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Abstract It is expected that optimal prediction results will be obtained by carrying out the Kriging estimations
in accordance with the assumptions of geostatistical analysis. In order to map precipitation distribution
correctly, it is important to determine the appropriate estimation approach. In this study, two different
applications with spatial estimation of rainfall data samples located in Central Anatolia have been performed.
The first application has been carried out by ignoring the assumptions of geostatistical analysis. The second
application has been carried out by providing the assumptions of geostatistical analysis. The errors of the
estimation results of the two applications are determined by the cross validation method and the applications are
compared. According to the cross validation findings, the first application has been produced better estimation
results than the second. This is the results of outliers in dataset. Thus, by using geostatistics analysis of
precipitation or other environmental variables, estimates of differences between considering and not considering
assumptions have been observed and an appropriate estimation approach has been suggested with statistical
results and maps.
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1. Introduction

The most accurate estimation of the spatial distribution of precipitation leads to appropriate decisions on issues
such as the economy and the prevention of disasters. Various spatial prediction methods are used for this
purpose. In the past, the methods of kriging, mostly used in mining and geological disciplines, have spread to a
wide variety of disciplines such as hydrology, ecology, environmental science under the name geostatistics [1,
2]. Geostatistical analysis is also referred to as spatial estimations performed by Kriging methods. Geostatistics
is a set of methods that perform analysis and estimation of spatial or spatial-time related variables and provide
information about the uncertainty of these estimates [3]. Geostatistical analysis is also known as 'Theory of
Regionalized Variables' [4]. Many researchers have given detailed information about spatial prediction methods,
regional variables, mathematical principles of geostatistical analysis and application principles [2-21]. In
Turkey, several studies that investigated the spatial distribution of rainfall is available in the literature [1, 22-29]
The basic assumptions of geostatistical analysis, spatial dependence, stationarity and distribution of the data set
should be examined before estimates. Estimating with the kriging methods will not produce the expected
optimal results if the data are spatially independent of each other [8, 14]. The assumption that the variance
between random variables depends only on the distance between them is referred the intrinsic stationary
assumption [19]. To provide the stationary assumption, random variables must not have a trend in time or
position. Whether the data provides stationary assumption is investigated and if the data has a trend effect, it is
removed or the appropriate method is selected [14]. Another important issue for geostatistical analysis is
whether the random variables studied are normal (gaussian) distributions. According to [14], geostatistical
analysis methods are better applied with normally distributed data. In addition, according to[18], the
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geostatistical analysis does not require normally distributed data, but the variogram function that forms the
basis of the geostatistical analysis indicated that it cannot have appropriate value with the skewed data and
outliers. In the Kriging estimates, the distance-based relationship between sample points is investigated with
semi-variogram functions. In the Kriging estimates, the distance-based relationship between sample points is
investigated with semi-variogram functions. Anisotropic variation exists if spatial autocorrelation or variation is
not similar in various directions [6]. In this case, it is expected that more appropriate estimation results will be
observed using an anisotropic semi-variogram model. In order to apply the principles of geostatistics analysis, it
is necessary to search the data set and provide assumptions before estimating. However, it is directly related to
the set of data used that all these assumptions and application principles can be ensured and the corresponding
predicted values can be obtained. In this study, the estimations performed in accordance with the geostatistical
analysis principles and the estimates realized without paying attention to the assumptions have been compared
and the differences between them have been revealed together with the reasons. For this purpose, a data set
which has a skewed distribution, anisotropic variation and spatial trend effect, has been used. In the material and
method section, the theoretical basis of the Ordinary Kriging method and the statistical and spatial properties of
the data have been given. In the results and discussion section, the estimates of the implemented applications
have been evaluated and compared. In the conclusion section, it is recommended that researchers should follow
a estimating way.

2. Material and Method

Data sets used in this study have been obtained from the General Directorate of Meteorology Turkey. This
dataset contains long-term monthly average precipitation data measured from 87 meteorological stations and
location information of the stations. Study area is between of 37°N - 41°N latitudes and 30°E-38°E longitudes.
This region forms the inner part of Turkey. Different climatic conditions are observed in the north-south and
east-west directions in the study area. The high precipitation values observed in the coastal areas are reduced
due to the topography towards the interior parts and cause a spatial trend effect. This region is the most arid
region compared to other regions of Turkey. It is important to investigate the factors that affect the Kriging
estimates that the amount of precipitation varies spatially in the study area. The spatial distribution of the
meteorological stations and study area are given in Figure 1.
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Figure 1: Spatial distribution of meteorological stations and study area
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2.1. Data Analysis
By reviewing the summary statistics of the data, it can be understood whether the data are skewed or normal

distribution. According to the information in Table 1, the data are skewed distribution. By applying a

logarithmic transformation to the data, the distribution of data can be approximated to normal distribution.

