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In land evaluation, soil salinity is a limiting factor of plant growth in most suitable land systems. In
order to prepare map salinity of south Qazvin Plain with sampling topsoil sample of 0 to 30 cm,
electrical conductivity (EC), clay and pH of soil samples were measured. Finally, to provide the salinity
map of topsoil, the accuracy of the several common methods of interpolation including Kriging,
CoKriging, Spline, and Inverse Distance Weighted was evaluated. The results showed that Co-Kriging
method by using auxiliary variable like clay had the lowest mean absolute error (MAE) (0.5) and root
mean square error (RMSE) (108) compared to the other methods.
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INTRODUCTION

A review on studies shows that the saltiness of the soil
and water resources is a pandemic problem in more than
100 countries and more than 20% of irrigated lands of the
world are inclined to be salty. Each year 50 to 100
thousand hectares of arable land turns to waste land as a
result of sodic saltiness. The saltiness has negative
environmental impacts besides direct reduction on
agricultural production. The saline soils are widespread in
a wide area of the country. Saline soils are scattered in
different areas and places over the country and are able
to threaten the adjacent lands to be salty. The issue of
saltiness and saltiness of the adjacent arable lands is one
of the most important problems in agriculture sector
which must be controlled by appropriate and accurate
scientific management methods and policies. In this way,
the initial step is the identification of salty regions and
providing the saline land map of the country.

Climate, natural drainage, topography, geological
structure and distance to the sea are natural factors and
inappropriate  methods of irrigation. Inappropriate
drainage and poor land management are other cropping
factors which impact on land saltiness. Surveying the soil
saltiness maps is recognized as an important toll in
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decision making in macro level and can help policy
makers to adopt appropriate management systems with
consideration of economical aspects. Nowadays
researchers are trying to utilize the different methods in
identification, estimation and preparing of saltiness maps.
Certainly, lowering the cost and time spent besides
maximizing the accuracy of the maps is the most
important objectives of the researchers.

In this way, satellite images and geostatistic techniques
can be utilized as an efficient tool in land saltiness
surveying. Researchers can utilize a variety of different
geostatistic methods to estimate consistent variables
such as saltiness, hydraulic conductivity and precipitation
in places where sampling is not feasible. Hosseini et al.
(1994) used average techniques to analyze soil saltiness
and plotting land saltiness maps. In this study they
assessed four average techniques to imply saltiness as a
map, ordinary Kriging, moving average of inverse
distance, thin plate smoothing splines (TPSS). For
appraisal of accuracy, the cross sectional technique was
used. The results showed that TPSS and Kriging
methods provided more accuracy. Mohammadi (1387)
used geostatistics to study the saltiness of Ramhormoz
Region. In this study, 600 samples were collected in 500
m distance and in 3 different depths of 0 to 50, 50 to 100
and 100 to 150 cm.

To determine the displacement of the saltiness in



different depths of soil, a Variogram has been used which
is a statistical function for analyzing the structure of
geographical variables displacement. The comparison
between saltiness maps is derived from Kriging and open
geodesy methods in the study area performed by criteria
data. Results show that the general similarity between
criteria data and results of Kriging technique was about
40% whereas it was about 36% for the saltiness that
resulted by open geodesy.

Besides, the results confirm that the maps derived by
Kriging method are more reliable to determine the Sy and
S; saltiness classes (75%) in comparison with saltiness
maps derived from Open geodesy (about 50%). The
results confirm that we can use statistical methods
derived from Geostatistics theories besides ordinary
methods to survey the saltiness maps. Moustafa and
Yamato (1998) utilized different geostatistics methods to
analyze the saltiness and hydraulic conductivity of soil.

By comparing the measured quantities and estimated
guantities, they found that the Kriging method provided
more logical maps for drainage studies. In this study, to
provide the saltiness map of some part of Qazvin Plain,
soil samples were collected from O to 30 cm depth.
Electrical conductivity (EC), texture and pH of soail
samples were measured and the accuracy of different
geostatistics methods such as Kriging, Co kriging, Spline
and inversion of weighted distance were assessed to
provide the most accurate saltiness map of the Qazvin
Plain.

With the advent of geographic information system
(GIS) packages and the generalization of spatial
interpolation  techniques, maps of environmental
parameters such as those relevant for soil erosion have
become frequent. For example, several authors have
used GIS techniques to map the factors of the RUSLE
equation by means of interpolation methods (Shi, 2004;
Lim, 2005; Mutua, 2006; L opez-Vicente et al., 2008).
There are a number of statistical methods available such
as regression models; local interpolators such as the
inverse distance weighting (IDW) or thin plate splines, or
geostatistical techniques such as kriging (Borrough and
McDonnell, 1998). Recent studies, mostly in the field of
Climatology (Ninyerola and Pons, 2000; Vicente-Serrano
et al.,, 2003; Beguerila and Vicente- Serrano, 2006)
highlighted the interest of finding the method with the
best adjustment to the observed data.

