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Abstract

Evapotranspiration is one of the most important part of
hydrologic cycle that sinks the watershed moisture as an
outward flux from the existing water resource. Most of the
current relationships equation for estimating actual
evapotranspiration are empirical, which are based on local
condition that their calibration or selection must be based on
status of region of interest. The main goal of the current
research is the evaluation of the effect of using global gridded
evapotranspiration products on the performance of water
balance model in Snow-covered region in a mountainous
watershed located in western Iran; Gheshlagh watershed. To
do this, three global gridded products including GLEAM,
SSEbop and MODIS organized in four calibration scenarios
(three scenarios using these products and reference model) are
evaluated. Finally, due to the need for evaluating the
interaction of using these data on structure of water balance
models, the uncertainty of the model parameters has been
evaluated by GLUE method. Simultaneous calibration results
of evapotranspiration and runoff showed that model operation
is better once using GLEAM and SSEbop products. In all
scenarios, GLEAM had best function that improved runoff
simulation.
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Fig. 1- Location of Gheshlagh watershed and its climatological and hydrometric stations
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Table 1- Description of the global scale evapotranspiration products used in this study
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Fig. 2- Conceptual diagram of monthly water balance developed by Wang et al. (2014)
(Wang et al., 2013; Wang et al., 2014) g aildlo & Wy Jdo (0980 JUd L Y S5

Table 2- Description of the calibration procedures for each modelling scenarios
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Scenarios Description

S1 Calibration based on the in-situ discharge and using observed climatological values (Base model)

Calibration based on the in-situ observed discharge and inserting actual evapotranspiration products
as input variables

S2 S2(GLM) GLEAM
S2(SSE) SSEbop
$2(MOS) MODIS

Calibration based on the in-situ observed discharge and inserting scaled actual evapotranspiration
products as input variables

S3  S3(GLM) GLEAM
S3(SSE) SSEbop
S3(MOS) MODIS

Calibration based on the in-situ observed discharge and actual evapotranspiration products
simultaneously

S4 S4(GLM) GLEAM
S4(SSE) SSEbop
S4(MOS) MODIS
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Table 3- Statistical metrics of the optimized water balance models for calibration and validation periods
(P 1 g (il 490 3 A M Wlalo sogpde (S0 yd (2, GRS LS y23lie T Jouo

Water Balance Models — NSE — - .MSE — —— KGE —
Calibration ~ Validation  Calibration  Validation  Calibration Validation
Wang-revised 0.78 0.30 12.64 39.26 0.79 0.60
WASMOD 0.65 0.35 19.60 36.43 0.71 0.56
abc-revised 0.59 0.37 23.06 35.22 0.62 0.58
GU 0.63 0.21 23.06 28.48 0.64 0.51
Jazzim- revised 0.42 0.31 40.93 38.37 0.42 0.4
Rao 0.29 -0.11 39.97 61.72 0.46 0.50
NOPEX 0.39 0.30 37.85 39.08 0.42 0.26
Karpozous 0.56 0.06 24.62 52.26 0.63 0.48
Karpozous-revised 0.26 -0.22 41.98 68.20 0.47 0.45

Table 4- Parameters’ descriptions, their available bounds and optimum values
axdllae (ol 40 bawd 83!l 4l Jae (Suuwly adgl (s ol —F Jous

Parameter Description Maximum Minimum Optimum
Ks Surface runoff coefficient 0.6 0 0.28
Ky Sub-surface runoff coefficient 0.6 0 0.00
Ksn Snow melt coefficient 0.6 0 0.11
Smax Maximum soil moisture storage 300 200 269.99
Tsnow Snowfall threshold temperature 0 -12 -10.00
Train Rainfall threshold temperature 4 -4 -3.77
SN(1,1) Initial snow pack 40 0 0.02
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Table 5- Statistical metrics for different scenarios
Shaalis g (Flawlre gl )bl (b, AL p3lie -0 g

Statistical metrics

Scenarios KGE RMSE NSE
Calibration Validation  Calibration Validation Calibration Validation
S1  Base model 0.83 0.65 3.97 3.17 0.70 0.46
S2(GLM) 0.54 0.56 5.87 4.04 0.34 0.12
S2  S2(SSE) 0.23 0.05 13.48 12.86 -2.50 -7.91
S2(MQS) 0.23 0.23 14.05 8.99 -2.80 -3.36
S3(GLM) 0.86 0.70 3.84 3.22 0.72 0.44
S3  S3(SSE) 0.80 0.66 4.42 3.31 0.62 0.41
S3(MQOS) 0.70 0.43 5.60 2.77 0.40 0.59
S4(GLM) 0.76 0.64 4.62 3.88 0.57 0.22
S4  S4(SSE) 0.83 0.63 4,01 3.20 0.70 0.45
S4(MQOS) 0.27 0.18 11.65 9.88 -1.61 -4.26
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Fig. 3- Time series and scatter plots of the observed versus simulated streamflow values for the first scenario
(S1) in calibration and validation periods
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Fig. 4- KGE values of the simulated streamflow for different product-scenarios
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Table 6- Statistical metrics of the simulated evapotranspiration for the forth scenario
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Statistical metrics

Models KGE RMSE NSE
Calibration Validation Calibration Validation Calibration Validation
S4(GLM) 0.59 0.61 21.60 19.25 0.36 0.29
S4(SSE) 0.39 0.27 27.07 28.55 -0.42 -1.28
S4(MOS) 0.14 0.15 31.66 25.99 -5.67 -4.33
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Fig. 6- Histograms of the third and first scenarios for the Ksn parameter
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Table 7- The third scenario’s energy distance values for Ksn versus the first scenario
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Ksn Base model  S3(GLM) S3(SSE) S3(MOS)
Base model 0 0.0401 0.0226 0.0872
S3(GLM) 0 0.0033 0.0154
S3(SSE) 0 0.0255
S3(MOS) 0

Table 8- The highest similarities of uncertainty results for the third scenario versus the first scenario
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Table 9- Metrics of uncertainty assessment using
GLUE for the third and first scenarios

U:’9) 4 Cyzhad R ‘_;’lg‘,))‘ ‘stibuablw ﬂbl.a.o -9 J?"‘?’
Jol 92,bue U wld 43 sgw g3 U 31 GLUE

Scenario identifier ARIL  Piewl NUE
S1 7.88 51.41 6.52
S3(GLM) 7.11 59.86 8.42
S3 S3(SSE) 5.90 51.41 8.72
S3(MOS) 3.66 40.14 10.97
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1- Moving Least Square

2- Moderate Resolution Imaging Spectroradiometer
3- Global Land Evaporation Amsterdam Model

4- Mean Squared Error

5- Improved Wang

6- Generalized Linear Uncertainty Estimation (GLUE)
7- Root Mean Squared Error

8- Kling-Gupta Efficiency

9- Average Relative Interval Length

10- Normalized Uncertainty Efficiency
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