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Abstract Rainfall is one of the main inputs in the analysis of the hydrological
system. However, rainfall data are often found to be inadequate in length and
completeness. The purpose of this study is to overcome the problem of the limited
availability of high resolution of rainfall data. Rainfall data on a daily scale generally
have a better quantity and quality of data available to be used as a basis or reference
for deriving hourly rainfall data. The research location is limited to Java Island, with
25 rain gauge stations used. Hourly rainfall has a diurnal cycle, where some rain-
fall is concentrated in the afternoon or evening. The result of the evaluation using
Root Mean Square Error, Mean Absolute Error, Pearson Correlation, and Spearman
Correlation shows that the hourly rain simulation model using daily rainfall data can
be used for design, especially in the field of water structures due to producing similar
statistical characteristics.
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1 Introduction

A flood is a pool of water that causes a detrimental impact on human life. A flood is a
flow of water whose height exceeds the normal water level. Among all the disasters,
floods are the most destructive because they can cause serious damage to human life,
infrastructure, agriculture, and social-economic systems [1]. In Indonesia, almost all
areas have a high potential for flooding such as West Java [2], Central Java [3], and
East Java [4]. Flooding can take in many forms, including slow river flooding, rapid
flash floods, accumulation of rainwater in poorly drained environments, and coastal
flooding caused by tides and extreme waves.

Rainfall is one of the main inputs in the analysis of the hydrological system.
However, rainfall data are often inadequate in length and completeness due to the
small number of observations or instrument errors. Insufficient rainfall data series
can cause severe problems in hydrological analysis. Accessibility of high-resolution
rainfall is one of the main problems for hydrologists due to various reasons such
as cost and government policies [5]. Therefore, scientists have attempted to produce
accurate high-resolution rainfall data with many computer programs. The simulation
of hourly rainfall is an important area of hydrological research, for example for
designing hydraulic structures in urban areas or urban drainage systems, and for
evaluating the frequency of flooding in small natural catchments characterized by a
rapid hydrological response [6]. Hourly rainfall data or even smaller by temporal scale
are critical for applications in many sectors, such as urban hydrology, infrastructure
design, and risk assessment [7].

Daily rainfall is generally a difficult thing in rainfall modelling because daily
rainfall has unique characteristics and is difficult to make a model. Unlike the annual
and monthly rainfall, which can be modelled by the simple autoregressive moving
average (ARMA) process, the incidence and amount of daily rainfall are challenging
to model with the ARMA model [8]. There are many problems in hydrology, agricul-
tural science and engineering that require extensive rainfall records [9], especially
for flood risk assessment, water resources management or hydraulic structure design
[10]. However, hourly or higher resolution rainfall data tend to have lower temporal
and spatial coverage due to high instrument costs and technical limitations.

The purpose of this study is to overcome the problem of the limited availability
of high-resolution rain data. High-resolution rainfall data in the hourly or higher
(minute) is necessary for the hydrological aspect. Rainfall data on a daily scale
generally have a better quantity and quality of data availability. Hence, daily rainfall
can be used as a basis or reference for deriving hourly rainfall data.
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2 Material and Method

2.1 Data

The data used were obtained from the Meteorology, Climatology, and Geophysical
Agency (BMKG). The data required is hourly and daily rainfall data in Java. The
location of selected rainfall stations is presented in Fig. 1, and the name of that
can be seen in Table 1. The rainfall data used in this study are selected with having
relatively complete data from all stations in Java. By knowing the number of NA (Not
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Fig. 1 Map of 25 rain station in Java Island
Table 1 The name of rain station in Java Island
Code | Rain station ID rain station | Code | Rain station ID rain station
0 Tangerang 96,735 13 Semarang_Klimatologi | 96,835
1 Serang 96,737 14 Semarang_Maritim 96,837
2 Bawean 96,925 15 Ahmad Yani_Semarang | 96,839
3 Curug 96,739 16 Surabaya Tg. Perak 96,937
4 Mataram 96,742 17 Surabaya_Perak1 96,933
5 Jakarta BMKG 96,745 18 Juanda 96,935
6 Cengkareng 96,749 19 Karang Ploso 96,943
7 Citeko 96,751 20 Tretes 96,945
8 Dermaga 96,753 21 KarangKates 96,949
9 Bandung 96,783 22 Kalianget_Madura 96,973
10 Jatiwangi_Cirebon | 96,791 23 Sawahan 96,975
11 Tegal 96,797 24 Banyuwangi 96,987
12 Cilacap 96,805
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Available) or the countless data, there are three rain recording stations are obtained.
The relatively complete rainfall recording stations are Citeko (96,751) and Dermaga
(96,753).

