET during the growing season in the agro-pastoral ecotone in Northwest China
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Fig.6 Spatial distribution of land surface parameters during growing season in the 2015
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Fig.7 Correlation diagram between evapotranspiration and characteristic factors of land surface
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Table 2 Average evapotranspiration for different land use/cover types

A 7 2 TR km? 7 B B % A ¥ZE Bk &/ (mm/d)
Land use/cover type Area Percentage of total area The average of daily ET
B Cultivated land 12779 15.35 4.89
M3 Forest land 2330 2.80 4.44
FAFHH Unutilized land 19044 22.88 4.21
il Grassland 47200 56.71 4.18

5 ZFig5itig

AR SCHIFH SEBAL SRS FT IX A2 K 2 H 28 WA B9 AL IS B 0.12—10.66mm/d , 3% 15 95 s s 41
FT Landsat8 3EEGE AR T 52 X 00 B A SEBAL BEAUTEVEY) A B 1 N A28 B & Al 5 45 SR A —
(1.182—13.144mm/d) , LA FH MODIS 454 SEBAL A& B %k [X s ) BE 7% 10 & 1A 3 LA — & )
PE AR FHRARAY 23 (8] 43 HER X T 04 b AR HOSE At 52 2% ) A - - B o o0 A 1) 022 2% 1 S T %) 20 1 O AN S 3
A i S et AR FE RO (142 (] A BB R 1) AR AR ARARRAE , PRI H S AR5 F 3 T 55 22 ) 20 23R ) SR 1400k 2 i
A TR B IR 28 BOR (AT IR . 3B A S0 25 S B SEBAL AR5 A 25 S vl REAF 1E — 2 R 1
AT, BT T ST 5 T SR BB S B TR A O SO A — 2 RRAE UEH 1kmx Tkm 25 (0] 73 HE A R ITHRRAE R
A S G A 7R — 2 BB IE TR 22 |, B 2T 45 ) e M OV i S A T A A ) P TR R A S AR B0 2 SR th
TR EE S, it —25 BT ELAAR 5 g PR 25kt 6 PR 45 A S 8000 AN 1 T S0 3R 25 A5 38, 75 23 0 R S
B A — 25 () SO 2 SR A T T IE DA TS B S R v = A i SRR 25 b il ad B [ 9 2 0 2 3R
FE 52 Z [ AR P e ELR A6 22, 5 NDVI S IFAIDE R LS R S5 1 i 25 e 2 T 5 1 X
0T 245 0 A LR R SR A B A I 25 R — S, U T AR T Rl T R X M R IR HUR 7 SRR (4 R Ry
B3BBG K AR M AR M X 2R R s B B PR 2R (H PR 2R R a7 M 3 TR B 11 S ) S 4 PG L e T
DX T ARAE S Al A R G, (A5 R ) M ) 28 R 5 SR G T B =, T BE PN AR Hb Y 25 JEOR TS,

ARSCHEET b A AE HF- A5 1 SEBAL ALELFIFH MODIS #icd X PE b AR B8 #8571 2015 4F4E K 785Uk #E 4T
B, IR FAO $EFER P-M A RES A EY) R B0 OB 25 A 7 H , A BPE 46 258 0.79mm/d, ¥1J5
MRR2EHR 0.94mm/d, B PEREL R® 7 0.76, 25 AL AT E G Z N, UL I s S 800 W SEHLHI 3 BT 6 Y
SEBAL MR £ T 441 & 2% 1) PH AL AR O B I 28 BRSO 5 P LA — 2 i R o 9 DAL Ry At o 2%
BOEIEAT T /b A5 B LA R 458

(1) PHACAR BB Al A K 2R B0 Bt (] 28 Ak 2 30 B S A 2 [0 AR S A K 2 H 92880 4.3 Tmm/
d, EEHEZRAG VYRR, VU R AR A 23 (] 204 Sy, ZE IR 1 e (i X 2 /NBRE R | 50 et R sl etk 1
OIS SRy s ARAE X 22 R 25 [R] A3 A A S | AR X 2R i v X,

(2) T SEBAL MRS 5 () H 281Uk 5 MODIS MR FRF S8 M M Ge it M R W, 28 Wk 5k
TR AN IR 2Z (A B AAHDCOC 2R, 5 NDVI RIS 3645 48 it 2 [A] 5 TE AR OGO &R, Hirh 28 HIUR 5 M 3R TR B2 22 TR] 1Y
AR R, R” = 0.74 , DRI Xof 1 28 3 B 1140 A o2 T AR A A A 28 I RO T4

(3) AN[F] 1R/ 28 8 T 28 B0 R B BLLL T A ARRAE . Bk b B 35 8 0 28 it PRI =22, R b 5
B b ZE A

5% 30k ( References) ;

[ 1] Rivas R, Caselles V. A simplified equation to estimate spatial reference evaporation from remote sensing-based surface temperature and local
meteorological data. Remote Sensing of Environment, 2004, 93(1-2) . 68-76.
[ 2] OkiT, Kanae S. Global hydrological cycles and world water resources. Science, 2006, 313(5790) : 1063-1072.

http ; //www.ecologica.cn



74 F5E A5 LT SEBAL B Y P I A ST A (K TR U A S AR AR o A 2185

[3] XUE, #hpF, 2030, XIE B Z8HetIE S5 7 A0 LURT S, FARBRIREHL, 2003, 18(2) : 161-167.

[ 4] Oberg ] W, Melesse A M. Evapotranspiration dynamics at an ecohydrological restoration site: an energy balance and remote sensing approach.
Journal of the American Water Resources Association, 2006, 42(3) : 565-582.

