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The objective of this study was to assess the impacts of land-use change by
monitoring actual evapotranspiration in future periods in the Varamin Plain.
Evapotranspiration was investigated from May to August during 2007-2009
using four single-source remote-sensing algorithms: the Surface Energy
Balance Algorithm for Land (SEBAL), Mapping Evapotranspiration at High
Resolution with Internalized Calibration (METRIC), the Surface Energy
Balance System (SEBS), and the Simplified Surface Energy Balance (SSEB),
together with MODIS sensor imagery. To evaluate the effects of land-use
change, Landsat images from 1999, 2009, and 2019 were classified using the
maximum likelihood algorithm. The corresponding Kappa coefficients were
0.807, 0.837, and 0.801, respectively, with classification accuracies of 87.12%,
90.49%, and 99.88%. The land-use classes included water bodies, vegetation
cover, rocky areas, built-up areas, barren lands, and agricultural lands. Using
the Land Change Modeler (LCM) and the integrated Cellular Automata—
Markov Chain (CA—Markov) model, land-use maps for 2030 and 2059 were
simulated. The results showed a declining trend in agricultural land area, from
44.8 thousand hectares in 1999 to 39.3 thousand hectares in 2009 and 38.6
thousand hectares in 2019. Urban, rural, and industrial areas exhibited an
increasing trend: these land uses covered 6.57% of the total study area in 1999,
increasing to 18.48% by 2019. Rangeland vegetations cover also declined,
from 14.9 thousand hectares in 1999 to 11.6 thousand hectares in 2009 and 6.4
thousand hectares in 2019. Based on the data results, an increasing trend is
predicted for land use change and actual evapotranspiration in future periods.
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Figure 1. Location Map of the Varamin Plain
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Table 1. Characteristics of satellite images used to prepare land use maps, https://earthexplorer.usgs.gov/.

Satellite type Sensor Pass number Row number Imaging time
Landsat 5 ™ 035&036 164 June 6, 1999
Landsat 5 ™ 035&036 164 June 1, 2009

Landsat 8 OLI 035&036 164 June 13, 2019
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Table 2. Results of assessing the accuracy of classified maps

1999 2009 2019
Overall Accuracy 87.12% 90.49% 88.99%
Kappa coefficient 0.807 0.837 0.801
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Table 3. Area of land use classes in 1999, 2009, and 2019

Land use 1999 2009 2019
(hectare) % (hectare) % (hectare) %

Water bodies 3501.144 2.211 5193.822 3.280 5884.282 3.715
Vegetation 4985.493 3.148 11616.471 7.335 6403.585 4.043
Rock 38151.872 24.090 35852.732 22.638 33844.416 21.370
Built-up areas 10401.805 6.568 25836.414 16.314 29264.786 18.479
Wasteland 44884.401 28.341 39343.098 24.842 38679.566 24.423
Agricultural lands 56447.303 35.642 40529.483 25.591 44295.382 27.969

N

2019 Classified Map 2019 Projected Map %

Map Legend
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Figure 3. Simulation of Classified maps in 1999, 2009 and 2019
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Figure 4. Simulation of Predicted maps for 2030 and 2059

Table 4. Area of land use classes projected for 2030 and 2059 (hectares)

Land use 2030 2059
Water bodies 6140.330 6466.478
Vegetation 6501.646 7081.493
Rock 32017.821 27733.959
Built-up areas 31143.091 35604.202
Wasteland 38869.212 38893.259
Agricultural lands 43699.919 42592.628
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Table 5. Cramer's correlation coefficients for each variable

Correlation coefficient Correlation coefficient

Variable name Variable name

Cramer's V Cramer's V
Qualitative map of changes 0.4674 Distance from farm 0.1901
Digital elevation model 0.3584 Distance from vegetation 0.1833
Distance from urban-rural areas 0.2381 Distance from the waterway 0.1486
Slope 0.2283 Slope direction 0.0425
Distance from the road 0.1926
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Table 6. Effects of land use change on actual evapotranspiration (mm)

Month 2009 2019 2030 2059
January 25.27 25.31 25.40 25.72
February 33.33 33.22 33.33 33.76
March 63.83 63.61 63.83 64.66
April 52.44 52.26 52.44 53.12
May 130.47 130.66 131.41 133.64
June 178.16 178.29 178.77 180.36
July 215.09 21551 216.56 219.55
August 161.35 161.45 162.24 164.42
September 118.45 119.38 120.50 123.47
October 56.23 56.67 57.20 58.61
November 46.31 46.67 47.11 48.27
December 21.76 21.93 22.14 22.68
Year 1090.51 1090.86 1096.94 1114.60
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Figure 5. Actual monthly evapotranspiration(mm), in 2009, 2019, 2030, and 2050
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Figure 6. Changes in land use types(hectare), in 2009, 2019, 2030, and 2050
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. Eta (Actual Evapotranspiration)

. SEBS (Surface Energy Balance System)

. SEBAL (Surface Energy Balance Algorithm for Land)

. METRIC (Mapping Evapotranspiration at High Resolution with Internalized Calibration)
. SSEB (Mapping Evapotranspiration at High Resolution with Internalized Calibration)

. MODIS (Moderate Resolution Imaging Spectroradiometer)

. GIS (Geographic Information System)

. LCM (Land Chang Modeler)

. DEM (Digital Elevation Model)
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