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Abstract. This study uses ground and CHIRPS data to rationalize the density of rainfall stations
in the Jatiroto Sub-watershed, Lumajang Regency. This study aimed to determine the suitability
of the CHIRPS satellite rainfall data to the measurement data. In addition, it determines the
density of rainfall stations based on WMO standards. Also, the Kagan-Rodda method uses
measurement and satellite data to determine rainfall station recommendations' results. The
method used for the suitability test uses the value of RMSE, NSE, Correlation Coefficient, and
Relative Error. And the WMO standard for analyzing the number of rainfall station. Knowing
the rationalization and recommendations for placing rainfall stations using the Kagan-Rodda
method by considering WMO standards, root mean square error, and interpolation errors. The
results obtained include the appropriateness of satellite data, the number of rainfall stations at
the research location according to WMO standards, and recommendations for rainfall stations
based on Kagan-Rodda.

Keywords: Appropriateness Test, WMO, Kagan-Rodda, Topography, Regression Analysis

1. Introduction

Hydraulic structure planning requires a good hydrological analysis [1]. Hydrological analysis
requires rainfall data. The rainfall must be able to represent the conditions in the area and have good
data quality. The data quality that will be taken for calculation of the analysis is influenced by the number
of hydrological rainfall station that monitors a watershed.

The Jatiroto sub-watershed is one of the sub-watersheds located in Lumajang Regency, East Java.
This sub-watershed is one of the areas prone to flooding. The flood occurred because the Jatiroto River
could not accommodate the rainfall in the area. The Jatiroto sub-watershed has an area of 322 km? and
has nine rainfall stations. The distribution of rainfall stations in the Jatiroto sub-watershed is uneven,
with no existing rainfall stations upstream of the sub-watershed. The quality of rainfall data in the sub-
watershed is not good enough because there are still missing rainfall data. This is due to the dysfunction
of measuring instruments and human error, which causes an error in the measurement rainfall station.
Suppose ground rainfall data cannot be fulfilled. In that case, it can also be considered rainfall data from
satellites such as CHIRPS rainfall data [2]. So this study uses the CHIRPS rainfall data in the following
analysis. Regarding operational costs, the more rainfall stations, the higher the maintenance costs. From
these problems, optimal analysis is needed to determine the number of rainfall stations in the watershed.
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This study aimed to determine the suitability of the CHIRPS satellite rainfall data to the measurement
data. In addition, it determines the density of rainfall stations in the Jatiroto sub-watershed based on
WMO standards. Also, the Kagan-Rodda method uses measurement and satellite data to determine
rainfall station recommendations' results.

2. Material and Methods

2.1. Study Location

This research is located in the Jatiroto Sub-Watershed (Figure 1). The watershed is included in the
Bondoyudo-Bedadung watershed area. The Jatiroto sub-watershed is located in Lumajang Regency,
East Java. This sub-watershed is located at the coordinates of 112°50' 00” - 113° 22' 00” E dan 7° 52'
00” - 8°23'00” S.

The Jatiroto sub-watershed has nine rainfall stationsincluding Blimbing, Gedang Mas, Kali
Penggung, Kaliboto, Maleman, Plandingan, Pondokwaluh, Rojopolo and Watuurip.

Figure 1. Study Location

2.2. Data Collection
The data used in this study is secondary data obtained from the Department of Public Works for
Water Resources, East Java Province, and through the Google Earth Engine. The data needed to
complete this research are as follows:
1.  Ground rainfall data for 15 years in the Jatiroto Sub-Watershed (2006-2020)
2. CHIRPS satellite rainfall data for 15 years (2006-2020)
3. Location Data and The Coordinates of Rainfall stations in the Jatiroto Sub-Watershed
4. Map of Jatiroto Sub-watershed

2.3. Work Steps

In general and concise, the steps in this research are as follows:

a. Collect the rainfall data. Rainfall data used is ground rainfall data and CHIRPS satellite rainfall
data. Ground rainfall data were obtained from nine existing rainfall stations. CHIRPS satellite
rainfall data was obtained from downloading rainfall data from nine existing rainfall station points.

