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Abstract: Evapotranspiration as a key component of the energy balance and hydrological cycle, not only plays an im-
portant supporting role in ecosystem stability and water resource management, but is also a crucial indicator for evalu-
ating agricultural water use efficiency. Obtaining high spatiotemporal resolution data can reveal the dynamics of evapo-
transpiration, which is of great significance for analyzing ecological and hydrological processes. The region studied is
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rubber plantations in Danzhou city, Hainan province. Based on daily meteorological data from flux tower observations
and ten corresponding scenes of Landsat 8 satellite imagery for the same period, the daily evapotranspiration of the
rubber plantations in 2022 was estimated using the surface energy balance system (SEBS) model, and the results were
validated for accuracy using the eddy covariance method. The results showed that the SEBS estimated daily evapotran-
spiration values from rubber plantations had a good correlation with the eddy covariance measured values (R*=0.88,
RMSE=0.55, RE=18.95%). The daily evapotranspiration exhibited significant seasonal variation, showing that the wet
season was significantly higher than the dry season. The maximum daily evapotranspiration occurred on July 31, reach-
ing 4.40 mm, while the minimum daily evapotranspiration occured on January 28 and March 9, both at 1.38 mm. The
accuracy of evapotranspiration derived from Landsat 8 imagery was influenced by factors such as vegetation cover and
spatial heterogeneity. Therefore, the accuracy of the evapotranspiration varied with distance from the flux tower. Overall,
the SEBS model showed the highest accuracy for rubber plantations within 1.5 km of the flux tower (RMSE=0.53,
RE=18.08%), while it had the lowest accuracy for areas situated 1.0 km from the tower (RMSE=0.65, RE=22.26%). In
conclusion, this study would provide a reference for improving the spatiotemporal resolution of evapotranspiration da-
tasets, reveal the seasonal variability and spatial patterns of evapotranspiration in rubber plantations, and contribute to

the development of effective water resource management and regulation policies in rubber plantation ecosystems.
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£ 1 Landsat 8 DERFERER
Tab. 1 Landsat 8 satellite band information
Il . i 23 10l A ke 322
Wavelength  Spatial res-
Sensor Spectral band .
range/pm olution/m
Flidh iR 4% Band 1 Coastal 0.433~0.453 30

(i)

Band 2 Blue (#) 0.450~0.515 30

Band 3 Green ( &%) 0.525~0.600 30

Band 4 Red (41.)  0.630~0.680 30

Band 5 NIR 0.845~0.885 30
(ILLrsk)

Band 6 SWIR 1 1.560~1.660 30
(JE s )

Band 7 SWIR 2 2.100~2.300 30
(JLik i)

Band 8 Pan ( 2% ) 0.500~0.680 15

Band 9 Cirrus 1.360~1.390 30
(B=z)

ML sML ST Band 10 TIRS 1 10.60~11.20 100

(L ih )

Band 11 TIRS 2 11.50~12.51 100
(FLrsh)
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( http://www.gscloud.cn ) #4835 AW 5T X IR
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FRXEF BB (E 1) .
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S -84

19°30'0"N
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Fig. 1 Digital elevation model of research area
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Fig. 2 Technology roadmap

1.3 SEBS#EBFEKREEITE

SEBS H5 1 2 o J2 b 6 B B -l AR SRR, 1%
BT Z5 4T P L 3 S AR SR A 3 5 B DA &
H DI S8, DLk Ak B e A,
A Xk A SE PR 2 B R B, HASE R R A AR
BT, BERSEWITEITES%5
Hk[26].
1.3.1 SEBSHEAFZ4 R =G,+H+AE , L,
R, WM F VAR SHE R (W/m?); Gyl HEdham &
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(W/m®); H o BHGE R (W/m®); 1 hKmiadL
IR R, W 2.49%10° J/kg; E HZEBCR
[kg/(m*-s)]; AE Mgl (W/m? ).
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X, p MEREHE, BUEN 1.293 kg/m’s C,h
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SRR S SRR (K); p, WK 5
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AE=R,—Gy—H .