MATERIALS AND METHODS

The study area is about 15000 ha of eastern part of the Qazvin
Plain which is located between 50° 7° 4” to 50° 28’ 27" of Eastern
longitude and 35 49’ 57” to 36° 3’ 19” Northern latitude.

The total area of Qazvin Plain is about 450000 ha. This plain is a
wide alluvium plain which is formed by sedimentation of superficial
flows of neighboring mountains. The elevation of the plain varies
from 1150 to 1500 m where the elevation of the mountainous
regions varies from 2600 m in south to 2900 m in eastern north. As
a result of flatness and gentle slope of the plain, there is no
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significant drainage performed. General slope of the plain is toward
east and the magnitude of the slope is 3% in outskirt of the
mountain and less than 1% in marshlands. The annual average
temperature of the plain is 13.2°C and annual average precipitation
is about 304.4 mm.

At first, the limits of the study area were determined by using the
numerical maps of the elevation, the boundaries of the area and
digital map of rural districts and the coordinates of the sampling
points were determined. Then the locations of sampling points were
identified by global positioning system (GPS) and samples were
collected from 0 to 30 cm depth. Total number of 50 samples were
collected and transferred to the laboratory. The saltiness, the ratio
of argil and pH of the samples were measured.

RESULTS AND DISCUSSION

To study the distribution of the data and to give a
summary of the statistical information and distribution of
frequencies, such as average, mean, minimum,
maximum, deviation, skewness and elongation were
analyzed by SPSS software.

Variable distributions were performed by Smirnof
colmograph to study the normal tests. Statistical
descriptions of the variables of this study are summarized
in Table 1. The normality test of data by Smirnoph
kolmograph test showed that the saline variables have
normal distribution but the distribution of argil ration and
soil reaction are not normal.

To compile the map of saltiness, various interpolation
methods were assessed. These methods include inverted
weighted distance with 1, 2 and 3 powers, Spline, Kriging
and co kriging. The results of different methods of
interpolation are compared in Table 2.

The comparison of different methods showed that the
invert of weighted distance method with 2 powers and
root mean square error (RMSE) and resulted in the least
error (132) and on the contrary, the invert of weighted
distance method with 1 power resulted in the biggest
error (145.7).

The mean biased error (MBE). of aforementioned
errors are 0.7 and 0.3, respectively (Table 2). With this
method, the least saltiness belongs to northern east of
the study area which shows 4.5 for electrical conductivity
(EC).

Less than 2% of the area includes less than 8 dS/ m? of
EC and more than half of the area shows more than 200
dS/ m? as EC. The average (Mean) of EC in the area is
143 dS/ m? (Figure 1).

Among the different Spline methods, the Spline with
tension method and abstract mean error of .82 and r* of
128.8 has the biggest error. In Figure 2, the rain erosive
map that resulted by different Spline methods are
demonstrated. Based on this map, in about 6% of the
area the salinity is 4 to 16 and in 70% of the area the
salinity is more than 16. Based on this method, the
average salinity of the area is 150 dS/ m°.

The first step in using the Kriging method is to study the
existence of spatial structure in data by using exponent
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Table 1. Descriptive data of EC, pH and clay ratio.

Mean Standard deviation Minimum Maximum Skewness kurtosis
EC 142 164 4.5 400 0.86 1.96
pH 7.95 0.38 7 8.7 3.1 0.27
Clay (%) 25.6 11.8 14 45 2.06 0.66
Table 2. The result evaluation of inverted weighted distance way with various exponent.
Method MAE MBE RMSE
El 5.26 0.3 145.7
Inverted weighted distance E2 5.58 0.53 132
E3 5.90 0.7 134.5
Thin plate spline 0.82 -0.05 128
Spline with tension 0.77 0.11 124
Normal Kriging 0.01 0.70 120.3
Co kriging -0.01 0.5 103

change analysis. To study the existence of the spatial
structure among data, the experimental semi exponential
change was plotted. After assessing the different
methods based on the mean of squared errors, the
spherical and Gaussian models in Kriging and Co Kriging
methods were adopted. The specifications of estimated
models of Kriging and Co Kriging methods are
demonstrated in Table 3.

