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Abstract; Evapotranspiration is an important component of hydrological cycle. Obtaining high spatio-temporal resolution

data can refine the spatio-temporal variation features of evapotranspiration, which is of great significance for the management
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of water resources and quantification of eco-hydrological processes. Considering the evapotranspiration retrieved by single
sensor cannot have both high spatial and high temporal resolution, this paper takes Nanjing as a case area for studying the
framework on fusing MODI16A2 evapotranspiration product data with high temporal resolution and the estimated
evapotranspiration data from Landsat- 8 image with high spatial resolution. First, combined with Landsat- 8 remote sensing
image data and meteorological data, the SEBS model based on energy balance principle is used to estimate the daily
evapotranspiration. Then, the ESTARFM model is applied to perform spatio-temporal fusion downscaling between the estimated
evapotranspiration data and MOD16A2 evapotranspiration product data in a selected typical area of 144 square kilometers in
Nanjing and the fusion accuracy of the model is evaluated. The results show that; (1) the average relative error between the
evapotranspiration result estimated by SEBS model and the conversed evaporating pan data is 0.14 mm/d, and the average
relative error between the evapotranspiration result estimated by SEBS model and the MOD16A2 product data is 0.22 mm/d.
(2) The seasonal difference of evapotranspiration in Nanjing is obvious, with the largest evapotranspiration occurring in
summer and the second in autumn. The reason is that the vegetation coverage is the highest in summer with the largest area of
leaves. And the temperature and precipitation are higher than that in autumn, which is facilitate to evapotranspiration.
Evapotranspiration in winter is the smallest due to the lowest temperature. The daily average evapotranspiration of different
administrative regions in summer is quite different, the evapotranspiration in Liuhe District is the largest and that in Qinhuai
District is the smallest. The reason for this phenomenon is the different types of land use. As a whole, the evapotranspiration of
water is the largest, which is greater than that of forestland and cultivated land. Evapotranspiration values of grassland and other
land use type are relatively small. Areas with higher vegetation coverage have higher evapotranspiration. (3 ) The
evapotranspiration result based on the fusion of the ESTARFM model and estimated evapotranspiration data based on the Landsat-
8 remote sensing image are spatially similar, and the correlation coefficient between them is 0.74. Under the background of global
climate change, this study can not only provide a framework of improving the temporal and spatial resolution of evapotranspiration

data set, but also provide data support for studying water cycle process and water resources management in Nanjing.

Key Words: evapotranspiration ; Surface Energy Balance System model (SEBS) ; Enhanced Spatial and Temporal Adaptive
Reflectance Fusion Model (ESTARFM) ; spatio-temporal fusion; downscaling

U R K SRR A B BRI RS B AR KGR DR R A A /K 2 | 13828
TWEZENS | 2Rl K R AIRE A B 20 RAR o), BEAE AT R AE R FUK B ORSRAAGSR Z8 WU LA BRI
B2 S AR BRI TS 5 2R 5 KBRS RIS MUK B LR T 3