13.6 BE#KZHY K FIH SEBS BAIA] LI
AT ek S R R] R 2R 0K o, SR ITAE SR BRI A
5300 Ao 2 JR I A ) ) ik s AR A s ) R
JE 1 ZE i o L S PR CRBF S (e . R,
ARG R FHZE & AR PR H 28 i, BRI
TE— RN R HARFEARAS B Dl S5 R ) i
FRHHENF HZE L . FIL HZE#E 1R
AT

Rn24 - G024

Ap,,
K, 4 NFEE I BTy i H SLFRZEHEUR &( mm );
Rps i HEHESHE B (W/m?); Gows I H T3EHGHE
B (W/m?), p KIS, BUE A 1000 kg/m’,

ET,, =8.64x10" x Ax

2 ZERE5H5H
2.1 SEBSHEERHEBEAZBERIE

FIEHY SEBS HEAIZERR AR s PR, A
TR FHBIE 5% DX AG ISP PN 2228 1) 10 B A G R 40 i
M EFAS 2022 4F 1 H 2 2022 4 12 A WZE 80k S0
BT H REEAE, BUEgsRusk 2 s, 44
IR B, SEBS R 28 iU A 5 i B AH OGS 2%
B AEAE NI Z TR A AR R — 2, H
TR iz 3 ) H B4 28 80k AR TS0l 28 80k .
K1 75, SEBS HR AU X A5 e MR 1l & 2L A 348 1 1 T
MR, HAFEE Rk 2 (RMSE) A 043,
SRR Z (RE) N 14.78%., Hoxt 9 A 1
H 14 2% 80 & Al 50 0K5 B it % ( RMSE=0.09, RE=
2.65%) , X1 H28 H. 3 H9H . 4H 10H. 5
A 28 HAN7 H 31 HMZE A [RIFEBA 341 9
A5 (RMSE<0.39, RE<12.27%) , % 11 A
28 HMZEBUEA AN E &ML (RMSE=1.05, RE=
35.38%) o WK 3 Fix, SEBS HERISIL A&
95T R S S 2 R B B AR A (RP=
0.88, RMSE=0.55, RE=18.95% ) , FLil{E 55zl
RIS HL B 12 1 4, Bhsest R % SEBS
HBE AU TR AR Jie 25 1l A B v v B AR B i A

*2 SEBSHEGREMEXEHEREK
(ET) HEREER
Tab. 2 Daily ET accuracy test results of SEBS model and
eddy covariance method

WIEASE ET

SEBS #i# ET

ga}i ET of eddy covar-  ET of SEBS RMSE RE/%
iance method/mm model/mm

17 28H 1.57 1.38 0.19 1227
3A9H 1.42 1.38 0.04  3.09
47 10H 2.14 2.01 0.13 596
55 28H 3.75 3.65 0.10  2.69
6J129H 3.71 2.94 0.77  20.77
7H31H 4.79 4.40 0.39  8.19
9 1H 3.54 3.45 0.09 2.65
10411 H 2.64 1.88 0.76  28.89
1174 28H 2.97 1.92 1.05 35.38
127 22H 2.65 1.91 0.74 27.88
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3=0.93x-0.22 (R=0.88, RMSE=0.55,
RE=18.95%)

SEBSHHIET
ET of the SEBS model/mm

0 1 2 3 4 5
RBEAAKET

ET of eddy covariance method /mm

3 HEHRHIMNESKEEE
Fig. 3 Comparison of observed and simulated
values of daily ET

22 BZEHBARBETER

RIEAR 10 AR B 13 1Y SEBS A7 2 v ) H
ZEHCR G EWNE 4 B, TR NAATE Y] At
)25 5, SMARION e SRR, Hr 7
A 31 HYH 32880k K, i 440 mm; 1 J] 28
HA 3 H 9 HBYHBZER KSR/, ¥ 1.38 mm;
AN, 3H9H. 4H10H. 6 H29 HAI10 A
11 HWH B/ NEBRERAL, P8 0mm; 9 1
HAYH R RZERUR (B, 4 11.67 mm, R 5
TSI, ARBEHR H Y28 IR [RIFE A I 1
TR 22 SRR Hoh B 78 8Ok B (24
HFF 5—10 AR, ZEH A T oE X 0 2
FEAIH, HOMBBM EZAERK EF W, %
7 H 31 HIWH¥ZERUR R, 10 H 11 HIYH
FEBR /N, A 1.88 mm., 1] 1—4 H Al 11—12
ARATZE, ZA IR B Y7800 Sl AR, %
AFHA 4 H 10 HA9 H 2880k RR, 7 2.01 mm, 1
A 28 F13 H 9 HIHZEEE /N, Y27 1.38 mm,

H 3 Date
B4 #AREXBZFHRSGITE
Fig. 4 Statistical chart of daily ET in research area

