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Rationalizing rainfall station is important to get an effective and 

efficient number and distribution of rainfall stations. If 

rationalization isn’t carried out, it affect to operating and 

maintenance costs of rainfall stations and accuracy of data. This 

study aimed to evaluate existing rainfall station and rationalize 

rainfall station, so rainfall station’s location is evenly distributed. 

This study is located in Welang watershed with an area 477.78 

km2. This research requires rainfall ground data from 9 rainfall 

stations and CHIRPS satellite rainfall data from Google Earth 

Engine. The data is tested with consistency, stationary, suitability, 

and rationalization based on World Meteorological Organization 

(WMO) standards and Kagan-Rodda method. Later, new rainfall 

station networks will be obtained with the influence area of rainfall 

stations suitable to WMO Standard. CHIRPS data is highly 

suitable with ground data, proven by high NSE, strong correlation, 

and low relative error, so CHIRPS data can be used for further 

analysis. According WMO, only 1 rainfall station in Welang 

watershed has been suitable for WMO standard. Those unsuitable 

with WMO standards need to be rationalized. Based 

rationalization results, with average error <10%, Welang 

watershed requires 4 rainfall stations by maintaining Lawang 

Station, moving Telebuk to Station B, Selowongko to Station C, and 

Tutur to Station D. The influence area of recommendation rainfall 

stations have been suitable to WMO Standards and obtained even 

distribution rainfall stations. This recommendation are expected to 

be considered by relevant institutes to move the location of the 

rainfall station to get more accurate rainfall data. 
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1. Introduction 

Welang watershed is located in three areas: Pasuruan Regency, Pasuruan City, and 

Malang Regency. There are nine rainfall stations in this watershed. The ability of rainfall 

stations to monitor that area's hydrological conditions is needed to obtain accurate data [1]. 

Rainfall data generated from rainfall stations are important input data for water resources 

management [2] [3] [4]. 
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Inaccurate rainfall data causes the results of resource management to be inaccurate 

because water resource management requires rainfall data that must represent conditions in the 

area. Rainfall ground data often produce inaccurate data caused by natural factors, human error, 

and the error of rainfall stations. Rainfall station conditions, including number and distribution, 

affect rainfall data accuracy. Rainfall data becomes more accurate as the number of rainfall 

stations increases. However, the operating and maintenance costs must also be considered [5] 

[6]. In addition, the limitation of rainfall measurement data in the field is one of the obstacles 

experienced in Indonesia. At the same time, good rainfall data in terms of quality and quantity 

is needed.  

By rationalizing rainfall stations, it is expected to get a rainfall station that can represent 

rainfall data in the area. Rationalization of rainfall stations is rainfall station analysis to find out 

the amount of ideal and representative rain data station to the conditions of an area. 

Rationalization is used to design, evaluate, and redesign a rainfall station network [7] to make 

the number and distribution of rainfall stations in an area more practical. Besides rainfall 

stations, technological advances produce rainfall data from satellites with a high resolution, 

both spatial resolution (global and regional), as well as temporal resolution (hourly, daily, 

monthly) [8] [9] [10]. One of the satellites that can be used is the CHIRPS satellite, with a 

spatial resolution of 0.05° x 0.05° arc degrees or about 5 km and a temporal resolution (daily, 

monthly, yearly) [11] [12] [13] [14]. In this study, rainfall station network is regulated by World 

Meteorological Organization (WMO) standard and the rationalization of the rainfall station was 

carried out using the Kagan-Rodda method. Kagan-Rodda method is one of the relatively 

simple methods to rationalize rainfall station network and is calculated using statistical analysis 

by connecting the density of the rainfall station network compared to interpolation and 

averaging errors between other rainfall stations that area. Several other researchers who applied 

the Kagan-Rodda method got rationalization results in good rainfall station density [15] [16] 

[17]. But rationalization of rainfall stations using ground data and CHIRPS satellite data has 

never been carried out.  