BEXF ORI Bl PR AR A 14 b 2 A5 2 I, B AL B TO ki R T RV 2 2 B XX — [l R i i T S
AAT Y 8 BRI 2 fl A R P 2006 4, Gao 25 A 1 Yk 2 i STARFM ( Spatial and Temporal Adaptive
Reflectance Fusion Model ) fil &8 1 , FFA1 T 38 B Bl & 09 6T, Yi 26 A STARFM # %F MODIS Al
ASTER ZE BUR 45 R AT Ba Rl G T ARIBUR B RUEE IR 2E0 H 288Uk, R AR AR X Bl Rl &8 AR T
B IX K, Yang 2 N fifi H STARFM A543 T Landsat A1 MODIS i £ 33 A9 25 1 %, & BIKG HE 15 (L fifi
F Landsat il A28 RO AR BEAIC, STARFM 55325 047 18 SRS 1 il -6 vl DL A8 40l 120 0l A W M 22 1
i TR 5 T GOT x4 ST A 3 2, BORCR AN . Zhe 8 A7 B2 R SR AR 25
183 S5 Rl A 4% 78 ( Enhanced Spatial and Temporal Adaptive Reflectance Fusion Model , ESTARFM) , iz 71 % [&
TARITCZ ] 6% A0 25 [l R, (R B8 T 4 1401 36 4 52 2% b gy DX 1) 8000 T, 8 A o 2 N0 R
ESTARFM RIS T A 5271 LA 1987—2018 4RI HY) Landsat #8800 , 1T R MUK PR 15 B, 1%
AIBTURS B F) 0.95, 3R Fh T Landsat B 7ERS ] 73 BER LA AL . Zhou 48 N7 FIHT ESTARFM KA I
— AL B FE $X ( Normalized Difference Vegetation Index, NDVI) FlIHi 5 & ( Land Surface Temperature , LST) 43-J31)
PEATRLE T R M ARSI, R BTN 225 R -5 S Pl B AH OC R B000 5109 0.9 A1 0.74, Heimhuber 4%
N 53 5IFH STARFM I ESTARFM A£RS%E Landsat S5 A1 MODIS S2A%E47 T 8 d [H]H .30 m 43 HER M4
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Fig.1 Location map of study area
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Table 1 Classification of land use types in Nanjing

i EiLES — R e TR

Number Land use type Primary type Secondary number Secondary type

1 B b 11,12 K S

2 s it 21.22.23.24 A bR FEAR AR A A

3 i HE 31 ks

4 K3k KK 41,4243 46 TG WA KR A

5 HoAl W T JER M 51,52.53 SREETI S A Ja B s R BT b
AFI 43 65.66 PR B B

(3) BTSRRI DEM)

$7 @R ( Digital Elevation Model, DEM) 7 30 m %5 [H] 43 $E 4 1 SRTM 7 iy, F T Google Earth
Engine “F 5 (https ://earthengine. google.com/ ) , Jf-18 1 5 55 A #1521 B 577 DEM &,

(4)MOD16A2 ZE UK ™ S B d

MOD16A2 ZEHL A& 7= i B 88 ok IR T 3¢ [ [ F A0 25 A K Ja) ( NASA) % 3 (hitps ://ladsweb. modaps. eosdis.
nasa.gov) , %5 [ 73 HF %4 500 m, B [H] 43 HE 46k 8 d, A< UKE & MRT ( MODIS Reprojection Tool ) “T. E. Xt
MOD16A2 7 it BE A TAR N4 O e S WAL B, JF BRAE 2 30 m M8 MR/ )5 26 5 56T Landsat-
TSGR SO R UL G5 RATRE G115 . A, 1207 il B X A | K s AR 5 DX R {1 T 2 S
{8 , A JCEUE (https : //Ipdaac. usgs. gov/ products/mod16a2v006/ ) , A1 T Js /0% Fll 5 45 HE (R 52 ), A YRR FH 41 348
PR TCRUE , I BT 1 DX 38 (400 1270400 1578, TR 144 km® ) 1E 0 J SRS 1T IX,
2.2 WS
2.2.1 SEBS f5ifl
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bS5 AT R ZEHUR IR UESS R A R BRI — 2, T IA Y SEBS BLEIAY A4 SR A B,

&2 SEBS BETHZERG5HEA MITEHEIE . MODI6A2 /= mEHELE RITLL
Table 2 Comparison of calculation results of SEBS model with the conversed evaporating pan data and MOD16A2 product data

H 51 SEBS #5702 R AT A MOD16A2 7= 8

D‘; Results of the surface energy Conversed evaporating MODI6A2 prod :u/
e balance system model /mm pan data /mm procuct 7mm

