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Abstract 
Water is one of the most important components in the life of living things. The availability of clean water is still a problem at this time. 
One of the solutions for clean water needs at this time is groundwater. However, groundwater also has its problems, especially in coastal 
areas. Some residents complained that the quality of their groundwater changed when the seasons changed. In the dry season, 
groundwater levels tend to decrease. One of the parameters of groundwater that can be affected by intrusion is salinity. Salinity is the 
level of salt dissolved in water. This study aims to find out the effect of seasonal changes on the groundwater table and the value of 
groundwater salinity in the coastal areas of  Padang and to detect whether there is seawater intrusion on groundwater. Researchers 
measured groundwater quality in resident wells along with the coastal areas of Padang. Then the researchers mapped the value of 
groundwater salinity in both seasons. The method used for mapping salinity is the kriging interpolation method. The results showed that 
the groundwater table in the rainy season increases than during the dry season. From the results of data processing it was found that the 
salinity value in the rainy season ranged from 0.1 - 30 ppt, whereas in the dry season it ranged from 0.1 - 33 ppt, with the highest salinity 
in North Padang sub-district. 
Keywords: Salinity, Groundwater, Rainy Season, Dry Season, Kriging. 

1. Introduction 

Water is one of the most important components in the life of living things. The availability of clean water is still a problem 
at this time. One of the solutions for clean water needs at this time is groundwater. However, groundwater also has its 
problems, especially in coastal areas. Some residents complained that the quality of their groundwater changed during the 
change of seasons. 
 
In the dry season, groundwater levels tend to decrease. This will provide an opportunity for seawater intrusion. Seawater 
intrusion is the process of entering seawater into groundwater. Coastal areas have the potential for intrusion symptoms. 
Seawater intrusion can cause changes in groundwater quality. One of the parameters of groundwater that can be affected by 
intrusion is salinity. Salinity is the total concentration of ions found in waters [1]. This study aims to determine the effect of 
seasonal changes on the value of groundwater salinity in the coastal areas of Padang and to detect whether there is seawater 
intrusion on groundwater. Groundwater is part of the hydrological cycle that takes place in nature and is present in rocks 
that are below the surface of the ground including the density, distribution and movement of groundwater with an emphasis 
on its relationship to the geological conditions of an area [2]. Groundwater is the amount of water below the surface of the 
earth that can be collected through wells, tunnels or drainage systems or can also be called a flow that naturally flows to the 
surface of the ground through jets or seepage [3]. 
 
Seawater has a specific gravity greater than freshwater, consequently, seawater will easily push groundwater. Naturally, 
seawater cannot go far inland because groundwater has piezometric pressure more strongly than seawater, so an interface is 
formed as the boundary between groundwater and seawater. This situation is a state of equilibrium between seawater and 
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groundwater. Seep seawater or saltwater into groundwater is called seawater intrusion [4]. Seawater intrusion is the process 
of entering seawater into groundwater because seawater can force groundwater into groundwater. 
 
Excessive extraction of groundwater will cause a space under the ground which allows the compacting process to occur due 
to the pressure of the soil load of overlying rock, which is reflected on the surface as subsidence which can come slowly or 
suddenly. Calculation of the probability of this collapse is difficult to predict, just like calculating the probability of an 
earthquake, because it must be monitored continuously so that the critical point is not exceeded. In aquifers that are close to 
shore, vacancy due to excessive groundwater uptake can result in changes in hydraulic equilibrium between freshwater and 
seawater pressure water, which results in the entry of seawater in the direction of land or what is known as seawater 
intrusion [5]. 
 
Salinity is the level of salt dissolved in water. Salinity is the total concentration of ions found in waters. Salinity represents 
total solids in water after all carbonates are converted to oxides, all bromides and iodides are replaced by chlorides, and all 
organic matter has been oxidized. Salinity is expressed in units of g/kg or permit (0/00). The following criteria for assessing 
well water salinity can be seen in Table 1 below: 

Table 1: Criteria for Well Water Salinity 
No. Salinity (0/00) Salinity Level 
1 
2 
3 
4 

< 0,5 
0,5 – 30 
30 – 50 
> 50 

Fresh Water 
 Moderately Saline 
Saline 
Brine 

 Source: [6] 