2.2 Research Steps

Data Preparation

The following steps in preparing the data are the hourly rainfall recording stations that
have a relatively long measurement period, complete and continuous are identified
and selected for further analysis. Then at each hourly rainfall recording station that
has been selected, the cumulative rainfall calculation is carried out into a daily period.
Two data sets of rainfall are collected, so that hourly and daily rainfall data will be
obtained at the same time.

Model Development

There are two types of modelling approaches were taken, namely the approach that
the rainfall data series for both zero and non-zero rainfall was calculated and another
approach that only non-zero rainfall data series were carried out in the modelling
stage.

Model Evaluation

After obtaining the hourly rain simulation modelling using daily rainfall data, it is
necessary to evaluate it to obtain the performance of the model. There are several
measuring tools to find out how well the model developed consists of RMSE, MAE,
Pearson Correlation, Spearman Correlation.

RMSE (Root Mean Square Error)

RMSE is a way to evaluate linear regression models by measuring the accuracy of the
estimated results of a model. RMSE is calculated by squaring the error (prediction
- observation) divided by the amount of data, then rooted. The RMSE formula is
shown in Eq. (1). This prediction model is said to be the best if the value is O (zero).

N 12
RMSE = <M> (1)

n

where y = the value of the observation result, § = predicted value, i = sequence
of data in the database, N = amount of data.

MAE (Mean Absolute Error)

MAE is one of the methods used to measure the accuracy of the forecasting model.
The MAE value shows the absolute average error between the prediction results
with the real value. In general, the MAE formula is shown in Eq. (2). This prediction
model is said to be the best if the MAE value is 0 (zero).
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Table 2 Class of correlation Class Correlation coefficient value Information
coefficient value
1 0-0.25 Very weak
2 0.25-0.50 Weak
3 0.50-0.75 Strong
4 0.75-1 Very strong
1 n
MAE:;;M—M )
ie

where n = amount of data, } yi — ﬁ,-| = absolute error, y; = predicted value, y; =
real value.

Pearson and Spearman Correlation

Pearson correlation is used to determine whether there is a relationship between two
variables on an interval or ratio scale. The Pearson correlation denoted by r is shown
in Eq. (3).

_ oy
r= 2 2 3)

Jiee -2 -2)

where r = correlation value, x = variable x, y = variable y. The strength of the
correlation relationship classified into 4 classes that shown in Table 2.

The Spearman-rho rank correlation coefficient was used for the measurement of
correlation in nonparametric statistics.

3 Result and Discussion

3.1 Analysis of the Quality of Hourly and Daily Rainfall Data

Completeness of rain data is an important aspect in knowing the quality of hourly
and daily rainfall data. Rainfall data on the hourly and daily time scales used in this
study were taken from 1981 to 2019. However, the available rain data, especially on
the hourly time scale, is inadequate so that a lot of rain data is not recorded or is called
NA (Not Available). From the 25 stations, the percentage of missing values (NA)
that is less than 31% is the Dermaga station (96,753) and Citeko (96,751), that are
24.57 and 30.44%. Meanwhile, there are 4 stations that have rainfall data between
30-50%. The remaining 19 stations with more than 70% missing values. For the
daily rainfall scale, the percentage of missing values (NA) for the 25 stations is not
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Fig. 2 Percentage of number of non-NA and NA at each station

much different from the hourly rain scale. The following graph shows the percentage
of NA numbers at each station as in Fig. 2.

In another study, it was stated that in Malaysia, for the daily rainfall scale, the
number of missing values was less than 10% for the period 1975-2004. The number
of missing values is estimated using various types of weighting methods. Meanwhile,
in Singapore, the daily time scale analyzed from 30 stations for the period 1980 to
2010 shows very few missing values data, namely less than 1%. However, the area
used in Singapore is relatively small, around 716 km? compared to Java, which is
128.297 km?.

3.2 Statistical Analysis of Hourly and Daily Rainfall Data

From 25 rain stations for the hourly rain scale, the largest average value of rainfall
occurred at Semarang Maritim Rain Station (96,837) of 1.17 mm. Meanwhile, for the
daily rain scale, there is only one rain station that has an average value below 1 mm,
namely Banyuwangi Rain Station (96,987) of 0.06 mm. Then for the hourly scale
of rain, the largest maximum amount of rain occurs at the Jatiwangi Cirebon Rain
Station (96,791) of 147 mm which occurs precisely at 17.00 on 25 December 2013.
For the daily rain scale, the Cilacap rain station (96,805) has the largest maximum
amount of rain, which is 302.7 mm. For the minimum amount of rain in the hourly
and daily rain scale at each rain station, it is 0 mm, which means that each rain station
has dry hours. Furthermore, the standard deviation value for the largest hourly rain
scale occurred at Semarang Maritim Rain Station (96,837) of 4.08. Meanwhile, the
largest standard deviation value for the daily rain scale occurred at the Cilacap Rain
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Station (96,805), which was 19.56. Statistical analysis for 25 rain stations can be
seen in Tables 3 and 4.

