
  

  

Estimation of Intensity Duration Frequency for Ungauged Basin in Lampung Province, 

Indonesia 

 

 

Susilowati1,2*, Sofia W. Alisjahbana3, Dyah Indriana Kusumastuti4  

 

 

1 Civil Engineering Doctoral Program, Universitas Tarumanagara, Jakarta 11440, Indonesia 
2 Department of Civil Engineering, Universitas Bandar Lampung, Bandar Lampung 35142, Indonesia 
3 Department of Civil Engineering, Bakrie University, Jakarta 12920, Indonesia 
4 Department of Civil Engineering, Lampung University, Bandar Lampung 35145, Indonesia  

 

Corresponding Author Email: susilowati@ubl.ac.id  

 

https://doi.org/10.18280/ijdne.170217 

  

ABSTRACT 

   

Received: 27 February 2022 

Accepted: 12 April 2022 

 Frequency duration intensity (IDF) analysis was conducted to estimate the peak flow rate 

based on the minimum rainfall data collection station. Rainfall data used is data with high 

intensity that occurs in a short time from automatic rainfall recording stations. Currently, 

the availability and distribution of automatic rain recording stations in Lampung 

Province, Indonesia, are still limited. Therefore, this study aims to use the IDF approach 

in the ungauged basin area for areas with rainfall data that do not meet the hydrological 

analysis criteria by interpolating rainfall data from 126 manual rainfall measuring stations 

in Lampung Province, Indonesia. The research method includes analysis of rainfall 

intensity using the Mononobe equation at various durations and returns periods. Next, 

create a rainfall intensity map (isohyet) using ArcGis. Finally, compare the IDF analysis 

of daily rainfall data at 4 automatic rainfall gauge stations with the estimation results 

based on the intensity map (isohyet). Based on the results of data analysis, it is known 

that from the available 126 rainfall climatology stations, there are 113 rainfall 

climatology stations with complete data for 10 years and 13 rainfall climatology stations 

with incomplete data for 10 years. In addition, the study results show that 45.24% of the 

daily rainfall in Lampung province is in the low category, 53.97% is in the medium 

category, and 0.79% is in the high category. This study indicates that rainfall intensity 

data from climatological rainfall stations that do not meet the hydrological criteria can be 

found by interpolating rainfall intensity maps from the nearest rain climatology station 

that meet the hydrological analysis criteria. The relationship test of the actual rainfall 

intensity variable at 4 automatic rainfall gauge stations with the rainfall intensity from 

the map (isohyet) using MAPE showed satisfactory results. 
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1. INTRODUCTION 

 

Climate change due to weather anomalies causes more 

intense rainfall and a higher frequency than normal conditions. 

Phenomena caught as extreme weather in an area will disrupt 

and threaten water resource infrastructure such as urban 

drainage channels [1-3]. One of the mitigation steps that can 

be taken is to estimate the hydrological design using frequency 

duration intensity (IDF) analysis derived from long rainfall 

data with high accuracy [4-6]. IDF analysis was carried out to 

estimate peak discharge in small catchments to plan urban 

drainage systems, channels, irrigation, and bridges [7]. IDF 

analysis is based on data from one rainfall recording station. 

The data used is rainfall data with high intensity that occurs in 

a short time of 60 minutes. Therefore, rainfall data is needed 

from automatic rainfall recording stations.  

The challenge in conducting an IDF analysis is the 

availability and completeness of rainfall data both temporally 

and spatially. In addition, the unequal distribution of rainfall 

observation stations makes IDF analysis difficult to carry out. 

Finally, limited access to rainfall data that meet the IDF's 

analysis criteria due to policies from relevant agencies is also 

a challenge. 

Lampung Province has an area of 35376 km² and only has 

4 automatic rainfall gauge stations under the coordination of 

the Meteorology, Climatology, and Geophysics Agency 

(BMKG), Indonesia. Therefore, it is important to take an IDF 

analysis approach in an ungauged basin where there is no 

rainfall climatology station and the rainfall data does not meet 

the criteria for the hydrological analysis of the case study in 

Lampung Province, Indonesia. 

