
 

 
Effective Rainfall Analysis Using the Phi Index Method

In the Bangga Watershed  

V W Andiese1 , I W Sutapa1 ,  

and NB Rustiati1  

1Civil Engineering Department, Faculty of Engineering, Tadulako University, Indonesia 

verawimandiese@gmail.com 

Abstract. The Bangga watershed is one of the watersheds located in Sigi 

Regency, Central Sulawesi Province, with an area of 61.05 km2 and a river length 

of 20.7 km. In recent years, the Bangga watershed has often experienced flash 

floods and landslides, causing much damage to settlements, plantations, and other 

facilities. Changes in land use and the earthquake disaster that occurred in 2018 

are thought to be the causes of the current condition of the Bangga watershed. 

This research aims to analyze the amount of effective rainfall using the Phi Index 

method. Effective rainfall is the total rain that falls minus the water loss. The Phi 

index is the evenly distributed loss intensity, which will be subtracted from the 

rain intensity to obtain the amount of effective rainfall. The rain hyetograph 

designed in this research uses the Mononobe Method. This research uses 

secondary data, namely rainfall data from the Bangga Atas and Bangga Bawah 

stations and automatic Water Level Recorder (AWLR) data from the Bangga 

River in 2018-2021. The analysis found that the maximum effective rainfall 

occurred in February 2018 at 56.63 mm, and the minimum in December 2020 

was 1.77 mm. Changes in land use and rainfall in the watershed will affect the 

amount of effective rainfall. 

Keywords: Effective Rain, Phi Index, Bangga Watershed, rainfall  

1 Introduction 

Some rain that falls on the ground surface will seep into the ground through infiltration, 

interception, evaporation, and recharge. water storage can be called the process of water 

loss. Another part of the total rainfall will change into direct flow in rivers, which is 

called effective rainfall. Effective rainfall equals the total rainfall on the land surface 

minus the water loss. The method commonly used to obtain the amount of water loss 

The total is the SCS-CN method and the phi index method (ɸ). [1]  

The similarity between these two methods is that each describes the relationship 

between rainfall that occurs and runoff, and they can also be used to separate rainfall 

into initial abstraction, retention, and runoff. In the phi index method, runoff 

calculations consider the distribution and duration of rainfall. [2] . Surface runoff is the 

difference between the net rainfall intensity and the phi index; the assumed loss 

intensity is evenly distributed. For runoff analysis, effective rainfall is rainfall corrected 

with a reduction factor and reduced by losses such as infiltration, interception, 

evaporation, and basin storage [3]. The data used are daily rainfall data, especially  
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rainfall data greater than the average daily rainfall data, and daily runoff data that comes 
from daily discharge data that has been reduced by base flow [2]. 

Several studies on effective rainfall have been conducted, such as that conducted by 
Masoud in five micro sub-watersheds in Northeast Iran by creating a new formulation 
on the LAPSUS (Landscape Process Modelling at Multi-Dimensions and Scale) model 
using effective rainfall values from the SCS-CN method, CN values, convergence 
factors, erodibility, and slope. The model outputs a runoff and erosion map in ASCII 
form [4]. Nikolas conducted a study to find the correlation between CN and the Phi 
Index on ten watersheds spread across America. The study results show a good 
correlation between the phi index and SCS-CN. Furthermore, effective rainfall was 
calculated on the Hengduan mountains, which have varying topography and geological 
conditions. Rainfall data uses data from TRMM (Tropical Rainfall Measuring 
Mission). From this study, it is known that the amount of effective rainfall is 5.2% to 
7.7% of the average annual rainfall [5]. 

Ali also calculated the value of effective rainfall using many methods, such as the 
Indian-1 method, USDA-SCS, ET-rainfall Ratio Method, Renfro Equation, and Soil 
Water Balance Approach (or Water Balance Method). The study was conducted under 
three conditions, namely the rainy season with low rainfall intensity; the second 
condition is the dry season with low rainfall intensity; and the last condition is during 
the rainy season with high rainfall intensity. This study found a new formula for 
calculating Effective Rain by considering the type of plant, climate, and soil 
characteristic data [6]. 

