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Abstract

Spatial interpolation is GIS modeling to estimate the value of an unmeasured location point based on
measurements at another location. However, research on choosing the best interpolation method for a
sample to become a continuous map is still limited. The main objective of this study is to compare three
interpolation methods to show the spatial distribution map of water quality in Seloromo Reservoir, Pati
Regency. Water quality measurements in terms of pH, EC, and TDS parameters consist of 50 sample points
for each parameter. Water sampling was conducted in February 2023 from morning to afternoon. The three
interpolation methods include inverse distance weighting (IDW), Gaussian kriging (GK), and spline. The
results show that each interpolation method used will result in different interpolation maps. The best
interpolation method in this study is inverse distance weighting (IDW). The IDW method has the best R-
Square (pH 0.824; EC 0.85; TDS 0.873) and RMSE (pH 0.146; EC 0.93; TDS 0.563) values compared to
the other two methods. This research is limited to comparing the results of mapping water quality
distribution.
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1. Introduction

As a freshwater ecosystem, reservoirs are artificial waters formed by damming rivers
(Nurruhwati ef al., 2017). Reservoirs have economic value for fishery, tourism, sports, and other
activities. Therefore, reservoir water is vulnerable to pollution because of use in various dynamic
activities (Srinidhi er al., 2022). The degradation of reservoir water quality can occur from
anywhere, either due to human activities or water sources that cause effluents to flow into the
reservoir waters (Soeprobowati ef a/., 2019). Because of that, information about reservoir water
quality must be identified by conducting reservoir water quality monitoring. Water quality
monitoring involves collecting water samples at various locations that are spatially distributed
(Ogbozige et al., 2018). A spatial distribution approach will help in representing distribution of
sample point through mapping (Prasetyo er a/., 2022). Water quality mapping is useful for
formulating relevant regulations (Wu er al., 2021).

The interpolation method is one of the GIS models of surface water to predict unknown values
(Gong et al.,2014). There are many methods that have been designed, including statistical methods
for example kriging and deterministic methods for example IDW. Interpolation accuracy refers to
a measure that determines the degree of similarity between the predicted and actual measured
values. As a result, boundaries and areas of contamination are created and affect the accuracy
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assessment (Mirzaei & Sakizadeh, 2016). Many research studies have explored spatial
interpolation methods for various purposes, but results are not conclusive. Some studies suggest
that kriging is the best method (Kimleang e al., 2017; Li & Heap, 2011; Murphy et al., 2010),
while others showed that IDW has the lowest prediction bias among other methods (Gong ef a/.,
2014; Khouni ef al., 2021). In addition, other studies have showed the advantages of interpolation
methods such as Ordinary kriging and RBF-IMQ (Xie ez a/., 2011), Empirical Bayesian kriging
(Mirzaei & Sakizadeh, 2016), and Co-kriging (Belkhiri er a/., 2020). Performance of spatial
interpolation methods not only depends on the parameters used, but also other factors such as data
variation and sampling design (Li & Heap, 2011).

Specifically, this paper describes a comparison between three interpolation methods, including
IDW, kriging, and spline. This research produces water quality distribution maps with different
interpolation methods. Comparing the accuracy of the interpolation method requires water quality
parameters, such as degree of acidity (pH), total dissolved solids (TDS), and Electrical
Conductivity (EC). This study's novelty is the determination of the spatial distribution of reservoir
water quality parameters using the IDW, kriging, and spline interpolation methods at locations that
have never been research sites. Based on the measurement of physical water quality parameters,
limitations may exist regarding measurement outputs that are influenced by the season at the time.

