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Abstract—Aquifer transmissivity is one of the
most important factors in determining suitable
areas for floodwater spreading operation and it is
significant for creating a suitable map for this
factor in order to create the final map of suitable
areas. As these data are in the form of points, for
creating the intended map, these data should be
generalized to the whole area. In this regard, for
creating the transmissivity map, the geostatic
methods are used. In this article, the inverse
distance weighing, local interpolation and Kriging
methods were adapted. Results indicated that
compared to the inverse distance weighing and
local interpolation methods, the Kriging method
were of lower errors. Comparing different
variograms, it was indicated that the Kriging
method had the best data fithess variogram and
exponential variogram which with an RMSE equal
to 0.3722 had the lowest error level compared to
other variograms. Moreover, the ratio of the
nugget effect and sill for exponential variogram
were equal to 0.325 which shows a moderate
spatial structure. However, in this relationship,
other variograms were of weak spatial structures.
Therefore, the Kriging method with exponential
variogram were chosen as the best method of
interpolation and map creation.

Keywords—Transmissivity, Kriging,
Variogram, RMSE

[) Introduction

One of the important factors in determining suitable
areas for floodwater spread is the aquifer
transmissivity. Transmissivity is one of the
hydrodynamic coefficients which indicates the fitness
of an aquifer in water transition and shows the water
movement in porous environment [1]. For providing
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the transmissivity map, a modeling method is
required. Suitable choice of modeling (interpolation)
function is significant as the given fithess model
encloses the sampling data to reality [2]. In this
regard, for creating the transmissivity map, the
geostatic methods are utilized. In the recent decades,
the science of Geostatic is developed well and the
capabilities of this branch of statistics are identified in
studying and predicting the spatial variables [3]. In
geostatic science, by having the amount of a quantity
in defined coordinates, the amount of that quantity
can be estimated in another location, if the
unidentified amount coordinates is located in the
dominant spatial structure [4,5]. In a research, [6]
attempted to measure Kriging, Cokriging, radial basis
functions and the inverse distance weighing geostatic
methods in estimating the spatial spread of snow
depth. Results showed that the most suitable
variogram model is the exponential type, as this
variogram has a nugget effect of 0.05 and a sill of
0.533, and the variogram analysis and the RMSE
validation index of the mentioned methods showed
that among these methods, the Kriging method is the
most suitable technique for zoning. Moreover, results
indicated that among the usual Kriging methods, the
universal Kriging method is of the lowest error rate
(11.49) and has the most accurate estimation of
snow depth in the area. In an article, [7] attempted to
investigate and compare different interpolation
models used for prioritizing the suitable areas for
floodwater spreading. The studied and compared
interpolation methods are Weighted Moving Average
(WMA) (with the power of three), Thin Plate Smooth
Spline (TPSS) (with the power of two) and Kriging
(Ordinary log). In this regard, the methods above
were evaluated and compared for providing the
surface permeability and alluvium thickness of Samal
watershed areas in the province of Boushehr.
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Results gained from this research indicate that
among the evaluated methods, the weighted moving
average with the power of two with an MAE equal to
1.5 is the best interpolation method for creating the
surface permeability map, and the Kriging log method
with an MAE equal to 8.8 is the best interpolation
method for creating the alluvium thickness map. This
study aims to find the best interpolation method for
creating the aquifer transmissivity map as one of the
most important factors in determining the suitable
location for operating floodwater spread in Shabestar
plain.

II) Material and method:

The study area is Shabestar plain with a surface of
1290.134 square kilometers with longitudes of “42”
26, °45 to 22", 05, 46 ° in east and latitudes of 04,
38° to 13", 23', 38° in north in kilometer 35 of
Eastern Azerbaijan province. The study area is
limited in north to the Mishodagh?' heights, in east to
the Mouro Mountain, in west to the Tesouj plain and
in south to the Coast of Oromia Lake. Since studying
a vast surface of an area is usually difficult and
costly, usually for such surfaces, several samples are
selected in forms of points and then through using
particular functions, their data are generalized to the
whole studied area. For expanding and generalizing
the point information from the sampled points and the
location changes of each variable, it is necessary to
use models that are capable to simulate the studying
variable in unknown points [8].

