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ABSTRACT

Accurate calculation of the amount of solar radiation in an area has an effective role in the
climatology and agriculture of the region, estimating the rate of evapotranspiration, site selection
of solar power plant and using photovoltaic systems. Point measurements at ground stations using

pyranometers are the most accurate method of estimating solar radiation, in which measurements
are extended to a continuous surface using spatial interpolation methods. The main purpose of this
study is to increase the accuracy of solar radiation zoning in Iran using Cokriging method. For this
purpose, the amount of solar radiation was first calculated using the Digital Elevation Model
(DEM) and the Solar Radiation spatial toolbox in ArcGIS software. Then the correlation
coefficient (R) between the obtained values from the software with the values of solar radiation
measured at ground stations was calculated. According to R = 0.713 between these two data, by
Cokriging method, these two data were combined and the continuous surface of solar radiation for
the whole of the country was calculated. The results showed that the calculation of solar radiation
using Area Solar GIS tool is not accurate enough compared to ground data, but the combination of
the two data, while affecting the topography in the calculation of solar radiation, increases the
interpolation accuracy by 11%. Therefore, although existing models may not be accurate enough
to estimate solar radiation on a national scale compared to terrestrial data, they can be used to
improve the accuracy of terrestrial data zoning. According to the final map, most regions of the
country, except the northern and northwestern regions, receive solar radiation above the global
average (340 w/m?).
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Extended Abstract

1. Introduction

Accurate calculation of solar radiation is the basis
of many uses of solar energy, economic and
environmental considerations (Zhou et al., 2021: 1)
and plays an important role in many scientific fields
such as ecological studies, agriculture, hydrology,
architecture, and renewable energies (Hooshangi and
Alesheikh, 2015: 198; Jeong et al., 2017:70; He et al.,

2020:1). Considering the geographical location of
Iran and having continuous hours of receiving solar
energy, it has many capabilities to receive this
energy (Rezaei et al., 2016: 132; Momeni and Gholiyan,
2019: 68).

The methods presented for solar radiation calculation
based on the use of effective factors are classified into
four general categories (Feng et al., 2021:1):1. using
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experimental models and atmospheric parameters, 2.
using the machine learning approaches, 3. using
satellite images, 4- measurement by pyranometers at
different points on the surface of the earth. Each
measurement  method has advantages and
disadvantages, and the method used in each
research depends on the extent of the region,
available information, and data. Finding a suitable
and accurate method for calculating and zoning
solar radiation is essential and important (Karaman
et al., 2021: 1; Makade et al., 2020: 245; Zhou et al,
2021: 1). Among the existing methods, accurate land
data zoning with interpolation methods are highly
efficient due to their simplicity and appropriate
scalability. The use of interpolation methods, due to
the small number of ground stations as well as the
extent of Iran's north to south, has faced problems
in the zoning of solar radiation in the country
(Hoshengi and Alisheikh, 2014: 188). For this purpose,
using geostatistical interpolation methods with the
ability to include auxiliary data can be a practical
approach. Among the existing interpolation
methods, the wuse of geostatistical Cokriging
interpolation provides the possibility of combining
data from different sources. The main core of

Cokriging interpolation is accurate ground data and
other available data from the region can be included
in this method as auxiliary data (Liao et al., 2011:
1247). Therefore, the main goal of this research is to
increase the accuracy of solar radiation zoning in
the country of Iran, which is done by using
auxiliary data integration in the form of Cokriging
method.

2. Methods and Material

This research is implemented in three main stages.
In the first step, the amount of solar radiation is
calculated using the Digital Elevation Model
(DEM) and the Solar Radiation toolbox in the
ArcGIS environment. In the second step, the
correlation coefficient of the terrestrial values of
solar radiation and the values obtained from the first
step is calculated. In the third stage, according to
the value of the obtained correlation coefficient, the
ground values of solar radiation are combined with
the Cokriging method and using the auxiliary data
obtained in the first stage, and the continuous level
of solar radiation is calculated for the whole
country. The implementation of this research is
based on Figure 1.
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Figure 1: The flowchart of the research implementation view
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3. Results and Discussion

For 2016, from January 1 to December 31, the
output of the Point solar radiation function was
calculated. The maximum amount of solar radiation
recorded in ground stations is 622 w/m? and the
minimum amount is 293 w/m?, which was recorded
in the northern part of Bushehr province and
Semnan province, respectively. Next, in order to
calculate the correlation between two data sets
(ground data and data extracted from Point solar
radiation function), Pearson's test was used in SPSS
Statistics 19.0 software. The correlation value
calculated in our research is equal to 0.713, which is
significant at the 0.01 level. Therefore, the output of
the Point solar radiation function is suitable data for

use in Cokriging. At this stage, in order to calculate
the continuous level of solar radiation, the DEM of
Iran was divided into 1.2-degree sections, so that
each section has a 0.2 intersect with its adjacent
section. Therefore, a continuous surface was created
for the area using the Area solar radiation function.
ArcGIS software was used to perform the
interpolation process. At first, interpolation was
done without using auxiliary data, the output of
which is shown in Figure 2-a. Next, Cokriging
interpolation was done using the raster file obtained
from the Area solar radiation function as auxiliary
data. The surface created by the Cokriging method
is shown in Figure 2-b.
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Figure 2: Zoning output with the Ordinary kriging method (OK): a) without using auxiliary data, b)
using auxiliary data from the raster file resulting from the Area solar radiation function

The amount of error calculated in cross-validation
in ground data interpolation without using auxiliary
data is RMSE=32.2 w/m?. This error value in
Cokriging using auxiliary data is equal to RMSE =
28.7 w/m?. By dividing the RMSE value by the total
data (to descale the RMSE), the RRMSE value was
calculated for both modes, which was 7.3% for
kriging without auxiliary data and 6.5% for
Cokriging, which is within the acceptable error
range.

4. Conclusion

In this research, the Cokriging method and auxiliary
data obtained from the Solar radiation toolbox in
ArcGIS software were used to increase the accuracy
of solar radiation zoning in Iran. The results of
zoning using the Ordinary kriging method with
auxiliary data showed that by using auxiliary data,
the accuracy of the created surface is improved by
11% and reaches the RMSE = 28.7 w/m?, which is
acceptable. The conducted research shows that the
use of continuous auxiliary data obtained from ready-
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made functions can increase the accuracy of solar
radiation interpolation to an acceptable level. This
auxiliary data can be obtained from various sources.
Based on the output of this research, by using the
Cokriging method, different data can be combined in
the interpolation process in terms of the spatial
correlation between the data to increase the accuracy
of the interpolation. The final map for solar radiation
showed that using the output of the Area solar
radiation function allows the solar radiation map to
include changes in the topography of the earth. The
main advantage of using this surface function is that
it gives continuous results in the region. Based on
this map, it has been observed that the southern and
central parts of the country (especially the areas

5. References

along the Zagros mountains) receive high solar
radiation.
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