b. Fill in the missing rainfall data. If there is missing ground rainfall data, then fill in the missing
rainfall data first.

c. Next, the consistency test and hydrological statistical test were carried out. This study uses the
consistency test of multiple mass curves, the F and T Stationary Test, the Persistence Test with
Spearman Test, and the Outliers Test.
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d. The appropriateness Test of uncorrected data is analyzed by calculating the RMSE, NSE,
Correlation Coefficient, and Relative Error. Then a regression analysis was carried out to obtain
better quality data to get the corrected rainfall data. The appropriateness test of corrected satellite
data was repeated by calculating the RMSE, NSE, Correlation Coefficient, and Relative Error.

e. Calculate the regional average rainfall using the Thiessen polygon method to determine the area of
influence of each rainfall station and calculate the average rainfall value.

f.  Evaluate the density of the existing rainfall station based on the WMO standard to determine
whether the existing rainfall station has fulfilled the standard.

g. Analyze the density of rainfall stations based on the Kagan-Rodda method to determine the
recommended point for the Kagan-Rodda rainfall station based on WMO standards.

2.4. The Formulas Used
The formulas used in this study include the following:

a. Reciprocal Method b. Double Mass Curve Consistency Test
n Pi AY
Px Z; iz T ax
=172 a = arctan§
c. The Absence of Trend Test d. Stationary Test
6 Xk, (dt)? n,8,%(ny — 1
KP:l_[ 131( ) Feount = 112(2 )
nm=n nS"(ny — 1)
Xi-X;
teount = 1
o |5+ 7w
7+ 7]
e. Persistence Test f.  The Appropriateness Test

1 T pion?Z
2 RMSE = /M—‘Q‘)
teount = KS |m——3 1— KSZ n

_ 4 TR (Pi-Q)?
NSE=1 Y (Pi—Prerata)?
R:
N YV, PiQi- XY, pixi Y7 Qi
\/15><ZL 1P 2N Py ?)? JN TN 0% - G, 02

KR = M x 100%

i
g. Coefficient of Variation (Cv) h. Relative Root Mean Square Error (Z1)
sd
Cv=— [ 0.23VA
X 1-1+ < \/ﬁ)]
Z1=Cv .J—n o
i. Interpolation Error (Z3) j.  The Length of Kagan-Rodda
A
L=1,07. |-
1 0.527’(0)\/% ) \/;
Z3=Cv. 5(1—T(0))+W
Where:
Px = missing rainfall data in rainfall stationx  X; = The average rainfall sample 1
Pi =rainfall data on surrounding stations inthe X, = The average rainfall sample 2
same period KS = serial correlation coefficient
Li = distance between rainfall station i and m =N-1
rainfall station x Qi = Estimated data
S = gradient r(d) = correlation coefficient for station distance d

KP = Spearman rank correlation coefficient
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n = the amount of data

dt = the difference between Rt and Tt

Tt = The rank of time

Rt = ranking of hydrological variables in a time
series

t =t-test count value

S| = standard deviation of sample 1

S, = standard deviation of sample 2

N; = the size of sample 1

N> = the size of sample 2

3. Result and Discussion

3.1. Filling in Missing Rainfall Data

r(o) = correlation coefficient for short station
distances

d = distance between rainfall stations(km)
d(o) = correlation radius

Cv = coefficient of variation

A =area of watershed (km?)

71,73 = Relative Root Mean Square Error (%)
and Interpolation Error (%)

L  =The Length of Kagan-Rodda (km)

The method used to fill in the missing rainfall data is the Reciprocal Method. The Reciprocal method
is better because it considers the distance between rainfall stations in that location [3]. The following is
an analysis of the calculation of estimated missing rainfall data at Blimbing rainfall station in October

2012:

Table 1. Calculation of Missing Rainfall Data at Blimbing
Rainfall Station in October 2012 with the Reciprocal Method

Rainfall

Distance

Rainfall Station Data (Pi) (Li) Li? 1/Li>  P/Li?
Maleman 0 5.61 31.50 0.03 0.00
Plandingan 30 5.89 3473  0.03 0.86
Rojopolo 0 6.64 4411  0.02 0.00
Amount 0.08 0.86