This study aimed to evaluate the existing rainfall station network based on the WMO 

standard and to obtain the number and distribution of effective and efficient rainfall stations so 

the location of rainfall stations are evenly distributed. In this study, collected data was carried 

out, after that the data was tested and continued to rationalize the rainfall station. This study 

will bring the result of shifting and merging of rainfall stations, so the number and influence 

area of each rainfall station is suitable with World Meteorological Organization (WMO) 

standard. The results of this recommendation are expected to be considered by the relevant 

institutes to move the location of the rainfall station to get more accurate rainfall data.
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2. Research Method 

This research is located in the Welang watershed, which has an area of 477.78 km2. 

Welang watershed has nine rainfall stations, including Lawang Station, P3GI Station, 

Selowongko Station, Sengon Pager Station, Telebuk Station, Tutur Station, Wonorejo Station, 

Oro-Oro Pule Station, and Purwosari Station. In this study, rainfall data were obtained from 

ground data and CHIRPS satellite. Furthermore, both data were tested for consistency, 

stationary, suitability test of uncorrected data, regression analysis, and suitability test of 

corrected data to see the quality of data. Then, rationalization was carried out using the Kagan 

Rodda method based on the WMO standard. 

2.1 Collecting Data 

The data in this study are rainfall data from the nine rainfall stations shown in Figure 

1 and come from ground data and satellite rainfall data. Rainfall ground data is from the Water 

Resources Public Works of East Java Province. Satellite rainfall data comes from the CHIRPS 

satellite, which can be downloaded on the Google Earth Engine. The data used in this study is 

annual cumulative data with a data range of 15 years from 2006 to 2020. Both of data were 

tested with consistency and the stationary test. If the data is consistent and stationary, it is 

continued with the CHIRPS and ground data suitability test. The appropriate data were used to 

rationalize the rainfall station using the Kagan-Rodda method. 

 

Source : Author’s Analysis (ArcMap, 2022). 

Figure 1. Distribution of Rainfall Stations and AWLR in Welang Watershed 

2.2 Data Test 

2.2.1 Consistency Test 

The consistency test is used to know the consistency and similarity of rainfall data in one rainfall 

station to the other [18]. The consistency test determines the existence of data 
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deviations caused by transmission or measurement errors. This test is carried out 

because the data used in the analysis must describe the actual hydrological conditions. The 

method used for this test is double mass curves. Double mass curves are performed by 

comparing the cumulative rainfall data at station X graphically with the cumulative value of 

the average annual rainfall from the rainfall stations around station X. If the pattern from the 

graph is a straight line and there are no faults, and then the data is consistent. The data tested in 

this study are rainfall ground data and CHIRPS rainfall data.  

2.2.2 Stationary Test 

The stationary test used the F-test and T-test methods to determine the variance value's 

stability and the mean value's stability. The steps of the F-test and T-test are started by grouping 

the data into two groups of data, and each data group is calculated the amount of data (Ni), 

standard deviation (Si), and the mean value of rainfall. Then calculate the value of Fcount and 

tcount like the formulas below. Data is said to be stationary if the calculated value is greater than 

the critical value at a particular significance level [19]. The F-Test and T-Test formulas are as 

follows: 

Fcount  = 
𝑁1.𝑆1

2.(𝑁2−1)

𝑁2.𝑆2
2.(𝑁1−1)

  tcount   = 
𝑋1̅̅̅̅ −𝑋2̅̅̅̅

𝜎√
1

𝑁1
+

1

𝑁2

 

With: 

S1  = standard deviation of sample 1 N2  = total data from sample 2 

S2  = standard deviation of sample 2 𝑋1
̅̅ ̅ = average rainfall of sample 1 

N1  = total data from sample 1  𝑋2
̅̅ ̅ = average rainfall of sample 2 

 

2.2.3 Suitability Test of Uncorrected and Corrected Data 

The suitability test of uncorrected and corrected data is used to determine the 

suitability of the rainfall ground data and uncorrected also corrected satellite rainfall data. In 

this study, the data suitability was tested by the Root Mean Square Error (RMSE) [20], Nash-

Sutcliffe Efficiency (NSE) [21], Coefficient Correlation [2], dan Relative Error [22]. The 

formula used to calculate the methods are as follows. 

