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  ̔ҹ ҉ ̂ET̃ ῒ № ̆ Landsat 8 ȁ

SEBAL ᵀ 2015ð2017 ῍ 12 ̆ № ῒ Ȃ

̔ŵ ṿҍ ṿ ̆  ̂Rn ȁ̃ ̂G ȁ̃ET ‗

̂R2̃№≢ҹ 0.80ȁ0.65 0.86̕Ŷ ѿ Rn ET № ΐ ѿ ̆ ᵣ қ

ᵞ ΐ̆ל № Ȃ4 ETṿ 0~4.67 mm̆ 5ð7 ETṿ ᵣ ⱴ ̆ל

10.32 mm̆ 9ð10 ETṿ⁞ 0~3.34 mm̕ ŷ Ҍ ≠ ᶭ ҹ̔ ᵣ>

> > > >῾ ̆ETṿҍ ̂T ȁ̃ ̂VPD̃ ȁRn ῏̆ҍ

̂RH̃ ῏̆ Rn ҹ Ȃ 

῏ ̔SEBAL ̕ ̕ ̕  

 

̂evapotranspiration̆ ET̃ ȁ ̆
[1]̆ ҹ ᶫ № ̆ ῤ

῏ ᵬ [2]ȂRosenberg
[3] ₮̆ ץ70%

⌠ Ҭ̆ ᶛ 90%Ȃ ̆‰ ᵀ

̆ ԍԅ Ṝ ̆ ȁ ȁ ᴪ

ΐ ӈȂ 

׆ 1802 (Dalton) ₮ ҍ ᶛ῏ [4]̆⌠ 20ҕ 50 ᵀף
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ⱳ Ҥ [18]Ȃ ֗ ῤ

̆ ץ̆ ҹ № ᶫ ᶭ Ȃ 

1 ’  

1.1 ‟ 

ᵝԍῤ Ҭ יּ ̆ ԍ ᾥָᾥ ̆ ⱬᾥ

̆ ῀ Ȃ ῤ ȁ

ȁ ȁ ̆ ῖ ῤ Ȃ ȁיּ ȁיּ

ῒ Һ 3
[19]̆Һ ῃ 175 km̂ 1̃̆ ҹ

҉ ̂43Á26ǋ~44Á08ǋN1̆16Á02ǋ~117Á12ǋẼ̆ ҉ № ̂Stipa 

grandis̃ȁ ̂Leymus chinensis̃ȁ ̂Bromus inermis̃ ᴨל Ȃ Һ

ץ ȁ ҹҺ̆ ̆ 37cm
[20]Ȃ Ṝ

Ṝ̆ 278.9mm̆ ῒҬ 6ð9

̆҉ץ80% ҹ 2.8Ņ[21]Ȃ 

 
   1                            2 ⌐  

    Fig.1 Location of study area                      Fig.2 Map of land use types 

1.3  

≠ ԍ 2015ð2017 Landsat 8 Ἕ̆ ȇ ≠ №

‰Ȉ ῍№ҹ 7 ̂ 2̃̆ ᵣ̂ ȁ̃ ȁ ȁ ȁ

ȁᵞ ȁ῾ Ȃ 

ҹ Landsat8 OLI Ȃ ̆ ԍ

̆ ԍ SEBAL ⱴ‰ ̆ Ἕ ȁ

Ἕ Ḥ ̆ ҉ 2015ð2017 12 ̂2015 4ȁ5ȁ7ȁ9 ̆

2016 5ȁ6ȁ9 ̆2017 4ȁ5ȁ6ȁ7ȁ10 ̃ Ԑ Ԑ̆ Ἕ̆ Ἕ

(USGS) (http://earthexplorer.usgs.gov/)ץ Ԑ

(http://www.gscloud.cn/)Ȃ 

1.4 Ὶל ꜡  

2015ð2017 4ð10 ̆ ȁ ȁ

ȁ ȁ Ȃ ҹ 10 Hz̆ 30 min 1 ̆

CR1000(CR1000, Campbell Scientific)Ữ ת̆ 1Ȃ 

ҹ ᵀ ̆ SEBAL Ҭ ῀ Ȃ ≠

4ҩ 2m ̂Tã ̂W̃̆ ᾥ ṿ (Kriging method)

