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Abstract

In the present study, simple and ordinary kriging methods, inverse distance
and linear regression based on digital elevation model of the earth were
evaluated for estimating annual rainfall using twenty-year statistics of
precipitation data (1998-2018) in 33 rainfall stations in Chaharmahal and
Bakhtiari province. For this purpose, first in ArcMAP, for each model in
Kriging method, its variogram was calculated and using two-way evaluation
technique, the error of the maps was estimated. The best method among
geostatistical methods was conventional kriging method with Gaussian
model. MAE, MBE and RMSE statistical indices for this method were
74.44, 0.48 and 93.72, respectively. Then, rainfall and altitude data of the
stations were used using a linear regression model in Curve Expert
environment. Finally, in order to determine the best model for spatial
distribution of precipitation as well as comparing statistical and geostatistical
methods, linear regression and ordinary kriging models were compared with
each other and the MAE, MBE and RMSE statistical indices for regression
method obtained were 115, 3 and 155, respectively. As a result, due to the
accuracy, precision and error rate of the prepared maps, the most suitable
method for interpolation of annual precipitation is the conventional kriging
method with Gaussian model.
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Determining the Spatial Distribution of Precipitation

Introduction
The spatial distribution of precipitation is one of

the most important input parameters for
calculating water balance and preparing
hydrological models. Due to the lack of

distribution and complete coverage of point
precipitation measuring stations, estimating point
precipitation or estimating precipitation in the
areas between stations is necessary. Chaharmahal
and Bakhtiari province is considered as one of
the agricultural hubs of the country by placing
vast and fertile plains. Therefore, it seems
necessary to be aware of the distribution of
climatic elements such as precipitation in all
areas of the province, which is important for
agriculture and animal husbandry. Gauging
stations of climatic variables, including
precipitation in the province, do not have good
coverage and, unfortunately, no proper research
has been conducted in this regard for
Chaharmahal and Bakhtiari province. The results
of this study can be a guide to choose the
appropriate method for investigating the spatial
distribution of annual precipitation in the study
area as well as in other regions of the country.
Therefore, the present study evaluates the
performance of simple, ordinary kriging and

Chaharmahal and Bakhtiari province annually,
using cross-validation method and several
validation indicators.

Material and Methods

In the present study, simple and ordinary kriging
methods, inverse distance Weighting, and linear
regression based on digital elevation model were
evaluated using twenty-years statistics of
precipitation data (1998-2018) in 33 rain gauge
stations Chaharmahal and Bakhtiari province for
estimating annual precipitation. In ArcMAP, the
variogram was calculated for each model in the
kriging method and using the cross-validation
technique, the error of the maps was estimated.

Results

The results showed that the variograms of annual
precipitation are consistent with the Gaussian
model. Maps of estimating average precipitation
using inverse distance techniques, simple and
ordinary kriging show almost the same zoning in
Chaharmahal and Bakhtiari province but it
differs in accuracy and precision. The high
precipitation areas of the province are related to
the heights of the western regions and the low
precipitation areas of the province is the
northeastern regions. Table 1 tabulates Variogram

linear regression methods based on digital parameters of interpolation methods based on
elevation model and it selects the appropriate and ~ Gaussian model.
optimal method for precipitation zoning of
Table 1 Variogram parameters of interpolation methods based on Gaussian model
Interpolation Range
Methods Nugget Sill - o . Class of
(mm) (mm) P(iér)tz%ri:)” Major Minor Silz_sgm) de{(;)esr?(?etzlna(!e Spatial
(CO) (CO+C) dependence
%ﬂ;?}g’ 5353 27353 22000 83392 48217 12473 19.6 Strong
i'rrlgﬁ’r']g 7187 37994 30807 81407 74093 10696 189 Strong

Comparison of MAE values of ordinary, simple
and inverse distance kriging estimators shows
that the lowest MAE value is related to ordinary
kriging and the highest is related to distance
inverse. In terms of this parameter, there is not
much difference between different kriging
estimators. According to the statistical indices of
MAE, MBE, and RMSE, which were 74.44,
0.48, and 93.72, respectively, the best method
among the geostatistical methods was the
ordinary kriging method with the Gaussian
model (Table 2).

Precipitation and altitude data of the stations
were then called in the Curve Expert
environment using a linear regression model
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(Fig. 1). Finally, to determine the best model for
the spatial distribution of precipitation and also
to compare statistical and geostatistical methods,
linear regression and ordinary kriging models
were compared using cross-validation techniques
and MAE, MBE and RMSE statistical indices for
linear regression were 115, 3, and 155,
respectively.

Table 2 Assessing the accuracy of precipitation
interpolation methods

Statistical Indicators/ RSME
Method MAE MBE

Ordinary Kriging 7444  -0.48 93.72

Simple Kriging 75.64  -3.16 93.76

Inverse Distance Weighting 80.61 -5.8 107
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Conclusion

The values of MAE, MBE and RMSE for
ordinary kriging method are less than linear
regression method, which indicates the accuracy
of this method to study the spatial variations of
annual precipitation in Chaharmahal and
Bakhtiari province. As a result, according to the
accuracy, precision, and error rate of the
prepared maps, the most suitable method for
interpolation of annual precipitation is the
ordinary kriging method with the Gaussian
model.

Data Availability
The data can be sent by email by the responsible
author upon request.
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Table 2 Assessing the accuracy of precipitation
interpolation methods

Statistical Indicators/ RSME
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Ordinary Kriging 7444  -048 93.72
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mapping for linear regression model

Correlation Standard Fitted  Fitted
Coefficient (r) Error SE)  model  model
0.77 45 y=athx ~inear
Fit
Y=a+bX B=-0.26 X=DEM *)

Average annual rainfall (mm)

5 Al

17150

7 2550 14m50 15450 TS0 24050 A

ahove mean sea level (m)

el g 4Vl ()b (ha Ggan 55 Joe -0 JS2
Fig. 5 Linear regression model of annual precipitation
and altitude
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Table 4 Error of cross validation of Ordinary kriging
and Linear regression methods

Method MAE MBE RMSE
Ordinary kriging 74.44 -0.48 93.72
Linear regression 115 3 155
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