RMSE = √
∑ (𝑃𝑖−𝑄𝑖)2𝑁

𝑖=1

𝑁
 R   = 

𝑁 ∑ 𝑃𝑖𝑄𝑖− ∑ 𝑃𝑖 𝑥 ∑ 𝑄𝑖 𝑁
𝑖=1

 𝑁
𝑖=1

 𝑁
𝑖=1

√𝑁 ∑ 𝑃𝑖2−(∑ 𝑃𝑖)2 𝑁
𝑖=1

 𝑁
𝑖=1 √𝑁 ∑ 𝑄𝑖2−(∑ 𝑄𝑖)2 𝑁

𝑖=1

 𝑁
𝑖=1

 

 

NSE = 1 - 
∑ (𝑃𝑖−𝑄𝑖)2𝑁

𝑖=1

∑ (𝑃𝑖−𝑃𝑖̅̅ ̅)2𝑁
𝑖=1

 RE = 
∑ (𝑃𝑖−𝑄𝑖) 𝑁

𝑖=1

∑ 𝑃𝑖𝑁
𝑖=1

 x 100% 

Where n is the total data, Pi is rainfall ground data, and Qi is the CHIRPS rainfall data.  
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2.2.4 Regression Analysis 

Regression analysis was used to correct CHIRPS satellite data. This study’s analysis 

used linear regression, exponential, logarithmic, polynomial, and exponent [23]. The equations 

were obtained from the scatter plot graph from the fiveregression analysis. Then the equation 

is multiplied by the uncorrected CHIRPS satellite data. Furthermore, the correlation coefficient 

is calculated to determine the level of relationship between the two data, and the calibration R-

value is obtained. Moreover, the equation with the highest correlation coefficient (R) is selected, 

which is used as a correction factor for CHIRPS satellite data.  

2.3 Area Rainfall and WMO Standard 

In this study, calculation of regional average rainfall using the Thiessen Polygon to 

determine the influence area of each rainfall station and calculate the average rainfall value. 

After that, evaluate the density of the existing rainfall stations using WMO standard, which 

provides guidelines for the minimum density of rainfall stations [24] for mountainous areas in 

the moderate, tropical, and Mediterranean zones, with an area of 100 km2 - 250 km2, it is 

sufficient to have one rainfall station [25]. 

2.4 Kagan-Rodda Method 

One of the methods used to analyze the rainfall station network is Kagan-Rodda 

method. This method helps to obtain an optimal new rainfall station network. The steps for 

analyzing the rainfall station network using the Kagan – Rodda method are as follows: 

• Calculate the coefficient of variation (Cv) then draw an exponential graph of the 

relationship between the correlation coefficient and rainfall station distance. The graph 

shows an exponential equation to get the value of r(0) and d(0). 

• Determine the number of stations by considering averaging error (Z1) and interpolation 

error (Z3) values then determine the location of the rainfall station by drawing a net of 

Kagan Rodda with a length of L.  

The formula for the Kagan-Rodda analysis is as follows: 

Cv = 
𝑆𝑑

�̅�
 r(d)=

 
 L=  

Z1=  

Z3 =  

with: 

Cv = coefficient of variation d(o) = radius correlation  

Sd = standard of deviation A = area (km2) 
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�̅� = regional average rainfall n = total station  

r(d) = correlation coefficient for rainfall  

                stations with distance (d) 

Z1, Z3 = average error (%) and                

               interpolation error (%) 

r(o) = correlation coefficient of rainfall  

               between extrapolated stations 

L = Kagan-Rodda’s distance (km) 

d = distance between rainfall stations 

               (km) 

3. Results and Discussions 

3.1 Data Test 

The data tests carried out include data consistency tests and stationary tests to obtain 

consistent and homogeneous data results. Furthermore, the data suitability test is carried out to 

see the suitability results between the ground data and satellite data. Suppose the two data yields 

a low level of suitability. In that case, a regression analysis is performed to obtain the selected 

equation with the highest coefficient correlation (R) value to correct the satellite data. 

Furthermore, the suitability test is carried out again with the corrected data to see the level of 

suitability of the ground data and satellite data. 

3.1.1 Rainfall Data Consistency Test and Stationary Test 

From the initial analysis, results of the rainfall data consistency test using the ground 

and satellite data found that only 4 rainfall stations from satellite data, namely Selewongko, 

Sengon Pager, Telebuk, Tutur Station, were consistent with angles ranging from 42o to 48o. 