The effect radius of estimated spherical model is 92 m.
The amounts of estimated partial effect on data in Kriging
and Cokriging are 13 and 22% respectively which
express that the roles of structured elements are more
significant in comparison to randomly elements and the
model has stronger spatial structure.

One of the striking problems in the estimation of
exponential change and interpolation by Kriging model is
its necessity of having a large number of soil samples.
The use of auxiliary variables which has correlation with
the definite parameter can help us to estimate the main
parameter. In this study, the argil percentage is used as
an auxiliary parameter in Co Kriging model to survey soil
salinity map. The results shows that , where the argil
percentage was used as an auxiliary parameter , the
MAE and RMSE were 0.5 and 108 respectively which
indicates that using the argil percentage as an auxiliary
variable may reduce the errors.

The least salinity was 6.2 dS/m which belongs to point
with the coordination of 50° 24’ “4” and 36° 0’ 24” in
northern west of the region. The mean of salinity
(average salinity) in the study area is 140 dS/m. Based
on the estimated map, the salinity in 2.2% of the area is
less than 8 dS/m and 74% of the area is more than 100
dS/m. The salinity shows increasing trends towards
southern and eastern areas of the region (Figure 3).

Results of this study showed that Kriging method
(including Normal Kriging and CoKriging) is more

accurate in estimating the saltiness of the soil in the study
area. The survey results showed that Kriging method has
higher accuracy than other methods of interpolation.
Kriging method can be used as a valuable tool for
improving soil quality as the traditional map. This is
because the differences in soil specification such as
saltiness, tissue, hydraulical conductivity are specially
correlated. Considering the assessing criteria such as
definite mean of errors, Co kriging method is more
accurate in comparison to Kriging method. This is
because of the high correlation between secondary
variable of clay % and basic variable (EC) which results
in reduction in estimated variance. This is similar to what
other researchers such as Knotters et al. (1995), Horney
et al. (2005) and Amini (1999) have found.

Ahmadali et al. (2009) studied spatial variables of soil
such as lime %, acidity and saltiness by using
interpolation in Bookan Region. Then they used Normal
Kriging , Co Kriging , IDW with 2,3,4 and 5 powers, TPSS
with 2,3,4 and 5 powers and spherical model estimation
to analyze data. Data were assessed by using average
statistical criteria of mean absolute error (MAE) and
mean biased error (MBE). The results showed that Co
Kriging with minimum MAE for saltiness, acidity and lime
% were more accurate (0.218, 0.156 and 7.353,
respectively). Wu et al. (2006) estimated the amount of
zinc in North Dakota by using Co Kriging method and
found out that Co Kriging method is more efficient in
comparison to Kriging method. Yanl et al. (2007), by
using different geostatistics methods and data in
estimation of saltiness in salty areas of Shankivi bank in
China, found out that Co Kriging and regressed Co
Kriging are more accurate in comparison to Kriging in
saltiness estimation.

Results of this study proved that using auxiliary
variables such as height and soil tissue which have
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Figure 1. The salinity map with inverted weighted distance. (a) The
way of inverted weighted distance with E 1; (b) The way of inverted
weighted distance with E 2; (C) The way of inverted weighted
distance with E 3.
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Figure 2. The salinity map with spline method. (a): Thin plate spline; (b) Spline with tension.

Table 3. The characteristics of the selective model saline data on kriging and cokriging.

Method Model Effect radius Threshold (Cp + C) Partial effect Co
Normal Kriging Spherical 100 31600 13
Cokriging Gaussian 50 26600 23

strong correlation with basic variable resulted in more
accuracy in interpolation methods. Normal Kriging
method results in less error in comparison to other
interpolation methods such as inverted weighted distance
and Spline methods. Particularly, the difference between
normal Kriging method with roots of mean of squared

errors of 120 and inverted weighted distance method with
mean of squared error of 132 are evident. Considering
12% higher accuracy of Co Kriging method in comparison
to Kriging methods and 24 and 20% differences in
inverted weighted distance and Spline methods, using
auxiliary variables which have strong
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Figure 3. Salinity map of the region by using Normal Kriging (a) and CoKriging(b).

correlation with basic variables is recommended to
convert point data to regional data.

Based on the results, inverted weighted distance
method is more accurate in comparison to Spline
method. Anderson (2000), in a research, found out that
inverted weighted distance method is more accurate in
comparison to interpolation methods in order to estimate
thermal data. Based on the estimated map of average
saltiness by using Co Kriging, the average saltiness of
the study area is 140 dS/m. The eastern part of study
region is less salty; on the contrary, western and
southern areas of the study region are more salty.
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