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Abstract— Sea level rise accelerated by climate change is one
of the concerns in causing sea water intrusionand salt
contamination in surface and ground water as well as soil.Data
compilation and synthesis in the past have indicated that the sea
levels in the Gulf of Thailand have been rising at 3-5 mm/year.
This study evaluated several semivariogram models for the study
of spatial distribution of soil salinity in the main central basins of
Thailand. Soil salinity tests were carried out in Chao Phraya and
Tha Chin lower basins alongside of the Gulf of Thailand. Study
area is approximately 4,900 km2. Soil salinity measurements were
performed in 2018 at two levels of depth at 30 and 100 cm. Line
transect sampling method was used to determine the location of
measuring points. Each of measuring points was about 10 km
apart. Totally 40 sampling points across the basins were selected.
Suitable semivariogram model was selected from a comparison
result of geostatistical analysis. Four models of semivariogram
were compared: circular, spherical, exponential and Gaussian.
Kriging interpolation method was used to estimating soil salinity
values of unknow point. Soil salinity as measured by electrical
conductivity (EC) in these areas ranges between 0.02-3.83 dS/m
at 30 cm depth and 0.08-4.00 dS/m at 100 cm depth, respectively.
There is a clear gradient of soil salinity at both depths; higher
along the shore (>2.00 dS/m) and gradually decreases towards
inland (0.08-2.01 dS/m at 50-100 km from the coastline).
Evaluation of semivariogram model performance reveals that the
Gaussian model and exponential model were the best models for
estimating the value of soil salinity at 30 cm and 100 cm with root
mean square error (RMSE) is 0.92 and 1.10, respectively.
Keywords—soil salinity; kriging; spatial interpolation; Chao
Phraya and Tha Chin river basin; sea level rise

I.

INTRODUCTION

Climate change is an urgent issue that affected many
aspects of human life such as public health, diseases, fresh
water scarcity, and especially agricultural areas. Importantly,
climate change causes an increase of global temperature
resulting extreme weather and sea level rise [1]. Sea level rise
is one of theconcerns that causing seawater intrusionin land and
salt contamination in surface and groundwater as well as soil.

Thailand faces salinity problems in many regions including
the northeastern and the central plain, especially salinity in the
soil. Soil salinity is the salt content in the soil. Soil salination in
Thailand causes by natural processes of the environment such
as sea level rise and saltwater encroachment as well as human
activity such as salinity intrusion in land from agriculture
activities in upstream areas and unsuitable irrigation. Saltwater
encroachment is most common in coastal areas, where the
freshwater is displaced by the inland movement of saltwater
from the sea [2], which also happens in coastal areas along the
Gulf of Thailand. The increased of salinity in soil and water
(both surface and ground water) would impacts the quality of
water for drinking and irrigation with serious economic, social
and environmental consequences for both rural and urban
communities. [3] [4]
The study of soil salinity in the central regions of Thailand has
been limited. Two studies were performed by Arunin (1996)
and Takaya (1987) [5][6]. Additionally, there is not enough
information about the phenomenon of temporal and spatial
change of salinity in the land. To be able to closely monitor a
real-time situation of soil salinity, it is necessary to have
accurate, standardized and up-to-date supported data. Thus,
there is the urgent need for the studies of soil salinity to guide a
more efficient soil and water management. One of the common
methods used for assessing spatial distribution of soil salinity is
geostatistical method. Geostatistics is a class of statistics used
to analyze and predict the values associated with spatial or
spatiotemporal phenomena. This method describes spatial
patterns and interpolates values for locations where samples
were not collected [7]. The major key behind geostatistical
method is called semivariogram. It is an important process, but
also a difficult step of geostatistical analysis. Semivariogram
used to determine a suitable model for experimental values and
useful to identify the prediction errors after the process of
spatial interpolation for locations where unmeasured.
The propose of this study is to evaluate the appropriate
semivariogram model for spatial interpolation of soil salinity in
the lower basinof Chao Phraya and Tha Chin river basins
where located in the central of Thailand.

II.