Meanwhile, other stations have not been consistent. So that the data is corrected by looking for 

a correction factor by calculating the ratio of the reference line’s gradient to the broken line. In 

this study, the value of the correction factor ranges from 0.69 to 1.63. The value of the correction 

factor is then multiplied by the rainfall measurements and satellites. After correcting, the 

corrected angle is obtained between 42o to 48o. Therefore, it can be concluded that the rainfall 

ground data and CHIRPS rainfall data are consistent then a stationary test is carried out.  

The results of the stationary test show that the Fcount value at all stations, both from 

ground and satellite data, has a value between 0.588 to 3.526, while the Fcritical value is 4.21. In 

addition, tcount value at all stations from both ground and CHIRPS satellite has a value between 

-1.084 to 1.542, while tcritical value is ±2.16. From this value, it is found that the value of Fcount 

< Fcritical and -tcritical < tcount <+tcritical for all stations. So, it can be concluded that the rainfall 

ground data and CHIRPS rainfall data are homogeneous. 

3.1.2 Suitability Test of Uncorrected Data  

Suitability Tests of uncorrected data results are shown in Table 1. 
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Table 1. Summary of Suitability Test of Uncorrected Data 

Station RMSE NSE Performance of NSE R Performance of R RE 

Lawang 337 0.6 Satisfactory 0.78 Strong 1.76% 

P3GI 255 0.74 Satisfactory 0.87 Very Strong 2.75% 

Selewongko 397 0.42 Satisfactory 0.70 Strong 6.27% 

Sengon Pager 366 0.52 Satisfactory 0.78 Strong 7.92% 

Telebuk 291 0.70 Satisfactory 0.84 Very Strong 1.84% 

Tutur 480 0.29 Unsatisfactory 0.84 Very Strong 19.98% 

Wonorejo 250 0.62 Satisfactory 0.84 Very Strong 3.10% 

Oro-Oro Pule 513 0.43 Satisfactory 0.67 Strong 3.85% 

Purwosari 339 0.68 Satisfactory 0.86 Very Strong 6.70% 

Source : Author's Analysis (2022). 

Based on Table 1, the suitability test of uncorrected data showed the highest RMSE 

results at the Oro – Oro Pule Rainfall Station. The correlation coefficient value showed a strong 

to very strong result, and the RE value ranged from 1% to 20%. The NSE value at Tutur Station 

was unsatisfactory because of NSE < 0.36. Therefore, the data must be corrected before being 

used for further analysis. 

3.1.3 Regression Analysis  

Table 2 shows the selected regression equation for each rain station data. 

Table 2. Summary of Selected Regression Equation 

Station 
R Calibration  R Selected 

Regression 

Equation 
Linear Exponential Logarithmic Polynomial Power max 

Lawang 0.78 0.75 0.79 0.80 0.78 0.80 Polynomial 

P3GI 0.87 0.87 0.85 0.88 0.87 0.88 Polynomial 

Selowongko 0.70 0.70 0.70 0.70 0.70 0.70 Power 

Sengon Pager 0.78 0.76 0.79 0.80 0.78 0.80 Polynomial 

Telebuk 0.84 0.83 0.84 0.84 0.84 0.84 Logarithmic 

Tutur 0.84 0.87 0.81 0.89 0.84 0.89 Polynomial 

Wonorejo 0.84 0.85 0.81 0.87 0.83 0.87 Polynomial 

Oro-Oro Pule 0.67 0.68 0.66 0.68 0.67 0.68 Polynomial 

Purwosari 0.86 0.82 0.88 0.90 0.85 0.90 polynomial 

Source : Author's Analysis (2022). 

Based on the results in Table 2, from the regression analysis, the selected regression 

equation for each rainfall station is not always the same. In this study, the polynomial equation 

is the most selected regression equation for correcting the CHIRPS satellite rainfall data 

because it has the highest correlation coefficient value.  