Fig. 1 — location of study area

a) Geostatic methods:

In geostatic methods, estimation is conducted
according to the existing spatial structure of the
intended environment [9]. As geostatic methods
consider the correlation and spatial structure of data,
they are highly significant. In geostatic, in addition to
a determined amount of a quantity in a sample, the
sample location is also considered. Thus, the
samples’ location can be analyzed with the amount of
the intended quantity [10]. In this article, the
transmissivity data of piezo-metric? wells and
utilization of the area were determined through well
pump test. For converting the point data to surface
map and creating the plain transmissivity map, the
inverse distance weighing, local interpolation and
Kriging geostatic methods were adapted. The
features of these methods are discussed in details in
the next parts.

b) Theinverse distance weighing method:

In the inverse distance weighing method, the basic
assumption is that the amount of correlation and
similarities between neighbors suit their distance to
each other, which can be defined as a function with
an inverse power from the distance of each point
from neighboring ones. The definition of neighboring
radius and the power related to the inverse distance
are considered as two of the important features of
this method [11].

In the inverse distance weighing method, neighbors
are located in equations in relation to their distance
from the unknown point in a weighted form, and in
fact, a kind of weighted average measure is
conducted according to the following equation [12]:

Where p is a power which controls the weight
reduction rate with distance and is usually considered
as 2. The more p is considered, the higher the effect
of closer points will be. di is the distance of unknown
points to the i" point. In this study, this method is
used with the powers of 2, 3 and 4.

¢) Thelocal interpolation method:

The multivariate interpolation method is divided into
two classes of generic and local multivariate
interpolation. The generic multivariate interpolation
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constantly fits a multivariate equation on a surface.
But in the local multivariate interpolation method fits
several multivariate equation on a continuous
surface. In other words, the changes of the intended
phenomenon is not created with a single equation,
therefore, the estimation is conducted based on
samples on unknown points [13].

d) Kriging method:

The Kriging method is a geostatic method for data
interpolation based on spatial variance. Similar to the
inverse distance weighing in which closeness to
sample points are considered as the estimation
weight, in Kriging as well the spatial variance is
considered as a function of distance [14]. The Kriging
method is an estimation method based on weighed
moving average, and this estimator is known as the
best linear unbiased estimator [15]. One of the most
important and most obvious features of Kriging is that
for each estimation, the related error can also be
measured (Khosravi and Jabar, 2011). The Kriging
general equation is as follows:

Z'(x) = Xt N 2(x1)

Where Z*(x;) is the estimated amount of variable in
the location of x;, 2; is the weight of the i"" sample,
Z(x;) is the observed amount of the i variable, and n
is the number of observations [16]. Kriging has
various types which in this article, the ordinary kriging
method were adapted.

e) The ordinary kriging method:

The ordinary kriging method is one of the geostatic
estimators which is used for measuring the depth of
local scales [17]. In this method, variogram is used
for expressing the spatial changes and minimizing
the predicted error amounts considering the spatial
distribution of the predicted data [18].

1) Variogram

The next step of using geostatic methods is drawing
variogram. The main purpose of calculating the
variogram is investigation of variable changeability in
relation to time or place distance. For this, it is
necessary that the total differential square of pair
points that are located in the determined h distance
from each other is calculated and be drawn in front of
h [4]. The variogram function is as follows:

Where y(h) is the variogram amount, N is the pair
samples, h is distance, x; is variable and Z(x;) is the
variable amount [6]. A variogram has characteristics
including Sill, Range effect, and Nugget effect [19].
The sill amount is the maximum amount of variogram
which is the same as the intended location variance
variable. He minimum variogram point is the nugget
effect which expresses the calculation error variance,
and range effect expresses the distance in which
variogram has the highest amount. The ratio of
nugget effect to sill can be investigated for assessing
the location structure of studied data. When this ratio
is lower than 0.25, the intended variable has a robust
location structure, when it is between 0.25 and 0.75,
the location structure is moderate and when it is
higher than 0.75, the location structure is weak [20].
In this research, different variogram models such as
circular, spherical, exponential and Gaussian were
adapted, and their equations are as bellow [2]:

Circular variogram:

2 h h2
o(h) =Co+ (4 1——cos‘1<—>+ 1-=
T a a

Spherical variogram:

Exponential variogram:

5(h) = Cy + C; [1 —exp (— g)]

Gaussian variogram:

5(h) = Cy + C; [1 — exp (— 2)2]

Where C is the sill threshold, a is the effect domain,
and h is the distance between samples.

2) Validation:

In this step, the results of different interpolation
methods are compared with each other. For
determining the validity of results and comparing and
analyzing the methods, the error amount of
calculated errors were measured through the root
mean square error (RMSE)® which is as bellow:

1 N(h) 2 RMSE — M
Y =5+ Zim (2(x) — Z(xi +h) B n
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Where X is the observed amount X; is the measured
amount and n is the number of data [2]. The lower
the RMSE validity statistic, the more efficient the
obtained variogram acts in showing the intended
parameter location changes [6]. The 0 amount of
RMSE index also shows the lack of error in model
measurement [21].