MATERIAL AND METHODS

A. Study Area
The study was performed in the lower part of Chao Phraya
and Tha Chin river basins, located alongside of the Gulf of
Thailand.This study area covering eight provinces including
Bangkok, Nonthaburi, Nakhon Pathom, PathumThani, Phra
Nakhon Si Ayutthaya,SamutPrakan, SamutSakhon and
SuphanBuri. It is extended between 13°30'N-14°25'N and
99°40'E-101°5'E covering an area of approximately 4,900 km2
(Fig.1) andthe distance from shoreline across to the north is
around 100 km.The average height in the area is about 9.4 m
with a relative height difference is 19 m. This is an important
economics area in the central of country, which is dominated
by agricultural land and various industries.The location of
study areais illustrated in Fig. 1.

C. Spatial Interpolation
There are many types of spatial interpolation method, for
example, inverse distance weighting (IDW), spline, kriging and
trend. However, in the field of soil science and geology, the
often and widely used method is kriging interpolation. There
are various comparative studies about surface modeling of soil
properties, especially electrical conductivity. The results
showed clearly that the kriging method is the most efficient to
EC estimating [12] [13] [14]. Kriging is a geostatistical
interpolation technique that considers both the distance and the
degree of variation between known data points when
estimating values in unknown areas.Spatial variability in
soilsalinity was assessedusing semivariogram model, which is
the basic and widely used geostatisticalfunction. This model is
given by theformula [15] [16] [17]:

Fig. 1. Location of study area.
Fig. 2. Transect linesand sample points

B. Data Collection
Soil salinity was assessed by measuring electrical
conductivity (EC) in which a high EC value indicates a high
salinity level [8] [9]. The EC data were collected in June 2018
at the two levels of depth which are 30 and 100 cm.
Reconnaissance soil survey was carried out using LULC data
during 2010-2012 and road network as base map. The sampling
point were determined using Line transect sampling method
[10][11]. Totally 40 soil sampling sites were selected. Each of
points is located along the transect line with 10 km apart
spreading over the basins as shown in Fig. 2. A handheld
global positioning system (GPS) was used to record the
location of each sample site. Undisturbed soilsamples at two
depths (30 and 100 cm) were collected with 4 soil cores from
each site and mixed well into a composite soil sample. Soil
electrical conductivity values were measured by using EC
meter type Hanna HI98331 and expressed as deci-Siemens per
meter (dS/m).
Two series of soil test were carried out in two level of
depth. For each series,statistical analyses were preceded by the
calculation of basically statistical: mean, standard deviation,
kurtosis, skewness, minimum value, median and maximum
value.
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where: γ(h) is the empirical semivariogram; z(x i ), z(x i + h) =
soil moisture values at sample points x i and x i + h, spaced
apart at distance h; N h = number of pairs (x i , x i + h) of soil
salinity values at points spaced at distance.These were used for
calculating the semivariogram function.
In this study, four functions were compared to model the
empirical semivariogram as follows: circular, exponential,
spherical and Gaussian. Because some good results have
appeared in several kinds of soil salinity research [17]. Next
step, mathematical models which given the best fit for each
empirical semivariograms were selected and compared with
one another.
The prediction of an unknown point was interpolated using
the kriging method[10]. Kriging is a spatial interpolation
method of good statistical properties. The initial equation of
kriging is given by the formula [18]:

𝑧𝑧̂ = ∑𝑛𝑛𝑖𝑖=1 𝑤𝑤𝑖𝑖 𝑧𝑧𝑖𝑖

(2)

where: ẑ = predicted value;z i = sample value at location i; w i =
weight; n = number of sample data.

The followingfunctions were used to model the
semivariograms: circular exponential, spherical and Gaussian.

Assessment of prediction error is an important step used to
evaluate interpolation efficiency. The following prediction
errors were analyzed: mean, root mean square, mean
standardized, root mean square standardized, average standard
error. These parameters will help to distinguish the suitable
model for this study area.

The semivariograms obtained for the first series of EC
measurements and the estimate of semivariograms using
theoretical models were illustrated in Fig.3. Table 2 presented
the semivariogram properties of each model.

III.

