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Abstract

Restriction of water resources for agricultural and non-agricultural purposes has caused major difficulties and rainfall is considered as
one of the most important water resources. Therefore, predicting rainfall and estimating its rate monthly or annually for each region as
one of the most important atmospheric parameters, is of particular importance in optimized usage of water resources.

In this paper in addition to the presenting application of novel statistical methods, prediction of rainfall amount has been performed for
the entire map of Iran. In this analysis, data of average rainfall of 108 pluviometry stations in different cities of Iran have been used and

zoning of rainfall has been prepared for the country.
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1. Introduction

The problem of obtaining values, which are unknown, has drawn
attention of many science researchers. For reasons of economy,
there will always be only a limited number of sample points,
where observations are measured. Hence, one has to predict the
unknown values at unsampled locations of interest from the ob-
served data to obtain their values [5]. To develop a reliable, accu-
rate, and continuous surface prediction of values at locations with-
out measurements is an essential task, which we frequently en-
counter in environmental and health-related studies [3]. For this
sake, there exist several prediction methods for deriving accurate
predictions from the measured observations. [5]

In this paper, a dataset related to average of rainfall in 108 cities of
Iran has been used. This average is from daily rainfall through the
September the 23 rd 2015 up to the December the 24 rd 2015 that
has been recorded in the pluviometry stations. For each station, the
average of rainfall has been measured in millimeter, and its lati-
tude and longitude has been measured in degree. This average is
specified just in the pluviometry stations. To predict the rainfall at
locations without measurements geostatistical method, which here
is Universal kriging, has been proposed. However, there is a wide
range of techniques available for spatial interpolation. The ad-
vantages and limitations of which are widely discussed in the sci-
entific literature [2]. In principle, these techniques are classified as
deterministic (the nearest neighbour and polynomial regression) or
stochastic (geostatistical approaches as kriging and cokriging) [3].
The common method for spatial prediction in climatology for
about half a century was Thissen Polygon. Until Matheron in the
middle of 1960, founded the basics of the geostatistics[6] and it
quickly developed to predict environmental variables, particularly
in climatology. Geostatistical methods are more accurate than the
other methods specially mentioned method, due to the using of
spatial correlation structure among the observations, which gener-
ally is modeled by variogram function. Furthermore, in kriging

methods, the variance of the prediction is presented in each point,
which is a particular property of these methods [3].

2. Methodology

For spatial analysis of this data set, exploratory data analysis has
been done first.

As John Tukey says, exploratory data analysis is detective in char-
acter. It uncovers indications, usually quantitative ones. Explorato-
ry data analysis can never be the whole story, but nothing else can
serve as the foundation stone, as the first step."EDA" is an ap-
proach to analysis the data and has numerous methods (mostly
graphical) so that we can obtain maximum information from data
[8]. For spatial analysis, especially, kriging methods, we check the
fundamental assumptions such as normality, stationary on average,
isotropic and existence of outlier data, because the mentioned
analysis has founded based on these assumptions.

To display a variable changes considering the distance, semivario-
gram function has been used such that, for any distance vector h ,
the increment z(x +h)-z(x) has zero expectation and finite

variance, which is independent of location x .The variance of this
increment defines semi-variogram given by:

;/:%Var[z (x +h)=27 (x)] )

The experimental semi-variogram (by grouping the data pairs
according to their distances) from the measured data points can be
obtained by:

2

7 ()= ?‘h‘)”g"[z (x,)-Z (x, +h)] @)
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[1].Where »"(h) is the value for semivariogram in distance (h),
Z(x,),Z(x, +h) are the variable values at locations x, , x, +h
and N (h) is the number of pairs belongs to each distance (h).

There are Different theoretical models that have been proposed to
fit on an experimental variogram such as, Gaussian, exponential,
spherical, linear, Matern and We finish with our preparation of the
variogram and can begin with kriging prediction.

Kriging is an optimal or best linear unbiased prediction (BLUP)
method. The French mathematician Georges Matheron (1963)
named this method kriging, to gratitude efforts of D. G. Krige,
south African African mining engineer (1951). There, kriging
served to improve the precision of predicting the concentration of
gold in ore bodies. However, the object "optimal linear prediction"
even appeared earlier in literature, as for instance in Wold (1938)
or Kolmogorov (1941a). However, very much of the credit goes to
Matheron for formalizing this technique and for extending the
theory. The main idea of kriging is that near the sample, points
should get more weight in the prediction to improve the estimate
[5]. This estimator is defined as a linear combination as bellow:

Z'(x)=%4z(x,)+k

=

©)

Where Z7(x,) is the estimation of the value of the variable Z at
location x and 4 is the allocated weight to the values of z at
location x, .

Coefficients 4,k are chosen so that Z*(x) be unbiased and has

the least square of errors.
If the mean of random field z (x) is constant, known or unknown,

to satisfy unbiasedness condition, we must have k =0 and
.4 =1 .Thus, depend on the mean of random field z(x) be

known or unknown and constant or unknown and inconstant,
kriging is classified into simple kriging, ordinary kriging and uni-
versal kriging. It means that for example when we want to predict
the values of locations using universal kriging, the mean of ran-
dom field must be unknown and inconstant [1].

If the desired variable does not have normal distribution, non-
linear kriging should be used or we should convert variable distri-
bution to the normal distribution using data transformation meth-
ods [2].

3. Results

Figure 1 shows geographical locations of the sampled stations
with the values of quartiles of the rainfall data.
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Fig. 1: Distribution Status of Rainfall Observation Stations.