Diurnal cycles and regional variations in rainfall are essential in the tropics.
Because tropical rainfall involves the uptake and release of large amounts of latent
heat from evaporation, in the study of energy and water cycles on a large scale such
as the Asian monsoon, an understanding of the diurnal rainfall cycle is needed. Most
studies have shown that diurnal variation in precipitation in the Tropics peaks in the
afternoon overland areas and the morning over adjacent ocean areas (e.g. [11-14]).

Table 3 Statistical analysis of hourly rainfall data

Rain station Average (mm) | Maximum (mm) |Minimum (mm) | Standard
deviation

Tangerang 0.69 55 0 3.16
Serang 0.18 85 0 1.61
Curug 0.31 80 0 2.57
Jakarta BMKG 0.24 82 0 2.15
Cengkareng 0.15 73.9 0 1.69
Citeko 0.37 100 0 2.21
Dermaga 0.41 107 0 2.96
Bandung 0.3 67 0 2.09
Jatiwangi_Cirebon 0.27 147 0 2.46
Tegal 0.18 99.7 0 1.86
Cilacap 0.35 111.2 0 2.56
Semarang_Klimatologi | 0.37 94 0 271
Semarang_Maritim 1.17 63 0 4.08
Ahmad Yani_Semarang | 0.64 85 0 3.37
Surabaya_Perak1 0.23 99 0 23
Juanda 0.26 80 0 2.31
Karang Ploso 0.21 77 0 1.89
Tretes 0.8 99 0 4.03
KarangKates 0.62 61.5 0 3.17
Kalianget_Madura 0.18 100 0 1.84
Sawahan 0.53 71.2 0 3.21
Banyuwangi 0.36 74 0 25
Mataram 0.18 70 0 1.86
Bawean 0.32 99 0 2.51
Surabaya Tg. Perak 0.21 91.1 0 2.01
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Table 4 Statistical analysis of daily rainfall data
Rain station Average (mm) | Maximum (mm) | Minimum (mm) | Standard
deviation
Tangerang 2.13 67.8 0 8.64
Serang 4.33 101.4 0 10.41
Curug 7.55 187.8 0 17.07
Jakarta BMKG 5.68 277.5 0 15.47
Cengkareng 3.58 125.2 0 11.72
Citeko 8.91 245.3 0 15.98
Dermaga 9.7 240 0 18.58
Bandung 7.28 108.4 0 13.39
Jatiwangi_Cirebon 6.6 157.5 0 15.44
Tegal 4.38 140 0 12.15
Cilacap 8.27 302.7 0 19.56
Semarang_Klimatologi | 8.78 245.2 0 17.86
Semarang_Maritim 7.14 100 0 16.26
Ahmad Yani_Semarang | 1.99 54.5 0 6.78
Surabaya_Perak1 4.31 187 0 14.78
Juanda 5.73 118.2 0 14.15
Karang Ploso 5.11 152 0 12.63
Tretes 7.27 187.4 0 18.35
KarangKates 5.26 91.9 0 11.6
Kalianget_Madura 4.31 157.9 0 11.79
Sawahan 9.96 176 0 18.67
Banyuwangi 0.06 13.3 0 0.71
Mataram 4.4 164 0 12.78
Bawean 7.09 221.2 0 16.53
Surabaya Tg. Perak 4.72 130 0 12.36

3.3 Daily Cycle Pattern of Hourly Rainfall

In this study, two seasons were used to determine the daily rain pattern at selected
stations, namely the wet and dry seasons. Based on the rain event in Java, it is chosen
for the wet season to occur from October to March and the dry season occurs from
April to September. Furthermore, a rain station that has the least amount of NA (Non-
Auvailable) is selected to determine the daily rainfall pattern based on hourly rainfall
data. The selected rain stations are the Dermaga rain station (96,753) and Citeko
rain station (96,751). The results of the daily rainfall patterns for the two stations in
the two predetermined seasons can be seen in Fig. 3. The boxplot for the daily rain
pattern at the Citeko rain station and Dermaga in the wet season and dry season have
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Fig. 3 Boxplot for the daily rain pattern at Citeko and Dermaga rain station
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many outlier values, which means that there is a lot of hourly rain data which has
very high values differ greatly from other data.