7 H 21 H July 21th 5.70 5.02 4.45

10 4 9 H October 9th 3.29 2.66 2.80

12 7 12 H December 12th 1.34 1.27 1.10

3.2 SEBS BB 12 HUA I 25 Rk
WFFEIX 3 AR YA H 28 B =S (W] 0 anigl 3 s, 7 A 21 HAFBIZEHUE 7 mm, SRAECA 10 mm;

7H21H & - g 10H9H K o 12H12H

H &/ mm
e =10

H 7§/ mm
e H05.625

H 7/ mm
. %‘I 2.828

B g0 B Eo B g0

B3 HIRXBZEREZTESHE

Fig.3 Spatial distribution of daily evapotranspiration in the study area
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10 H 9 HEHZEE0E N 3.9 mm, e KEHN 5.6 mm;12 H 12 HFEEZEHE N 1.1 mm, HwKKEHN 2.8 mm,
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ZERE R, ZR TR DR T T v DX, A AR a3 A AR N T A 7 R 2D 1 T S b o3 A, 28 BCRE
/N,

N T 2B TS O R R FH S B 0 28 WOk 28 5 B IURFRE SR O B 0 7 ) 21 H Y28 BIUR 45
W A S Landsat ZE U BHE AT S M40 X Ge it 15 BIWFE O [R] - MR IS B i 28 it . ik 3 7
A, B T AN [ b b A 2R A 2 i RNy K s bt > B b > e b > A, 7K R 2 R e T L) 2
AU RHK B 78 A2, 7K T2 K oK s A B TR 3 K IR 09 B8 0T S e B ABL B 25 10 | R AR TG AR o A R e T T
R LA (E 78 Hici A v 5 B b T AR e R, 249 oy R st T S TR BRI 51% , - HL B Al v 3 DX A Rt K L, &
TR AR 78 A BRE R A O S A 2 B A

*3 MREX7 A2 HELMFIALXBEHRHESHIT

Table 3 Statistics of average evapotranspiration of each land use type in the study area on July 21th

b 2 T o7 ST AR L A P HFE

Land use type Area /km? Percentage of total area/% Average evapotranspiration/mm
HiHl Cultivated land 3440.8 50.7 75

Mt Forestland 649.7 9.6 8.1

JKIF, Water 692.4 10.2 8.4

ML Grassland 55.7 0.8 7.3

HAth Other 1950.5 28.7 6.6

3.3 ESTARFM A5 5 KORS BE PP
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Kewrmat e 10 A 9 H A9 MOD16A2 %4, AUt Rl-A i 10 7 9 H A9 Landsat 7% H5CA £ , fil A DX 38k [l DL
K1,
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H5 0 mm,"FYEH 3.6 mm, K F G 45 LA B = F7Ezs oA L BA — AR pirE, AT
2 B ] 23 A AR 1) FR0 45 SRS B, AR R SR B Al A DX P X 59 3 A 1 10000 A4S0 i, A E
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Table 4 Statistics of average evapotranspiration of land use types on October 9th in the fusion area

+ A S Landsat 28/ & A 7R

Land use type Landsat evapotranspiration /mm Fused evapotranspiration /mm
HFb Cultivated land 3.7 4.0

M3 Forestland 4.1 4.3

K3, Water 4.2 4.6

HAth Other 3.5 3.9

42 #5it
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WUR 28 3 A RRIE SO R Mo ) 2R 22 5 0 AE BL LR >R A ESTARFM ARGl A Landsat 28 50K 50 R 5
MOD16A2 ZEHUK 7= S A , #EA T 28 B RUBEAFSY . F 2L T .

(1) RAZE K& MATH G %R 5 MOD16A2 7= B 1T SEBS ARG B 25 SRS BE PPN, 34 A X iR 22
3920 0.14 mm/d F10.22 mm/d, 22 B FZAE R I T2 00 9% X 28 R A B 45 R G 3

()M ZE R R 225U, E i ok, £ /N 4 KIEE R 2 H 728 B 22 R B0k, oS
A X K, B X /N A 2R R B, H P28 H0E 22 iR, S B > Aot > Bk 3t > 50 4t >
HA R

(3) 3T ESTARFM HERIEN & B 78 & 53T Landsat-8 38 B A% S 18 B9 28 R M LL , 50008t o5, (H — 3%
FES [R50 AT B AR  H S R ECR 074 Bl A 25 TR XA = R FH S A0 | 52 7 Sl 3cdie A B JEak
TELAASE R, R RO 22 S B R S A S A RN /K 3k
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