2. Methodology 

Interpolation is usually necessary for mapping, and nowadays kriging is used for the purpose [7]. Kriging interpolation is a 
well-known geostatistical technique for spatial interpolation in geology and mining [8]. The term kriging is taken from the 
name of an expert, i.e D.G. Krige, who first used spatial correlation and unbiased estimators [9]. Kriging is a generic name 
for a family of generalized least-squares regression algorithms, used in recognition of the pioneering work of D. G. Krige 
[10]. The generalization of this method was developed by Matheron [11]. Kriging is a method of estimating the value of a 
variable at a point or block for which there is no sample value by using a linear combination of known variables [12]. 
Kriging estimate is known as the Best Linear Unbiased Estimate (BLUE), because it is a linear combination of weighted 
sample values, the whose expected value for error equals zero and whose variance is a minimum.  
 
In variogram, analysis modelling is done by kriging interpolation technique. Variograms are statistical tools to describe, 
model and explain spatial correlations between observations [13]. Variograms can be used to analyze the level of similarity 
or variability between each data level [14]. 
 
A variogram is a vector function that can be used to quantify the degree of similarity or variability between two samples that 
are separated by a certain distance. Variogram analysis begins with making an experimental variogram. After that, it is 
continued with fitting variogram, which is matching experimental variogram with theoretical variogram. From the fitting 
variogram, the variogram model will be selected. There are three variogram models used [15, 16]:  
1. Spherical model  
2. Exponential model  
3. Gaussian model . 
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2. Result 

3.1 Groundwater Table Mapping 

From the results of data processing, groundwater table map during the rainy and dry season is obtained. The map can be 
seen in Fig. 1 and Fig. 2 below. 

 

Fig.1 Zoning Map of Groundwater Table During Dry Season 

 

Fig.2 Zoning Map of Groundwater Table During Rainy Season 
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From the map, we can see the groundwater table level in rainy and dry season is different. In the dry season, the 
groundwater table ranges between 0,31–1,3 meters, while in the rainy season, the ground water table ranges between 0,31–
1,5 meters. From these results, we know that groundwater level increased during rainy season. 

3.2 Salinity Zone Mapping 

Based on the data processing of salinity value, a histogram of salinity in both seasons is obtained. The histogram of salinity 
can be seen in Fig. 3 below.  
 

 

Fig. 3 Histogram of Salinity Data During Dry Rainy and Dry Season 
 

From the histogram can be seen that the average of salinity value in the rainy season is 2,2493 ppt and in the dry season is 
2,296 ppt. From these results, the average salinity value in dry season is higher than rainy season. After analyzing the 
histogram, then an analysis of the variogram is performed. Based on fitting variogram, variogram model of salinity during 
both seasons is obtained. Variogram model used is spherical model. Variogram model can bee is seen in Fig. 4. Based on 
the variogram model, several variogram parameters are obtained. The parameters can be seen in Table 2 and Table 3 below. 
 

Table 2: Parameter Variogram of Salinity During Rainy Season 
Parameter Value 

Nugget 
Sill 

Range 

0 
20,1021 

2700 
 

Table 3: Parameter Variogram of Salinity During Dry Season 
Parameter Value 

Nugget 
Sill 

Range 

0 
16,48 
2600 
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Fig. 4 Variogram Model of Salinity During Rainy Season and Dry Season 

From the results of the data processing, the salinity zoning map during the rainy season and dry season is obtained. The map 
can be seen in Fig. 4 and Fig. 5 below. 
 

 

Fig.4 Zoning Map of Salinity During Rainy Season Using Kriging Interpolation Method 
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Fig.5 Zoning Map of Salinity During Dry Season Using Kriging Interpolation Method 

From the map (Fig. 4 and Fig. 6), can see the different of salinity value in the rainy and dry season. In the rainy season, the 
salinity value ranged from 0.1-30 ppt, while in the dry season it ranged from 0.1-33 ppt, with the highest salinity in  North 
Padang sub-district and West Padang sub-district. From the map, can be seen that in some locations there was a decrease in 
the value of groundwater salinity during the dry season. This could have happened because of the influence of the geological 
conditions in the surrounding area, so that requires further research. 
 
4. Conclusion 
 
From the research, it is known that the groundwater level increases during the rainy season, while the value of groundwater 
salinity tends to rise during the dry season. This proves that seasonal changes affect the value of groundwater salinity.  Two 
sub-districts are indicated to have occurred in seawater intrusion, the North Padang sub-district and West Padang sub-
district. 
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