3.4 Simulation Model of Hourly Rainfall

In this research, to develop a simulation model, the assumption is that for rain below
0.1 mm in an hourly period, it is considered 0 mm. The results of the daily rain
pattern in Fig. 4 shows that the daily rain has the same pattern for both the Citeko
and Dermaga rain stations in two seasons, the wet and dry seasons. Furthermore, a
daily rainfall model is made by considering the mean hourly rainfall as shown in
Fig. 4. The results of the development of a simulation model from known patterns
show that intermittent rainfall has a daily cycle pattern; that is, some concentrated rain
occurs in the afternoon or at night. This is because morning to noon has evaporated
and formed clouds. So that in the afternoon or evening, the clouds begin to condense
so that it rains.
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Fig. 4 Daily rain modeling for Citeko and Dermaga rain station

3.5 Model Evaluation

After obtaining the hourly rain simulation modelling using the daily rainfall data, it is
necessary to evaluate it to obtain the performance of the model. Evaluation based on
the mean value for simulated and observed rain can be seen in Fig. 5. The mean value
for the simulated and observed rain has quite a small difference. For the Citeko rain
station, the average difference in the mean value for simulated rain and observations
in the wet season is 0.193 mm and for the dry season 0.185 mm. Then for Dermaga
rain station, in the wet season the average difference in the mean value is 0.214 mm
and for the dry season is 0.317 mm.

The next model evaluation is MAE and RMSE. The two prediction models are
said to be the best if the value is O (zero). For the Citeko rain station in the wet season,
the average of MAE value is 1.05 mm, and for the dry season 0.85 mm. Furthermore,
the average of RMSE value in the wet season is 2.56 mm and for the dry season is
2.12 mm. For the Dermaga rain station in the wet season, the average of MAE value
is 1.17 mm and for the dry is 1.25 mm. Furthermore, the average of RMSE value in
the wet season is 2.96 mm and for the dry season is 2.98 mm. From Fig. 6 shows that
the pattern of MAE and RMSE values is close to the rain pattern simulations that
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have been made. The average error value is both above 0 but not too big. The average
value for the Citeko rain station tends to be smaller than Dermaga rain station.

The last model evaluation is seen from the value of the Pearson and Spearman
correlation coefficient. The average value of the Pearson correlation coefficient for the
Citeko rain station in the wet season is 0.29 which indicates that entering into class 2
is sufficiently correlated. Meanwhile, the dry season falls into class 1 with an average
of 0.21 which indicates that the correlation is very weak. The Spearman correlation
coefficient for the Citeko rain station is smaller than the Pearson correlation. In the
wet season, the average coefficient value is 0.24 and 0.15 in the dry season indicates
that it is classified as class 1. For the Dermaga rain station, the value of the Pearson
and Spearman correlation coefficient in the wet and dry season falls into class 1. For
the Pearson correlation in the wet season, the average value is 0.21 and 0.17 in the
dry season. Furthermore, the average Spearman correlation value in the wet season
is 0.14 and 0.12 in the dry season. Figure 7 shows that the pattern of the Pearson and
Spearman correlation coefficient values is close to the rain pattern simulations that
have been made. However, the correlation coefficient for both of them is quite small,
so it can be concluded that the evaluation of rain simulations and observations has a
very weak correlation. For this reason, further modelling is needed if it is to be used
for forecasting rain data.
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4 Conclusion

Based on the quality of hourly and daily rainfall data, it shows that the quality of
rain at 25 rain stations in Java Island is not good so that only two rain stations
were selected with the least amount of NA (Not Available) data, that are Citeko
and Dermaga. The results of the development of a simulation model show that the
hourly rainfall has a daily cycle pattern, that is some concentrated rain occurs in
the afternoon or at night. The mean values for simulated and observed rain at the
Citeko and Dermaga rain stations in both the wet and dry seasons have quite small
differences. The average error (MAE and RMSE) value of the two rain stations is
above 0 but not too big. The average error value for the Citeko rain station smaller
than Dermaga. The value of the Pearson and Spearman correlation coefficient for
the two rain stations is quite small. The evaluation of simulated and observed rain
has a very weak correlation. Hourly rain simulation modelling using daily rainfall
data can be used for design, especially in the field of water construction. However,
for forecasting purposes, further modelling is required.
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