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Abstract 
 
In water resources planning and management, it is essential to have reliable rainfall 
data. In many cases, rainfall data under the guardian national/ local institution are 
incomplete. Some data are missing, both monthly and annually. The missing data 
may persist due to neither damage nor human error. This study aims to estimate the 
missing rainfall data using two methods, i.e., the inverse square distance and the 
arithmetic mean methods. The study compared the two mentioned methods using 
root mean square error (RMSE) and mean absolute error (MAE) and to determine the 
consistency of rainfall data in all stations using double mass curve analysis. This study 
utilized the rainfall data from Tepus, Semanu, Rongkop, and Tanjungsari Stations in 
Gunung Kidul Regency, Yogyakarta Province, Indonesia. The model performance was 
tested by the root mean square error (RMSE) and mean absolute error (MAE). The 
rainfall data consistency was determined by double mass curve analysis. The results 
showed that the arithmetic mean method performed better rather than the inverse 
square distance method. The smallest RMSE and MAE values in the arithmetic 
method at the four stations have confirmed the statement. The rainfall data 
consistency analyzed by the double mass curve is consistent in all stations except 
Tepus Station. 
 
Keywords: Missing rainfall data, Inversed square distance, Arithmetic mean, RMSE, 
MAE  
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1.0  INTRODUCTION 
 
Rainfall data are indispensable hydrometeorological data for 
various purposes, including rainfall characteristics, flood 
analysis, climate analysis, and water resources management 
planning [1]. A good quality of rainfal data is highly essential in 
hydrological and meteorological analysis [2]. Unfortunately, the 
monthly and annual rainfall data in a region are often 
incomplete. Insufficient data can cause the deterioration of 
data's accuracy and lead to ineffective water resources 
management planning [3]. Therefore, choosing the best 
method in estimating the missing rainfall data is important. 
Mostly, the best method that is right in one place is not 
necessarily correct in another because of seasonal and 
topographical differences [4]. 

Damages of the equipment can cause insufficient rainfall 
data or some missing data. Such conditions need data 
improvement through systematic methods to estimate the 
value of the missing rainfall data. Many authors used different 
ways to estimate the missing data, i.e., Kriging approach [5], 
regression method, artificial neural network [6], aerial 
precipitation ratio [7], geometric median [2], etc.  Other 
possible scenarios include the normal ratio [8]–[10], the 
inversed square distance or reciprocal [8], [11]–[14], arithmetic 
mean [8]–[10], and the autoregressive model. These methods 
have advantages and disadvantages, and specific requirements 
are needed to suit the data's particular conditions and 
characteristics. 

This study compares and analyses the two commonly used 
methods in the actual case, i.e., the inverse square distance 
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(ISD) and the arithmetic mean (AM) method. The inversed 
square distance is one of the widely used methods because it 
considers the distances between stations as a control [8], [11]. 
A previous study found that the data's consistency in 
estimating missing rainfall data using average ratio and the 
inversed square methods was reasonably good [11]. The 
arithmetic mean method is another method commonly used to 
estimate rainfall data. This method is considered the most 
straightforward, although it does not consider the distances 
between observed stations and reference stations. Therefore, 
the results require confirmation with other methods. The 
determination of methods in estimating the missing rainfall 
data follows the physical characteristics of the area and the 
availability of supporting data and human resources. Therefore, 
the most appropriate method with the smallest possible error 
is applied in the study area.  The two mentioned methods 
would consider the availability of supporting data and the ease 
of processing which, if the results are appropriate, can be easily 
applied by available human resources. 

This study estimates the missing rainfall data from four 
stations in Gunung Kidul Regency, i.e., Semanu, Rongkop, 
Tanjungsari, and Tepus Station, with the elevation levels are 
191 m, 307 m, 277 m, and 255 m, respectively. The location of 
the study area is presented in Figure 1.  The study duration 
spans 11 years, from 2008 to 2019. The rainfall data gained 
from Balai Penyuluhan Pertanian (BPP) did not have data for 
several months at several stations. The agriculture office in that 
sub-district mainly uses the rainfall data from each BPP of each 
sub-district. The complete rainfall data are required for various 
purposes related to water resource management. Therefore, 
determining the methods in estimating the missing rainfall data 
is very important and needs to be done before the data 
utilization. This study aims to evaluate the missing rainfall data 
using two methods, i.e., the inverse square distance and the 
arithmetic mean methods. The study compares the methods 
mentioned using root mean square error (RMSE) and mean 
absolute error (MAE). The study also determines the 
consistency of rainfall data in all stations using double mass 
curve analysis. 