Descriptive statistics of studied variable are given in Table 1.

Table 1: Descriptive Statistics

_ Statistics Amount of rainfall(mm)
Minimum y
Mean 106.75
First auartile 37.35
Median 72.6
Third auartile 126.68
Maximum 569.5
Std.Deviation 107.84
Skewness 2.38

After checking normality of data using g-q plot, it was found that
the average of rainfall has not been normal distribution. Therefore,
we took a natural logarithm from the data, thus we normalize them.
We performed Shapiro-Wilk test to ensure that data have normal
distribution.

The g-q plot of transformed data and the result of Shapiro-Wilk
test have been shown respectively, in Figure 2 and Table 2.
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Fig. 2: Normal Q-Q Plot of Transformed Rainfall Data.

Table 2: Shapiro-Wilk Normality Test (for Transformed Rainfall Data)

w 0.9908

p —value 0.6795

To consider existence of outlier data in spatial data, two types of
outlier data should be considered.

First type is similar to outlier data in classical statistics that can be
recognized with the help of box plot or steam and leaf plot. Sec-
ond type is outlier data in a neighborhood and can be recognized
with the variogram cloud or H-scatter plot. According Figures 3
and 4, there is no outlier data in our dataset.

Spaal
Fig. 3: Boxplot.
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Fig. 4: Variogram Cloud.

To consider if there is a trend in our data or not, we plot the trans-
formed rainfall data in front of latitude and longitude separately.
Regarding Figure 5, there is a trend in the observations in direc-
tion of x.
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Fig. 5: Rainfall Data along Latitude (Top) and Longitude (Bottom).

To consider isotropy, we plot the variogram, which is a tool to
model spatial dependence structure, in four different directions in
Figure 6 because four plots are almost conformed to one another,
so isotropy is being established.
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Fig. 6: Directional Variogram.

To remove the trend along longitude, we fit a regression model to
our data, as follow:

fit <—Im (s~x +x *2+x "3) 4)

Where s is transformed rainfall data which is logz ?

Now if we plot the residuals of this regression model in front of
longitude, no trend is seen. Figure 7 implies this fact.
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Fig. 7: Residuals of Fitted Regression Model along Longitude.

Figure 8 shows the empirical (semi) variogram of the observations.
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Fig. 8: Empirical Variogram.

Now, we can fit a theoretical variogram to the empirical vario-
gram. The parameters of variogram were estimated by ols method,
which is a stand for "ordinary least square™ method. According to
cross validation between the different theoretical models (included
spherical, Matern, exponential and linear models), Matern model
was selected as the best model.

Semivariogram model was obtained as follow and its plot has been
drawn in Figure 9.

oLl

Where o* >0 is the variance, a>0 is range which is here equal to
1.45, v >0 is shape parameter which is here equal to 0.5, I'(.) is

the gamma function, k (.) is the modified Bessel function of the
second kind and order v and || is the norm of vector h [7].
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Matern Model
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Fig. 9: Theoretical Fitted Variogram.

To predict using universal kriging, final prediction in each loca-
tion is the sum of estimated trend and prediction of residual of
estimated regression model in that location. Figure 10 shows uni-
versal kriging of average of rainfall in the country. As can be seen,
rainfall amount decreases in central desert areas and east of the
country.
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Fig. 10: Universal Kriging Prediction Map of Average of Rainfall Data.

Figure 11 shows variance of universal kriging. Variances of pre-
dictions of rainfall amount of the country indicate that predictions
in areas where few observations are available have high variance
but in the other areas, predictions have high accuracy.
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Fig. 11: Map of Predictors Variances.

Table 3 shows that for sampled stations, prediction returns ob-
served values and this indicates that the prediction is precise. The
other 5 locations are the new locations that we want to predict
amount of rainfall there. These five locations are specified in Fig-
ure 12 with red points.

Table 3: Universal Kriging Prediction for A Sampled Location and 5 New
Locations and Their Variances

G real rainfall Predicted rainfall Vs
amount(mm) amount(mm)
(45.7,38.17) 725 725 0
(50,30) - 126.29 0.508
(55,35) - 31.84 0.466
(48,34) - 134.49 0.117
(51,38) - 316.02 0.499
(47,33) - 102.02 0.25
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Fig. 12: New Locations to Predict Their Rainfall.

4. Conclusion

This paper discusses about the application of universal kriging to
interpolate rainfall amount and the estimation variance for whole
country, lIran.

Before performing geostatistical calculations, common statistical
surveys, on the 108 observation stations, such as a normality test
of data distribution were done. By using Shapiro-Wilk test, it was
determined that the average of rainfall data does not follow normal
distribution. Of course the high skew ness of this parameter that
was presented in Table 1, indicates this too. This dataset became
normal using logarithm transformation, which is a special case of
Box-Cox normalizing transformations family.
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Several polynomial trend and semi-variogram models for the re-
siduals were tried before performing the geostatistical interpola-
tion. Matern model was selected as the best theoretical variogram
model.

By using universal kriging, rainfall amounts that cannot be meas-
ured can be adequately described by this model, which are re-
quired for the water resources planning and management for the
country. In addition, the result of interpolation of average of rain-
fall reveals that there is a decrease in the rainfall amount from
west to east and from north to central desert areas. The map of
estimation variance for our data concluded that wherever there is
significant variation in the estimation of a rainfall amount, it is due
to the absence of monitoring stations.
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