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Simulating evapotranspiration of the desert riparian Populus euphratica Olive.

forest based on an improved dual-source model
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Abstract; Evapotranspiration (ET) is a key component of water cycles and energy balance, quantification of which is
important for revealing the eco-hydrological processes in arid and semi-arid areas. Taking the desert riparian Populus
euphratica Olive. forest as the study object, we studied the diurnal and phonological variations of ET based on the data
measured from the eddy covariance instrument, simulated ET of the P. euphratica forest using an improved dual-source

Penman-Monteith-Priestley-Taylor ( PM-PT) model and analyzed the parameter sensitivity. Results showed that; (1) the
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diurnal variations of ET of the P. euphratica forest both increased firstly, and then decreased during the growing seasons in
2014 and 2015, respectively. With the enhancement of solar radiation in the forenoon, the temperature raised gradually, ET
increased and peaked at about 12.00. Afterwards, solar radiation weakened, the temperature decreased gradually, the
relative humidity increased and the vapor pressure deficit decreased, and ET decreased accordingly. (2) The seasonal
variations of ET of the P. euphratica forest increased firstly, and then decreased. Total ET during the growing seasons in
2014 and 2015 were 612 mm and 658 mm, respectively. ET accumulated in fruit and seed dispersal periods were the main
parts, especially in fruit period. The accumulated ET were 316 mm and 348 mm, accounting for 51.65% and 52.87% of
total ET in each growing season in 2014 and 2015, respectively. The average values of ET in seed dispersal period were
slightly lower than those in fruit stage. The accumulated ET were 261 mm and 271 mm, accounting for 42.71% and 41.12%
of total ET in each growing season in 2014 and 2015, respectively. Because the leaves of P. euphratica were not fully formed
in leaf development stage and the leaf activity decreased gradually in leaf discoloration stage, the average values of ET in
both stages were the lowest. (3) Compared with the traditional dual-source Shuttleworth-Wallace ( SW) model, the
improved dual-source PM-PT model is optimized in terms of the model structure and parameter numbers, and its accuracy is

also higher. (4) The improved PM-PT model had the greatest sensitivity to net radiation.

Key Words: evapotranspiration; dual-source model; desert riparian forest; Populus euphratica
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Populus euphratica in 2014 and 2015, respectively
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Fig.2 Diurnal variations of evapotranspiration during the first 10 days at the early stage of the growing seasons of Populus euphratica in

2014 and 2015, respectively
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Table 2 Comparison of accuracies between the SW and PM-PT models in 2014 and 2015, respectively

e BIESCR R EIE—BRE - PeiE 7K
B BRI mn— BIE - FRR 31302 e AR s
Modified coefficient Modified index of Determination
Model .. Mean absolute error .. Slope
of efficiency agreement coefficient
PM-PT #7(2014)
0.433 0.696 0.655 0.752 0.716
PM-PT model (2014)
SW i 71 (2014)
.162 .54 . .57 .57
SW model (2014) 0.16 0.548 0.969 0.575 0.578
PM-PT #(2015)
0.321 0.629 0.746 0.655 0.616
PM-PT model (2015)
SW #5751 (2015)
167 .542 91 . .492
SW model (2015) 0.16 0.5 0.916 0.586 0.49
#3 ETFLALR,.G.D #u K PM-PT iRE S HHE B EN T
Table 3  Sensitivity analysis of the PM-PT model based on the parameters of LAI, R,, G, D and u
SR E NRAC R s st A KIRHE2E AR
Sensitivity coefficient Leaf area index Net radiation Soil heat flux Vapor pressure deficit Wind speed
$,(2014) 0.048 0.192 0.013 0.010 0.005
8,(2015) 0.090 0.171 0.007 0.016 0.028

S,: B 225, Sensitivity coefficient

Xof T R AT 28 ORI, SWOBLIEUSE A 2% 18 1 I 1) b 3 %) /K B 1 e A2 e S S U
F 5L )2 K Bl AR BIR A 20T S By KA AR AR R FHT 12 . Hu 55 35T SW AL X U A~ AN
() I R ) R AR S R GE 2 O AT T RN, S SRR BIAE HOANZE 1 S RUBE B SW OB BRUBCHDURS B8 240
SR, SW A HYTE RN K KSR NG BE A TR AL, 31X 202 Tz B R R 2% S 5e )28 B T 7 £ 52, Zhu
SEUUSET SW ORI SE A DU T Oy vk 6 7 R e VA e LU R AR 2RO AT TR, IR AT TR S AN
GERAE] SW BUBREE . Ortega—Farias %51 ST SW KSR R — AR RO R 0T T RE 25
ERWTEBA KA a5 AR A K A B AR 25 Bk 5 S PR M 23, Thse 50 3%
T SW BN ZEHUR & 2443 AT T 4843, IR R B2 RE RIS BENL S B0UIL Iy AR S BGHAT 1AL, X 52
SN SW OB RURLL T AR AR KA K 2R (Y SE R R HUR , AR A G AR AT T R SR, ASEARY
S5k KTl SRR RIS B .