⌠ҍ № Ȃ 

ᶏ DEM ҹ Ԑ (http://www.gscloud.cn/)Ҋ GDEMV2 30 m

№ Ȃ 
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1 ᴶ Ḫ  

Table 1 Basic information of micrometeorological sensors 

֟   /m ֟  

 HMP155A 2 Campbell Scientific Inc., USA 

№   NR-LITE 2 Campbell Scientific Inc., USA ת

 034B 2, 3.5 Met One Instruments Inc., USA ת

 HFP01 -0.1 Husker Flux Inc., USA 

 TEM525MM 2 Texas Electronics., USA 

҈  CS655 -0.1, -0.2, -0.4, -0.8 Campbell Scientific Inc., USA ת

2  

2.1 SEBAL Ὶ  

SEBAL Bastiaanssen
[22] ₮ ̆≠

Ȃ Ἕ ҩἝ Ȃ 

‗ὉὝὙ Ὃ Ὄ                           ̂ 1̃ 

Ҭ̔ɚ ̂W·m
-2
·mm

-1̃̕ ET ̂mm̃ ̕Rnҹ (W·m
-2

)̕G

ҹ (W·m
-2
)̕Hҹ ̂W·m

-2
·mm

-1 Ȃ̃ 

̂1̃ ̂Rñ Ὲ ̔ 

Ὑ ρ Ὑᴽ Ὑᴽ Ὑᴻ ρ ‐ Ὑ  Ȣ                ̂ 2̃ 

Ҭ̔Ŭҹ ̕RsŹҹ῀ ⌠ ̆Ӟ (W·m
-2

)̕RLŹ

῀ (W·m
-2

)̕RLŷҹ (W·m
-2
)̕Ůҹ ԍ׃̆

0~1ӊ Ȃ 

̂2̃ Ὲ ҹ̔ 


ͺͅ

                         ̂ 3̃ 

Ҭ ̔ ҹ ̕ ͺͅ ṿ̆ҹ 0.025͘ 0.04
[23]̕

Űsw ̆ ҊῈץ ̔ 

† πȢχυς ρπ ὤ                        ̂ 4̃ 

̂3̃῀ ̂RsŹ̃ Ὲ ̔ 

Ὑᴽ Ὃ #ÏÓʃ Ὠ †                       ̂ 5̃ 

Ҭ G̔sc ̆ 1367 (W·m
-2
) ɗ̕ҹ ׆̂ Ἕ MTL ᴆҬ ̃̕

drҹ Ȃ 

̂4̃῀ ̂RLŹ̃ Ὲ ̔ 

Ὑᴽ ‐„Ὕ                                ̂ 6̃ 

Ҭ̔Ůa ̕ůҹ - ῗ ̆ 5.67×10
-8 

W·m
-2
·K

-4̕Taҹ

Ȃ 

‐ ρȢπψÌÎ† Ȣ                          ̂ 7̃ 

̂5̃ ̂RLŷ̃̔ 

Ὑᴻ ‐„Ὕ                               ̂ 8̃ 

Ҭ̔Ů0ҹ ̕ůҹ ̕Tsҹ ̂K Ȃ̃ 

‐ ρȢππωπȢπτχϽÌÎ.$6)                     ̂ 9̃ 

̂6̃ (G) ≠̔ ȁ  ҍῒ῏ ̆ ₮ ṿ[24]Ȃ 

Ȣ Ȣ Ȣ
                ̂ 10̃  
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̂7̃ (H)̔ 