[ll) Research findings:

Data normality is the condition of using the geostatic
method [22]. By investigating the two data histogram
and QQplot methods, it was indicated that data
distribution is not normal. In a normal distribution, the
average number amount should be lower than the
mean [23]. When data distribution is not normal, for
enclosing the data distribution to normal distribution,
the normal log and Box-Cox are used. This is why
data are transported into the data logarithm, so that
in this way, data distribution becomes normal.
Figures 2 to 5 show the transmissivity data
histograms and data QQplot diagram before and
after normalization. Tables 1 and 2 show the
statistical indexes before and after normalization.

Frequengy *10°
25

2

Studying the tables, it is indicated that mean equals
217.5 and average amount equals 268.84, and after
logarithm implementation and normalization, the
amount of data average became less than mean
(mean equals 2.332 and average equals 2.3023). In
the next step, various variogram models such as
circular, spherical, exponential and Gaussian models
were used.

Table 3 shows the Kriging method variogram
features. Comparing the various variograms, the
exponential

semivariogram with an RMSE equal to 0.3722 has
the lowest error amount compared to other
semivariograms. Moreover, the ratio of nugget effect
to exponential semivariogram equals 0.325 which
indicates a moderate location structure. However, in
this relationship, other semivariograms have weak
correlations. Furthermore, the Root-Mean-Square
Standardized in the exponential smivariogram is
closer to one compared to other semivariograms and
is also of smaller Average standard error and Mean
standardized.
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Fig. 2- transmissivity data histogram before normalization.
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Fig. 3- transmissivity data histogram after normalization and logarithm implementation
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Fig. 4- The QQplot diagram of transmissivity data before normalization.
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Fig. 5- The QQplot diagram of transmissivity diagram after normalization and logarithm implementation.

Table 1- Data statistical indexes before normalization

min 30
max 1400
mean 268.84
median 217.5
Standard deviation 237.22
skewness 2.5992
kurtosis 11.735

Table 2- Data statistical indexes after normalization

min 1.477
max 3.146
mean 2.3023
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median 2.332
Standard 0.33597
deviation
skewness 0.013058

kurtosis 2.9031

Table 3- Variogram features of Kriging method for the transmissivity factor

Root-Mean- Average standard Mean nugget RMSE Sill nugget | variogram
Square error standardized sill
Standardized
0.913 0.417 0.031 1.892 0.3767 0.056 0.106 circular
0.919 0.4168 0.0316 1.745 0.3790 0.059 0.103 spherical
0.927 0.414 0.025 0.325 0.3722 0.123  0.040 [ exponential
0.911 0.416 0.028 2.48 0.3768 0.045 0.112 Gaussian

Table 4 — The obtained SMSE index amount or various powers of inverse distance weighing method

RMSE Power
0.3974 2
0.4235 3
0.4424 4

Table 5 - The obtained SMSE index amount for various functions and powers of the local interpolation method

RMSE power Kernel function
0.3792 2
Exponential
0.4137 3
0.3761 2
Gaussian
0.4126 3
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Tables 4 and 5 indicate the calculated RMSE index
amount for the inverse distance weighing method in
powers of 2, 3, and 4, and the local

interpolation method with exponential and Gaussian
functions with powers of 2 and 3. It can be explained
that in the inverse distance weighing, until the error
amounts are moving in a decreasing way, a higher
power were used and tested, so that the minimum
error can be achieved. And when error amounts
becomes increasing, the higher powers are no longer
used, which on this basis, the power of 2 here has
the lowest error amount (RMSE equals to 0.39740). It
is observed that by increasing power, the error also
increases. Thus, the higher powers should not be
used. In case of the local interpolation method, the
Gaussian function with an RMSE equal to 0.3761 has
a lower error level.

IV) Conclusion:

In this research, for creating the transmissivity map,
the geostatic methods were adapted. The utilized
methods include inverse distance weighing, local
interpolation and Kriging, and finally, according to the
results gained from the calculations and comparison
of all various methods used in this research, the
Kriging method with the exponential semiviogram?*
had the lowest error (RMSE equal to 0.3722) and the
ratio of nugget effect to sill which equals to 0.325 is
the most suitable method of creating the
transmissivity and zoning map.
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