 
Figure 1 Administration map of the study area 

 
 
 
 

2.0  METHODOLOGY 

 
This study consists of three steps. The first step measures the 
missing rainfall data using ISD and AM. The second step 
compares the observed and predicted rainfall data gain from 
the two mentioned methods using RMSE and MAE to 
determine the best method applied in the stations. Finally, the 
third step determines the consistency of complete rainfall data 
using double mass curve analysis. 

In the first step, the missing rainfall data were calculated 
using the inversed square distances method. The formula used 
for this method is given in Equation 1:  

       (1) 
 
where PX is the missing rainfall data in station X, PA is the 
rainfall data in station A, PB is the rainfall data in station B, PC is 
the rainfall data in station C, dXA is the distance between 
station X and A, dXB is the distance between station X and B, 
and dXC is the distance between station X and C. 

The other method used here was the arithmetic mean 
method. The formula used for this method is given in Equation 
2: 

      (2) 

Px is the missing rainfall data in station X, PA is the rainfall data 
in station A, PB is the rainfall data in station B, PC is the rainfall 
data in station C, and n is the total reference stations. 

The second step aims to measure the RMSE and MAE on 
each method from all stations. The results were then compared 
to determine the best method applied to the station. The RMSE 
is one of the standard statistical metrics to measure the 
model's error in meteorology and climate research [15]–[18]. 
The other statistical approach to evaluate the model 
performance is MAE. This method was also used in other study 
to measure the consistency of rainfall data [17], [18]. The lower 
value of RMSE and MAE, the more accurate is the rainfall data. 
Therefore, the recommended method for each station is 
obtained from the lowest value of both RMSE and MAE. The 
RMSE and MAE are given in Equation 3 and 4: 

     (3) 

      (4) 

The yo is the observed rainfall data, yp is the predicted rainfall 
data, and n is the rainfall data. 

The third step is measuring the consistency of the annual 
rainfall data on each station using double mass curve analysis. 
The annual rainfall is obtained from the monthly data filled by 
the two compared methods. The analysis results could show 
the validity and consistency of the data to be used for other 
purposes. The formulation used in double mass curve analysis 
is presented in Equation 5, and a graphical representation of 
the method is available in Figure 2: 

 

       (5) 



71                                           Ekha Yogafanny &, DJoko Legono / ASEAN Engineering Journal 12:2 (2022) 69-74 

 

 

Yz is the corrected data, Y is the observed data, tg α is the slope 
before the breakpoint, and tg αo is the slope after the 
breakpoint. The scattered points resulted from the double 
mass curve analysis represents the consistency of the data. The 
more the points converge on a straight line, the more 
consistent is the rainfall data. 

 
Figure 2. Double mass curve analysis 

 

3.0  RESULTS AND DISCUSSION 
 
3.1    Estimation of Missing Rainfall Data 
 
The four mentioned rainfall stations are adjacent to Gunung 
Kidul Regency, the southeastern part of Yogyakarta Province. 
Table 1 shows the distances between these stations as well as 
their correlations. The rainfall data gained from BPP are 
presented in Table 2. 