Ὄ
̂ ̃

                          ̂ 11̃  

Ҭ ɟ̔ҹ ̆ ‰ Ҋ 1.293 kg·m
-3

C̕p ̆ 1004̂ J·kg
-1
·K

-1̃̕

dT ҹ Z1 Z2 ӊ ̕rahҹ ꜚⱬ ⱬ̂S·m
-1̃Ȃ 

ҹ dT ׆ ἝҬ Ἕᾝ ñ̔ ò ̆ Ȃñ‛

ò №ᾟ ̆ ̆ ᵞ̆ ñ ò ñ‛ ò ץ ⌠ Ἕᾝ

dTṿȂ 

2.2  

ԍ ⌠ Ἕ̆ ̆ ⌠ ȂSEBAL ҬẊ 24h

ӊῤ Ȃ 

ş̔ 

᷈ ᷈                           ̂ 12̃  

Ҭ̔ş24 ѿ 24hῤ Ȃ 

ET24̔  

ὉὝ
᷈

Ȣ Ȣ Ȣ
                 ̂ 13̃  

Ҭ̔Rn24ѿ ῤ  ̂W·m
-2̃̕Ts ̂K̃ 

2.3 FAO Penman-Monteith  

ῒ Ὲ ҹ[25]̔ 

ὉὝ
Ȣ

Ȣ
                   ̂ 14̃  

ὉὝ ὑ ὉὝ                          ̂ 15̃  

Ҭ̔ὉὝҹ ̂mm·d
-1̃̕ ETҹ ̂mm·d

-1̃̕ Kcҹᵬ ̆•ҹ

̂kPa·°C
-1̃̕Rnҹ   ̂MJ·m

-2
·d

-1̃̕Tҹ ̂°C ̃̕

G ҹ ̂MJ·m
-2
·d

-1̃̕ u2ҹ 2m ̂m·s
-1̃̕ esҹ ̂kPã̕ea

ҹ ̂kPã̕ɔҹ ̂kPa·Ņ-1 Ȃ̃ 

2.4 ᴍ 

ҹ ᴇ SEBAL ̆ ̂RMSẼ ȁѿ ̂d ȁ̃ Ẓ

̂bias̃ȁ Nash-Sutcliffe ̂Ẽ4ҩ ᴇ̆ Ὲ Ҋ[26]Ȃ 

ὙὓὛὉ В ὖ ὕ                       ̂ 16̃  

Ὠ ρ
В

В ȿ ȿȿ ȿ
                    ̂ 17̃  

ὦὭὥίВ ὕ ὖ                        ̂ 18̃  

Ὁ ρ В ὕ ὖ ὕ ὕ                 ̂ 19̃  

2.5 ⅎ  

№ ׆ № ῏ ̆ ET ֟
[27]Ȃῒ ҹ ET ҍ ṿȂ 

Ὓ ὰὭάЎᴼ
Ў

Ў
Ͻ                      ̂ 20̃  

Ҭ S̔ҹ Ў̕ὉὝҹ ὗ̕ Ўὗ№≢ҹ ῒ Ȃ 
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3 ҍ№  

3.1 SEBAL  

ҹ SEBAL ̆ ԍ ̂

ҹ 2015 11 ̆ ץ ׆ 2016 ̃̆ ץ FAO 56 P-M

ҍ ┴ SEBAL ETȁRnȁGṿ Ȃᵬ Kc

∆ ȁ Ҭ ṿ№≢ҹ[28]̔Kcini=0.4ȁKcmid=0.93 Kcend=0.8Ȃ 

ṿҍ ṿ № ̂ 3̃ ̔ET ṿҍ ṿ № ҹ Ҭ̆

№ 1:1 ̆‗ R
2 ̆ҹ 0.86̆Rn G 1:1 ӊ҉̆ ṿ

ԍ ṿ̆ ѿ ᵀ̆Rn‗ R
2ҹ 0.80̆G ṿ № ғ ꜚ ̆R

2

ҹ 0.65̕ ̂ 2̃ R̔MSE ṿҍ ṿӊ Ẓ ĔT RMSE

ҹ 0.95̆ ṿҍ ṿ ̆ ̕dṿ 1̆

̆RnȁGȁET№≢ҹ 0.99ȁ0.99 0.96̆ ԍ 1̆ ̕bias ṿҍ

ṿ Ẓ 0̆ ̆ Nash-Sutcliffe ̂Ẽ 1̆

Ḥ Ȃ ҉ ̆SEBAL ҩ ̆ ̆SEBAL

҉ ΐ Ȃ 

 

 

 

 

 

 

 

 

 

 

3 ẅғ ẅ  

Fig. 3 Comparison of measured values and model inversion values 

2 SEBAL ⅎ  

Table2 Adaptability analysis of SEBAL model 

 Rn/(W·m -2) G/(W·m -2) ET/mm 

(RMSE) 47.21 10.77 0.95 

ѿ (d) 0.99 0.99 0.96 

Ẓ (bias) -67.88 -7.14 0.48 

Nash-Sutcliffe (E) 0.94 0.95 0.85 

SEBAL ᵀ ETṿҍFAO 56 P-M ṿ 4̆ 4 ̔2016ð2017

SEBAL ᵀ ṿҍP-M ṿ ל ѿ ԋ̆ ᴟ

Ȃ ҹ ̆ 2016ð2017 4ð5 ԍ ᵞ ̆

ṿҹ4.81 mm·d
6׆1̆- ⱴ ל 6̆ð8 ṿҹ5.76 mm·d

-1
9̆

⁞ ̆9ð10 ṿҹ2.89 mm·d
-1Ȃ ₮ ̆ №ET ᴪ ₮

ѿҩ ̆ Ԋᴆ ӊ ᴪ₮ ѿҩ Ȃ 
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4 2016ð2017 SEBALғ P-M ẅ 