AHGE R, SW A RUBIURE B2 BSAIC, A 78 T AR Z5 M A X 2%, L & SR £, 45 S B i i AL
SR FRIME T4 SR A B PEAE AT S BRI AE SR 25 5, Do b, SW AU BB 4DL 1 2 7T g 7™ Az 1Y Ji PR i
T

(1)SW I B A % 1 - S5 R0 76 J 2 1) 4 B2 S R A P48 55 . Brenner 1 Incoll ) BYRIFSE 45 R, 5t )2 F0
PR I ] fe KA PR S 22 297 100 w/m?

(2) AN RE f2 A VR =2 ] (4 AR AR FH 23 % B kil de 7= 2R 52 . Ham Al Heilman' ! (ORFST 25 R 406 1/
3 By T AR AR 2R

AR SR TR SR PM-PT AR 1 S 5] 2 A MR ZE UK, 45 R 0 7 Gk A LR PM-PT 58 L 3L
i SW AR RUAEADURG &, Li 4577 R Sauer 557 BRI THIFI S5 16 . (HJRTE Li %77 Al Sauer %Y AYBFST
RS YR AE R IEOK A3 TR B ST HEAT Y X TR s T R AR T TR A ) 28 U RN, PM-PT
B P RERG BEiAT fpfe— 2D ik . ASHHSR DASTE BT 2 SH A MR IR B8 X 42, 4347 T PM-PT A5 7 78 HiUR 155
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BOURE AR E TS
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(2)2014 12015 4E8M EEA K Z=RN, 9 R0E PM-PT #5155 SW SRR [b | 7E 8 4540 5 28080
Ty AR 2] TPl HALORS B & T SW AR

(3) PM-PT A5 Set Fe  f A) A0E ZR B(E dme 1 , EH PM-PT R 70 Yo v e oM %

52 3T ( References) :

[ 1] Maxwell R M, Condon L E. Connections between groundwater flow and transpiration partitioning. Science, 2016, 353(6297) ; 377-380.

[ 2] AcsF. A comparative analysis of transpiration and bare soil evaporation. Boundary-Layer Meteorology, 2003, 109(2) ; 139-162.

[3] BSCHE, SRR, WEil, 25 FETEgUE DT BN T FER U, PERE . HIRFE, 2010, 40(10) ; 1431-1438.
[4] WeiZ, LiuY, XuD, Cai J B, Zhang B Z. Application and comparison of winter wheat canopy resistance estimation models based on the scaling-up

of leaf stomatal conductance. Chinese Science Bulletin, 2013, 58(23) : 2909-2916.

[5] WeiZW, Lee X, Wen X F, Xiao W. Evapotranspiration partitioning for three agro-ecosystems with contrasting moisture conditions; a comparison
of an isotope method and a two-source model calculation. Agricultural and Forest Meteorology, 2018, 252 296-310.

[6] LiXY,HeY, ZengZZ, Lian X, Wang X H, DuM Y, JiaGS, LiYN, MaY M, Tang Y H, Wang W X, Wu Z X, Yan J H, Yao Y T, Ciais
P, Zhang X Z, Zhang Y P, Zhang Y, Zhou G S, Piao S L. Spatiotemporal pattern of terrestrial evapotranspiration in China during the past thirty
years. Agricultural and Forest Meteorology, 2018, 259 131-140.

[ 7] ZEAES:, TR, 2/, SR, s S bl s 28 0 f) AR A5 R GUR AP R AR IUR R 0TS R A%, 2018, 38(20) : 7400-7411.

[8 Byun K, Liagqat U, Choi M. Dual-model approaches for evapotranspiration analyses over homo- and heterogeneous land surface conditions.
Agricultural and Forest Meteorology, 2014, 197 169-187.

[ 9] Koudahe K, Djaman K, Adewumi J K. Evaluation of the Penman-Monteith reference evapotranspiration under limited data and its sensitivity to key
climatic variables under humid and semiarid conditions. Modeling Earth Systems and Environment, 2018, 4(3) : 1239-1257.

[10] Gharsallah O, Facchi A, Gandolfi C. Comparison of six evapotranspiration models for a surface irrigated maize agro-ecosystem in northern Italy.
Agricultural Water Management, 2013, 130: 119-130.