 
Table 1 Distance between stations and its correlation 

 
 

Station 
Name 

Tanjungsari Rongkop Semanu Tepus 

Distance (km) | Correlation 

Tanjungsari 0 | 0 25 | 0.89 17 | 0.85 5.6 | 0.84 

Rongkop 25 | 0.89 0 | 0 25 | 0.82 23 | 0.83 

Semanu 17 | 0.85 25 | 0.82 0 | 0 18 | 0.78 

Tepus 5.6 | 0.84 23 | 0.83 18 | 0.78 0 | 0 

According to the correlation value derived from the original 
monthly rainfall data (n = 132), the two-tailed significance level 
of 0.05, and the critical value of 0.171, all correlation values 
presented in Table 1 are larger than the critical value. It means 
that there is a significant correlation between the stations. A 
short distance between two stations does not always yield a 
strong correlation and vice versa. It indicates that the distance 
does not directly affect the rainfall data. However, other 
factors may affect the rainfall intensity, such as hilly 
topography on karst landforms, type of equipment, etc. 

The missing rainfall data spread throughout the year in 
several rainfall stations were estimated using the inversed 
square distance, and arithmetic mean methods used two to 
three closest stations as references. An example of calculation 
step for Semanu Station in March 2009 with inversed square 
distance method is presented below: 

 

 

An example of estimating the missing rainfall data with the 
arithmetic mean method is explained below for Semanu Station 
in March 2009. 

 

 

 
 

After calculating all the missing rainfall data using the 
formulas in Equations 1 and 2, the calculated rainfall data were 
obtained and used to measure the average monthly rainfall 
from 2008 to 2019 for the four stations. Table 2 compares the 
average monthly rainfall data between inversed square 
distance and arithmetic mean methods for the missing data 
estimation. 

 
Table 2. The average monthly rainfall from 2008 – 2019 

 

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Semanu (ISD) 315 261 253 160 106 76 10 6 24 58 219 270 

Semanu (AM) 301 245 248 155 90 67 9 5 22 56 219 266 

Tepus (ISD) 421 338 272 191 101 138 48 7 65 81 245 369 

Tepus (AM) 421 343 269 190 91 111 40 6 63 79 245 361 

Tanjungsari (ISD) 367 240 290 166 76 76 21 6 54 68 257 308 

Tanjungsari (AM) 367 240 290 166 69 62 19 5 49 66 257 308 

Rongkop (ISD) 394 212 271 164 77 60 31 20 55 51 183 273 

Rongkop (AM) 394 212 271 164 70 54 28 18 50 51 183 273 

 Notes: ISD (inversed square distance); AM (arithmetic mean) 
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Root Mean Square Error (RMSE) and Mean Absolute Error 
(MAE) 
 
These two statistical tests were used to measure the 
performance of ISD and AM to be used as a model to predict 
the missing rainfall data. A small difference between the 
observed and predicted rainfall data, RMSE and MAE will 
display the smallest values. The results of these tests can be 
seen in Table 3. 
 
Table 3. The RMSE and MAE values for two methods on four stations 
 

Station Name Methods RMSE MAE 

Tepus 
ISD 106.21 61.35 

AM 99.26 57.74 

Tanjungsari 
ISD 74.05 44.12 

AM 70.02 44.39 

Rongkop 
ISD 86.88 55.66 

AM 76.75 47.21 

Semanu 
ISD 79.68 46.04 

AM 71.99 41.11 

 
It can be seen from Table 3 that the RMSE values gain from 

AM represent the smallest value compare to those from ISD. 
This trend is also represented by the MAE value that mostly the 
MAE values obtained from AM display the smallest value 
compare to those on ISD. From this calculation, it can be 
concluded that AM is the most recommended method to be 
applied at four stations, even though it leaves a quite large 
error value for rainfall data. 
 
Consistency Checking 
 
The annual data is obtained from monthly rainfall data whose 
data have been completed using the ISD and AM methods. 
Based on estimating the missing rainfall data from the previous 
section, annual rainfall data were measured from the four 
stations from 2008 to 2019, as tabulated in Table 4. 

Data consistency testing is necessary to ensure the validity of 
data that we had previously calculated and whether the data 
are reliable for other purposes. The annual rainfall from ISD 
data in Table 4 was tested for consistency, and the results are 
presented in Figure 3. 