Table 1: Summary statistics of dataset

Summary Statistics (cm)

Number of data 87
Min 2.241
Max 10.156
Mean 4.424
Median 3.993

1-st Quartile
3-st Quartile
Skewness
Kurtosis

Standard Deviation

3.333
4.644
1.484
4.716
1.659

Table 2 summarizes the statistics of the dataset where the logarithmic transformation of the data and the normal
distribution are approximated.

Table 2: Summary statistics of transformed to normal distribution dataset

Summary Statistics (cm) - After Transformation

Number of data 87 1-st Quartile

Min 0.807  3-st Quartile

Max 2.318  Skewness

Mean 1.43 Kurtosis

Median 1.385  Standard Deviation

1.204
1.536
0.743
3.156
0.328

Spatial dependence has been investigated with directional experimental semi-variogram graphs. In Figure 2, the

presence of different spatial relationships in different directions represents an anisotropic variation.
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Figure 2: Investigating of spatial dependence for different direction
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Whether or not there is a spatial trend effect among the data has been investigated by a trend analysis graph.
According to the graph of the spatial trend analysis given in Figure 3, the precipitation values increasing from
the inner part to the outer part of the study area illustrate the effect of the spatial trend. In such a case
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theoretically the trend effect is removed and the estimates are applied and then this effect is added to the
estimates.

Figure 3: Trend analysis graph

2.2. Ordinary Kriging

Ordinary Kriging method has been used to map the spatial distribution of precipitation. Prior to the Kriging
estimates, experimental semi-variogram models have been used to investigate spatial dependence.

The formula of OK is given in Webster and Oliver (2007) as follows;

ZA(Xo) = i;tiz(xi)

Where, X, is the predicted point, Z(XO) is the predicted value of the random variable at point X,, 4; is the

weight, N is the number of sampling points, and Z(X;) is the random variable value of the X; sample.

The semi-variogram function, which describes the spatial relationship of regional variables to each other, is
defined as [30];

y(h) = %Var[z(x +h)—z(x)]

and the semi-variogram function according to this equation [19];
_ 1 )
7(h) = NZ{Z(Xi +h) —z(x; )}

i=1

Where, N is number of sample pairs compared, Z(X; +h) is expected value of the regionalized variable at

position X; + h . Between determined by the distance h is calculated for each sample pair is semi-variogram.
An experimental semi-variogram is obtained as a result of graphing the calculated semi-variogram values for the

different N distances against the determined lag increments [18]. Theoretical semi-variogram models are
obtained to model the spatial dependence for all distances and to apply a regional variable to the kriging
prediction model [20]. In this study, Spherical semi-variogram model has been used for modeling of spatial
dependency.

In this study, the differences between Kriging estimates obtained by providing geostatistical assumptions and
without paying attention to these assumptions are examined. Using the isotropic semi-variogram model with
Application-1, the estimation results are directly obtained. For Application-2, the trend effect has been removed,
the anisotropic semi-variogram model has been used and the logarithmic transformation has been used to
approximate the normal distribution. The error findings of the estimates have been obtained by the cross
validation method and the two applications have been compared with each other.
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3. Results and Discussion
The spatial distribution maps obtained by Application-1 and Application-2 are given in Figures 4 and 5
respectively.
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Figure 4: Map of Spatial distribution of precipitation by Application-1
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Figure 5: Map of Spatial distribution of precipitation by Application-2

Estimation errors, which are the result of evaluation of the estimation results by cross valuation method, are
given in Table 3 and the applications have been compared.
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Table 3: Cross validation result of applications

Cross Validation Results Application-1  Application-2
Mean Error (cm) -0.0220 0.0107
Root-Mean-Square Error (cm) 1.0707 1.1857
Mean Standardized Error -0.0160 -0.0268
Root-Mean-Square Standardized Error  0.9723 1.0372
Average Standard Error (cm) 1.0950 1.0616

Mean value (ME), Mean Standardized Error (MSE) and Root Mean-Square Error (RMSE) values of the cross
validation indices are low and the RMSE and Average Standard Error (ASE) value is close and (RMSSE) close
to 1 indicates the appropriate estimation results[3]. These values are used to compare applications. According to
the error values in Table 3, more accurate and unbiased estimation results have been obtained with Application-
1. In fact, the reason for the more appropriate results with Application-1 is the outliers in the data set. However,
more accurate estimation results have been expected with Application-2. It may make sense to remove the
outlier values before the estimates. Reducing of limited number of data for any region with a small number of
meteorological stations is an undesirable state for mapping the precipitation distribution. Actually an outlier data
can be also represents current condition. For this reason, the data set has been evaluated with outliers.

4. Conclusion

Geostatistical analysis produces different estimation results with different estimation approaches. The reason of
getting more appropriate results from Application-1 is it’s data set contain outliers. If outliers don’t remove from
data set before estimation, empirical applications must be enforced.
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