IDF analysis can be interesting to predict the future climate, 

especially in the ungauged basin. To obtain an IDF analysis in 

an ungauged basin is to interpolate data from areas with 

similar climatological characteristics [8]. If an area does not 

have automatic rainfall data available, then the IDF analysis 

can be done using the Mononobe equation using daily rainfall 

data. 

IDF is usually presented in a curve that provides a 

relationship between rainfall intensity as an independent 

variable and rainfall duration as the dependent variable. In 

addition, several graphs can show the frequency or return 

period of the rainfall. The IDF method started in the 1930s, 

and since then, various forms of IDF relationships have been 

studied over time in many countries [9]. The classic form of 

constructing the IDF curve is to use statistical analysis. The 
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IDF relationship is a mathematical relationship between 

rainfall intensity, duration, and return period (frequency).  

The purpose of this study is to use the IDF approach in 

ungauged basins in areas that do not meet the criteria for 

hydrological analysis by interpolating rainfall intensity data 

from intensity maps (isohyet maps) originating from 126 

manual rainfall measuring stations in Lampung Province, 

Indonesia. In addition, evaluation of the relationship between 

IDF analysis at 4 automatic rainfall gauge stations from the 

BMKG station (Meteorology, Climatology, and Geophysics 

Agency, Indonesia) can be replaced by IDF analysis was also 

carried out using a rainfall intensity map (isohyet). 

 

 

2. METHODOLOGY 

 
The method used in this research is descriptive quantitative. 

The research location is in Lampung Province, Indonesia. The 

data required consists of a map of Lampung Province and daily 

rainfall data from 126 manual rainfall measurement 

climatology stations and 4 automatic rainfall measurement 

climatology stations (Figure 1). 

The research activities carried out consisted of collecting 

daily rainfall data and climatology stations measuring rainfall. 

Data were obtained in raw data in CSV format from each 

rainfall measurement station. It contains table information on 

rainfall events and the magnitude of each rain event. Second, 

perform a frequency analysis using the annual maximum data 

series to obtain statistical parameters with the type of 

distribution that meets the Smirnov-Kolmogorov test and the 

Chi-Square test [10]. Third, carry out an intensity analysis for 

a 10-year observation length (2011 – 2020) using daily rainfall 

data from a manual rainfall measurement climatology station 

in Lampung Province. Finally, the rainfall intensity is 

calculated using the Mononobe equation [11] and evaluate the 

relationship of variables between the IDF analysis originating 

from the climatology station for rainfall measurements and the 

IDF analysis originating from the climatology station. 

 

 
 

Figure 1. Map of distribution of rainfall climatology stations 

in Lampung Province 

2.1 Rainfall frequency analysis 

 

Frequency analysis in hydrology determines the magnitude 

of the design rainfall and design flood with a certain return 

period. In practice, the major objective of the rainfall 

frequency analysis is to identify a suitable probability 

distribution to represent the connection between the magnitude 

and frequency of rainfall. The chosen distribution is fitted to a 

sample of observed rainfall data to enable extrapolation of the 

connection between the magnitude and frequency of rainfall 

outside the reported magnitudes and frequencies. However, it 

should be considered that such an extrapolation is always a 

guess: we will never know severe rainfall's "real" frequency. 

Frequency analysis can be done using data series obtained 

from historical rainfall data and discharge data. This study's 

rainfall data series used in the frequency analysis is the annual 

maximum series. Rainfall data is taken from the maximum 

rainfall data every year. The rainfall frequency distribution 

chosen in this study is a Log Pearson III distribution as 

reported by several research results [12-14]. 
 

2.2 Rainfall intensity analysis 
 

Rainfall intensity is the height of rainwater per unit of time. 

The general nature of rainfall is that the shorter the rainfall, the 

intensity tends to be higher (vice versa). The relationship 

between the intensity, duration, and frequency of rainfall is 

usually expressed in the IDF curve. We need short-term 

rainfall data (60 minutes and 120 minutes) to get this. Rainfall 

data of this type can only be obtained from automatic rainfall 

measurement climatology stations. In addition, rainfall 

intensity can be calculated using the Mononobe equation if 

short-term rainfall data are unavailable. Calculating rainfall 

intensity can be utilized Mononobe formula as a representation 

in Equation 1 [11, 15]. 
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where, Rt is the rainfall intensity, R24 is maximum rainfall 

depth in a day, and T is duration of rainfall. 

