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Abstract

There are four methods for estimating rainfall in a region with GIS; they are Thiessen polygons, Inverse
Distance Weighted (IDW), Spline, and Kriging. Each has its own advantages and disadvantages. The
selection of these four methods must be adjusted with the appropriation of the rainfall data. This article will
show the advantages and disadvantages of the four methods for the study area of Pontianak, West
Kalimantan, Indonesia.
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1. Introduction

Rainfall in an area can be measured by using a device called Ombrometer. The data obtained from a
rain gauge is a data concerning rain that occurs only in one area or point (point rainfall). Given that rain
varies with space (space), then for large areas, one rain gauge still cannot represent the rain condition in the
area. In this case, regional rain is needed from the average rainfall value of some rain gauge stations in / or
around the area.

Interpolation is a method for obtaining data based on several data already known (Wikipedia, 2008).
In mapping, interpolation is a process for estimating values in areas that are not sampled or measured, so that
maps or distribution of values are made across regions (Gamma Design Software, 2005).

Testing methods for predicting the rainfall distribution by using applications of geographic
information system can be presented as a map of the average rainfall in each month and daily rain of each
month. In making rainfall distribution maps, it can be done in ArcGis by using several methods, namely
Thiessen, IDW, Spline, and Kriging Methods.

This article uses monthly rainfall data of 2017 at the nearest climatology or meteorological stations
in Pontianak study area, namely data from the Maritime station, Supadio meteorological station, and
Mempawah meteorological station. The data is in a spreadsheet format such as the *.csv format that already
has a geographical location.

2. Discussion and Result Research

2.1 Thiessen Polygons
Thiessen is a method that is determined by making polygons between stations in an area then the
average rainfall height is calculated from the number of multiplications between each polygon area and the
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rain height is divided by the entire area. The Thiessen polygon method is usually used to detect the average
rain height if the rain station is not evenly distributed.

Thiessen's polygon is also one of the local interpolation methods. This method is also called the
proximal method, i.e. an attempt to weight the data points in an area. The measures taken are a number of
triangles drawn by connecting control points (for example, meteorological stations) using the Delaunay
triangulation technique (also used for TIN). The line is drawn perpendicularly to the side of the triangle at the
midpoint. Polygon is defined by intersection of lines.

The weighted average of each rain station is determined by its area of influence according to the
formed polygon (drawing axis lines on the connecting lines between two adjacent rain stations). This method
is obtained by making a polygon that perpendicularly cuts the middle of the connecting line of two rain
stations. Thus each measuring station R, will lie in a certain polygon A,. By calculating the area ratio for
each station = A,/A, where A is the wide of shelter area or the total area of the entire area sought for the high
rainfall. Average rainfall is obtained by summing up on each point with an area of influence which is formed
by drawing axis lines perpendicularly to the connecting line between two measuring stations.

_ AyR; + AjRy + ARy + -+ ApR, Y AR
T A A Az 4, B4

Where Q is the average rainfall; Aj,A;As,...A, are areas represented by the rainfall recorded at
stations 1, 2, 3, and so on; Ry, Ry, Rs, ..., R, are rainfalls at stations 1, 2, 3, and n is the station number.

Figurel. Thiessen Polygons Method

Classification of rainfall classes is started from less than 1500, 1500 - 2000, 2000 - 2500, 2500 -
3000, 3000 - 3500 and above 3500 (according to rainfall classification in general). Because the appropriate
data in Pontianak is only limited to 2560 to 3402, so it is classified into 2 classes only. As seen in figure 2,
Pontianak is only classified in the 3000 - 3500 rainfall class (high).

