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Projection of Actual Evapotranspiration
Changes in the Western Sub-basins of the Lake
Urmia Basin Based on Thornthwaite Water
Balance Model and Budyko Framework
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Abstract

The present study aimed to project the effects of climate
change (under RCP8.5 scenario) on actual evapotranspiration
(ET) in sub-basins of Nazlou Chay, Rozeh Chay, Shahr Chay,
and Barandouz Chay in the west of the Lake Urmia basin,
based on CORDEX data; precipitation and the temperature
outputs of the two atmospheric general circulation models
NOAA-GFDL-GFDL-ESM2M and ICHEC-EC-EARTH
downscaled by RCA4 model. After comparing with
observational data, historical and future CORDEX temperature
and precipitation data were bias-corrected by linear scaling
method and used as input for the Thornthwaite water balance
model. Then, the changes of ET in the three periods of near
(2011-2040), middle (2041-2070), and far future (2071-2100)
compared to the historical period (1976-2005) were evaluated
using the Budyko method by separating the shifts caused by
the regime and partitioning. The results showed that, on an
annual scale, the changes in ET in Nazlou Chay (-1-5.1 mm)
and Rozeh Chay (-3.8-10 mm) sub-basins are not significant
in any of the future periods. In Shahr Chay (2.4-15.3 mm) and
Barandouz Chay (1.2-8.8 mm) sub-basins the significant
increase in ET is limited to the middle or far future periods. In
all sub-basins, the regime shifts are more severe than the
partitioning shifts. Also, in all sub-basins the regime shifts are
often positive and the partitioning shifts are often negative.
However, the total shifts are different for different sub-basins
and different future periods. In general, when the regime shifts
are more than twice the partitioning shifts, the total changes in
ET are significant.
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Table 1- Characteristics of meteorological stations
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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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Fig. 3- Diagram of the seasonal and annual temperature, based on the CORDEX historical and future bias-
corrected data for IC (1) and NO (2) models in the sub-basins of Nazlou Chay (a), Rozeh Chay (b), Shahr
Chay (c), and Barandouz Chay (d). *: Significant difference with historical period
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Fig. 4- Diagram of the seasonal and annual precipitation, based on the CORDEX historical and future bias-
corrected data for IC (1) and NO (2) models in the sub-basins of Nazlou Chay (a), Rozeh Chay (b), Shahr
Chay (c), and Barandouz Chay (d). *: Significant difference with historical period
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Fig. 5- Diagram of the seasonal and annual actual evapotranspiration, based on the CORDEX historical and
future bias-corrected data for IC (1) and NO (2) models in the sub-basins of Nazlou Chay (a), Rozeh Chay
(b), Shahr Chay (c), and Barandouz Chay (d). *: Significant difference with historical period
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Table 2- Performance evaluation criteria of the Fu’s equation (Correlation coefficient and Nash-Sutcliffe
efficiency criteria) in simulating the actual evapotranspiration (ET) for the historical and future periods
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Sub-basin Model  Historical Near Middle Far Historical Near Middle Far
Period Future Future Future Period Future Future Future
Nazlou Chay IC 0.63 0.27 0.71 0.37 0.39 -0.08 0.46 0.05
NO 0.76 0.60 0.75 0.69 0.54 0.33 0.56 0.46
Rozeh Chay IC 0.26 -0.02 0.56 0.33 -0.19 -0.87 -0.97 -0.04
NO 0.13 0.27 0.62 0.46 -0.52 0.00 0.19 0.05
Shahr Chay IC 0.93 0.88 0.92 0.85 0.77 0.65 0.68 0.56
NO 0.89 0.89 0.90 0.85 0.71 0.64 0.62 0.60
Barandouz Chay IC 0.81 0.85 0.90 0.72 0.62 0.66 0.67 0.50
NO 0.85 0.86 0.84 0.83 0.66 0.62 0.57 0.61
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Fig. 6- Budyko diagram of historical and future periods based on the CORDEX data for IC (1) and NO (2)
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Table 3- The p-values of Kolmogorov-Smirnov two-sample test for comparison of probability distribution of
aridity index (PET/P) and Evaporative index (ET/P) in the future periods compared to the historical period
in the studied sub-basins
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ICHEC-EC-EARTH

NOAA-GFDL-GFDL-ESM2M

Sub-basin Index Near Middle Far Near Middle Far
Future Future Future Future Future Future

Nazlou Chay PET/P 0.342 0.537 0.005* 0.760 0.537 0.109
ET/P 0.760 0.200 0.055 0.200 0.011* 0.109

Rozeh Chay PET/P 0.109 0.200 0.005* 0.537 0.342 0.109
ET/P 0.109 0.005* 0.026* 0.537 0.109 0.026*
Shahr Chay PET/P 0.109 0.109 0.002* 0.760 0.109 0.026*
ET/P 0.342 0.936 0.342 0.342 0.936 0.537
Barandouz Chay PET/P 0.109 0.026* 0.001* 0.537 0.109 0.026*
ET/P 0.200 0.760 0.342 0.342 0.760 0.342

* Significant difference in 5 % significance level
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Fig. 7- The regime shifts, partitioning shift and total shifts of annual actual evapotranspiration in three future periods
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Numbers on top of the bars shows the percentage of changes compared to long-term average of historical actual
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