2. Methods
2.1 Study area

Seloromo Reservoir is located at the eastern foothills of Mount Muria, specifically in Gembong
District, Pati Regency, Central Java. This reservoir has a water catchment area of 15 km? (Fig. 1).
The average rainfall in the Seloromo Reservoir watershed is 1,703 mm/year (BBWS Pemali Juana,
2019). Topographically, the area around the Seloromo Reservoir is a low to highland which is
wide enough with the highest field elevation + 159,500 (BBWS Pemali Juana, 2019). Land use in
the research location is dominated by settlement areas, rainfed rice fields, and moorland, while
forest and grassland use only cover a small area of the site. Seloromo Reservoir receives water
input from four sub-watersheds that supply the river, namely the Wuni, Lampeyan, Jering and
Sentul sub-watersheds.

2.2 Data Collection and Sampling

The survey was conducted on 11 February 2023 from morning to afternoon. This study uses
primary data obtained from collecting and measuring water samples using water checker
(PCSTestr 35 Multi-Parameter) to determine the condition of water quality parameters such as
acidity/pH (unitless), total dissolved solid/TDS (mg/L), and electrical conductivity/EC (uS/cm).
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Figure 1. Catchment Area of Seloromo Reservoir

The number of water samples taken is determined using systematic random sampling method
with a grid size of 150m x 150m. After the grid is created, sampling locations are determined
randomly within each grid (Sejati, 2017). Ideally, one observation point represents a grid of 2.25
hectares with a mapping scale of 1: 15,000 (Triadi er a/., 2016). Sampling was carried out at the
surface until a depth of 5 meters which is considered representative of these waters (Indriani ef al.,
2016). Based on the grid system, it was assumed that 50 samples were sufficiently representative
of the reservoir by considering the water surface area of approximately 1.61 km?®. Water sampling
is also recommended in all sections of the reservoir to validate the results (Santoso ef al., 2017).
Water samples are composite, which is a combination of temporary samples collected.

2.3 Mapping by Interpolation Method

To map the spatial distribution of reservoir water quality, first, prepare water quality data such
as water quality coordinates of sampling locations and values of each parameter. Some 70% of the
data was analyzed using the IDW, kriging, and spline interpolation methods. After that,
interpolation was performed by inputting water quality point data, then processing and waiting for
the results. Especially for the kriging interpolation method, it is required to do spatial correlation
using Integrated Land and Water Information System (ILWIS) application to calculate the semi-
variogram value at a certain distance so that a suitable semi-variogram model can be found. There
are three semi-variogram parameters, namely sill, nugget effect, and range. After knowing the
suitable semi-variogram model, then process the water quality data in ArcGIS (ArcMap 10.4). The
final result of data processing is a spatial distribution map of water quality for each measured
variable.

2.4 Interpolation Method Validation

As much as 30% of the 50 data samples were processed as validation points, outside of the
points processed by the interpolation method (Hasan ef al., 2020). Accuracy tests for the IDW,
kriging, and spline methods are carried out by determining the value r-square (R?) and Root Mean
Square Error (RMSE).

R-Square (R?)
41



Dewi, / Indonesian Journal of Limnology 2025 6(1): 39-50

Value of R? to determine the accuracy of the use of the interpolation method. This method can
be used to determine the best method by comparing the value results (Soraya, 2021). The

formulation function is as follows:

= n(Exy)-Ex)Xy) (1)
VI Ex2— 0+ [n*Cy2- Ty)2)]

Where, r is the correlation coefficient, z is the number in the given dataset, x is the first variable,
and y is the second variable.

Root Mean Square Error (RMSE)

RMSE measures how much error there is between two data sets (Murphy ef a/., 2010). RMSE
is a measure that is often used to determine the difference between the value estimated by the
model and the actual value observed. The smaller the RMSE value, the fewer errors that occur
between the two data sets.

RMSE = [1EL1Z2G0) - 22l @)

where, z(xi) and z*(xi) are the measured and interpolated of the observed values of water quality
index, while 7 is the sample size (Xie er al., 2011).