23 BZEHEAZTEXEEERIE

e e 5% X A R B 0 3.0 km Xl fT
H, BRI 55 T i 4 A M T v R Aol B2 e ik
B4 3 — AT A AR AR IX 3k T AR, SR 32 2 Hb
FRAFAE . R8RS I NS B S R B 52 )
BRI AR SE e T, BN 2 T AR R MR L

RAGERE L —Esgm . i, it KIgEd,
B 23 I 1.5 km AR AR ST 4 7 75 110 IX 48 1
FRL % BE B B 1 1.0 km 38 5235 B0 78 26 1 AL
TPEAT H 288U RE B R, S IESs R NEE 3 Fis,
gERRI, BR 7 H 31 H A SEBS #5715 8 1 25 18
I 1L0km A9 X BELZE R A AE B ( RMSE=0.25,
RE=5.20% ) /& TS & 1.5 km ) XK HL
BHGE (RMSE=0.40, RE=8.32% ) , Hi4y 9 i
SEBS A5 7 Jz i I 2938 3 1.5 km (1) X3k ZE B
i T M 1.0 km P9KISZER LR
JE, (EREE MRS 1.0 km [XI{N, SEBS FiHI%}
3 1 9 H®YH B7E 80k SRS B i ( RMSE=0.05,
RE=3.33% ) , 5 A 28 H®&Z ( RMSE=0.06,
RE=1.56%) ; %} 6 A 29 HAY HLZEHUE ks
B F2 ik ( RMSE=1.25, RE=33.61% ) . 7EFF &5 it
B5 1.5 km X3P, SEBS BAU%F 5 H 28 H ZEHL
K R RG B e ( RMSE=0.01, RE=0.32% ) , 3
H 9 HXxZ (RMSE=0.04, RE=2.49% ) ; X} 11 H
28 H M H Y28 UK IR BE & ik ( RMSE=1.00,
RE=33.74% ) . SMAKIF, SEBS 7% FH 253 i
B 1.5 km DX AR IR B 28 IR SRS B3 1

3 it
3.1 SEBS #HEIEZBEKHEEH X K EHHIEH
T

Wi 1AL I R AR P e, R
B RAE R, I 5P R Eh A A 51X 8
R CRCA RS GE . I ISLAM 7R
Landsat 8 fll Sentinel 2 T E 1%, 454 SEBAL %
R RE T /N (R SEPrzg i . BABOLI 2805 i
K H GEE ( Google Earth Engine ) ) SEBAL %
254 Landsat 8 DR AR T /NERIZEEUAL , H
28 SR 5 OB AR H B R i — Bk (RP=
0.94, RMSE=0.98 ), F {212 F Landsat i &
125 SEBS BRI AT T 2% U i IX 2010—2022 4
R 2 284k, IR 2% & RN 32 2 A5 A
SEIECHE ST TR B IE, Z5R R, UK
SEBS R HAME 5 7% & LI 6 A2 2 25 =g
BRI AH 5 225053 9155 3] 0.93 F10.90, 5 HE iR 24y
B4 0.96 F1 0.64, HAR S ATEEME, DL LR
PR IR ZE A3 s B RO B A B E
SRS o PR AS i 52 A A58 IX P Landsat 8 &
JREZAR . DEM dl . 38 50 Wi R8s 4
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Tab. 3 Verification of daily ET accuracy at different coverage distances of flux towers
) . 1.0 km 1.5 km
H PEEREE ET _— -
D g ET of eddy covari- SEBS #71 ET SEBS #i%! ET
ate ance method/mm ET of the SEBS RMSE RE/% ET of the SEBS RMSE RE/%
model/mm model/mm
1 H28H 1.57 1.33 0.24 15.08 1.43 0.14 8.81
3H9H 1.42 1.38 0.05 3.33 1.46 0.04 2.49
4H10H 2.14 2.00 0.14 6.55 2.08 0.06 2.69
5 H28H 3.75 3.69 0.06 1.56 3.76 0.01 0.32
6 29 H 3.71 2.46 1.25 33.61 2.86 0.85 23.03
7H31H 4.79 4.54 0.25 5.20 4.39 0.40 8.32
9H1H 3.54 3.30 0.24 6.70 3.41 0.13 3.69
10H 11 H 2.64 1.85 0.80 30.21 1.98 0.67 25.28
11 A28 H 2.97 1.90 1.08 36.24 1.97 1.00 33.74
12H 22 H 2.65 1.90 0.76 28.53 1.95 0.71 26.63
454 SEBS B 7 i 2022 4R R A ME M AR AR MIZEHBOR RS BEAFE— € 1% 2% (RMSE=0.74, RE