RESULTS AND DISCUSSION

Soil salinity were assessed using an electrical conductivity
or EC value, unit in this study is deci-Siemens per meter or
dS/m. A high EC value indicates a high salinity level. Results
of basic descriptive statistics of the EC measurements are
shown in Table 1.
TABLE I.

STATISTIC OF ELECTRICAL CONDUCTIVITY FOR EACH SERIES
OF TESTS.

Parameter
Count
Mean
Standard Error
Median
Mode
Standard Deviation
Sample Variance
Kurtosis
Skewness
Minimum
Maximum
Sum

Series / Depth (cm)
1st Series / 30

40
1.01
0.16
0.70
2.62
0.99
0.99
1.31
1.38
0.02
3.83
40.38

2nd Series / 100

40
1.49
0.19
1.17
4.00
1.19
1.42
-0.08
0.92
0.08
4.00
59.73

Statistical analysis presented that the EC values in the first
series (30 cmdepth) of soil tests were low salinity than those
values found in the second series (100 cmdepth). In addition to
the first series of measurements, EC ranged from 0.02 to 3.83
dS/m. The mean of EC values for the first series was 1.01
dS/m. In the second series of soil tests, EC ranged between
0.08 to 4.00 dS/m. Also, the mean value was shifted to 1.49
dS/m higher than the first series of soil tests.The standard
deviation calculated for the second series was 1.19 which is
higher than the values obtained in the first series (0.99).
Accordingly, the sample variance of second series were more
varied than the first series of measurements, value is 1.42 and
0.99 respectively. The median of the calculated parameter of
both series was similar lower than the arithmetic meanof each
series, which is represents that EC values measured were
asymmetrically distributed. This is related to the coefficient of
skewness. Furthermore, both series of EC measurements had
positively skewed data distribution (skewness > 0).
According to the study of semivariogram, spatial
relationshipswere
studied.
This
tool
describesthe
variationbetween measured pointsdepending on the distance
between them. Prior thesemivariogram was generated, the
trends which appeared in both EC data series were removed.

In the first series, analysis of the semivariogram graphs
showed that the range of spatial autocorrelation was similar for
all models. On the other hand, nugget and sill are different. The
nugget was lowest in the exponential model but highest in the
Gaussian model. The sill was lowest in the exponential model
but highest in the circular model.
In the second series,the semivariogram were shown in Fig.
4 and the properties of the semivariogram models were shown
in table 2. The properties of the spatial autocorrelation range
were between 40,383 and 47,437.04 m. The lowest range was
found in the circular model,but the highest range was found in
the exponential model. The lowest nuggetappeared in the
exponential model, whereas the highest nugget appeared in the
Gaussian model. The sill was lowest in the Gaussian model but
highest in the exponential model.

a) circular

b) exponential

c) spherical

d) Gaussian

Fig. 3. Semivariogram of electrical conductivity assigned for the first series
(depth, 30 cm) of soil tests and their approximate theoretical models: a)
circular, b) exponential, c) spherical and d) Gaussian.

TABLE II.

a) circular

Series /
Depth

Model

st

1 series /
30 cm

b) exponential

PROPERTIES OF THE SEMIVARIOGRAM MODELS OF EC
WITHBOTH LEVELS OF DEPTH.

nd

2 series /
100 cm

d) Gaussian

100 cm.

The calculation results of the prediction error for those two
series of EC measurements were shown in Table 3.In the first
series, the distinguishes of smallest values of root mean square
error (RMSE) and root mean square standardized error
(RMSD) at the measurement points were observed for the
Gaussian model (RMSE = 0.917, RMSD= 1.008).The biggest
of RMSE was found in the exponential model (0.955). These
results suggested that the Gaussian model is a suitable choice
for data interpolation in this case.
For the second series, the exponential model provided the
lowest values of RMSE and RMSD which were 1.099 and
1.013,respectively.
These results suggested that the
exponential model is the most suitable model for studying soil
salinity study at the 100 cm depth.
The spatial distribution of salinity level in soil was studied
by EC data as explained before. Electrical conductivity in the
unmeasured area was estimated using the widely employed
geostatistical method called kriging interpolation [7][13].
Those two measured data series were used to generate the
distribution of EC for each selected semivariogram model.