2.4 Analytical Method

Regression and graphical analysis used to determine the best method of a model by comparing
the results of the R? value. Table 1 shows the classification of R? values. Graphical analysis
includes a semivariogram graph specifically for the kriging method and an R? graph. This analysis
is used to make it easier for readers to understand the results of a model validation test. Meanwhile,
a descriptive - quantitative method was conducted to explain the differences results of the spatial
distribution maps for pH, DHL, and TDS parameters. This study also uses a cross-sectional method
with an observation of interpolation patterns on the map.

Table 2. Classification of R-Square (R?) Values

Value Classification!
0 None
0.01 -0.49 Weak
0.5 Moderate
0.51-0.99 Strong
1 Perfect

aGhozali, 1. (2016). Aplikasi Analisis Multivariete dengan Program IBM SPSS 23, Edisi 8. Badan Penerbit Universitas Diponegoro.

In summary, the steps in this research can be seen in Figure 2.
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Figure 1. Data Processing Flowchart

3. Results and Discussion
3.1 Selecting the Best Fitted Semi-variogram Models for Kriging Method

Map design for the IDW and Spline methods uses the default reference provided by ArcGIS
10.4, while the kriging method needs to specify a semi-variogram model to indicate the weights
used in interpolation. The semi-variogram provides information about the structure of spatial
variation and input parameters for kriging (Belkhiri er al., 2020).
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Figure 2. Fitted Semi-variogram Models

Using a semi-variogram to indicate the weights used in interpolation, the kriging method is a
geostatistical technique. Creating maps for the kriging method is performed by inputting data
samples and semi-variogram values that have been analyzed with the ILWIS application. In theory,
the semi-variogram model for interpolation is the spherical model. The semi-variogram graph
shows the nugget effect, sill, and range values for each water quality parameter (Table 2).

Tabel 2. Gaussian Model Analysis

Parameter Nugget Effect Sill Range
pH 0.02 0.168 0.004
EC 0.1 2.95 0.005
TDS 0.1 1.5 0.0045

The pH parameter has the lowest nugget effect value, while the nugget effect on EC and TDS
is higher (Table 2). This indicates that EC and TDS have more variable values than pH parameter.
The range value in semi-variogram analysis represents the range of zones between observation
points that are still correlated. The range value of the EC is slightly larger than that of pH and TDS,
indicating that the measurements are correlated. The Gaussian model is the best model because
the graphics can represent the entire data sample (Fig. 3). Next, this model will be used for kriging
interpolation, namely Gaussian Kriging (GK).
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3.2 Performance of Interpolation Method Maps

Each interpolation method will create a different output, even though the input data used is the
same (Prasetya er al., 2021). It is because each interpolation model has different mathematical
algorithms when performing the interpolation process. An isnterpolation method's results are
influenced by various factors such as scope of the study area, spatial sampling patterns, and
statistical distribution of data, even the expertise of the researcher (Mirzaei & Sakizadeh, 2016).

The spatial distribution of pH is generally lower in the southern area, especially the south-end
of the reservoir which has the lowest pH value of 8.00 (Fig. 4). Differences in interpolation results
exist in the north, located on the interpolated contour of the highest pH value (red color). The
interpolation results of three methods generally show that the highest pH value is around some
sample points. For example, point 5 and point 7 in the IDW and spline methods are included in
the high pH values, as opposed to the gaussian kriging method. In contrast, point 15 in the gaussian
kriging method is included in high pH values, different from the IDW and spline methods. Based
on that, the distribution of high pH values using the gaussian kriging method shows a different
contour shape from the other methods (Fig. 5).
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Figure 3. Spatial Distribution of pH for Different Interpolation Methods
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Figure 4. Zoomed region of Fig. 4 showing differences IDW and GK Interpolation

45



Dewi, / Indonesian Journal of Limnology 2025 6(1): 39-50

IDW Spline

Legend

- ® Sample Points
-~ 43 : 43 pH

: - I 7s0-200
¢ 4 4 [ Jaot-as0

. S [ 8s51-0.00
' ’ B oot -950

38 38
3 e -‘7 & 0 0.2 04

Km

Figure 5. Zoomed region of Fig. 4 showing differences IDW and Spline Interpolation