Px 10.38

3.2. Consistency Test

A consistency test is carried out to analyze whether the data has deviations or not due to the influence

of errors during data recording. The consistency test in this study used the Multiple Mass Curve method.
The data is said to be consistent if it fulfills the resulting angle of 45°[4]. The following are the results
of the calculation of the Rainfall Station Data Consistency Test in the Jatiroto Sub-watershed:

Table 2. Consistency Test of The Rainfall Data

Correction Factor
Uncorrected o

Rainfall Station Gromnd Ground(FC) Corrected o Remarks
Data CHIRPS Data CHIRPS

Blimbing 41.45 43.81 1.13 1.04 45.00 Consistent
Gedang Mas 47.74 47.62 0.91 0.91 45.00 Consistent
Kali Penggung 44.51 47.62 1.02 0.91 45.00 Consistent
Kaliboto 50.10 4591 0.84 0.97 45.00 Consistent
Maleman 43.83 40.70 1.04 1.16 45.00 Consistent
Plandingan 38.25 42.10 1.27 1.11 45.00 Consistent
Pondokwaluh 43.29 43.25 1.06 1.06 45.00 Consistent
Rojopolo 44.09 45.23 1.03 0.99 45.00 Consistent
Watuurip 49.50 47.40 0.85 0.92 45.00 Consistent
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3.3. Stationary Test

The stationary test was carried out to know the stability of the variance value and the stability of the
average value of the data. To determine the stability of the variance value using the F-test method and
the stability of the average value using the T-test. Suppose the calculation results in the rejected null
hypothesis. The data has an unstable and inhomogeneous variance [5]. The data is stationary and
homogeneous if the calculated value is smaller than the critical value [6]. The expected result of the
stationary test is homogeneous data, namely data that is stable in the value of the variance and the
average value. In this stationary test, rainfall measurements and rainfall data from the CHIRPS satellite
are used. Stationary test results can be seen in Table3.

Table 3. F Stationary Test of Rainfall Data

) Ground CHIRPS
No  Rainfall " Rainfall Rainfall Remarks
Station
Fcount Fcritical Fcount Fcritical
1 Blimbing 5% 049 421 0.62 421 Stable Variance
2 GedangMas 5% 047  4.21 0.88 421 Stable Variance
3 Kali Penggung 5% 099  4.21 0.88 421 Stable Variance
4 Kaliboto 5% 099 421 0.84 421 Stable Variance
5 Maleman 5% 0.07 4.21 0.83 4.21 Stable Variance
6 Plandingan 5% 0.37 421 085 421 Stable Variance
7  Pondokwaluh 5%  0.45 4.21 0.82 421 Stable Variance
8 Rojopolo 5% 075 421 0.58 421 Stable Variance
9 Watuurip 5% 0.57 421 084 421 Stable Variance
Table 4. T Stationary Test of Rainfall Data
) Ground CHIRPS
No Rainfall o Rainfall Rainfall Remarks
Station
teount teritical  Toount  Teritical
1  Blimbing 5% -026 £2.16 0.20 <£2.16 Stable Average
2 Gedang Mas 5% 0.75 +2.16 027 =£2.16 Stable Average
3 Kali Penggung 5% 0.80 £2.16 0.27 <+£2.16 Stable Average
4  Kaliboto 5% 0.30 £2.16 0.21 <+£2.16 Stable Average
5 Maleman 5% -123 £2.16 030 =£2.16 Stable Average
6 Plandingan 5% -0.28 £2.16 024 =£2.16 Stable Average
7  Pondokwaluh 5% 0.17 £2.16 0.30 <+£2.16 Stable Average
8  Rojopolo 5% -0.04 £2.16 0.12 =£2.16 Stable Average
9  Watuurip 5% -0.17 £2.16 0.16 +2.16 Stable Average

