ﬂ Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 6, 1322-1327 (2020)

ASTES)J

.astesj.
www.astesj.com ISSN: 2415-6698

Special Issue on Multidisciplinary Innovation in Engineering Science & Technology

Evaluation of Simple Space Interpolation Methods for the Depth of Precipitation: Application for Boyaca,

Colombia

Pedro Mauricio Acosta Castellanos™', Alejandra Castro Ortegon?, Hugo Fernando Guerrero Sierra’

!Faculty of Civil Engineering, Santo Tomas University, Tunja, 150003, Colombia

’Faculty of Environmental Engineering, Santo Tomas University, Tunja, 150003, Colombia

3Faculty of Economics and Social Sciences, La Salle University, Bogotd, 110231, Colombia

ARTICLE INFO

ABSTRACT

Article history:

Received: 04 September, 2020
Accepted: 01 December, 2020
Online: 16 December, 2020

Keywords:
Regionalization
Interpolation
Precipitation
Hydrology

Interpolation tools are used daily in hydrology and climatology. With the purpose to
regionalize spot’s registration parameters, such as depth of precipitation, temperature,
humidity, among others. The accuracy of these methods is not fully validated. This research
presents a comparative study between the most used interpolation methods for the
regionalization of hydrological and climatological parameters. Comparative analysis of
spatial interpolation, it was carried out using the IDW, Kriging and Spline methods, for this
the ARGIS software was used, because its widespread and widespread use. The depth of
precipitation was considered as a parameter for the comparison. Accuracy was determined
by cross validation. Also, for the coefficient of determination and the comparison for visual
errors such as "bull’s eyes". The research was spatially restricted to a politically delimited
region, Boyacd, Colombia, South America. The best method for spatial interpolation in this

case was shown to be Spline.

1. Introduction

Rainfall records are of great importance, because from this
information can be obtained among other analyses of flows, design
storms and changes in rainfall behavior. The records and their
analysis usually come from a network of meteorological stations,
each corresponding to a specific geographical point [1]. With this
information it is possible to estimate and design structures for
water control, economic evaluation of flood protection projects,
planning and management of land use, water quality control,
among others [2].

Because rainfall information represents the record of a single
geographical point, it is common for information to be researched
and developed for interpolation in the form of regionalization maps
[3]. This information is more common than rainfall, due to its
simplicity in the form of record, in both cases can be obtained from
calculation treatments and analysis rainfall runoff models and
obtain important information such as the curves intensity, duration
and frequency [4]. In this sense, regionalization can be defined as
the transfer of data or spatial information from one station to
another [5]. The transfer can range from data characteristics to
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hydrological models, [6]. A factor which determines a better
condition in regionalisation is homogeneity which essentially
refers to the geographical proximity or contiguity and hydrological
similarity of meteorological stations [7].

Geographical dispersion in measurement networks means that
there are gaps in the spatiality of information, specifically in areas
without station coverage [8]. It is evident that the same applies to
rainy seasons, for this reason, it is usual that different
investigations are presented that seek to find the best method of
regionalization and interpolation of hydrological data in order to
present a viable alternative for obtaining data in areas where there
is no availability. This may influence better and more accurate
hydrological models, especially in small and medium catchment
areas [9].

This paper presents the evaluation of three interpolation
methods; Interpolation with Weighted Inverse Distance (IDW),
Interpolation by Gaussian Regression Processes (Kriging) and
Segmental Interpolation (Spline), applied to the regionalization of
rainfall data, looking for the best method for current and future
research, determining the degree of reliability of each method. The
interpolation and evaluation were carried out for the rainfall data
of monthly and annual records, the application of the study was
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limited to the geographical area comprised by the entire
department of Boyaca, Colombia. These three methods or
interpolation techniques were evaluated because they are the most
commonly used by consultancies and research [10].

2. Methodology
2.1. Interpolation

This research seeks to validate or give support to what is used
daily, for this reason the ordinary kriging and the circular model
were used because within the wide spectrum of the kriging method,
these are the two most used, it is important to note that they can
make and create the empirical models for semivariograms but the
vast majority of references and even companies like ARGIS
indicate that the ordinary kriging and the circular model are the
most used [11-19].