 

2.3 Relationship analysis 
 

Relationship analysis is a form of research variable analysis 

to determine the strength of the relationship, the direction of 

the relationship between the variables, and the magnitude of 

the influence of the independent variable on the dependent 

variable. The approach used in analyzing this relationship 

includes correlation analysis which produces coefficients of 

determination and linear regression equations.  

The coefficient of determination measures how far the 

model's ability to explain variations in the dependent variable 

(Equation 2). The value of the coefficient of determination is 

between zero and one. A small R² value means that the ability 

of the independent variable to explain the dependent variable 

is very limited. A close value means that the independent 

variable provides almost all the information needed to predict 

the dependent variable's variation simultaneously. 
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where, R2 is coefficient of determination, n is number of fitted 

points, Ar is actual value of rainfall, Fr is forecast value of 

rainfall and AA is the average rainfall actual value. 
 

2.4 Forecasting analysis of rainfall intensity 
 

The purpose of forecasting is to produce an optimum 

forecast with no error or as little error as possible, which refers 

to a certain standard error. Therefore, every forecasting model 

must produce errors. If the resulting error rate is getting 

smaller, the forecasting results will be closer to the right. After 

all, stages are carried out, and the model is obtained, this model 

can then be used to forecast data for the next period. This 

research uses error analysis in Mean Absolute Percentage 

Error (MAPE). MAPE is a metric that indicates how accurate 

a forecasting system. It expresses this accuracy as a percentage 

and may be determined as the average absolute percent 

inaccuracy for each period divided by the actual values. To 

analyze MAPE used Equation 3. MAPE is one of the most 

frequently used tools for measuring the accuracy of 

forecasting models [16-18].  
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1 n
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where, MAPE is mean absolute percentage error, n is number 

of fitted points, Ar is actual value of rainfall, and Fr is forecast 

value of rainfall. 
 

 

3. RESULT AND DISCUSSION 
 

3.1 Calculation of frequency analysis 
 

Daily rainfall data in this study is secondary data collected 

from 126 rainfall climatology stations spread over 15 districts 

and cities of Lampung Province. The research observation 

time is from 2011 to 2020. The selection of rainfall data used 

for frequency analysis uses a maximum series, which is done 

by taking one maximum data each year. A total of 126 rainfall 

climatology stations are available, there are 113 rainfall 

climatology stations with complete data for 10 years, and there 

are 13 rainfall climatology stations with incomplete data for 

10 years. The incomplete rainfall climatology stations are 

presented in Table 1. The available data for each incomplete 

rainfall climatology station is 1 to 8 data out of 10 data that 

should be available. For the 13 stations with incomplete 

rainfall data for 10 years, distribution analysis using the 

Pearson III log was not followed up. 
 

Table 1. Rainfall climatology stations with incomplete data 

for 10 years (2011-2020) 
 

No. station Name of station Number of data rainfall 

39 PH.150A 2 

40 PH.149.A 2 

54 PH. 08.A 1 

60 PH.09 7 

61 PH.10.A 2 

74 RK.06 7 

85 PH.135 8 

87 PH.138.A 2 

88 PH.138 8 

94 PH.149 8 

95 PH.150 8 

115 PH.219 1 

116 PH.218 1 

Frequency analysis is a procedure for estimating the 

frequency of an event in the future. This procedure can 

determine the design rainfall in various return periods based 

on the most suitable frequency distribution between the 

theoretical rainfall distribution and the empirical rainfall 

distribution. The average daily maximum rainfall data from 

2011 to 2020 from 126 rainfall measurement climatological 

stations is presented in Figure 2. The distribution of the 126 

climatological stations is shown in Figure 1. From Figure 2, it 

can be seen that the complete maximum daily rainfall data is 

available at 113 climatological stations from 126 

climatological stations in this study. 

By using the classification of rainfall from the Meteorology, 

Climatology, and Geophysics Agency (BMKG) Indonesia, 

there are 57 data from climatological stations, including the 

category with low rainfall (0 – 100 mm), 68 data from the 

climatology station, including the category with medium 

rainfall (100 – 300 mm), 1 data from the climatology station 

included in the category with high rainfall (300 – 500 mm). 