Fig. 4 Precipitation, SEBAL and P-M calculation value of ShiMen Wetland from 2016 to 2017 

3.2 Rn ET  

≠ SEBAL ᵀ 2015ð017 4ð10 Rnṿ R̆n № 5

Ȃ 

 
5 2015ð2017 SEBALᵆ Rn ⅎ  
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Fig. 5 Spatio-temporal distribution of SEBAL estimated daily net radiation fluxes of 2014 to 2016 

5 ץ ₮̆ ҉  ΐ ̆ ᵣ Rnṿ

100~780 W·m
-2̆ ṿ ṿ ̆ ҉ қ ᵞ Ȃ ῤ

Rnѿ Ḡ ̆ 400~750 W·m
-2̆ Ṝ ᴆҊ̆Ҍ ≠ ’

№ ̆ҍῒז ≠ ’ ̆ №ᾟ ̆ ̆

̆ ᵞ̆ῒ ⱬ ̆ ⱬ ̆

 ṿ ̆ ץ ῤῒ ṿ ԍῒז ≠ ̕

Rn 4 Ḡ 100~300 W·m
-2̆5ð7 ̆ 300~650 W·m

-2̆

ꜚ ̆ Һ Ȃ9ð10 Rnṿ ᵣ ᵞ̆ҹ 120~520 W·m
-2Ȃ 

ԍ SEBAL ᵀ 2015ð2017 № ’ 6 Ȃ

5 6 ץ ₮̆  ̆ Ӟ ̆  ҍ

̆ל 5ð7  ⱴ̆ Ӟ ӊ Ȃ 

 

6 2015ð2017 SEBALᵆ ET ⅎ  

Fig. 6 Spatio-temporal distribution of SEBALestimated daily evapotranspiration of 2014 to 2016 

ῤҌ ≠ / Ҍ ̆ ᵣ҉ қ

ᵞ ל қ̆ ҹ ̆ ץ̆ ҹ

Һ̆ ̆ Ȃ ᵞ̆ ̆ Ҋ
[29]Ȃ ̆ ET 10.32 

mm·d
-1̆Һ ̕ ̆ № ѿ̆
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ѿ Ḡ ̆ 2.42~10.32 mm·d
-1̕ ᵬ 5ð9

ֽ ԍ ̆ 1.82~8 mm·d
-1̕ 7Ҭ №῾ Ӟ ̆ ԍѿ֓῾

ᵬ ғ̆῾ ѿ ҍ῾ ̆ ҍ῾ Ἕᾝ̕

җ ᵞ̆ ᵬ ̆ ̆ 5 mmץҊȂ 4 ṿ

ԍ ᵞ ̆ 0~4.67 mm·d
-1̆ ṿҹ 1.89 mm·d

-1̆5ð7 ᵣ

ⱴ ̆ל ṿҹ 5.45 mm·d
-1̆⌠ 9~10 ᵞ̆ ҹ 1.78 

mm·d
-1Ȃ 

3.3  

Һ Ҋ [30]̆ ῒ ꜚҊ ₮

Ȃ 

3.3.1 ⌐ Њ  

ҹ ѿ ≠ / ץ̆ 2015 ҹᶛ̆ Ҍ ≠

/ Ἕᾝ № ̆№ Ҍ ≠ /

’̂ 7 Ȃ̃ ᵣ ̆ ̆ №

Ҍ Ȃῒ ҹ ̆ ҍ ҹ

̆ 2~6 mm ꜚȂ 0.5~4 mm Ҍ̆ № Ȃ

῾ ғ̆Ἕᾝ № Ҭ̆ ̆ Ῑ ⱬ ̆

ᶏ ꜚ ̆ 0~2 mmȂ ᵣ ̆ ԍ

̆ Һ ҍ № ᶫ ᴆ ῏[31]Ȃ ᶭ ҹ̔ ᵣ> > >

> >῾ Ȃ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7 2015 Ғ ⌐ ETẅ  

Fig. 7 Statistical comparison of ET values of different land use types in 2015 

Ҍ ≠ / ET ̔ Ҍ ̆4

̆9 ⌠ԅ ̆ⱴӊ № ̆

ᵞ̆ ᵣ Ȃ ̆ ̆ ᵬ ̆

̆ ҍ [32] ѿ ̕ Ҍ ̆

Һ ȁ ̆ Һ ҹ ̆ Һ ҹ

̆Ҍ ԍ Ҍ [33]̕ Ҍ ̆
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̆ ̆ №ᶫ ᾟ ̆ ᴆҊ