302



International Journal of Education and Research Vol. 6 No. 11 November 2018

Curah HujanThiessen
Kota Pontianak

Figure 3. Map of Rainfall with Thiessen Polygon Method

2.2 IDW (Inverse Distance Weighted)

IDW (Inverse Distance Weighted) method assumes that each input point has a local effect that
decreases with distance. This method emphasizes more on the closest cell to the data point than the further
cell. Points at a certain radius can be used to determine the output value for each location

The IDW method is generally influenced by inverse distance obtained from mathematical equations.
In this interpolation method, we can adjust the relative influence of the sample point. The power value in
IDW interpolation determines the effect towards input points, where the influence will be greater at closer
points so as to produce a more detailed surface. The influence will be smaller with the increasing distance
where the resulting surface is less detailed and looks smoother. If the power value is increased, it means that
the output value of the cell becomes more localized and has a lower average value. The decreasing power
value will result in an output with a larger average because it will give influence to a wider area. If the power
value is reduced, a smoother surface is resulted. The weight used for the average is a distance function
between the sample point and the interpolated point (Philip & Watson, 1985).

The weighting general function is the inverse of the distance square, and this equation is used in the
inverse invers distancewighted method which is formulated in the following formula:
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Wherez; (i= 1,2,3,.....,n) is the data height value will be interpolated by a number of N points and weights
(weight) w; which are formulated as follows:

P
h;
n -p
j=1 h]'

w; =

p is a changeable positive value called the power parameter (its value usually 2) and h; is the distance from
the point distribution to the interpolation point which described as follows:

hi =/ (x — x)2 + (y — y;)?

(x,y) are coordinates of the interpolation point and (x;y;) are coordinates for each spread point. The
function of weight variable is vary for the whole data point distribution to a value close to zero, where the
distance increases with the spread point.

The determination of results in IDW method is based on the assumption that the value of z attribute
(the estimated value) at the unrecorded point is a distance function and the average value of points around it.
The interpolation results are depend on how strong a data point is known to affect the surrounding area. In
addition, the number of points around it is used to calculate the average value, as well as the desired pixel /
raster size.

The advantages of IDW interpolation method are that the interpolation characteristics can be
controlled by limiting the input points used in the interpolation process. Points located far from the sample
point and which are estimated to have spatial correlations can be eliminated from the calculation. The points
used can be directly determined or selected based on the distance to be interpolated. The disadvantage of
IDW interpolation is that it cannot estimate values above the maximum value and below the minimum value
of the sample points (Pramono, 2008).

The resulted effect when IDW interpolation is applied is the peaks and valleys flattening unless the
highest and lowest points are part of the sample point. Due to the estimated value as the average value as
well, the surface results will not exactly pass through the sample points. Another disadvantage of this
interpolation method is the bull-eye effect.

Interpolation using the IDW method gives values with a wider range of areas. The interpolation
value will be more similar to the sample data in adjacent location rather than data in further location. Because
this method uses an average of sample data, thus the value cannot be smaller than the minimum or greater
than the sample data. Therefore, top of the hill or the deepest valley cannot be displayed from the
interpolation results of this model (Watson & Philip, 1985). To obtain good results, the data sample used
must be dense that meet the local variations. If the sample is rather rare and unevenly distributed, the results
are likely not to be as expected.
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Figure 4. IDW Interpolation Results

Based on the results of IDW's interpolation, most of Pontianak area has a rainfall of 3000 - 3500 and
the North West area has a rather small rainfall number of 2500 - 3000 mm per year.
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Figure 5. Rainfall map of Pontiianak city with IDW method
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2.3 Spline

Spline is a method which estimates values by using mathematical functions that minimize the total
surface curvature. The stretching effect of the spline is very useful to estimate the value below the minimum
value and the value above the maximum which possibly found in the data set used. This makes the Spline
interpolation method a good method for estimating low and high values that are not found on the data
sample.

The advantage of Spline method is its ability to produce a good accuracy result eventhough the data
used is limited. This method is very appropriate in making surfaces such as the height of earth's surface,
groundwater level, and concentration of air pollution. This method is not appropriate if applied to situations
where there are significant differences in values at very close distances. The drawback of this Spline method
is that when adjacent sample points have significant differences in values, then the Spline method cannot
work properly. This is because due to Spline method uses a calculation of slope that changes based on
distance to estimate the shape of the surface.