3.4. Appropriateness Test

An appropriateness test is a procedure for evaluating a data model to illustrate the level of uncertainty
in the model and predict a hydrological analysis. The appropriateness test was carried out to determine
the comparison between satellite rainfall data and ground rainfall data. The appropriateness test was
carried out in two stages. There are the uncorrected data appropriateness test and the corrected data
appropriateness test. The appropriateness test for uncorrected data was carried out by calculating the
RMSE [7], NSE [8], Correlation Coefficient [9], and Relative Error [10]. Furthermore, regression
analysis was carried out to improve the data quality. Several regression equations will be used in the
regression analysis, including linear, exponential, logarithmic, polynomial, and power regression. This
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regression will produce a regression equation, and one equation will be selected with the largest
correlation coefficient value. This appropriateness test uses rainfall data with a value in that the data
used is not equal to zero. The regression equation cannot be performed if there is a zero value. Table 5
shows the results of the analysis of the uncorrected data appropriateness test.

Table 5. The Appropriateness Test of Uncorrected Data
NSE KR R

Rainfall Stations RMSE ] ]
Value Interpretation %  Value Interpretation

Stasiun Blimbing 471 0.69 Satisfactory 486 0.92 Very Strong

Stasiun Gedang Mas 542 0.53 Satisfactory 528 0.76 Strong
S}t)asmn Kali 423 050  Satisfactory  1.13  0.71 Strong
enggung
Stasiun Kaliboto 353 0.67 Satisfactory 497 0.84 Very Strong
Stasiun Maleman 1007 0.36 Satisfactory ~ 10.31  0.70 Strong
Stasiun Plandingan 334 0.73 Satisfactory 4.06  0.88 Very Strong
Stasiun .
Pondokwaluh 346 0.73 Satisfactory 6.99  0.90 Very Strong

Stasiun Rojopolo 339 0.71 Satisfactory 2.24  0.85 Very Strong
Stasiun Watuurip 336 0.53 Satisfactory 247  0.75 Strong

Based on the calculation table for the uncorrected data suitability test, all NSE interpretations have
fulfilled all of them, and the interpretation of the correlation value is strong to very strong. However,
the highest interpretation of the NSE is only in the compliant category, so the data is corrected using
regression analysis to obtain data of better quality. Regression analysis uses five equations [11] to choose
one equation with the largest R-value. Figure 2 is an example of correcting data using regression analysis
for the Blimbing Rainfall Station.
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Figure 2. Regression Analysis with Scatter Plot in Blimbing Rainfall Station

3.5. Regression Analysis

The correction factor of the CHIRPS satellite data is used to determine the magnitude of the x and y
parameters which act as correction factors in the equation of the measurement data line and the CHIRPS
data. The line equation used is determined from the pattern of the rain measurement data series and
CHIRPS, as well as the correlation coefficient. Next, the correction factor will correct the rainfall data
using a predetermined equation by entering the CHIRPS data into the equation. It is because the value
of the largest correlation coefficient has a strong relationship and is almost close to the ground rainfall
data. The largest correlation coefficient (R) value will be used to select the equation to correct the
CHIRPS satellite rainfall data.

Based on the regression analysis results for the Blimbing rainfall station, the largest correlation
coefficient value is 0.96 with a polynomial regression equation. So, the polynomial equation is used as
an equation to get the corrected data. After the corrected data is obtained, the data appropriateness test
is repeated for the corrected rainfall data.

3.6. The Corrected Data Appropriateness Test
After obtaining the corrected data by correcting the regression equation with the largest correlation
coefficient value, the corrected data appropriateness test was carried out by calculating the RMSE, NSE,
Correlation Coefficient, and Relative Error. Table 6 shows the results of the corrected data suitability
test analysis.
Table 6. The Corrected Data Appropriateness Test

NSE RE R

Rainfall Station RMSE . .
Value Interpretation % Value Interpretation

Blimbing 254 0.91 Good 3.67 0.96 Very Strong
Gedang Mas 575 0.47 Satisfactory 1293  0.76 Strong
Kali Penggung 463 0.40 Satisfactory 9.37 0.71 Strong
Kaliboto 360 0.67 Satisfactory 5.70 0.84 Very Strong
Maleman 880 0.51 Satisfactory 8.96 0.73 Strong
Plandingan 322 0.75 Satisfactory 6.67 0.90 Very Strong
Pondokwaluh 273 0.83 Good 1.67 0.91 Very Strong
Rojopolo 309 0.75 Good 1.81 0.87 Very Strong
Watuurip 302 0.62 Satisfactory 2.31 0.78 Strong

