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Figure 1- Position of case study in country and province of Razavi Khorasan
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Table 1- Properties of satellite image used in research
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Image number Julian day Gregorian dates Day of start of Day of start of
wheat growth of wheat growth of
Faroub field Soleimani field

1 295 21-Oct-2008 21 7

2 308 03-Nov-2008 34 20

3 318 13-Nov-2008 44 30

4 329 24-Nov-2008 55 41

5 334 29-Nov-2008 60 46

6 345 10-Dec-2008 71 57

7 16 16-Jan-2009 108 94

8 45 14-Feb-2009 137 123

9 56 25-Feb-2009 148 134

10 72 13-Mar-2009 164 150

11 83 24-Mar-2009 175 161

12 97 07-Apr-2009 189 175

13 135 15-May-2009 227 213

14 142 22-May-2009 234 220

15 155 04-Jun-2009 247 233

16 170 19-Jun-2009 262 248
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Figure 2- Map of spatial distribution from SEBAL algorithm parameters for 329 Julius day (24 November)
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Table 2- Results obtained of SEBAL model in the wheat fields
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9% NDVI
s (mm/day) (w/m?) (w/m?) (w/m?) (°*
¢ Sl oglh Sledw ogyB Sl o)l Sl o)l Slede gyl Sl )0
(Julian  Soleima  Farou  Soleima  Farou  Soleima  Farou  Soleima  Farou  Soleima  Farou  Soleima  Farou
ni b ni b ni b ni b ni b ni b
Day)
295 131 1.29 1115 117.6 46.83 50.43 0.215 0.126 743.4 736.1 304.6 307.1
308 1.46 1.35 65.7 72.5 54.55 63.42 0.17 0.135 556.8 537.3 297.9 301.6
318 0.78 0.81 33.8 34.8 42.66 44.06 0.197 0.107 538.3 543.2 286.6 287.1
329 1.04 0.97 50.7 54.0 53.59 58.93 0.21 0.135 504.0 498.0 298.0 297.1
334 1.29 1.29 47.25 49.75 26.8 29.25 0.179 0.079 499.0 495.3 293.5 295.1
345 1.17 1.18 29.17 31.15 28.54 29.71 0.212 0.152 507.5 507.6 286.4 287.1
16 1.07 1.05 26.27 27.61 38.09 39.72 0.18 0.149 507.2 510.1 284.4 285.2
45 1.97 1.98 37.8 37.52 52.65 52.52 0.247 0.234 599.7 606.5 287.0 286.9
56 2.50 2.47 53.32 55.01 44.93 45.94 0.212 0.176 589.2 59.01 291.3 292.1
72 4.62 4.67 84.23 88.26 50.88 53.48 0.198 0.184 626.5 617.5 299.4 301.1
83 4.84 4.43 60.62 80.67 51.83 70.24 0.258 0.268 688.7 667.4 298.7 296.5
97 2.98 2.97 63.62 68.77 52.98 56.48 0.324 0.255 697.1 711.3 290.5 292.2
135 6.90 7.14 143.0 140.8 81.2 79.97 0.374 0.324 760.8 767.6 310.7 309.5
142 2.97 3.33 79.7 76.46 22.87 20.25 0.292 0.331 386.1 415.3 313.8 310.0
155 3.99 481 107.6 92.23 76.85 71.32 0.226 0.167 544.0 577.6 3115 303.5
170 2.47 2.57 95.82 95.43 44.49 41.99 0.201 0.191 397.7 406.6 316.8 316.1
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Figure 3- The map of spatial distribution for actual evapotranspiration in the during wheat growing season
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Figure 4- Map of seasonal evapotranspiration of Neyshabour plain in farming year 2008-2009
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Figure 5- Changes of main components of SEBAL algorithm (land surface temperature and NDVI index) Plain Nishabour
during wheat growth
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Introduction: Accurate estimation of evapotranspiration plays an important role in quantification of water
balance at awatershed, plain and regional scale. Moreover, it is important in terms ofmanaging water resources
such as water allocation, irrigation management, and evaluating the effects of changing land use on water yields.
Different methods are available for ET estimation including Bowen ratio energy balance systems, eddy
correlation systems, weighing lysimeters.Water balance techniques offer powerful alternatives for measuring ET
and other surface energy fluxes. In spite of the elegance, high accuracy and theoretical attractions of these
techniques for measuring ET, their practical use over large areas might be limited. They can be very expensive
for practical applications at regional scales under heterogeneous terrains composed of different agro-ecosystems.
To overcome aforementioned limitations by use of satellite measurements are appropriate approach. The
feasibility of using remotely sensed crop parameters in combination of agro-hydrological models has been
investigated in recent studies. The aim of the present study was to determine evapotranspiration by two methods,
remote sensing and soil, water, atmosphere, and plant (SWAP) model for wheat fields located in Neishabour
plain. The output of SWAP has been validated by means of soil water content measurements. Furthermore, the
actual evapotranspiration estimated by SWAP has been considered as the “reference” in the comparison between
SEBAL energy balance models.