The equation used in the Spline method is a surface interpolation formula:

n

Seey) = T + Z ARy

=1

Where n is the number of data points; A; are weighting coefficients; r; is the distance from the
desired point (x,y) to the measurement point i;7(, ,yand R, are defined by
T(xy) = @1+ azx +azy

Ry = %g [in(5) + e = 1] + 70 [ T e+ in ()]

Where a; is coefficient; r is thedistance between the desire location; t & ¢ define the weight of the
third derivative of the surface; Ko is a modified Bessel function; and c is a constant equal to 0.5772.
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Figure 6. Rainfall map of Pontianak city with Spline method
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2.4 Kriging

Kriging method is a stochastic estimation similar to IDW, it uses linear combinations of weights to
estimate the value between sample data. This method was developed by D.L. Krige to estimate the value of
mining materials. The assumptions behind this model are distance and orientation between sample data
showing spatial correlation. This model gi vesa measure of error and confidence.

The determination of results in the Kriging method is based on the assumption that every point in the
landscape is interconnected and has a trend. Trends (mathematical equations) are used to predict points that
do not have data / information.

In the Kriging interpolation, the coverage of interpolation area is narrower. At close distances
(horizontal axis), semivariance is small, but at larger distances, it has a higher value which indicates that
variations in the z value are no longer related to the distance of sample point.

The kriged or predicted value Z'(x;) is a linear combination of observations at Nnb neighbor’s

stations:
Nnb

Z"(xo) = 2 NZ(x;)
i=1

Where A;are kriging weights which are estimated as solution of the kriging system. In the case of
external drift kriging using a drift variable Y, the system is:

Nnp
2 4 y(x]- — X))+ g+ Ilzy(xj) = ]/(xj —x0) j=1,..,Npp
i=1 .
nb
2/11' =1
i=1

Nnp

PRBICORIED
i=1

where pq, u, are two Lagrange parameters accounting for the two constraints on the weights. So, Y

has to be known at locations x; as well as the target location x,. The ED kriging variance is obtained by:
Nnp

o2 =y(0) - Z A v (o — x0) — g — pz Y (xp)
i=1
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Figure 7. Rainfall map of Pontianak city by using the Kriging method

3. Conclusion

Spatial interpolation is needed in meteorology and climatology to predict rainfall intensity, by
overcoming the limited data, environment, and other physiographic conditions, so that the modeling of
climate element can still be done.

Thiessen polygons are probably the most common approach for modelling the spatial distribution of
rainfall. The approach is based on defining the area closer to a particular gauge than any other gauges and
the assumption that the best estimation of rainfall on that area is represented by the point measurement at the
gauge. However, an impact resulted regarding the use of Thiessen polygons is the development of
discontinous functions defining the rainfall depth over the catchment. This impact arises at the boundaries of
the polygons where a discrete change in rainfall depth, or intensity, occurs (Luk. 1997).

The IDW method assumes that each input point has a local effect which decreases with distance.
This method emphasizes more on the cell closest to the data point than the further cell. Points at a certain
radius can be used to determine the output value for each location.

In contrast, Spline is a local fitting technique which is based on the interpolation between several
adjacent measurement points by using some low-order polynomials. This approach avoids overfitting on the
measurement points by high-order polynomials. In addition, estimation of the order of polynomials is not
required. Surfaces of this type have been found to be a robust spatial interpolation for many meteorological
problems (Luk, 1997).

The use of Kriging for interpolating rainfall at locations is not monitored based on the assumption of
spatial homogenuity, which means that the same pattern of variation can be observed in all locations within
the catchment. Furthermore, it is assumed that the spatial variability of the rainfall is a function of a
structural component which is correlated to a constant trend, a spatially correlated component, and a random
residual error term (Luk. 1997).
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The IDW interpolation method provides more accurate interpolation results. This is because there are
only three rain gauges for Pontianak city. The results of IDW method give the value close to the minimum
and maximum values of the sample data.
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