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Abstract: The spatial images of agricultural water use in the 

irrigated lands of Khorezm region, located in the lower reaches of 

the Amudarya River, were mapped and monitored using the data 

from NASA's Moderate Resolution Imaging Spectroradiometer 

(MODIS). Land use categories at the case study areas were 

classified using a recursive partitioning and regression tree with 

250 m MODIS NDVI time series. A seasonal existing 

evapotranspiration (ET) rate was obtained through application of 

the Surface Energy Balance Algorithm for Land to 1 km daily in 

MODIS data. In the Khorezm region, a seasonal maximum values 

for ET was estimated at 1,000 and 1,200 mm for cotton and rice 

fields, respectively.  

 
Keywords: MODIS, evapotranspiration, agricultural crops, 

heat balance of the earth, radiation, temperature, water use, and 
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I. INTRODUCTION 

In the Amudarya downstream, most of the major water 

resources are used in agriculture, especially in farming. Soil 

moisture is essential for plant growth and development. The 

main agriculture includes cultivation of cotton and wheat 

[14], [15]. First, water contributes to the absorption of 

microelements in the soil, and if the soil is deficient in 

moisture, the growth of the plant declines and dies. Studies 

show that only about 0.03% of the water absorbed by the plant 

is spent on tissue formation and the rest is evaporated from the 

plant body (leaves, stems) [1]. Water consumption of 

agricultural crops is determined by the amount of evaporation 

and transpiration from the soil, which is called 

evapotranspiration. Evapotranspiration of the geographic 

surface provides information about the state of plant water 

consumption, that is, the actual use of water. 

As the Khorezm region is located in a arid region and the 
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low amount of seasonal precipitation during the growing 

season requires artificial soil moisture. In recent years, the 

observed lack of water formed has led to serious 

consequences for agriculture [2]. In particular, the proper 

solution to the existing water resource allocation problem for 

water management organizations was the only way to 

maintain crop yields and achieve productivity. In these cases, 

it is important to learn how to use water across a geographic 

surface. 

II. MATERIALS AND METHODS 

Theoretical basis of Earth's heat balance 

The equation of Earth's heat balance is related to the name 

Budiko [3]. Today, many studies related to the study of water 

consumption of plants have developed methods that take into 

account the heat balance of the earth [4], [5], [6], [7]. The 

thermal equilibrium of the earth is based on the solution of the 

heat balance equation, considering the essence of the heat 

exchange in the surface layer. 

R=LE+G+H→LE=R – G – H                       (1)  

Where: R-Radiation balance; LE- latent heat flux 

(Е-evaporation, L- latent heat of evaporation); G- Soil heat 

flux; H- turbulent flow of air heat. 

The radiation balance of the Earth consists in the arrival 

and return of solar radiation from the Earth, and the return of 

radiation from the atmosphere back to the Earth's surface. 

This process occurs in the form of different wavelengths of 

radiation (Figure 1). 

 

 
Figure 1. Radiation balance of the Earth's surface 

 

Given the above, radiation equation can be described 

widely as follows. 

R=RS↓ − RS↑ − RL↑                                       (2) 

where: RS↓- is incoming shortwave radiation (from 0,14 

m to 4m);  RS↑ - is outgoing shortwave radiation; RL↓ - is 

incoming longwave radiation, (from 4m); RL↑ - is outgoing 

longwave radiation. 
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As it can be seen from the above formula, if the surface 

condition and atmospheric processes are not fully taken into 

account and the components were not accurate, the error will 

be huge. In many studies, earth radiation balance is expressed 

by other meteorological indicators as follows: [4], [8], [9], 

[10]. 

44)1( ssaas
TTRR 
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where: -Stefan–Boltzmann constant (5,67·10
-8

); -albedo; 

Ta – air temperature; Ts –surface temperature; - surface 

temperature distribution. 

A part of the solar radiation that reaches the surface of the 

earth is converted into thermal energy, the process directly 

depends on the physical state of the earth surface where the 

sun rays. Pure snow-covered surface albedo up to 99% of the 

sun's rays, with only about 10% converting to heat. In the 

study work, the MOD13A2 (16-day NDVI) MODIS data type 

was used to calculate the above, the result of which showed 

high logarithmic regression. 