ԍ ῒז ≠ [34]Ȃ῾ ᵞ̆ѿ ῾ ῒ

Ҍ ̆ ⁞ ̆ ᵬ Ӟ ⁞ ̆ ҹñ ò ̆

ῒ ᶏ ⱴ̆ ᵞ̆ ᵞ[35]Ȃ

ԍ῾ ̆ETѿ № ԍ ̆ ѿ № ԍᵞ

Қȁ ̆ ETṿ̆ץ ῾ Ȃ 

3.3.2  

 

8 ғ ῗ  

Fig. 8 The relationship between daily evapotranspiration and meteorological factors 

8 ETҍ TȁVPDȁRnȁRHӊ ῏ Ȃ ץ ₮̆ETҍ Rn

̆‗ ҹ 0.83̆ ῒ ҹ T VPD̆ ‗ №≢ҹ 0.71 0.63̆ RH

ᵞ̆ҹ 0.26Ȃ 

3 TȁVPD Rnҍ ET ῏῏ ̆№≢ҹ 0.76ȁ0.72ȁ0.83Ȃҍ RH

῏῏ ̆ҹ 0.53Ȃ׆ ṿ ₮̆ET Rn ̆RH ӊ̆T

VPD ᵞȂ Rn Һ Ȃ 

3 Ὶғ ET ῗ  

Table2 Meteorological element sensitivity coefficient and correlation coefficient with ET 

 ҍ ET ῏   

(T) 0.76**  0.31 

(VPD) 0.72**  0.29 

 (Rn) 0.83**  0.76 

(RH) -0.53**  -0.47 

̔** 0.01 ( ᶷ)҉ ῏Ȃ 

׆ ҉ ̆ ̆ ᵣῤ № №

Ҭ̆ Һ ̆ ⱴ̆ ̆ №

ⱴȂ ̆ ҍ ῏ ̆ ҍ [36] Ҭ
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ῒ ⌠ ѿ Ȃ ҍ

῏῏ ̆p ӊ ̆ ⱴ └ԅ ̆ ҹ

̆ ᵬ ̆ №῏ ̆ ᵞ ̆Liu
[37] №

֤ Ṝ ⌠ Ȃ ̆ ̆

ҍ [38] Ṝ ⌠ Ȃ ҍ

ꜚ ῏ № ̆ ῏ ᴪ ѿ Ҭⱴץ

Ȃ 

4  

̂1̃≠ SEBAL ᵀ RnȁG ETṿҍ ṿ ̆ SEBAL ᵀ

҉ ΐ Ȃ 

̂2̃Rn ETΐ ѿ ̆ ̆ ҉ қ ᵞ ̆ל

Rn ET ῤḠ ̆Rnṿ 400~750 W·m
-2 ӊ ̆ET ṿ

2.42~10.67 mm·d
-1̆ җ ̆ 5 mmץҊȂ 

̂3̃ ≠ / Һ ȂҌ ≠

ᶭ ҹ̔ ᵣ> > > > >῾ ̕ ҉ ETҍ Tȁ

VPDȁRn ῏̆ҍ RH ῏Ȃ׆ ̆ET Rn Ȃ 
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Abstract: To reveal the evapotranspiration and its temporal and spatial distribution characteristics in the upper 

reaches of the Xilin River Basin, The ET estimation of 12 growth seasons during 2015ð2017 was conducted using 

a Surface Energy Balance Algorithm for Land (SEBAL) model with Landsat 8 data and meteorological 

observations, and analysis of its temporal and spatial patterns and its influencing factors.The results show that :(1) 

The inversion parameter values of the model are well fitted to the measured values, the decision coefficients of 

surface net radiation , soil heat flux, ET are 0.80, 0.65, 0.86.(2) The spatial distribution of Rn and ET at the same 

period has a high consistency, and the overall trend is east-high and low-west, with significant spatial 

differentiation characteristics. The daily ET value in April is 0~4.67 mm, from May to July, the daily ET increased 

overall, the maximum value is 10.32mm, itôs decreased from 0 to 3.34 mm from September to October. The 

evapotranspiration of different land-use types is: water > swamp > arable land > grassland > sandy land > rural 

settlements.(3) The evapotranspiration is positively correlated with the average temperature, saturated vapor 

pressure, and solar net radiation, negatively correlated with relative humidity, ET is most sensitive to changes in 

solar radiation. 

 

Key words: SEBAL model; Evaporation; The space-time characteristics; Xilin River Basin 
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