The average rainfall from 126 climatological stations is in the 

range of 58.3 – 435.6 mm. Furthermore, testing using the chi-

square test method and the Smirnov Kolmogorov test on this 

rainfall distribution range is known that 5 stations cannot 

fulfill this test, namely station numbers 67 (R.284), 100 

(R.141), 104 (R. 254), 111 (R.021), and 118 (PH.011). 
 

 
 

Figure 2. Mean maximum rainfall (2011-2020) from 126 

climatological stations in Lampung Province  
 

3.2 Calculation of rain intensity 
 

Rain intensity should be recorded in millimeters per hour 

(mm/hr). Mononobe equation can convert daily rainfall data 

into rain intensity data. This study shows only the analysis of 

rainfall intensity for the 5-year return period and rainfall 

intensity values for the duration of 60 and 120 minutes (Figure 

3). The intensity of rain for a duration of 60 minutes is always 

greater than the duration of 120 minutes due to the time 

interval used to express the distribution of the amount of rain 

intensity. This duration was chosen for the drainage network 

design, and rain intensity data is needed when the rainfall 

intensity is high with a short duration. 

The analysis of rainfall intensity at 108 climatological 

rainfall stations in Lampung Province for a 5-year return 

period with 60 minutes and 120 minutes is included in the 

category of very heavy rainfall. This rainfall intensity data can 

be used in drainage design. The amount of rainfall intensity is 

then represented by making an isohyet map using ArcGIS, as 

shown in Figure 4 and Figure 5. This intensity map can then 

show the estimation of intensity values at climatological 

rainfall stations that do not meet the criteria for hydrological 

analysis. These results are in line with the research of Uzoigwe, 
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et al. [19], who found that isohyet maps can be used to predict 

rainfall intensity in the ungauged basin in Nigeria. 

 

 
 

Figure 3. Rainfall intensity from 109 rainfall climatology 

stations on a 5-year return period with a duration of 60 

minutes in Lampung Province 
 

 
 

Figure 4. Rainfall intensity map for 5-year return period 60 

minutes duration 

 

3.3 Analysis of the estimation of the intensity of the 

duration of the frequency using the rain intensity map 

method  

 

Rainfall is the most important factor in the hydrological 

analysis. The planned rainfall event is the distribution of rain 

over time with selected characteristics. In general, the 

characteristics of the planned rainfall are the same as the 

characteristics of the rain that occurred in the past. If we can 

describe the characteristics of rainfall in a basin during 

hydrological analysis and planning, it is expected to describe 

rainfall events that occur in the future. 

Often we find rainfall data that does not meet the criteria for 

hydrological analysis but is still used for hydrological analysis 

and planning for a basin. Analysis of the estimation of rainfall 

characteristics at rainfall climatology stations that do not meet 

the criteria of hydrological analysis can be obtained by the 

interpolation method using a rainfall intensity map from the 

surrounding rainfall climatology stations that meet the criteria 

of hydrological analysis. In addition to rainfall intensity maps 

for a 5-year return period with a short duration (Figure 4 and 

Figure 5), daily rainfall data from 4 complete climatological 

stations are also needed (Table 2). 

 

 
 

Figure 5. Rainfall intensity map for 5-year return period 120 

minutes duration 

 

Table 2. Maximum daily rainfall from 4 climatological 

stations  

 
Year Station 1 Station 2 Station 3 Station 4 

2011 85 102 98 90.9 

2012 129.4 82 95.2 70 

2013 140 84.5 161 204.9 

2014 108 68.5 102 110 

2015 103 82.9 78.7 103.1 

2016 109.5 135.5 96 112,4 

2017 157 107 87.5 80.5 

2018 137.5 100 115.5 81.4 

2019 72 64 93 109.8 

2020 103 119.5 89 115.3 

Mean 114.4 94.59 101.59 107.83 

 

Furthermore, the frequency analysis of the rainfall data for 

the 4 complete climatological stations was carried out using 

the Pearson III Log distribution. The planned rainfall at 

various return periods following the Log Pearson Type III 

distribution at each climatological station was calculated using 

the chi-square and Smirnov Kolmogorov tests. Finally, rainfall 

intensity can be calculated using the Mononobe equation for a 

duration of 5 to 720 minutes over a 5-year return period 

(Figure 6). From Figure 6, a regression analysis was carried 

out to obtain the IDF curve and the Pearson correlation test 

value to see the close linear relationship between the 

independent variables (Eq. (4) to Eq. (7)). The results show 

that all correlation tests show a very strong relationship. 

