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EXTENDED ABSTRACT

Introduction: Atmospheric precipitation, especially rainfall, is very important for hydrological analysis and
design. Due to the dispersion of rain gauge stations in a region, there is a need to use rainfall estimation methods
to generalize results to points lacking statistics. Various methods are employed in spatial rainfall analysis, among
which interpolation methods hold significant importance due to their consideration of spatial correlation and
structure of data, compared to classical methods. The choice of these methods requires validation of the methods
and the proposal of the method according to each region.

Methodology: Golestan Province, with an area of 20460.7 km?, occupies 1.33% of the total area of the country.
The coordinates of the province are located between 36°24' to 38°05' N latitude and 53°51' to 56°14' E longitude.
It is limited to Turkmenistan in the north, Semnan province in the South, North Khorasan province in the East,
and the Caspian Sea and Mazandaran Province in the West. The height of the province ranges from -26 m on the
Caspian Sea coast to 2500 m on the Southern Heights. The present study evaluated some of the internal and
geostatistical methods (IDW, Kriging, and Spline) and selected the appropriate method in estimating the monthly
rainfall of Golestan Province.

Results and Discussion: In this study, the semivariogram model was employed, and based on the variographic
analysis, the exponential model was identified as the best theoretical model for the semivariogram. The results of
the three IDW, Kriging, and Spline methods, evaluated using R?, RMSE, and NSE indices, showed that the IDW
method performed weaker than the other methods. The IDW is a deterministic interpolation method that estimates
the value of a cell based on the inverse distance from the surrounding sample points, regardless of height. This
method is based on the fact that in an area, the effect of a parameter on the surrounding points is not the same,
and the closer points have the most impact, and the farther points have the least impact. As the distance from the
origin increases, the effect of the parameter on the points in the area decreases. Therefore, good results cannot be
expected from this method when the data is highly scattered and dense. According to the results of the evaluation
indicators, the IDW method performed very poorly in the rest of the year, except for the month of October. Among
the two methods of Kriging and Spline, the Spline method has a higher performance according to the evaluation
indicators. According to the results of the evaluation indices, this method has the highest level of performance in
the months of March, April, September, October, and November, and the lowest level of performance in the
months of August, May, and July. In terms of seasonal performance, the highest efficiency of this method was in
the winter season. The performance of the two methods of Kriging and Spline in estimating the rainfall of
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September, November, and July had almost the same results. The use of derivatives of the Kriging method, such
as co-Kriging and optimizing the weights, helped in obtaining better results. According to the theoretical basis of
the Spline method, the results of this method are more valid in low-lying areas of the province.

Conclusion: Rainfall stations in some regions of the province, particularly mountainous and southern areas, have
a sufficient number and density, while in several regions, such as the northern and plain areas, there are not enough
stations to estimate rainfall. To increase the accuracy of rainfall estimates, it is suggested to divide Golestan
Province into two homogeneous regions, including plains in the north and mountainous regions in the south of
the province. Using the Spline method for the plains and choosing the appropriate method for the mountainous
areas of the southern province is highly emphasized. Rainfall estimation models based on high spatiotemporal
resolution satellite imagery can be a suitable alternative to interpolation methods.
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Figure 2- Rainfall spatial distribution map using the IDW method
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Table 2- Performance evaluation results of interpolation methods
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