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Actual Evapotranspiration Data of GLEAM
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basins of Lake Urmia
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Abstract

Actual evapotranspiration (AET) plays an important role in
agricultural water management, drought forecasting, and
climate change projection. In recent years, the use of indirect
methods to estimate AET has led to the development of various
databases. Various uncertainties in these data make it
necessary to evaluate them for use. In this study, focusing on
the historical period of climate studies (1976-2005), the
estimated values of AET by the Thornthwaite water balance
model were used as a basis for evaluating GLEAM and
GLDAS databases, in Nazlou Chay, Rozeh Chay, Shahr Chay,
and Barandouz Chay sub-basins in the west of Lake Urmia.
The results showed that on an annual scale, the difference
between GLEAM and GLDAS databases was not noticeable
(RMSEGLEam=0.13-0.46 mm/day, RMSEgLpas=0.13-0.48
mm/day). But on a seasonal scale, the performance of GLEAM
and GLDAS data differed in different seasons. Based on the
evaluation criteria, the GLEAM database performed better
than the GLDAS (GLEAM: RMSEwinet=0.11-0.33,
RMSESpring:0.25-1.15, RMSESummer:0.58-0.77, RMSEAutumn:
0.15-0.33; GLDAS: RMSEwiner=0.15-0.27, RMSEspring=0.32-
114, RMSESummer:0.64-0.95, RMSEAutumn:0.15'0.40). AISO,
in annual and seasonal scales, GLEAM and GLDAS data were
more reliable in Shahr Chay sub-basin (RMSEshanrchay=0.12-
0.58, RMSENaZIouchayZO.15-0.85, RMSERozehchay:O.lg-l.ls,
RMSEsgarandouzchay=0.11-0.77). According to the results, it is not
recommended to use GLEAM and GLDAS data in
hydrometeorological studies in Nazlou Chay and Rozeh Chay
sub-basins. The results of the present study can be used in the
studies of projecting AET future changes, as a basis for
evaluating the outputs of climate models as well as correcting
their bias.
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Fig. 1- Topographical map of the studied area, geographical location of Nazlou Chay, Rozeh Chay, Shahr
Chay, and Barandouz Chay sub-basins, hydrometric stations (red points), meteorological stations (blue
triangles), and GLEAM and GLDAS grid points (+)
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Table 1- Characteristics of hydrometric stations
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Sub-basin Station code Latitude Longitude  Elevation (m asl)
Nazlou Chay 35033 37°43' 45°08’ 1290
Rozeh Chay 35037 37°39' 45°11" 1290
Shahr Chay 35011 37°30' 45°01" 1450

Barandouz Chay 35007 37°24' 45°14' 1280

Table 2- Characteristics of meteorological stations
owbnilgd ol | Olaswiv -Y Jous

Sub-basin Station code Latitude Longitude Elevation (m asl)

Nazlou Chay 35033 37°43’ 45°08' 1290
35031 37°40’ 44°54' 1600

35018 37°49’ 44°43' 1900

Rozeh Chay 35015 37°36' 45°01' 1400
35039 37°36’ 44°53' 1500

Shahr Chay 35011 37°30' 45°01' 1450
35009 37°26’ 44°50' 1630

Barandouz Chay 35007 37°24' 45°14' 1280
35006 37°13’ 44°58' 1590

35003 37°17 44°54' 1490

35002 37°10’ 45°06' 1420

35001 37°21' 45°09’ 1340
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Table 3- Evaluation criteria for the performance of the Thornthwaite water balance model in runoff

modeling on annual and seasonal scale for the calibration (1976-1999) and validation periods (2000-2005)
Lo y93 gl (had g ¥ (pliilo y3 QU (gilwde p3 Caly Coy98 OF (M Joo 3, Shes (5,1 (Lo Y Jgua