 

Ys1 = 726.1  D-0.666   R2 = 1 (4) 

 

Ys2 = 597.5  D-0.666   R2 = 1 (5) 
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Ys3 = 600.8  D-0.666   R2 = 1 (6) 

 

Ys4 = 677.8  D-0.666   R2 = 1 (7) 

 

 
 

Figure 6. IDF curve of 5-year return period from 4 rainfall 

climatology stations 

 

Rainfall intensity data from rainfall climatology stations 

that do not meet the hydrological criteria can be found by 

interpolating rainfall intensity maps from the nearest rainfall 

climatology station that meets the criteria for hydrological 

analysis. First, placed the coordinates of the location of the 

climatology station on the intensity map of the 5-year return 

period of 15, 30, 45, 60, 90, and 120 minutes, and then 

interpolating the rainfall intensity values at each climatology 

station based on the color on the map showing the intervals of 

rainfall intensity. The results are shown in Figure 7 and Figure 

8 for a duration of 60 and 120 minutes, respectively. 

The results of comparing the rainfall intensity from the 

Mononobe equation at 4 climatological stations with the 

rainfall intensity from the map interpolation at 4 

climatological stations based on the intensity map are 

presented in Table 3. This Mean Absolute Percentage Error 

(MAPE) shows that the rainfall intensity with these two 

methods has good accuracy. This value indicates that the 

interpretation of rainfall with this approach can indicate that 

the rainfall intensity for climatological rainfall stations that do 

not meet the hydrological criteria can estimate the value of 

rainfall intensity derived from the isohyet intensity map from 

the climatological rainfall station in the vicinity that meets the 

requirements of hydrological analysis. This is in line with the 

results of research by Devianti et al. [20], who reported that 

mapping methods such as GIS could be used for various 

purposes, one of which is to estimate sedimentation in a 

watershed. In this study, GIS was employed for hydrological 

purposes in the form of prediction of bulk distribution. In 

contrast, in other studies, GIS was employed for hydrological 

purposes for sedimentation due to rainfall. However, this is a 

series of phenomena occurring in the hydrological sequence. 
 

Table 3. Comparison of rainfall intensity values of the 

Mononobe approach with maps at 4 climatological stations 
 

Stations 

Rainfall intensity (mm/hr) 

Error Mononobe approach Isohyet approach 

60 min 120 min 60 min 120 min 

1 47.5 50 29.9 30 18.8 

2 39.2 50 24.7 30 17.25 

3 39.1 30 24.6 30 7.25 

4 44.3 50 27.9 30 18.2 

MAPE 15.38 

 
 

Figure 7. Location of climatology station on map intensity of 

5-year return period 60 minutes 

 

 
 

Figure 8. Location of climatological stations on the map 

intensity of 5-year return period 120 minutes 

 

 

4. CONCLUSIONS 

 

IDF analysis for the ungauged basin with the method of 

determining the estimated rainfall intensity value based on the 

intensity map can be carried out. Rainfall intensity data from 

rainfall climatology stations that do not meet the hydrological 

criteria can be found by interpolating rainfall intensity maps 

from the nearest rainfall climatology station that meets the 

criteria for hydrological analysis. The value of the correlation 

analysis using MAPE was obtained at 15.38 (satisfactory). In 

addition, 45.24% of the rainfall data from the rainfall 
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climatology station was included in the category of low 

rainfall, 53.97% of the rainfall data from the rainfall 

climatology station was included in the category of medium 

rainfall, and 0.79% of the rainfall data was from the 

climatology station. Rainfall is included in the category of 

high rainfall. The rainfall intensity value for the 5-year return 

period for 60 minutes and 120 minutes is categorized as very 

heavy rainfall. The interpretation of rainfall with the IDF 

approach can indicate that the intensity of rainfall for 

climatological rainfall stations that do not meet the 

hydrological criteria can still be estimated with the help of an 

isohyet intensity map from a nearby rainfall climatology 

station that meets the requirements of hydrological analysis. 
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