[11] Zhu G F, SuY H, Li X, Zhang K, Li C B. Estimating actual evapotranspiration from an alpine grassland on Qinghai-Tibetan plateau using a two-
source model and parameter uncertainty analysis by Bayesian approach. Journal of Hydrology, 2013, 476, 42-51.

[12] BXEF, B, FEF, EPW, 5E. KRB PR AT R gid. s, 2013, 68(1) : 127-136.

[13] 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.

[14] Liou Y A, Kar S K. Evapotranspiration estimation with remote sensing and various surface energy balance algorithms—a review. Energies, 2014, 7
(5): 2821-2849.

[15] Zhang Z Z, Zhao P, McCarthy H R, Zhao X H, Niu J F, Zhu L W, Ni G Y, Ouyang L., Huang Y Q. Influence of the decoupling degree on the
estimation of canopy stomatal conductance for two broadleaf tree species. Agricultural and Forest Meteorology, 2016, 221, 230-241.

[16] Zhang B Z, Kang SZ, Li F S, Zhang L. Comparison of three evapotranspiration models to Bowen ratio-energy balance method for a vineyard in an
arid desert region of northwest China. Agricultural and Forest Meteorology, 2008, 148(10) : 1629-1640.

[17] Li S E, Zhang L, Kang S Z, Tong L, Du T S, Hao X M, Zhao P. Comparison of several surface resistance models for estimating crop
evapotranspiration over the entire growing season in arid regions. Agricultural and Forest Meteorology, 2015, 208 1-15.

[18] FengY, Cui N B, Zhao L, Hu X T, Gong D Z. Comparison of ELM, GANN, WNN and empirical models for estimating reference
evapotranspiration in humid region of Southwest China. Journal of Hydrology, 2016, 536. 376-383.

[19] Fisher ] B, DeBiase T A, Qi Y, Xu M, Goldstein A H. Evapotranspiration models compared on a Sierra Nevada forest ecosystem. Environmental
Modelling & Software,, 2005, 20(6) : 783-796.

http ; //www.ecologica.cn



3472 JAE = 40 4

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]
[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]
[47]

Li SE, Kang S Z, Zhang L, Zhang Z H, Du T S, Tong L, Ding R S. Evaluation of six potential evapotranspiration models for estimating crop
potential and actual evapotranspiration in arid regions. Journal of Hydrology, 2016, 543, 450-461.

LiuXY, XuCY, Zhong X L, Li Y Z, Yuan X H, Cao J F. Comparison of 16 models for reference crop evapotranspiration against weighing
lysimeter measurement. Agricultural Water Management, 2017, 184, 145-155.

Mao Y N, Wang K C. Comparison of evapotranspiration estimates based on the surface water balance, modified Penman-Monteith model, and
reanalysis data sets for continental China. Journal of Geophysical Research: Atmospheres, 2017, 122(6) ; 3228-3244.

Yang Z S, Zhang Q, Yang Y, Hao X C, Zhang H L. Evaluation of evapotranspiration models over semi-arid and semi-humid areas of China.
Hydrological Processes, 2016, 30(23) . 4292-4313.

Holder A J, McCalmont J P, McNamara N P, Rowe R, Donnison I S. Evapotranspiration model comparison and an estimate of field scale
Miscanthus canopy precipitation interception. GCB Bioenergy, 2018, 10(5) : 353-366.

Luo X Z, Chen J M, LiuJ, Andrew Black B, Croft H, Staebler R, He L M, Arain M A, Chen B, Mo G, Gonsamo A, McCaughey H. Comparison
of big-leaf, two-big-leaf, and two-leaf upscaling schemes for evapotranspiration estimation using coupled carbon-water modeling. Journal of
Geophysical Research: Biogeosciences, 2018, 123(1) . 207-225.

Wang Q L, He Q J, Zhou G S. Applicability of common stomatal conductance models in maize under varying soil moisture conditions. Science of the
Total Environment, 2018, 628-629. 141-149.

LiXY, YangP L, Ren SM, Li Y K, Liu HL, DuJ, Li P F, Wang C Y, Ren L. Modeling cherry orchard evapotranspiration based on an
improved dual-source model. Agricultural Water Management, 2010, 98(1) . 12-18.

Zhu G F, SuY H, Li X, Zhang K, Li C B, Ning N. Modelling evapotranspiration in an alpine grassland ecosystem on Qinghai-Tibetan plateau.
Hydrological Processes, 2014, 28(3) : 610-619.

