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Modeling and estimating the amount of runoff in an area is very important in water
resources management; Because the river flow is one of the important factors in the
hydrological cycle, which depends on various factors such as rainfall. In the current
research, entropy and fractal criteria were used to determine the runoff trend of the Silakhor
plain during the years 1360-1400. In the first step, the amount of entropy was determined
for the time period of 1360-1400 runoff parameters. Then it was compared with the amount
of entropy obtained for the rainfall parameter. In the next step, Hurst index values, one of
the fractal criteria, were calculated for rainfall and runoff parameters in order to check the
range of stability and trends.

The results of the research show that the runoff entropy fluctuates, but these fluctuations
have also been observed in the rainfall variable. In contrast, the Hurst index values of runoff
and rainfall parameters are in the range of strong stability (0.5 to 1) and the time series have
long-term memory. Fluctuations and irregularities observed in runoff entropy values can be
caused by the minimal impact of rainfall and the maximal impact of human intervention and
over-harvesting, which can lead to water crises.
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Introduction
In water science engineering, pattern finding and modeling are the main tools for analyzing

and managing water resources and predicting the behavior of hydrological systems. Various
pattern finding methods, including time series analysis method, statistical method, and data-
oriented method, have a good performance in trending hidden patterns and complexities in
water systems. In statistical methods and time series analysis, they study historical flow data
such as rainfall and temperature. In fact, these methods identify trends, fluctuations and
recurring patterns according to past information. One of the concepts used in statistical
modeling and time series analysis is the concept of entropy, which identifies patterns among
various phenomena such as rainfall and temperature, and provides better trends in natural
phenomena.In this regard, data-driven methods identify hidden patterns in systems such as
water systems by analyzing complex parameters. Concepts such as fractal theory are used in
data-driven methods to identify self-similar and non-linear patterns.

Method
In the present research, first, the data of 40 years of runoff and rainfall of Silakhor Plain

were adjusted on a monthly scale and introduced to Matlab2016 software as input variables.
Due- to the complexity of hydrological processes, the desired time series were divided into
several smaller time intervals to facilitate the understanding of their behavior pattern. At
first, according to equation (1) entropy for hydrological parameters of rainfall and runoff
was calculated:

m
E] = —KZ 1Pl-LnPi (1)
l=

And then Hurst index for hydrological parameters of precipitation and runoff was
calculated.This is used with the help of the following relationship:

B=2H-2<0 (2)
In the next step, entropy value and The Hurst index was extracted for the time series of
runoff and precipitation respectively.

Results

The highest amount of entropy fluctuation of the runoff time series occurs in the period of
1372-1374. This means that there is the highest amount of irregularity and uncertainty in this
period. The Hurst index also shows fluctuations in the runoff time series in the period of
1380-1384 and has a decreasing trend. Also, the minimum amount of entropy or irregularity
of the runoff time series occurs in the period of 1398-1400 and based on the results of the
fractal model, the amount of the Hurst index experiences more. In the sense that it preserves
its long-term memory.
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Conclusions

In this study, has used entropy and fractal criteria in order to investigate the trend of runoff
in the Silakhor Basin. The results of using these two criteria in the studied basin showed that
the amount of Hurst index for the variable of rainfall and runoff was within the range of
stability (0.5 to 1). there is an appointment This means that the values have a long memory
and tend to return to their long-term average value. In contrast, the amount of entropy
obtained for these variables indicates irregularities for rainfall and an increase in
irregularities for runoff, and an increase in irregularities for the runoff variable indicates
fluctuations for this variable and as a result, a decreasing trend for future periods. As a
result, based on the obtained results, rainfall has the least effect on the irregularities in the
runoff and the greatest effect is caused by human factors, and this factor provides the basis
for the onset of droughts in the future period.It is suggested to develop the entropy criterion
and Hurst index for other rivers of the country in order to have a better understanding of the
effect of drought on these areas and to predict the necessary measures to manage the crisis
caused by it.
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