Based on the corrected data appropriateness test analysis, the highest interpretation has changed from
“Satisfactory” to “Good”. The interpretations of NSE values that change from “Satisfactory” to “Good”
include Blimbing, Pondokwaluh, and Rojopolo. However, there is an NSE value after correction whose
value decreases, proving that not all corrected data can result in better data quality. But, the corrected
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data is closer to the ground rainfall data; the correlation value evidences this for the corrected data,
which increases for each rainfall station.

3.7. Regional Average Rainfall Analysis

The calculation of the regional average rainfall is used to obtain a rainfall value representing the
rainfall value in the sub-watershed. There are several methods to calculate the regional average rainfall,
such as the Average Method, Thiessen Polygon, and Isohyet Method. This study estimates the regional
average rainfall using the Thiessen Polygon Method. The Thiessen Polygon is used because the Thiessen
method is more accurate than the Average Method. The Thiessen Method is used in areas with uneven
rainfall station distribution [12]. The Jatiroto sub-watershed has an uneven distribution of rainfall
stations, so this method is used in this analysis. This Thiessen Method will consider a certain weight at
each rainfall station, which means that each rainfall station is deemed to represent rainfall in a watershed
with a particular area, it is a weighting factor for rainfall at the rainfall station concerned. Table 7 shows
areas of influence using Thiessen Polygon method in the Jatiroto sub-watershed. Meanwhile, Tables 8
and 9 show the Regional Average Rainfall between ground and CHIRPS.

Table 7. Area of Influence Rainfall Station

Rainfall Station Area Thiess'en Percentage Rainfall Area Thiess.en Percentage
km? Coefficient (%) Station km2  Coefficient (%)
Blimbing 40.33 0.13 12.53 Plandingan 11.89 0.04 3.69
Gedang Mas 30.16 0.09 9.37 Pondokwaluh ~ 5.89 0.02 1.83
Kali Penggung 122.52 0.38 38.05 Rojopolo 42.25 0.13 13.12
Kaliboto 31.99 0.10 9.93 Watuurip 36.97 0.11 11.48
Maleman 0.00 0.00 0.00
Table 8. Ground Regional Average Rainfall Table 9. CHIRPS Regional Average Rainfall
Year Rainfall Year Rainfall
2006 1949 2006 1579
2007 2411 2007 1702
2008 2164 2008 1869
2009 2236 2009 1762
2010 3159 2010 3017
2011 1892 2011 1980
2012 1224 2012 1650
2013 2579 2013 2582
2014 1683 2014 1685
2015 1287 2015 1605
2016 3422 2016 3096
2017 2212 2017 2237
2018 1893 2018 1678
2019 1457 2019 1456
2020 2279 2020 2106

3.8. WMO Analysis

Analyzing the density of rainfall stations can use the World Meteorological Organization (WMO)
standard of reference. There is a minimum density value that WMO has mentioned, namely by
considering the area of influence mentioned by WMO. Thiessen Polygon can calculate the area of
influence of a watershed.

136



@ Civil and Environmental Science Journal

Vol. 05, No. 02, pp. 129-143, 2022

Based on the standards of the WMO, areas in the form of tropical Mediterranean mountain plains
can be represented by at least one rainfall station in every 100-250 km? area [13]. Suppose it refers to
the standard that has been set. In that case, it can be concluded that the ideal number of rainfall stations
needed in the Jatiroto Sub-watershed, which has an area of 322 km? is 2-3 rainfall stations. Table 10
shows the area of the influence of the rainfall station and its description.