(Yooe-Yeed) L ST SV (YavF-14a44) Eowwly

Calibration Validation
Sub-basin Mean RMSE MBE NMBE Mean RMSE MBE NMBE
mrrl1 o mmd!  mmd?! % mm d? mmd? mmd? %
Nazlou Chay  Annual 045 0.63 0.22 -0.01 -1.13 0.23 0.93 0.15 0.05 4.28
Winter 0.28 0.32 0.24 -0.13 -20.20 0.11 -0.09 0.24 0.06 10.05
Spring 136 0.65 0.76 -0.35 -9.70 0.77 0.44 0.77 -0.29 -7.98
Summer 0.03 041 0.14 0.10 50.80 0.00 - 0.06 0.05 23.49
Autumn  0.12 0.48 0.41 0.33 78.13 0.02 0.66 041 0.38 90.19
Rozeh Chay  Annual 0.28 0.64 0.11 -0.03 -3.97 0.14 0.51 0.15 0.11 15.32
Winter 0.34 0.23 0.19 -0.11 -17.05 0.17 -0.04 0.17 0.08 13.09
Spring 053 0.74 0.28 -0.10 -5.14 0.34 0.44 0.31 0.09 4.61
Summer 0.06 0.69 0.05 -0.02 -5.14 0.02 -0.10 0.07 0.02 7.05
Autumn  0.22 0.69 0.17 0.12 29.99 0.05 0.89 0.24 0.23 59.77
Shahr Chay  Annual 0.70 0.85 0.16 0.04 3.27 0.55 0.93 0.18 -0.14 -11.72
Winter 0.31 0.76 0.44 0.28 45.45 0.26 -0.04 0.33 0.15 24.36
Spring 201 0.83 0.67 -0.49 -14.85 151 0.92 0.91 -0.72 -22.04
Summer 0.29 0.73 0.22 0.13 14.78 0.28 0.70 0.17 -0.08 -9.51
Autumn  0.21 0.83 0.34 0.23 55.56 0.16 0.61 0.15 0.11 27.28
Barandouz Annual 0.61 0.75 0.19 -0.08 -7.29 0.34 0.91 0.23 0.19 16.46
Chay Winter 055 037 031 012 -1422 026 017 075 047 5432
Spring 142 0.74 0.61 -0.39 -14.95 0.98 0.99 0.20 -0.13 -5.09
Summer 0.12 0.80 0.10 0.04 6.61 0.01 0.82 0.15 0.13 19.26
Autumn 035 0.72 0.25 0.14 17.25 0.11 0.59 0.31 0.29 37.00
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Table 4- Evaluation criteria for GLEAM (period 1980-2005) and GLDAS (period 1976-2005) global actual
evapotranspiration databases on annual and seasonal scale

2,95) GLDAS g (YAA+~Y++0 0,95) GLEAM o281y § yxi— e Sl 2315 (ol b, s, ko —F Jouo
shad g 4o wlio ;3 (YAYE-Y++0

Sub-basin GLEAM (1980-2005) GLDAS (1976-2005)

Mean RMSE MBE Mean RMSE MBE
mm d* mmd?! mmd? mm d? mmd! mmd?

Nazlou Chay Annual 0.90 0.53 0.46 0.44 0.94 0.53 0.48 0.47

Winter 0.48 0.45 0.33 0.30 0.38 0.18 0.27 0.19

Spring 1.99 0.25 0.85 0.79 2.03 0.09 0.86 0.78

Summer 0.77 0.56 0.74 0.69 1.02 0.43 0.95 0.93

Autumn 0.36 0.52 0.15 0.00 0.32 0.48 0.15 -0.02

Rozeh Chay Annual 0.90 0.62 0.46 0.44 0.93 0.68 0.47 0.46

Winter 0.55 0.58 0.19 0.15 0.46 0.20 0.18 0.05

Spring  1.99 0.63 1.15 1.10 2.00 0.51 1.14 1.07

Summer 0.68 0.38 0.67 0.61 0.95 0.22 0.92 0.88

Autumn 0.37 0.32 0.20 -0.10 0.30 0.53 0.21 -0.16

Shahr Chay Annual 0.98 0.66 0.13 0.10 0.98 0.51 0.13 0.09
Winter 0.45 0.58 0.12 -0.01 0.38 0.40 0.18 -0.10

Spring  2.15 0.57 0.25 0.19 2.20 0.35 0.32 0.24

Summer 0.94 0.69 0.58 0.53 1.02 0.61 0.64 0.58

Autumn 0.38 0.59 0.33 -0.30 0.31 0.50 0.40 -0.37

Barandouz Chay Annual 0.98 0.72 0.30 0.29 0.97 0.65 0.29 0.28

Winter 0.47 0.69 0.11 0.03 0.45 0.33 0.15 0.00

Spring 2.23 0.60 0.65 0.59 2.18 0.40 0.60 0.52

Summer 0.86 0.60 0.77 0.72 0.93 0.44 0.84 0.81

Autumn 0.37 0.6 0.23 -0.20 0.33 0.53 0.26 -0.23

The best database based on each evaluation criterion is shown in underlined numbers.
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Fig. 4- Bar plots of the long-term average of actual evapotranspiration (for the period of 1980-2005) on
seasonal and annual scale based on the output of the Thornthwaite model, the GLEAM database and the
GLDAS database in the sub-basins of Nazlou Chay (a), Rozeh Chay (b), Shahr Chay (c), and Barandouz

Chay (d). The long-term average of observed precipitation and runoff difference is also included for
comparison
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Fig. 5- Scatter plots of GLEAM actual evapotranspiration against the actual evapotranspiration by the
Thornthwaite model in annual and seasonal scales in the sub-basins of Nazlou Chay (a), Rozeh Chay (b),
Shahr Chay (c), and Barandouz Chay (d)
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1- Actual Evapotranspiration

2- Global Land Evaporation Amsterdam Model

3- Global Land Data Assimilation System

4- Potential Evapotranspiration

5- Pearson Correlation Coefficient

6- Root Mean Square Error

7- Mean Bias Error

8- Normalized Mean Bias Error

9- Data Assimilation

10- Multi-Source Weighted-Ensemble Precipitation
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