Contour shapes of pH in the southern area of the reservoir between the spline method and the
IDW and gaussian kriging methods differed at point 43 (Fig. 6). Both methods did not include
point 43 in the classification of the range 8.51 - 9.00 (yellow color). The spline method clipped the
point into the yellow color classification. In addition, point 37 in the IDW and spline methods was
classified in the 7.50 - 8.00 range (dark green color). However, the gaussian kriging method is
different from both. Based on the sample value of the measurement results, point 37 has a pH value
of 8.00 so it should fall within the range of 7.50 - 8.00 like the results of the IDW and spline
methods.

Tabel 3. Parameter Statistics of pH

Method Maximum Minimum
IDW 9.34 8.00
Gaussian Kriging 9.32 7.89
Spline 9.43 7.82

The maximum and minimum values of the raster cells from these methods in Table 3 show that
IDW interpolation results are similar to sample data values. Meanwhile, the interpolation results
of gaussian kriging and spline show that the maximum and minimum values are close to the sample
data values. This represents that there are no interpolated values which are negative or too large.
The validation results for the IDW method have the highest R? value of 0.824 with the lowest
RMSE value of 0.146 (Table 6). It means that the IDW method for pH is more accurate than the
gaussian kriging and spline methods. In addition, a low RMSE value of the IDW method indicates
that the value variation generated by the method is close to the value variation of the data sample.

IDW and gaussian kriging methods have similar interpolation patterns for EC, while the spline
method was different from both (Fig. 8).
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Figure 6. Spatial Distribution of EC for Different Interpolation Method

Distribution of EC values in the northern area of the reservoir was dominated by the ranges
138.1 - 140.0 ps/cm and 140.1 - 142.0 ps/cm. In the southern area of the reservoir, the distribution
of EC was dominated by the ranges of 136.0 - 138.0 pus/cm and 138.1 - 140.0 ps/cm. Generally,
contour shapes for the northern area of the reservoir using three methods are almost similar, while
significant differences are found in interpolation results at the southern area.
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Figure 7. Zoomed region of Fig. 8 showing differences IDW and Spline Interpolation

Based on Figure 7, the contour shapes of the IDW and gaussian kriging methods are almost the
same, different from the contour shape of the spline method which intersects through point 38 and
point 43. Differences in contour shapes at the southern tip of the reservoir using the spline method
are very different compared to other two methods, but the classification for point 40 remains the
same as the other two methods.

Tabel 4. Parameter Statistics of EC

Method Maximum Minimum
IDW 143.8 136.0
Gaussian Kriging 143.7 136.1
Spline 143.9 133.2

Minimum values of the IDW and Gaussian kriging models for EC are close to or equal to the
sample data values, while the spline model has a minimum value that is much different from the
sample data values. However, the maximum values of the three interpolation models are similar
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and close to the maximum values of the sample data (Table 4). But, the maximum value of the
spline method is slightly higher than that of the sample data. Therefore, the difference in
classification range of the spline model is different from the other two models. IDW method has
the highest R? value of 0.85 and the lowest RMSE value of 0.93 (Table 6). Meanwhile, the spline
method is opposite to the IDW method, where the lowest R? is 0.571 and the highest RMSE is
1.15. This means that the largest prediction error value of the resulting model is obtained from the
spline method. This shows that IDW interpolation modeling of EC parameters in the study area is
the best.