Materials and Methods: Surface Energy Balance Algorithm for Land (SEBAL) was used to estimate actual
ET fluxes from Modis satellite images. SEBAL is a one-layer energy balance model that estimates latent heat
flux and other energy balance components without information on soil, crop, and management practices. The
near surface energy balance equation can be approximated as: Rn =G + H+ AET

Where Rn: net radiation (Wm?); G: soil heat flux (Wm?); H: sensible heat flux (Wm?); and AET: latent heat
flux (Wm2). Simulations were carried out by SWAP model for two different sites in Faroub and Soleimani
fields. The SWAP is a physically based one-dimensional model which simulates vertical transport of water flow,
solute transport, heat flow and crop growth at the field scale level. The period of simulation covered the whole
wheat growing season (from 1% of December2008 to 30™ of July2009. 16 MODIS images was used to determine
evapotranspiration during wheat growing season. Inverse modeling of evapotranspiration (ET) fluxes was
followed to calibrate the soil hydraulic. While SWAP model has the advantage of producing the right amount of
irrigation and evapotranspiration at high temporal resolution, SEBAL can estimate crop variables like leaf area
index, NDVI index, net radiation, Soil heat flux, Sensible heat flux and evapotranspiration athigh spatial
resolution.

Results and Discussion: Actual and potential evapotranspiration were estimated for SWAP Model during
the whole wheat growing season around669.5 and 1259.6 mm for Farub field and 583.7 and 1331.2 mm for
Soleimani field, respectively. In contrast with NDVI and net radiation,spatial distribution of SEBAL parameters
indicated that soil heat flux, sensible heat flux, and surface temperature of land have the same behavior. At the
planting date, evapotranspiration was low and about 1 mm/day, but at the peak of plant growth, it was about 9
mm/day. Moreover, evapotranspiration declined at late growing season to about 3 mm/ day. SWAP model has
been calibrated and validated with meteorological data and the data of field measurements of soil moisture. The
amount of RMSE of 0.635 and 0.674 (mm/day) and MAE of 0.15 and 0.53 (mm/day) and also coefficient of
determination (R?) of 0.915 and 0.964 obtained from comparison of SEBAL algorithm with SWAP model for
Farub and Soleimani fields showed that no significant differences was seen between results of two models.

Conclusion: The present study supports the use of SEBAL as the most promising algorithm that requires
minimum input data of ground based variables. Results of comparison of SEBAL and SWAP model showed that
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SEBAL can be a viable tool for generating evapotranspiration maps to assess and quantify spatiotemporal
distribution of ET at large scales. Also, it feels that SEBAL and SWAP models can be applied in a wide variety
of irrigation conditions without the need for extensive field surveys. This helps significantly in identifying
performance indicators and water accounting procedures in irrigated agriculture, and to obtain their likely
ranges.
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