[5] SunZP, Wei B, Su W, Shen WM, Wang C Z, You D A, Liu Z. Evapotranspiration estimation based on the SEBAL model in the Nansi Lake
Wetland of China. Mathematical & Computer Modelling, 2011, 54(3) . 1086-1092.

[ 6] Norman ] M, Kustas W P, Humes K S. Source approach for estimating soil and vegetation energy fluxes in observations of directional radiometric
surface temperature. Agricultural and Forest Meteorology, 1995, 77(3-4) : 263-293.

[ 7] Bastiaanssen W G M, Menenti M, Feddes R A, Holislag A A M. A remote sensing surface energy balance algorithm for land ( SEBAL). 1.
Formulation. Journal of Hydrology, 1998, 212-213. 198-212.

[ 8] Roerink G J, SuZ, Menenti M. S-SEBI:; A simple remote sensing algorithm to estimate the surface energy balance. Physics and Chemistry of the
Earth Part B Hydrology Oceans and Atmosphere, 2000, 25(2) ; 147-157.

[ 9] Su Z B. The surface energy balance system (SEBS) for estimation of turbulent heat fluxes. Hydrology and Earth System Sciences, 2002, 6(1) : 85-
100.

[10] Allen R G, Tasumi M, Trezza R. Satellite-based energy balance for mapping evapotranspiration with internalized calibration ( METRIC)-Model.
Journal of Irrigation and Drainage Engineering, 2007, 133(4) : 380-394.

[11] Tang R L, Li Z L, Tang B H. An application of the Ts-VI triangle method with enhanced edges determination for evapotranspiration estimation from
MODIS data in arid and semi-arid regions: Implementation and validation. Remote Sensing of Environment, 2010, 114(3) . 540-551.

[12] Mu Q Z, Zhao M S, Running S W. Improvements to a MODIS global terrestrial evapotranspiration algorithm. Remote Sensing of Environment,
2011, 115(8): 1781-1800.

[13] RWJ5, A5, EMREE, MR, AL JE TR0 IX BT Wil Jy i ——ETWatch. /KFFA3EE, 2008, 19(5) : 671-678.

[14] #Hw, 45 R, =76, 0k, V0552, A SEBAL BT UM H A sz UL /0. TR IX0E5E, 2010, 27(4) : 507-514.

[15] 5w, BT, 2L, WAk, TR SEBAL BEAL 3 BT T3 X Z8 BUR A 5. MU=z 4l 2011, 66(9) : 1230-1238.

[16] JAPHYE, S8wets, st %, WA%, B, 4052, HARE. ST SEBAL KEAL B B il A S it i 23 3 2. K RARERTST, 2019, 26
(1): 168-177.

[17]  T3CE, Lhal, fRpny, spRT, W, sk, REE, JKE. BT SEBAL BLALM £ H 285U B I/ FRE. K -0
HiRlaE, 2017, 15(5) ; 8-15.

(18] BAGHSYSHIA - nhEH, KL - YER, BEY], sKIE. 1T SEBAL BB YT - PR A ZEHURFHIE S 5T, shBR1E B Rk
#z, 2018, 20(9) : 1361-1372.

[19] SRBBCH, sk2#8E, BOMS & 2 4 v IR i ol b i ) AR A X 28R IS, T 5A X 3, 2011, 34(3) : 400-408.

[20] EZ, ¥, S, Ba R, B  XARBUR IR 500, K R FFIFSE, 2013, 20(2) : 69-72+315.

[21]  Zefgdg, EH “ZRAAFIE” TR RS A IR, BERAE:, 2013, 35(11) : 2298-2307.

[22] ZE3Es, RV, EMEWE. dL RECEH S S % e 28 s it 2 840 5 R 4. s ERO R4, 2016, 37(2) : 166-173.

[23] #z, &R, K, 20T, B, BSRDIBSHEYZEBE AR S R T, 8], 2017, 37(6) : 1966-1974.

[24] #E, FEESC, B BT @ IEHOR AT LUCC 528U IS, 2P, 2009, 34(6) : 65-67.

[25] kAT, DRI ZSTS 5O @ R A JE N S AR, A AR A2, 1994, 18(1) : 1-16.

[26] FE#BE, XA, YL, WS, BRI PG 2 B ACRHE B m . P EVEL, 2015, 35(3) : 624-631.

[27] Bastiaanssen W G M, Ahmad M U D, Chemin Y. Satellite surveillance of evaporative depletion across the Indus Basin. Water Resources Research,
2002, 38(12): 91-99.

[28] Crago R D. Conservation and variability of the evaporative fraction during the daytime. Journal of Hydrology, 1996, 180(1-4) : 173-194.

[29] Allen R G, Pereira L' S, Raes D, Smith M. Crop ET guidelines for computing crop water requirements. FAO Irrigation and Drainage Paper 56,
Rome: FAO, 1998.

[30] ke, JEAGSC, Soint, SRR, fhuk, 2AH. BORVMG T IRMEL Y TEIEY KBTI 14, 2016, 48(2) : 286-290.

[31] BRzit, ZEmese, dOnse. v X A8 R o T8 i B ST . B4R, 2001, 56(3) : 261-268.

[32] Jphsts, BN R, P, JET SEBAL BRI 1 BRFR A IS & T Y. MK =R, 2019, 38(2) : 70-75.

[33] WmEiLr, K, skkA, B0, #has. 2T SEBAL BI85 MODIS 7 &b I MO IR ZE B A 98, T 5 K BEUR 53055, 2011, 25(1) ;

140- 147.

http ; //www.ecologica.cn