FRHCE, JFim R i AR TR AT IR UE , 2553k,
SEBS AR 7 3 7% il & HAT B Y Rl SEvE (RP=
0.88, RMSE=0.55), S AWFsres RO, 4k
I, AR R ZH] ] MODIS %4 #il Landsat
TR E A NEYRZERL, Bl ZORAT-
IPOUR Z:PUAI 1] SEBS il SEBAL H5 78 i £ 44
TN H ZER R, N AHEE SEBS A
1 SEBAL HEEIfY R 4351555 0.87 F10.79, # 1
APy 0, A Landsat 8 LRSS, R
SEBS A AT DAl 1l 5 A /N R W A= B H
R, K kRPPIET Landsat 8 BEEGEIR4E S
SEBS # J7 3 1 #F 5% XS R A VB il 78 ik
AFF 5 &5 S TR B 3 A 3 13 SR B A SEBS #EAU BE
% WE A SO TR A AR i 28 Tl RUBE Y H 28 R
o SRMPKIZ T 0 e 2 8 R AR Hh g F
FAR D . AR T, x4
AR, AR A R E], R Landsat 8 1L A 44
454 SEBS AL )2 5 R IWAR I MR UK [FIFE R
IS (RMSE<1.05, RE<35.38% ).
X AT RESE T SEBS ARA A5 — 4N 1 S BRI A
B3 (KB™), %S HHIE 72454 . SAGE L
PEAN 7 AR A Y, s A% S A
P RS IO, SEBS BB SUIX 4y T RS,
NFRMKAGE I, T AR SEAS [/ KB e 45
SR U B BT - B A R T A (M B X
KAWIFaE BEIATIBIE, T T A A A [ [X 8
JUBE BSE R SR, A 10—12 H g i
W IR ZE I & 1 T8, SEBSS B AR H 25 i ok 5 52

+/ =l
7, bt
EVX

=20.77 ), XAIRESEH T SEBS A Ky MLl
HZRe s PATEIA, HAIE T s e — 1 H o
o8 e, SRR SE PR s, NI
L) B —, XX ZE R AN 5 BsE ], A
MAETE— R 1R 2205 pb4l, SEBS HERILE
ZEBI R BT RS A 52 R T ARG B I
MR SE R . RIET, AT X PN 8 5 O
PR ZE B ST B A7 7E— 2 BRI, By
S 38 45 RS B AR AR EME . DL BRI &S
SRR T ZE UK BOKES BE AR BL4h, SEBS i
P 10—12 AR HUE iR A E—E R ER
&AL, XA REH FAEKE T I FrH, BTt
T X MR GRS bR ZES, SEE
BRI R R AR b, DRI SRS R I i 1) 2 A
Rt /NP0
3.2 GBI B A& B B B L HEAE

ZEUR SR AT S 32 1 3138 ) KA 2% i 7K VA
SEE, EMFK A E IR A b B
VERT, I X BK BEIR 4 B 4R AL T RS %
IR IX A TR, KA, WEN 5—
10 H, 5% 11—4 AP, FIJH] SEBS I %4
WEARZE T R W R T 25 SRR B, W3R H 28 a8
EFRTREHYZEE R, EREMAKEF IR
e, KA AR A 2 R A KR N
F2 PV BRI B SR T R R
ATRESE T 5—10 A4 TIF5E X 0 = Rk 0,
IFi) B 2 B 300t R AR B o A K % 7 A R Y]
AR, MY K, MRk
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TR ZE Ve om0, FEm R, B AT LR
B w3 G e 1 M~ S O = Y N
MZEBOR B, MAERZE, EWaED, BT
B S ipb g+ HErP 2R O 1Ky, BIMAE R
T BN A IEPBOK Sy, ISk e T,
MZEBAERRIZL, SR e Rk
IR, X ] g S PR ZE /DN T 50E
TEZEREE . AL, A I 5 X AR R AR AT B T 4y
s, KERmBEnt, ZpIEHREEY, s
DX 25 AL EE R B RIS, A X H R 48
MR R S E D, ISR X ZE HUE
NIRRT, 228l EINE, BBk H 7
Bk S IRAE .
33 BERMEBEHAREZTERERR