3.1.4 Suitability Testing of Corrected Data 

After correcting the data using the selected regression equation, the corrected CHIRPS 

satellite data was tested for suitability using the RMSE, NSE, Correlation Coefficient, and 

Relative Error methods. The suitability tests of corrected data are shown in Table 3. 
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Table 3. Summary of Suitability Test of Corrected Data 

Station RMSE NSE Performance of NSE R Performance of R RE 

Lawang 328 0.62 Satisfactory 0.79 Strong 0.02% 

P3GI 277 0.69 Satisfactory 0.88 Very Strong 6.51% 

Selewongko 372 0.49 Satisfactory 0.70 Strong 0.11% 

Sengon Pager 354 0.55 Satisfactory 0.79 Strong 7.44% 

Telebuk 284 0.71 Satisfactory 0.84 Very Strong 0.03% 

Tutur 270 0.78 Good 0.89 Very Strong 3.97% 

Wonorejo 211 0.73 Satisfactory 0.87 Very Strong 3.53% 

Oro-Oro Pule 503 0.46 Good 0.68 Strong 1.61% 

Purwosari 260 0.81 Good 0.90 Very Strong 1.57% 

Source : Author's Analysis (2022). 

Based on Table 3, the suitability test of corrected data showed better results, as 

evidenced by a smaller RMSE value. The NSE value of uncorrected data showed unsatisfactory. 

After correcting the data, the NSE value showed satisfactory category to good category for all 

rainfall station data. The correlation coefficient value indicates a strong to a very strong 

category, and the Relative Error value for each data station is minimal, approaching 0%. It 

meant that the suitability test of corrected data was successful, and the corrected CHIRPS 

satellite data could be used for further analysis.  

3.2 Regional Average Rainfall and WMO Standard Analysis 

The regional average rainfall is calculated using the Thiessen Polygon method to 

obtain the value of the Thiessen Coefficient from each rainfall station shown in Table 4.  

Table 4. Influence Area of Rainfall Station and WMO Analysis 

Station 
Area 

Thiessen Coefficient WMO Standard 
(km2) 

Lawang 101.94 0.21 Ideal 

P3GI 2.77 0.01 Not ideal 

Selowongko 62.58 0.13 Not ideal 

Sengon Pager 72.95 0.15 Not ideal 

Telebuk 33.74 0.07 Not ideal 

Tutur 87.90 0.18 Not ideal 

Wonorejo 56.57 0.12 Not ideal 

Oro-Oro Pule 2.21 0.05 Not ideal 

Purwosari 57.12 0.12 Not ideal 

Totals 477.78 1   

Source : Author's Analysis (2022). 

WMO standard analysis determines the distribution conditions of the existing rainfall stations 

in the Welang watershed. Based on WMO standards, the Welang watershed, with an area of 

477.78 km2, only requires four rainfall stations. Based on Table 6, from 9 rainfall stations, there 

is only one rainfall station, namely the Lawang Rainfall Station, which is suitable for the ideal  
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conditions according to WMO standards. In contrast, the other rainfall stations have an area of 

< 100 km2. Therefore, rationalization is needed to get the number and distribution of rainfall 

stations evenly and efficiently. Based on Table 6, the thiessen coefficient value is used to 

calculate the regional average rainfall for the rationalization analysis of the Kagan Rodda 

method.  

3.3 Rationalization of Rainfall Stations with the Kagan-Rodda Method 

The first step in this analysis is to calculate the coefficient of variation using average area 

rainfall from ground data and CHIRPS satellite rainfall data. From the data, the rainfall ground 

data values range from 1432 to 2802. While the rainfall values from the CHIRPS satellite data 

range from 1463 to 2911. From these values, the average rainfall for the ground data is 1924 

and the standard deviation is 455.318. Meanwhile, the average rainfall for the CHIRPS satellite 

is 1961 and the standard deviation is 439.949. So the value of the coefficient of variation can 

be calculated as follow: 

For Ground Data For CHIRPS Satellit Data 

Cv = 
𝑆𝑑

�̅�
 = 

455.318

1924
 = 0.237 Cv = 

𝑆𝑑

�̅�
 = 

439.949

1961
 = 0.224 

Furthermore, the correlation coefficient between rainfall stations is calculated for 

ground and satellite rainfall data and then analyses the distance between rainfall stations. The 

relationship between rainfall station distance and coefficient correlation is depicted in the 

exponential graph shown in Figure 2.  