Ershadi A, McCabe M F, Evans J P, Wood E F. Impact of model structure and parameterization on Penman-Monteith type evaporation models.
Journal of Hydrology, 2015, 525, 521-535.

Zhao P, Liiers J. Parameterization of evapotranspiration estimation for two typical East Asian crops. Atmosphere, 2017, 8(6): 111.

Yan H F, Zhang C, Gerrits M C, Acquah S J, Zhang H N, Wu H M, Zhao B S, Huang S, Fu H W. Parametrization of aerodynamic and canopy
resistances for modeling evapotranspiration of greenhouse cucumber. Agricultural and Forest Meteorology, 2018, 262. 370-378.

Irmak S, Mutiibwa D, Payero J, Marek T, Porter D. Modeling soybean canopy resistance from micrometeorological and plant variables for
estimating evapotranspiration using one-step Penman-Monteith approach. Journal of Hydrology, 2013, 507 1-18.

Gao G L, Zhang X Y, Yu T F, Liu B. Comparison of three evapotranspiration models with eddy covariance measurements for a Populus euphratica
Oliv. forest in an arid region of northwestern China. Journal of Arid Land, 2016, 8(1) . 146-156.

Gao G L, Zhang X Y, Yu T F. Evapotranspiration of a Populus euphratica forest during the growing season in an extremely arid region of northwest
China using the Shuttleworth-Wallace model. Journal of Forestry Research, 2016, 27(4) . 879-887.

Vickers D, Mahrt L. Quality control and flux sampling problems for tower and aircraft data. Journal of Atmospheric and Oceanic Technology, 1997,
14(3) : 512-526.

Eh, RAR, R, AR RSSO ZE B A D7 2 Lo . Bkt R , 2009, 24(4) + 372-382.

Falge E, Baldocchi D, Olson R, Anthoni P, Aubinet M, Bernhofer C, Burba G, Ceulemans R, Clement R, Dolman H, Granier A, Gross P,
Griinwald T, Hollinger D, Jensen N O, Katul G, Keronen P, Kowalski A, Lai C T, Law B E, Meyers T, Moncrieff J, Moonrs E, Munger ] W,
Pilegaard K, Rannik U, Rebmann C, Suyker A, Tenhunen J, Tu K, Verma S, Vesala T, Wilson K, Wofsy S. Gap filling strategies for defensible
annual sums of net ecosystem exchange. Agricultural and Forest Meteorology, 2001, 107(1) : 43-69.

[F/NE, SR, &7, 280, BW/MRIRA TR CO, ffEl 2SRRI, 84, 2015, 35(7) : 2076-2084.

Legates D R, McCabe Jr G J. Evaluating the use of " goodness-of-fit" measures in hydrologic and hydroclimatic model validation. Water Resources
Research, 1999, 35(1) : 233-241.

Zhan X, Kustas W P, Humes K S. An intercomparison study on models of sensible heat flux over partial canopy surfaces with remotely sensed
surface temperature. Remote Sensing of Environment, 1996, 58(3) . 242-256.

HuZM, YuGR, Zhou YL, Sun XM, Li Y N, Shi P L, Wang Y F, Song X, Zheng Z M, Zhang L, Li S G. Partitioning of evapotranspiration
and its controls in four grassland ecosystems: application of a two-source model. Agricultural and Forest Meteorology, 2009, 149(9) : 1410-1420.
Ortega-Farias S, Poblete-Echeverria C, Brisson N. Parameterization of a two-layer model for estimating vineyard evapotranspiration using
meteorological measurements. Agricultural and Forest Meteorology, 2010, 150(2) ; 276-286.

W, Kk, MR, WK, XIFER, ZOME. BT EE SW O R TN TARZEHUA 4 B 0 MOARAE. A3, 2016, 36(8) :
2164-2174.

B SE, BSCH, T E. PUALTR S Ak YA T AR 28 5 2R R X 0 R AR Rk LR AR 252741, 2015, 35(4) : 1114-1123.
Brenner A J, Incoll L D. The effect of clumping and stomatal response on evaporation from sparsely vegetated shrublands. Agricultural and Forest
Meteorology, 1997, 84(3/4) . 187-205.

Ham J M, Heilman J L, Lascano R J. Soil and canopy energy balances of a row crop at partial cover. Agronomy Journal, 1991, 83(4) ; 744-753.
Sauer T J, Singer ] W, Prueger ] H, DeSutter T M, Hatfield J L. Radiation balance and evaporation partitioning in a narrow-row soybean canopy.
Agricultural and Forest Meteorology, 2007, 145(3/4) . 206-214.

http ; //www.ecologica.cn