Table 10. Area of Influence of Rainfall Station

Area of Rainfall Area of Rainfall
Rainfall Areca Station in Ideal Rainfall Area Station in Ideal
Station Condition Station Condition
km? 100-250 km? km? 100-250 km?
Blimbing 40.33 Not Ideal Plandingan 11.89 Not Ideal
Gedang Mas 30.16 Not Ideal Pondokwaluh  5.89 Not Ideal
Kali Penggung 122.52 Ideal Rojopolo 42.25 Not Ideal
Kaliboto 31.99 Not Ideal Watuurip 36.97 Not Ideal
Maleman 0.00 Not Ideal

From the analysis table of the area of influence of each rainfall station, it can be concluded that just
one rainfall station that fulfills the ideal conditions set by WMO is the Kali Penggung rainfall station
which has an area of influence of 123 km? The other rainfall stations have not fulfilled the ideal
conditions set by WMO, so it is necessary to rationalize the density of rainfall stations in the Jatiroto
Sub-Watershed.

3.9. Rainfall Station Density Rationalization Analysis Using the Kagan-Rodda Method

One method that can be used to rationalize the density of rainfall stations is the Kagan-Rodda method.
The Kagan Rodda method uses statistical analysis calculations. It considers the density of the rainfall
station network with a relative root mean square error (Z1), which should not exceed 10% [14], and also
an interpolation error (Z3). Kagan stated that the network of eligible rainfall stations met the specified
error criteria. According to Kagan [14], the criteria for placing rainfall stations depend on the distance
between rainfall stations(L), which is obtained from the relationship between rainfall station distances
and the rainfall correlation of each rainfall station.

The first step in performing the Kagan-Rodda analysis is calculating the variation coefficient. Table
11 shows the results of the calculation of the coefficient of variation of the measurement data and
CHIRPS data data.

Table 11. The Calculation of Coefficient of

Variation
Overview Parameter Value
Amount 31844.99
Xaverage 2123.00

Ground Data Std Deviation 619.82

Coef. of Variation 0.29
Amount 29193.90
CHIRPS Xaverage 1946.26
Satellite Data Std Deviation 500.46
Coef. of Variation 0.26
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From the calculation of the coefficient of variation, it can be concluded that the coefficient of
variation of the CHIRPS data is lower than the coefficient of variation of the ground rainfall data. It
causes the CHIRPS rainfall data to be more homogeneous than the ground rainfall data.

Next, The correlation coefficient between rainfall stations was calculated for the ground and CHIRPS
rainfall data. The correlation coefficient is determined by calculating the correlation value. The
correlation coefficient will be used as a parameter of the relationship graph in the next analysis.

The following is an example of calculating the correlation coefficient for the Blimbing and Gedang
Mas rainfall stations using measurement rainfall data.

n YL XYi- Y X T, Y

\/[n Z?:1X2_(Z?:1Xi)z(n D b O Yi)z)]
(15%66917146)—(30186%29510)

T =

J((15><71538418)—301862)x((15><67428411)—295102)
r =0.75

The correlation coefficient in all the rainfall stations is calculated for both ground rainfall dan
CHIRPS rainfall. After calculating the correlation coefficient, then calculating the distance between
rainfall stations. The ArcMap software is used for determining the distance between rainfall stations.
The following table shows the results of calculating the distance between rainfall stations in the Jatiroto
sub-watershed.

Table 12. The Distance between Rainfall Stations

The Distance between Rainfall Stations (km)

lslfmfall Blimbi Gedan Kali Kalib Male Plandin Pondokw Rojop Watuu
ations Penggu :
ng g Mas n oto man gan aluh olo rip
Blimbing - 11 12 10 6 6 9 7 13
Gedang 1y - 4 6 16 16 17 5 12
Mas
Kali 12 4 - 3 18 16 16 6 9
Penggung
Kaliboto 10 6 3 - 16 13 13 5 6
Maleman 6 16 18 16 - 6 10 12 18
Planﬁ‘nga 6 16 16 13 6 - 4 11 14
Pondokw 17 16 13 10 4 - 12 11
aluh
Rojopolo 7 5 6 5 12 11 12 - 10
Watuurip 13 12 9 6 18 14 11 10 -

After obtaining the correlation coefficient and the value of the distance between rainfall stations,
these values are plotted in a relationship graph. The relationship graph will be used to determine the
values of r(0) and d(0) in the following Kagan-Rodda analysis. In the relationship graph, the distance
between stations is the X variable, and the correlation coefficient is the Y variable. The following is a
graph of the relationship between distance and correlation coefficient for ground rainfall and CHIRPS
data.
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Figure 4. Relationship Graph of CHIRPS Rainfall