Due to the fact that rainfall information is of a point type due
to the need for a spatial range and not a point range, interpolation
tools are often used, which can define regions with similar
behavior [20]. The commonly used methods are Inverse Distance
Weighting or IDW, Kriging and Spline, in this sense there are few
comparative studies that seek to define the most suitable spatial
interpolation method for climatic or environmental variables such
as precipitation [21]. Spatial interpolation methods can be defined
in four categories: regression method or model and trend surface,
local methods, geostatistical methods and mixed methods [9],
Only local methods (IDW, Spline) and a known geostadistic
method Kriging were evaluated for this research. Likewise, only
monthly and annual rainfall depth record values were interpolated
for the region of Boyacd, Colombia, because it has a spatially
acceptable coverage of rainfall stations, which has a direct bearing
on the use of interpolation methods since it is necessary to have a
regional coverage to carry out interpolation, since the techniques
preside over the variable of interest in a specific place taking values
from the surrounding region, resulting in homogeneity [22]. The
project will be carried out in the department of Boyaca, Colombia,
which has 123 municipalities and 116 rainfall stations of which 60
were useful, since they fulfilled a range of 20 years of historical
records counting from 1998 to 2018.

2.2. IDW method

The IDW interpolation method is widely used because of its
simplicity [23]. Which is based on the fact that the unknown or
sought value of a point has the greatest influence of the nearby
control points and the degree of influence or weight of them [24],
this implies that it is directly proportional to the inverse of the
distance between the points posed [25]. When defining a high
power, greater emphasis will be on the nearest points and the result
of the surface will be more detailed, but less smoothed. By
specifying a lower power, greater importance will be given to the
more distant points and therefore the resulting surface will be
smoother. equation (1) represents the method
Zi
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where Z is the interpolated value for a point with the unknown
observed value, Wi is the weighting function that determines the
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importance and relationship of each control point Zi, while Zi is
the observed value of the control point i (i=1,...,n), which is the
closest zone to the interpolated point and n is the total number of
points used in interpolation [26]. The surfaces obtained by this
method tend to be symmetrical over the points and reflect the mean
value of the dispersion points in the regions between the points. In
this method it is possible to control the importance of known points
over interpolated values based on distance.

2.3. Kriging method

The method of interpolation Kriging, has a large number of
variants that have been developed in recent times, the common is
the Kriging Ordinary (KO). We have in this method that the
observed or not observed search points are calculated by the linear
weighted average of the observed or existing points [23], as shown
in equation (2).

Zo= Xl A Z; (2)

where Z, represents the point searched or not observed, Zi means
the attribute of the value of an observed point i, Ai is the weight or
significance of Zi.

The KO method presents the best linear prediction for points
not observed, this means that in theory the value sought or point
not observed is equal or very similar to the true value and the
variance in the error is minimal [27].

2.4. Spline method

This interpolation method determines the unobserved points
using a mathematical function that minimizes the general
curvature of the surface, which has the particularity of being a
smoothed surface. Many tests performed with Spline show their
accuracy which means that the interpolated regions pass through
the observed points [28]. There are two types of Splines mostly
diffused, the Regularized and Stress, the first refers to softened
regions or surfaces and the second creates less smoothed surfaces
that are closer to the observed values, both cases result from the
general equation of the equation method (3).

Ziyy = Ty + Xis1 Ai Zyi (3)

where Z is the value sought or point not observed, n, the number
of points, Ai coefficient of the system of linear equations, Zi is the
distance of the point (x,y) to the point I [29].. T and R, are defined
according to whether it is regularized or tension.

2.5. Hydrological Information

The information used for the assessment of interpolation
methods is of the monthly and annual rainfall type. We reviewed
the records of 116 stations located at the site of the study (Boyaca,
Colombia), of which 60 had continuous records between 15 and 20
years. It should be recalled that rainy seasons record only the
precipitation depth measured in (mm). The place where the
research was applied is located in Colombia, South America, in the
department of Boyaca, with an area of 23189 km?, which
represents 2.03% of the Colombian territory [30]. It is a region
with three main hydrographic basins on the rivers Magdalena,
Arauca and Meta, in the central area of Colombia, the figure 1,
shows the area of study.