105 5 AH DG T DA AT e g I R s i) RUE
PN, FEA 2o T E AR B N . AR Y
FIA A OCHE FZ N A H . fEWAEIXEL, 4
POR W N Ok sk T Sl = v A € s R T
FHB B2 AH DGR 2 28 WU MO BIFSE b, X R XY
PPAL S5 0F 50 0 WA 2 o A T BEAH DG TR RE A KB
B 2 PR X A, (R R T A 22 3 1 U X1 3
Ko AR 113 S o R 0 (A A ELAAR A AT T I PR AR
ARG X IR AZ Y M AR RS . B A B N2
SRR, BEMAE RS, Hitt,
AHFFE K] SEBS #5854 1.0,
1.5, 3.0 km fF5% X BAY 28 00U% , 5300 5 3% AR
KL AT B 280U A TRS BEXT LE . 25 R 3R,
FEEG I I 1.5 km BF5% IR Z2 HUL 5 T8 BEAH G
ST ZE R W — B A Ay, BE R AE s 3.0 km A
5% X ) 25 IR 5108 B R DG S DN 28 180k 1 — Bk
W, IEEEEE 1.0 km PR R ZEBUL S5 R
JEEAH OGS ZE /& 1 — BUbE e 22, X TR S ST
DX S A7 A 23 [l S A e, 1, ARkt
Fi 2 [0 S P X 288 /K A 7= 2 it T
T JA ) DX I 5 70 T N AR AR 28 80 1 S TR
FEARTR s HWK, BRI PER A A 25 o) S Bk,
PR | KA . 2850 . HEERERTK
Gy SRARAE, KPP PR AEAS [R] 1 23 [R] 5 R P xR
SN A SE M R BN 7 1.5 km XBRIATAR Y
A B B A T A AR AR X SRR X 345, s ) S
PEFAIXTEEAR, 808 40 0 s S AR S AR ) 32 B A 25
FROE 550, BIRIGRREE T 47 M40l G SE PR Z8 1
RAHE, R O B s o 7E 3.0 km DX AR
W, BEE AR, 8 Xk rd S B,

WEERARR ALK, nTReEiE AR+
HERR | MR UK A, P EGERCR I
I AZ BRI, 2F M5 BOUT HORS B FEAR
TR H IGO0, R e B AT Y X e, AR TR
JEE R, (HAEAEF ST, SEBS AR X 5 i
I 1.0 km X3k AR AR 0 28 80K I E0RS i
i &5 BB RRE B BOE R 0 MR, 1 %
PRG ) J PR AT B e B 3l e 1 1.0 km Y X 3857 3|
i I ML OB R A K Bl |
MR . RO R T e A B s A s,
b5 LY o T 97 [ T I N O s 1 B o P B4
B )R G B AN SE VU B, i A5 A R X L o
W HE 28 BOE (23 R 0 A B o A, SEBS £ 7
M T3 B, LA B ] B X 4 SR A
16 1.0 km JEFEIN, BoCn] et LR IS,
WAk . 5, REGRTTH R, A
17 15 R TR AT

ARWFFE M A Landsat 8 T E B EGEAREHE, 45
Al I A28, R SEBS AU IS
X AR AR H A AT S, R i B A 5
X R S5 AT RS IR . 25 SRR, SEBS
R XA B bR I 28 R B i 4 S TORG 1 ( R=
0.88, RMSE=0.55, RE=18.95% ), X} 2022 4£ 9 f] 1
H 1) 2% 80Kk B3OS % fe = ( RMSE=0.09, RE=
2.65% ). AN, BFFEIX H¥HZEH0R TR 22 5 1
W, RIMBEREHT T, HPh7A31HY
HZE R RN 440 mm, 1 JJ28 HFI3 H 9
H H W28 Ak /NS 1.38 mm. BT Landsat
8 B FLAR L I ZE B 7 M B R S 2 [
SRR SRR, A R AN (] B R AR
MZEBUR BA AN F I SRS BEAS 5, SRRy
SEBS &I BE I 5 1.5 km X8 1 AR A9 A8 AR
FEWL K B ERS BE B e ( RMSE=0.53, RE=18.08% ),
Xof B HE 3 1.0 kem X8 TR A0 AR I AR ZR 180 I T
K5 BE Fe Ik ( RMSE=0.65, RE=22.26% ), %41, A&
Ik oE 3 F TR & BAE < 4 5dE , FIA SEBS
RIS BT XA AR ZE IR ARG A I, 5
Mol rh B aTERVErE, XH AR AR IR bR K % TR A
K AT 7= i B w4 S AEH .
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