 

Source : Author's Analysis (Ms Excel, 2022). 

Figure 2. Graph Relation Between Distance and Coefficient Correlation 
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Based on Figure 2, a regression equation is obtained for the rainfall ground data and 

satellite data as y = 0.7654e-0.006x for Ground Data and y = 0.9734e-0.001x for Satellite Data. From 

the formula, the parameter values obtained are r(0) and d(0). The value of r(0) for Ground Data is 

0.7654 and the value of r(0) for Satellite Data is 0.9734, while d(0) is obtained from the following 

calculations. 

For Ground Data For Satellite Data 

 

  
 

= 0.7654e-0.006d 
 

  
 

= 0,9734e-0.006d 

  

  
 

= -0.006d 
 

  
 

= -0.001d 

  = 1/0.006 = 166.67km   = 1/0.001 = 100 km 

 

Next, calculate the average error (Z1) and interpolation error (Z3) with a value of under 

10%. Table 5 shows the value of Z1 and Z3. Figure 3 shows the relationship between the number 

of rainfall stations and the average and interpolation error (Z1 & Z3). 

Table 5. Summary of Z1 and Z3 Values for Ground and Satellite Data 

N 
Rainfall Ground Data Rainfall Satellite Data 

Z1 Z3 Z1 Z3 

1 12.2% 8.5% 4.0% 3.2% 

2 8.5% 8.0% 2.8% 2.9% 

3 6.9% 7.8% 2.2% 2.8% 

4 5.9% 7.6% 1.9% 2.7% 

5 5.3% 7.5% 1.7% 2.6% 

6 4.8% 7.5% 1.6% 2.6% 

7 4.4% 7.4% 1.4% 2.6% 

8 4.1% 7.4% 1.3% 2.5% 

9 3.9% 7.3% 1.3% 2.5% 

Source : Author's Analysis (2022). 

Based on the results in Table 5, it is determined that the number of rainfall stations is 

four based on the value of Z1 and Z3 which is under 10% and based on WMO Standard. Z1 and 

Z3 values are 5.9% and 7.6% for ground data, and Z1 and Z3 values are 1.9% and 2.7% for 

satellite data. With four rainfall stations, the length of the rainfall station can be calculated as 

follows:  L = 1.07 √
𝐴

𝑛
 = 1.07 √

477,780

4
 = 11,694 km.   

The length of rainfall stations for ground data and satellite data produces the same 

value because the selection of the number of stations is four based on WMO standards, and the 

Z1 and Z3 values are below 10%.
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Source : Author's Analysis (Ms Excel, 2022). 

Figure 3. Graph Relation between Number of Rainfall Stations and Z1 Z3 

Based on Figure 3, the values of Z1 and Z3 in the CHIRPS satellite rainfall data are 

smaller than the rainfall ground data because the coefficient of variation (Cv) of CHIRPS 

satellite rainfall data is smaller. It proves that the CHIRPS satellite rainfall data has a 

homogeneous value compared to the rainfall ground data because if the value of Cv is getting 

smaller, then the data can be said to be more homogeneous. 

3.4 Rationalization Scenario for Rainfall Station  

Based on the result of the first rationalization scenario, the planned Kagan-Rodda nets 

and influence area of each rainfall station is shown in Figure 4.  

 
(a) 

 
(b) 

Source : Author's Analysis (Arc Map, 2022). 

Figure 4. Kagan Rodda Nets (a) and Thiessen Polygon (b) for First Scenario 

Figure 4(a) shows the first scenario of Kagan-Rodda by maintaining Lawang Station 

and moving several rainfall stations according to Kagan – Rodda nets, then Figure 4(b) shows 

the Thiessen Polygon to know the influence area of each rainfall station. 
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Table 6. Influence Area of First Scenario Rainfall Stations Networks 

No Station 
Area 

WMO Standard 
(km2) 

1 Lawang (A) 134.73 Ideal 

2 B 75.99 Not Ideal 

3 C 193.07 Ideal 

4 D 73.99 Not Ideal 

Source : Author's Analysis (2022). 

