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The development of a management system and the determination of trends in the 

parameters of water use in the context of climate change is important. The climate of 

Uzbekistan is sharply continental, arid, due to the southern location of the republic and a 

great distance from the oceans. The average amount of precipitation in the desert zone of the 

country is less than 200 mm/year, and in the foothills and mountains - varies from 400 to 800 

mm / year, with a maximum in the highlands up to 2000 mm/year [1]. 

In the Republic of Uzbekistan, only 11.5 km3 of surface runoff of internal rivers is 

formed, 9.5 km3 of return and groundwater, as well as 60-67 km3 of water resources come 

from the transboundary rivers of the Amu Darya and Syr Darya, depending on the water 

content of the year. 

Data on the use of the republic's water resources by the branches of the country's 

economy for the period 1991-2015 are given in Table 1.1. The table shows that the largest 

consumer of the republic's water resources is irrigation, which provides water to the irrigated 

agriculture of the country [2]. 

Use of water resources of the republic by industry for the period 1991-2015.   Table 1.1 
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Currently, an average of about 50 km3 of water is taken for irrigation of 4.3 million 

hectares of irrigated lands of the republic [3]. Specific water consumption in recent years in 

the Syrdarya River basin is 10.4 thousand m3/ha, in the Amudarya basin 12.5 thousand 

m3/ha. m3. 

Irrational use of water and its low efficiency are the main limiting factor limiting the 

development of irrigated agriculture. The main reasons for low efficiency are significant 

filtration losses from main channels, on-farm network and, directly, during irrigation 

production. Only half of the water taken from the source is used in the fields of farmers and 

dehkan farms, as well as other water users [4]. 
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Let there theoretically be some linear dependence between the variables x and y. 

However, in reality, there is not such a rigid connection between x and y. Individual 

observations of y will deviate from the linear dependence due to the influence of various 

reasons. Usually the dependent variable is influenced by a number of factors, including 

unknown to the researcher, as well as random causes (disturbances and interference). 

Measurement errors are a significant source of deviations in some cases. Deviations from the 

assumed form of the relationship, of course, can also occur due to incorrect specification of 

the equation, i.e. incorrect choice of the type of the equation itself describing this dependence 

[1]. In the future, we will assume that the specification is executed correctly. Taking into 

account possible deviations, the linear equation of the relationship of two variables (pair 

regression) is represented as 

у = α+βх+ε,                                               (1.1) 

where α and β - unknown regression parameters (coefficients); ε - a random variable 

that characterizes the deviation from the theoretically assumed regression - perturbation.  

Thus, in equation (1.1), the value of y is represented as the sum of two parts - systematic 

(x) and random (ε).  In turn, the systematic part can be represented as an equation 

ý= α+βх,                                                          (1.2) 

where ý characterizes some average value of y for a given value of X.  

With respect to the perturbation ε , we make the following assumptions: 

1) the perturbation ε is a normally distributed random variable; 

2) mathematical expectation ε equal to: М(ε) = 0;  

3) the variance of perturbations is constant:  = const:  

4) the successive values of ε are independent of each other. 

So, when constructing a regression (in this case, linear pair regression), we accept the 

hypothesis that the following dependence is valid for each observation i 

yi=α+βxi+εi    .                                             (1.3) 

As a result of statistical observation, we have a number of characteristics of the 

independent variable x and the corresponding values of the dependent variable y. The task is 

to determine the parameters α and β. However, the true values of these parameters cannot be 

obtained, since we rely on a limited sample, so the found parameter values are statistical 

estimates of the true parameters.Denote the corresponding estimates as a and b. Thus, the 

equation of paired regression has the form  

ý= α+bх (on model y=α+βx+ε).                                     (1.4) 

Having accepted some hypothesis about the shape of the curve describing the 

relationship of variables x and y, nevertheless, we cannot unambiguously choose the 

parameters of the equation unless conditions are put forward that an equation with 

numerically estimated parameters should meet. In fact, through the area of the correlation 

field in which the points corresponding to individual observations are located, many lines can 

be drawn (for example, connect the first and last point or the first and penultimate, etc.). It is 

necessary to adopt some criterion according to which the selection of parameters can be 

carried out. Different methods of parameter estimation rely on different selection criteria and, 

of course, give different values of parameter estimates for the same set of observations. At the 

same time, it turns out that the estimates obtained have different statistical properties. 
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Consider the graph (Fig. 1.1), which shows the results of observations of the values of 

variables х and у. 

 

A straight line a = α +βx is drawn through the area occupied by the points.The deviation 

(perturbation) of any point with coordinates xi, yi will be the value ei 

ei= yi- ýi=yi-(α+bx),                                                 (1.5) 

where yi - fact, ýi – calculated value. 

As from (1.5), value еi (it is often called the residual term) is a function of the 

parameters a and b.  

Similarly, a function of these parameters is a generalized indicator of the scattering of 

points around a straight line, namely Σ. Hence, it is logical to accept the criterion according to 

which the regression coefficients a and b should be selected so that the sum of the squares of 

the values ei is minimal, i.e. Σ=min. 

A necessary condition for the existence of the minimum of the function is the equality of 

partial derivatives with respect to unknown parameters a and b to zero. So, we find for the 

function 

 
partial derivatives of a and b and equate them to zero.  

We get 
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Thus, the OLS gives such estimates a and b, the found line passes through a point with 

coordinates   

Using a standard statistical application program, the parameters of dependencies (1.8) 

of the relationship of various sectors of the country's economy are determined and the results 

of their calculations are given in Table 1.2. 

Calculations of the influence of the relationship of solar radiation power on water 

consumption by industry of the country 

Table 1.2. 
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Note: * - in billion m3. 

As can be seen from Table 1.2., R has negative and positive values. Negative values mean 

a decrease in water consumption and water use in the republic, and positive values mean an 

increase. From this it can be seen that due to the influence of solar radiation power, the total 

water intake in the republic and water use in irrigation are decreasing, and in other sectors of 

the country's economy they are increasing. To further refine these data, it is necessary to 

constantly organize accurate measurement of water resources consumed in all rivers, 

reservoirs and other water intakes that provide water resources to the country's economic 

sectors. 
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