1323


http://www.astesj.com/

P.M.A. Castellanos et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 6, 1322-1327 (2020)

N

7 Figure 1: Loéation of rainf:all seasons
3. Results and discussion
3.1. Validation of the methods evaluated.

The validation of the interpolated points using the three
methods was performed by cross-validation, technique used to
evaluate the results of a statistical analysis and to ensure that they
are independent of the partitioning of the data obtained in this case
from rainfall stations. The estimated value must be similar to the
actual value, that is the measured value, so that the error committed
by the model, that is, the difference between the two, is as low as
possible [31].

The difference indicates how out-of-date the precipitation
depth data calculated by the software are, when compared with the
actual or measured information presented in the study area, that
can be analyzed by the coefficient of determination or R2.

3.2. Cross-validation

Cross-validation is a way of predicting the fit of a model to a
hypothetical test data set when the explicit test data set is not
available. The cross-validation process gives a precise
approximation of performance and error prediction [32]. Cross-
validation in this study was performed by interpolating the totality
of the rainfall stations and subtracting one weather station at a time,
interpolating again, to verify by crossing the interpolated
information against the actual or measured of each meteorological
station. In other words, the interpolated data at the points where the
measured data is held are verified and the actual or measured
values and the interpolated values are compared.

3.3. Comparison of interpolation methods

Raster maps generated by a GIS were used in order to identify
which interpolation method presents better results from different
points of analysis; cross validation, coefficient of determination
(R2) and the visual aspect, in the latter was sought to identify the
error called "bull’s eye". Based on the measured and calculated
differences, statistical analyses were performed for the maximum
annual and maximum monthly precipitation depth. The mean,
median, minimum and standard deviation were compared,
although it should be noted that greater importance was given to
the statistical parameter of the mean, since it was considered to be
the most relevant parameter in this case.

3.4. Interpolation of Annual precipitation depth.

It was observed that the Kriging technique has the least
variation in the statistical parameter of the mean (54.70), of data
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standardization, but has the greatest dispersion of data with respect
to the measured data (standard deviation), in addition it does not
present an anisotropic behavior with spherical distribution
behavior normalizing thus adjusting the plateau, data tolerance and
bandwidth as shown in Figure 2.

D.E-BDDE-I El View Settings
044171 | Show se... |Tr|_|e -
o = - Show all ... False
= Show poi... Binned a...
E Angle 23
= f Tolerance 46.9
E - Bandwidt... 6.3
= Export
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I Show search direction
0 Shows or hides the Search ...

Figure 2: Data adjustment

In the standardization of data, a circular or spherical model was
used in the semivariogram, adjusting the data to an exponential
trend Figure 3, thus obtaining the highest reliability to perform the
interpolation of IDW, ordinary kriging and spline as shown in
Figure 4, 5, and 6 for 2008 year.

Semivariogram
v-101
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35975 *
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1.325

0 1.445

2853
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Figure 3: Semivariogram

Khometion

Figure 4: Interpolation by IDW, january 2008
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Figure 6: Interpolation by Spline, january 2008

On the other hand, the Spline technique also shows good
performance in terms of average (54.66), but less than the Kriging
value. The Spline method presented less dispersion than Kriging.
Similarly, it was found that the IDW technique shows the greatest
difference between the measured data and the interpolated data,
in Table 1; the results of the analysis are evident.

Table 1: Statistical analysis of annual precipitation depth for 2008

Statistics Data IDW | Spline | Kriging
measured

Mean 56.81 53.02 | 54.66 | 54.70

Median 47.1 49.04 | 48.40 | 51.04

Estandar 30.51 20.12 | 20.99 | 16.26

deviation

Minimun 10.50 25.10 | 27.40 | 34.12

of the statistical parameters of the mean and median, compared
with the other techniques, although with great closeness between
each method. In the second place, the Kriging technique is found
in Table 2; the results of the analysis are evident.