Based on the graph shown above, the measurement data produces the equation y = 0.9513-0.024x.
so it can be determined that the value of r(0) = 0.9513 and the value of the correlation radius d(0) =
41.67. The following is a calculation of the value of d(0) for measurement data:

-d
Toy-€%®  =0.951300%

% = -0024d
1
d0) = 0.024
do) — 41.67 km

In the same way, the d(0) value for CHIRPS data is also calculated, and the d(0) value is 500 km.
Next, the value of d0 is used and becomes the input for calculating Z1, and Z3 also determines how
many rainfall stations are needed. The Z1 dan Z3 used were by the previously analyzed WMO standards.
Tables 13 and 14 show the calculation results for Z1 and Z3 for ground and CHIRPS rainfall.

Table 13. Z1 dan Z3 of Ground Rainfall

n Cv r(0) A (km?)  d(0) A2 02 (Am)"? Z1 73

1 029 00951 322.01 41.67 1794 1.00 17.94 11.22% 13.98%
2 029 0951 322.01 41.67 1794 1.4l 12.69 7.11% 11.93%
3 029 0951 322.01 41.67 1794 1.73 10.36 5.49% 10.89%
4 029 0951 322.01 41.67 1794 2.00 8.97 4.58% 10.23%
5 029 0.951 322.01 41.67 1794 2.24 8.03 3.98% 9.75%

6 029 00951 322.01 41.67 17.94 245 7.33 3.56% 9.38%

Table 14. Z1 dan Z3 of CHIRPS rainfall

n Cv r(0) A (km?) d(0) A n'? (A/n)'2 Z1 73

1 026 0.989 322.01 500 1794 1.000 17.9445 3.58%  3.83%
2 026 0.989 322.01 500 1794 1414 12.6887 2.37%  3.33%
3 026 0.989 322.01 500 1794 1.732 103603 1.87% 3.08%
4 026 0.989 322.01 500 1794 2.000 8.97225 1.59%  2.92%
5 026 0.989 322.01 500 1794 2236  8.02502 1.40%  2.81%
6 026 0.989 322.01 500 1794 2449  7.32581 1.26%  2.73%

Based on the table for calculating Z1 and interpolation error Z3, it is found that for the Jatiroto sub-
watershed area of 322 km?, according to the Kagan-Rodda method, three rainfall stations are needed.
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The value of the Z1 of the ground rainfall data is 5.49%, and the Z3 is 10.89%. While the value of Z1
for the CHIRPS data is 1.87%, and the value of the Z3 is 3.08% for the CHIRPS rainfall. The
determination of the three rainfall stations has been adjusted to the WMO standard. Figure 5 shows the
relationship between the number of rainfall stations with Z1 and Z3 ground rainfall and the CHIRPS
rainfall.
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N 6%
4% —_— . i — 3 —e
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The Number of Rainfall Station
—8—Z1 of Field Rainfall ~ —@—Z3 of Field Rainfall
Z1 of CHIRPS Rainfall —@—Z3 of CHIRPS Rainfall

Figure 5. Z1 and Z3 Ground and CHIRPS Data

Figure 5 shows that the rainfall data from the CHIRPS satellite has an average error (Z1) and an
interpolation error (Z3) which is smaller than the measured rainfall. It is because there is no significant
difference between CHIRPS rainfall. Because the correlation is strong, the resulting smoothing error
(Z1) and interpolation error (Z3) is smaller. In addition, the value of Z1 and Z3 in the CHIRPS satellite
rainfall data is smaller than the ground rainfall data because the coefficient of variation (CV) value in
the CHIRPS satellite rainfall data is smaller. It proves that the CHIRPS satellite rainfall data has a more
evenly distributed (homogeneous) value than the ground rainfall data [15].

The next step is to determine the length of the Kagan-Rodda net triangle, which be used to draw the
Kagan-Rodda net triangle. After the calculation, the length of L Kagan-Rodda in the Jatiroto sub-
watershed was 11.09 km.