Range

Circular

0.64

0.76

163,371.19

0.57

0.67

163,371.19

Spherical

0.63

0.69

163,371.19

Gaussian

0.73

0.74

163,371.19

Circular

0.78

0.46

40,383.17

Exponential

0.66

0.60

47,437.04

Spherical

0.77

0.47

43,921.68

Gaussian

0.89

0.35

43,008.99

PREDICTION ERRORS FOR SELECTED SEMIVARIOGRAMS
MODELS.
Semivariogram Model

Depth

30 cm.

Fig. 4. Semivariogram of electrical conductivityassigned for the second
series (depth, 100 cm) of soil tests and their approximate theoretical models:
a) circular, b) exponential,c) spherical and d) Gaussian.

Sill

Exponential

TABLE III.

c) spherical

Nugget

Prediction error
Cir

Sph

Exp

Gau

Mean

-0.008

-0.008

-0.007

-0.010

Root Mean Square

0.935

0.937

0.955

0.917

Mean Standardized

-0.007

-0.007

-0.006

-0.009

RMS Standardized

1.029

1.032

1.044

1.008

Average Standard Error

0.907

0.907

0.913

0.908

Mean

-0.004

-0.006

-0.001

0.002

Root Mean Square

1.118

1.108

1.099

1.101

Mean Standardized

0.001

-0.001

0.002

0.005

RMS Standardized

1.037

1.026

1.013

1.017

Average Standard Error

1.074

1.076

1.083

1.079

a.

Cir = circular, Sph = spherical, Exp = exponential, Gau = Gaussian

The spatial interpolation results of both series are illustrated
in Fig. 5 and Fig. 6.There is a clear gradient of soil salinity at
both depths; higher along the shore (EC >2.00 dS/m) and
gradually decreases towards inland (EC 0.08-2.01 dS/m at 50100 km from the coastline).When the salinity distributions
from those two series of measurements are compared (Fig.
7),some similar spread trends of salinity were observed.
The salinity in soil at 30 cm depth gradually decreases from
south to north (coastline to land).In 30 cm depth, the EC value
in Tha Chin river mount is higher than Chao Phraya river
mount. This value is the same trend withsalinity in the river
from the report of water quality by Pollution Control
Department that measured at the same time [15]. And of
course, it might be the effect by the location of field survey
points. Because of, this study focus on collect the soil samples
on crop areas. That means no information from the sample
location in Bangkok city center.
As shown in Fig. 2 (study area and sample points),those
space that has no sample points and either the influence of
longer distance between sample points in the left side and right
side of Chao Phraya river. On the other hand, there are
extremely increases of salinity intrusion towards in the land at
100 cm depth level.Especially in the area between the two

rivers. The result shows hotspot in the border between
Nonthaburi and Pathum Thani provinces, which is the rice
paddy field growing areas. As shown in Fig.7, kriging result
for each series which is lowest errors were compared.

Fig. 7. A comparison of kriging results with the lowest errors model per
series of EC measurements: a) Gaussian model at 30 cm. depth, and b)
exponential model at 100 cm. depth.

IV.

CONCLUSIONS

This study is one part of our soil salinity research project
that purpose to assessing the spatial and temporal changes of
soil salinity in Chao Phraya and Tha Chin lower basins using
geostatistical method. The results in thisstudy are the
preliminary process to study the spatial variation of soil salinity
in this study area. Aims to select the appropriate equation or
model for spatial interpolation for all datasets.

Fig. 5. The distributions of electrical conductivity in the first series of
measurements (30 cm - depth), interpolated by ordinary kriging base on
semivariogram models: a) circular, b) exponential, c) spherical and d)
Gaussian

Among the four models of semivariogram analyzed in this
study, Gaussian and exponential models provided the lowest
errors in estimating the unknown values of soil salinity relative
to the empirical data. In should be noted that soil is a nonhomogeneous object and diverse mixture with many particles.
In the fieldwork, we found different EC values from nearby
points, which highlight the important of selected location for
data collection. These criteria could influence the samples data
variance. Taking together, there is no perfect model for any
datasets. The suitable model should have minimized
differences in residuals between experimental and theoretical
semivariograms.
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