The influence area of first scenario can be seen in Table 6 that Lawang Station with 

an influence area of 134.73 km2 and C Station with an influence area of 193.07 km2 have been 

suitable WMO standards. In contrast, B and D stations are unsuitable for the WMO standard, 

with an area of 100-250 km2/station. In addition, the distribution of rainfall stations in the first 

scenario was not evenly distributed indicated by the results of the location of rainfall stations 

and the influence area of each rainfall station in the first scenario. Then the second scenario was 

carried out and the results are shown in Figure 5. 

 

(a) 

 

(b) 

Source : Author's Analysis (Arc Map, 2022). 

Figure 5. Kagan Rodda Nets (a) and Thiessen Polygon (b) for Second Scenario 

Figure 5(a) shows that the second scenario was carried out while maintaining Lawang 

Station as a reference station. The Kagan-Rodda nets obtained recommended locations for B, 

C, and D rainfall stations. Then Figure 5(b) shows the Thiessen Polygon to know the influence 

area of each rainfall station from the second rationalization scenario. 

Table 7. Influence Area of Second Scenario Rainfall Stations Networks 

No Station 
Area WMO  

(km2) Standard 

1 Lawang (A) 120.12 Ideal 

2 B 119.11 Ideal 

3 C 145.48 Ideal 

4 D 93.07 Not Ideal 

Source : Author’s Analysis (2022). 
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Table 7 shows that the distribution of rainfall stations in the second scenario was fairly 

even, as evidenced by the influence area of each rainfall station, which was evenly distributed. 

Therefore, the recommendation for rationalization of the Kagan-Rodda method used is a 

recommendation in the second scenario. Based on the second scenario, the distribution of 

rainfall stations and the influence area of each rainfall station are evenly distributed and suitable 

for WMO standards. Although the influence area of D Station is slightly below WMO standard, 

but the distribution of rainfall stations in this second scenario is already the most optimal. 

Table 8. Recommended Rainfall Station Coordinates 

Existing 

Station 

Location Recommendation 

Station  

Location 

Longitude Latitude Longitude Latitude 

Lawang 112° 41' 51.5'' 7° 49' 58.1" Lawang (A) 112° 41' 51.5'' 7° 49' 58.1" 

Telebuk 112° 43' 20'' 7°41' 44.7" B 112º 41' 51.11" 7º 43' 24.91" 

Selowongko 112° 46' 51.8'' 7° 46' 26.5" C 112º 46'41.31" 7º 46' 42.81" 

Tutur 112° 48' 44.9'' 7° 53' 6.7" D 112º 47' 28.05" 7º 53' 17.07" 

P3GI 112° 54'33.5'' 7° 38'58.6"    

Oro Oro Pule 112° 50' 18'' 7° 44' 38.9"    

Sengon Pager 112° 43' 50.5'' 7° 45' 14.6"    

Purwosari 112° 43' 11.9'' 7° 48' 18.2"    

Wonorejo 112° 49' 2.4'' 7° 42' 33.4"       

Source : Author's Analysis (2022).  

Table 8 shows recommended rainfall station coordinates based on this study's 

rationalization result. The result of rationalization in this study is to maintain Lawang Station 

but move Telebuk to B Station, Selowongko to C Station, and Tutur Station to D Station. 

4. Conclusion 

Based on the evaluation of the existing rainfall station network in the Welang 

watershed, only the Lawang rainfall station that suitable for the WMO standard. Therefore, the 

rationalization of rainfall stations is carried out using the Kagan-Rodda method. The results of 

the Kagan-Rodda rationalization with rainfall ground data and the CHIRPS satellite data 

selected four stations with an average error (Z1) and an interpolation error (Z3) are below 10%. 

The recommendations for the selected rainfall stations are to keep Lawang Station, move 

Telebuk Station to B Station, Selowongko Station to C Station, and Tutur Station to D Station. 

The recommendations for the selected rainfall stations show that the influence area of each 

rainfall station follows WMO standards and gets an even distribution. The results of this 

recommendation are expected to be considered by the relevant institutes to move the location 

of the rainfall station to get more accurate rainfall data. 
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