Modelling Evapotranspiration 

In the first stage, the evapotranspiration fraction is identified: 
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where: Ef - evapotranspiration fraction. 

At the next stage, the actual amount of evapotranspiration 

will be calculated based on agrometeorological indicators: 
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where: Ea- the amount of actual evapotranspiration; Rmonth- 

monthly average solar radiation. 

The amount of heat required to heat the soil is the ratio of 

the surface temperature to the albedo. 



LST     (6) 

where: LST–Land surface temperature.  

In this case, MOD11 data is used to describe the surface 

temperature of 1kmx1km and the albedo MOD09 was used to 

calculate the amount of solar energy returning from the 

surface. For studying changes in plant cover used the 

information from Vegetation Index (MOD13 NDVI) and 

using the leaf area development index data (MOD15 LAI). 

 

Mapping Evapotranspiration 

When calculating and mapping evapotranspiration by 

using satellite imagery, it is assumed that there is a straight 

line top link between the vertical temperature gradient and the 

surface temperature. In Bastiaanssen [5], [11] and [12] 

researches the above correlation is well illustrated, suggesting 

that mapping the surface evapotranspiration is important to 

correctly identify two points, which are the driest pixels in the 

area and the wetest pixels without water surfaces. 

IVANOVwetwet LETNDVIkGRП  )(
 

IVANOVdrydry LETLanduseNDVIkGRП  ),(

 Where: ЕТIVANOV - Monthly evaporation calculated by the 

evaporation formula of N.N.Ivanov. 

III. RESULTS AND DISCUSSION 

Land use map of Khorezm region provides information on 

the actual surface of 2017. According to Conrod [9], [13], in 

2005, 59% of Khorezm province was covered by agricultural 

crops. According to our research, in 2017 this indicator felled 

to 52%. 

 
Figure 2. Land use map of Khorezm region in 

2017 

 

According to N.N.Ivanov's formula, the amount of 

evaporation at the beginning of the vegetation is 2.4 mm  and 

the standard deviation is 0.72 mm (Fig. 3). The highest 

evaporation is observed in July and mean about 4.54 mm and 

the standard deviation is 0.31. It is during this period that the 

plant's demand for water increases. 

 

 

Figure 3. Amount of evaporation calculated by 

N.N.Ivanov's formula (Khiva meteorological station) 

 

According to the evapotranspiration map 1450 mm water 

is evaporated from the open water bodies during the 

vegetation period. The lowest was found in sandy deserts with 

a maximum of 10 mm and high evaporation was observed in 

arable land near the Amudarya. High evapotranspiration was 

observed in the breadth of the Khorezm region, mainly in 

cropping areas on the left bank of the river. 

Evapotranspiration of cities was observed at 90-145 mm (Fig. 

4). 

According to the results, surface efficiency in Khorezm 

region is high. The crop areas near the river have high yields 

and further water withdrawal from the river, the lower the 

water supply to the plant. This situation can also be seen on 

the surface earth class maps. The vegetation cover in the 

Khorezm region decreases as the river flows away from the 

river. 
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Figure 4. Geographic distribution of evapotranspiration 

during the 2017 growing season in Khorezm region 

IV. CONCLUSION 

In this study, the spatial images of agricultural water use in 

the irrigated lands of Khorezm region, located in the lower 

reaches of the Amudarya River, were mapped and monitored 

using data from NASA's Moderate Resolution Imaging 

Spectroradiometer (MODIS). Land use categories at the case 

study areas were classified by using a recursive partitioning 

and regression tree with 250 m MODIS NDVI time series. 

According to the analysis, a seasonal existing ET rate was 

obtained through application of the Surface Energy Balance 

Algorithm for Land to 1 km daily in MODIS data. In the 

Khorezm region, a seasonal maximum values for ET was 

estimated at 1,200 and 1,000 mm for rice and cotton fields, 

respectively. To date, many studies in this area have been 

conducted, and the scope of its application remains largely 

within the natural sciences. Many of the environmental 

problems are utilized by using the Earth's energy and water 

balance models. Our research work contributes mainly for 

mapping the state of water use of geographic surfaces on a 

regional scale. 
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