Distribution of TDS obtained from all three interpolation methods showed similar patterns in
general (Fig. 9).
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Figure 8. Spatial Distribution of TDS for different Interpolation Methods

Results of interpolation in the northern area of the reservoir are dominated by the classification
between 98.6 - 100.0 mg/1 (light green color), while in the southern area of the reservoir mostly
around 97.0 - 98.5 mg/l (dark green color). Third interpolation method illustrates that the highest
TDS value is only at point 11. Contour shape of interpolation results looks slightly different at
some points. For example, point 33 and point 34 using IDW and spline results are similar because
they are classified in the same range, but in gaussian kriging method only point 34 which has the
same classification with both methods (Fig. 10).
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Figure 9. Zoomed region of Fig. 9 showing differences IDW and GK Interpolation

Moreover, IDW and spline methods also interpolate point 40 over 98.5 - 100.0 mg/1, while the
kriging method is classified over 97.0 - 98.5 mg/l. Differences of contour shapes at point 40 are
obviously different using the spline method, while the IDW method looks centered and slightly
enlarged around that spot.

Tabel 4. Parameter Statistics of EC

Method Maximum Minimum
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IDW 101.99 97.00
Gaussian Kriging 101.82 96.42
Spline 102.11 95.11

Based on the maximum and minimum values (Table 5), IDW has the closest value to the sample
data value. The maximum value of pixel cells from all three methods is close to the sample data
value. However, only the minimum value of IDW has an interpolated value equal to the sample
data value, while gaussian kriging and spline are below the sample data value. IDW has the best
R? value for TDS accuracy of 0.873 as compared to the gaussian kriging and spline methods (Table
6). Also, the RMSE value of the IDW method is also the lowest at 0.563, meaning that the value
variation obtained is closest to the data sample value variation. This value is better than the other
two methods.

The results of R? and RMSE show that the three interpolation methods are accurate enough for
spatial analysis. IDW method has the best accuracy as compared to the other methods. This is
because the R? value of the method is closest to 1, meaning that the ability of the independent
variable (prediction model) to explain the dependent variable (sample data) is quite large (Hasan
etal.,2020). Meanwhile, the lowest RMSE value of the IDW indicates a low predicted error value.
Value of the predicted error depends on the distance between the two measurement point locations.
Unmeasured data at a location far from the measurement point creates an inaccurate value
(Kimleang et al., 2017). Also, the maximum or minimum value indicates the uncertainty
associated with the sample location so there are different ranges of values in each method (Xie ef
al.,2011).

Table 6. Validation Result by Three Interpolation Methods

Parameter Method R? RMSE

IDW 0.824 0.146

pH GK 0.724 0.204
Spline 0.659 0.239
IDW 0.85 0.93

EC GK 0.664 1.05
Spline 0.571 1.15
IDW 0.873 0.563

TDS GK 0.686 0.638
Spline 0.552 0.74

Accuracy of the IDW to show the spatial distribution of water quality in Seloromo Reservoir is
compatible with studies by Gong e al. (2014), Pankalakr and Jarag (2016), and Khouni er al.
(2021). According to Gong er al. (2014), IDW is more accurate than the gaussian kriging method
due to the influence of data values in a particular region. Calculation of accuracy for spline method
is the lowest for studies in Seloromo Reservoir so that these results are congruent with research
conducted by Jaffar er a/. (2022). Based on research by Pasaribu and Haryani (2012), the spline
method is less accurate than the IDW method because it is influenced by different weighting values
and input data from each method. Weighting affects the determination of the value for each
interpolated point based on sample points in one region.

4. Conclusion
After the comparison between IDW, Gaussian Kriging, and Spline interpolation, there is
difference of characteristics among the three methods. An interpolation method for the three
parameters is strongly recommended using IDW that best interpreted the spatial distribution of
water quality in Seloromo Reservoir. The R? value of the IDW method for pH, DHL, and TDS
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parameters is nearly 1 and classified as strong. Meanwhile, the RMSE value of the IDW method
for pH, DHL, and TDS parameters in contrast to the R? value shows the lowest value, meaning
that the error rate of the IDW method is less than the other two methods. Using the interpolation
technique succeeded in providing the best match between the reading value and the expected value.
This was limited by the water quality parameters measured. It is recommended that future
research should explore the water quality of Seloromo Reservoir with more complex parameters.
In another case, it can be supported by making a bathymetry map to show the depth of the water
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