L Kagan Rodda for ground rainfall data and CHIRPS yielded the same value. It is because the
variables that affect the Kagan-Rodda value are only the area of the watershed and the number of rainfall
stations. The areca and the number of rainfall stations of ground data and CHIRPS are the same,
producing the same value. It resulted in the rationalization of rainfall stations for ground rainfall data
and CHIRPS, yielding the same recommendations.

Next, create Kagan-Rodda nets by determining the reference stations. In this study, Model 1 used
Blimbing Rainfall Station as a reference, and model 2 used Kali Penggung as a reference. Figures 6 and
7 show the Kagan-Rodda nets and Thiessen polygons for the Blimbing reference station.
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Figure 6. Kagan Rodda Net Model 1 Figure 7. Thiessen Polygon Model 1

Model 1 produces three recommendations for rainfall stations, including Blimbing Station as a
reference station, Station A and Station B. Each area of influence of the recommended rainfall station is

shown in Table 14.
Table 14. Area of Influence Model 1

Station Area of Influence (km?)  Weight Area of Influence (%)
Blimbing 83.899 26.1
A 130.277 40.5
B 107.829 33.5

Based on the influence area, it can be concluded that there are still recommended rainfall stations
that do not meet the ideal conditions of Blimbing Station, which has an influence area of less than 100
km?. Then the second model was tried, and Kali Penggung acted as a reference station. Figures 8 and 9
show the Kagan-Rodda net and the Thiessen Polygon Map of the Kali Penggung as Reference Station.
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Figure 9. Thiessen Polygon Model 1

Figure 8. Kagan Rodda Net Model 2

Model 2 produces three recommendations for rainfall stations, including Kali Penggung Station as a
reference station, Station A and Station B. Each area of influence of the recommended rainfall station is

shown in Table 15.
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Table 15. Area of Influence Model 2

Station Area of Influence (km?)  Weight Area of Influence (%)
Kali Penggung 117.515 36.5
A 104.429 32.4
B 100.062 31.1

Based on the influence area of the second model, it can be concluded that all rainfall stations
recommended by Kagan-Rodda have met the ideal WMO conditions. Each of which has an area of
influence between 100-250 km?. Thus, the second model can be considered in rationalizing rainfall
stations in the Jatiroto Sub-Watershed. Table 16 shows the recapitulation of the rainfall station
coordinates recommended by the second model of the Kagan Rodda method.

Table 16. Coordinate Point of Kagan-Rodda Recommendations

Kagan-Rodda Coordinate Existing Coordinate
Stations South East Stations South East
Latitude  Longitude Latitude  Longitude

8°5 113° 18'

GedangMas 1, | g 51.52"
Kah Pen un _80 4' 1 130 20'

Kali 80 4 113° 20" gEUNE 59 on 54.67"
Penggung 592" 54.66" . 8°6' 113° 21"

Kaliboto 32.18" 59.87"
. 807 113° 24"

Watuurip 19.02" 59.33"

A 8°0' 113° 23" ]
16.82" 36.05"

. 81l 113° 19'

Blimbing 14.65" 1.81"
-8° 13" 113° 17"

Maleman 58.97" 40.96"
-89 113° 18’ . -8° 13" 113° 21"

B 41.58" 13.22" Plandingan 40.74" 6.3"

-8° 13" 113° 23"

Pondokwaluh 18.72" 21.12"
Rotonolo 807 113° 19"

JOp 41.38" 37.56"

4. Conclusions

Based on the analysis that has been done, it can be concluded that it is necessary to rationalize the
rainfall stations in the Jatiroto sub-watershed. It is because the density of the rainfall station does not
meet WMO standards, and the rainfall stations are not evenly distributed. According to WMO standards,
the Jatiroto Sub-Watershed, with an area of 322 km? requires 2-3 rainfall stations.

Rationalization was carried out using the Kagan-Rodda method, resulting in three recommendations
for rainfall stations. The Kagan-Rodda recommendation maintains the Kali Penggung station, adds one
rainfall station upstream of the sub-watershed, namely Station A, and moves Blimbing rainfall station
to Station B. Kagan recommendation results in an area of influence that all meets WMO standards.
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