Table 2: Statistical results of methods evaluated against mesuared monthy
values, 2008

Statistics Data measured | IDW | Spline | Kriging
Mean 66.31 62.22 | 63.95 | 63.86
Median 55.15 54.60 | 55.14 | 53.17
Estandar 32.04 22.58 | 24.75 | 25.20
deviation

Minimun 28.80 35.13 | 31.70 | 34.44

3.6. Andlisis de contornos.

Raster maps because they represent the space in a regular
array of pixels, where the representation of the elements is made
by pointing out the existence or not of data within each pixel [33],
in the case of the regionalization of precipitation depth facilitates
the visual behavior of the three interpolation techniques used in
this investigation. Where we visually compared which of the three
techniques has better contours and a more detailed surface in areas
where there are no weather stations. One of the characteristics that
is intended to show both in presence and absence is the typical
error of "ox eyes" where interpolation techniques usually create
concentration points or form islands around interpolated or
measuring points [34], in this case the rainfall seasons. This
anomaly is evident that with the IDW method where concentric
circles are presented, as can be seen in Figure 1, this anomaly was
presented as a visual trend a large percentage of the generated
maps.

Ordinary kriging was the technique that presented the best
results, since visually it presents different contours of
precipitation depth, which is more accommodated to the recorded
precipitation, consistent with the cross validation performed. In
addition to performing the ordinary kriging, an additional raster is
also interpolated to wvalidate the interpolation of standard
prediction errors, where the less data is those that may reliability
and the larger data are those that should be resampled, as shown

in figure 7.

=

For the analysis of the interpolation of annual precipitation,
it was determined that the kriging technique is the best fit in the
statistical analysis of data, since the mean with the Kriging
technique has a more appropriate behavior than the other two
evaluated techniques.

3.5. Interpolation of monthly precipitation depth.

In the case of the interpolation of the monthly precipitation
depth data, the Spline technique presented better results in terms
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Figure 7: Standard Prediction Error Map.
3.7. Coefficient of determination R2

Raster maps because they represent the space in a regular
array of pixels, where the representation of the elements is made
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by pointing out the existence or not of data within each pixel [33],
in the case of the regionalization of precipitation depth facilitates
the visual behaviour of the three interpolation techniques used in
this investigation.

3.8. Measurement of R2 in precipitation interpolation Annual

In this sense the method of interpolation of Kriging presents
better correlation in the interpolation with depth of precipitation,
the coefficient of determination is close to 1, with respect to the
other models (Idw and Spline), thus yielding a high degree of
reliability for choosing this model and carrying out the
interpolation with which the regionalization of precipitation depth
can be generated, due to the nature of this method it can be
observed that it has a better behaviour with a higher data density,
since analyzing interpolation with depth of monthly precipitation
shows that the so-called spline model presents a greater
correlation between its data, this allows choosing it to generate
monthly regionalization.

Table 3: R2, para los métodos evaluados.

Interpolation Depth of | Interpolation Precipitation
Precipitation Max. Annual Depth Max. Monthly

Method R2 Method R2

Kriging 0,5762 Kriging 0,6717
Spline 0,5484 Spline 0,6861

IDW 0,5308 IDW 0,655

4. Conclusions

It was identified that visually the methods do not present an
obvious difference, but in the case of the IDW technique generates
the so-called portholes. For the regionalization of the maximum
monthly precipitation depth it was possible to identify that the
Spline method has a better behavior compared to the real data,
since the R2, had a higher value (0.6861) compared to the other
two methods evaluated.

In the case of the maximum monthly depth, the method that
had a greater difference compared to the real data was the IDW,
added to the visual errors (portholes) it is not advisable to use this
method to regionalize hydrological data. Based on the analysis of
both visual and cross-validation results, it can be stated that the
kriging technique has a high degree of reliability when performing
regionalizations with annual precipitation information.

In addition to the comparative results of the methods evaluated,
the resulting information can be used as input for the determination
of hydrological models in areas or locations that do not have their
own information or measurement. In other words, they do not have
a hydrological station. It could be shown that it is possible to use
regionalized information with a high degree of confidence
provided that it comes from data interpolated by the Spline method
or the Kriging method

Twenty-four raster maps were generated, with maximum
monthly and maximum annual rainfall depths, where twelve of
these maps belong to the Spline technique which generates greater
reliability with the maximum monthly values, and the remaining
twelve were generated by the Kriging technique for maximum
annual precipitation depth values. Maps generated by the IDW
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technique were discarded. It is evident that having a greater
number of stations in optimum condition could make a more
precise regionalization since interpolation would be more
accurate, as well as having support stations would minimize the
effect of "bull’s eye".
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