Based on the graph obtained from the double mass curve 
analysis, one curve shows inconsistency, proven by a 
breakpoint on the cumulative rainfall graph at Tepus Station 
(Figure 3d). These graphs mean that the annual rainfall data are 
consistent in Semanu, Tanjungsari, and Rongkop Station, while 
inconsistent in Tepus Station. Therefore, this study 
recommends taking those three consistent rainfall data for any 
further uses. 

Table 5 shows the estimation results of missing rainfall data 
using the arithmetic mean, presented in annual rainfall 
information. This information was then used to examine the 
data consistency of each station to the reference stations. 

Figure 4 illustrates the consistency as analyzed by the double 
mass curve.  

All curves portray good data consistency except for the data 
from Tepus Station, similar to the double mass curve analysis 
from the previous subsection.  It is found that the rainfall data 
in Tepus Station were inconsistent, which could be seen in 
Figure 4d so that it is not recommended to be used further.  

Based on the estimation of RMSE and MAE on these two 
methods, the arithmetic mean method shows satisfactory 
results compared to those using the inversed square distance. 
The other studies found that the inversed square distance 
method was good due to the use of distance data between 
stations in the process [12], [14], [19], [20]. However, in this 
study, the results show the opposite. It might happen because, 
in this case, there is no correlation between the two rain 
stations with the distance between them. This study has a high 
correlation value of rainfall data at two stations far apart and 
vice versa. It is possible because other factors can affect rainfall 
intensity in the study area, including the topography of karst 
hills, type of equipment, etc. Not all regions are ideal for using 
the same method in estimating rainfall data. The appropriate 
method is determined based on each area's characteristics and 
the availability of supporting reference station data. 
 
Table 4. Annual rainfall data from 2008 to 2019 (inversed square 

distance) 

YEAR SEMANU TEPUS TANJUNGSARI RONGKOP 

2008 1,423 2,319 1,486 1,600 

2009 1,848 2,309 1,437 1,063 

2010 2,075 2,773 1,804 1,440 

2012 1,008 1,353 1,785 1,462 

2013 2,173 2,955 1,885 2,028 

2014 1,745 2,478 1,574 1,918 

2015 1,685 2,081 1,698 1,847 

2016 2,684 2,612 2,923 2,901 

2017 2,302 2,689 3,188 2,564 

2018 1,772 1,858 1,827 1,572 

2019 1,557 1,057 1,298 1,061 

 
Table 5. Annual rainfall data from 2008 to 2019 (arithmetic mean 
method) 

Year SEMANU TEPUS TANJUNGSARI RONGKOP 

2008 1,376 2,319 1,486 1,595 

2009 1,603 2,309 1,437 1,063 

2010 1,758 2,773 1,804 1,440 

2012 1,008 1,353 1,785 1,462 

2013 2,118 2,926 1,868 2,028 

2014 1,745 2,478 1,574 1,918 

2015 1,685 2,137 1,698 1,847 

2016 2,684 2,522 2,923 2,901 

2017 2,302 2,679 3,188 2,564 

2018 1,772 1,858 1,827 1,572 

2019 1,557 1,057 1,298 1,061 
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Figure 3. Double mass curve for a) Semanu, b) Tanjungsari, c) Rongkop, and d) Tepus stations based on inversed square distance 

The data consistency test from the two methods represented 
the same pattern that the rainfall data in all stations are good 
except Tepus Station. The distribution of rainfall data at Tepus 
Station shows a deflection that comes out of a straight line, 

indicating an inconsistency in the rainfall data. Therefore, this 
study recommends using rainfall data from Semanu, 
Tanjungsari, and Rongkop Station for further uses.

  

  

Figure 4. Double mass curve for a) Semanu, b) Tanjungsari, c) Rongkop, and d) Tepus Stations based on Arithmetic Mean Method 
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4.0  CONCLUSION 
 
The smallest RMSE and MAE values in the arithmetic method at 
the four stations have confirmed the statement. The rainfall 
data consistency analyzed by the double mass curve is 
consistent in all stations except Tepus Station. The rainfall data 
consistency analyzed by the double mass curve is reliable in all 
stations except Tepus Station for both methods. This study 
recommends using rainfall data from Semanu, Tanjungsari, and 
Rongkop Station for further uses. 
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