Several studies in the Bangga Watershed have been conducted, one investigating the 
performance of the Mock and NRECA model parameters in estimating the main-stay 
discharge [7]. Wayan also researched the Bangga Watershed to identify the effect of 
climate change on groundwater recharge using rainfall, evapotranspiration, and canopy 
interception data [8]. Research on effective rainfall has never been conducted in this 
area. This study aims to calculate the amount of effective rainfall that occurs using the 
Phi Index method in the Bangga Watershed. The data used in this study are secondary 
in the form of rainfall data from two stations in Bangga, Bangga Atas Station and 
Bangga Bawah Station, as well as from the AWLR Sungai Bangga from 2018-2021. 
From this study, we hope to get information about the amount of runoff that occurs in 
the research area and the right conservation methods according to the conditions of the 
research area. 

2 Materials and Methods 

2.1 Study Area 

This research was conducted in the Watershed Area Bangga River in Dolo Selatan 
District, Sigi Regency, Central Sulawesi Province. Bangga River is the sub-watershed 
of Palu, with a wide area streaming not enough, more than 61.05 km2 as measured at 
the Bangga Hydrometric Post (AWLR). Geographically, Bangga Watershed is located 
at coordinates 119°49'19.2362" E- 119°55'52.4184"E and 1°15'17.9854"S-
1°21'18.4372" S, located to the west of the Palu River. Bangga Watershed has a tropical 
forest climate and dry climate, with annual rainfall in the upstream area being higher 
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than in the downstream area of the watershed. As a result, the evaporation rate in the 
downstream area is higher than in the upstream area of the watershed, with rainfall 
reaching more than 1000 mm/year [9]. 

 
Fig. 1. Research Location 

2.2 Data 

The data used in this study are secondary. The data are the results of measurements, 
recordings, and research obtained from related agencies. The data used are Rainfall 
Data and hydrometric measurement data in the form of water level data from AWLR 
data at the Bangga Dam. This AWLR data will be converted into discharge data using 
discharge curve calibration. The rainfall data used in this study are in the form of 
rainfall data representing the Bangga Watershed recorded at the Bangga Atas Station 
(119 ° 55'00" East Longitude and 01 ° 5'37" South Latitude) and the Bangga Bawah 
Station (119 ° 54'35" East Longitude and 01 ° 14'35") with a data period used from 
2018-2021. Monthly rainfall data and data on the number of rainy days were obtained 
from the BWS office (Central Sulawesi River Region III Office). 
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2.3 Research Stages 

Effective rainfall analysis using the phi index method begins by calculating the 
concentration-time (Tc) with the Kirpch equation based on river length and slope data, 
then calculating the rainfall intensity based on rainfall data from 2 stations, namely the 
Upper Bangga Station and the Lower Bangga Station using the  Mononobe method. 

The Bangga river discharge is obtained from the AWLR data and entered into the 
discharge curve equation. After the discharge data is known, the next step is to calculate  

After the discharge data is known, the next step is to calculate the amount of base flow. 
Base flow is a flow that comes from groundwater and is always available at all times. 
The initial base flow value can be calculated from observation data.  

Base flow is a flow that comes from groundwater and is always available at all times. 
The initial base flow value can be calculated from observation data. By subtracting the 
flow rate and base flow, the direct flow result is obtained; water loss or the phi index is 
then calculated from the difference between the rain amount and the depth divided by 
the rain duration. Finally, calculate the amount of effective rain or excess rain that 
causes direct runoff, effective rain is the total rain that falls minus water loss [2]. 

Concentration Time (Tc) Calculation. Concentration time (Tc) is the duration 
required for rainwater to flow from the furthest point in the watershed to the outlet 
point. Concentration time is essential to flood discharge calculations and hydrograph 
analysis to estimate the magnitude of peak flood discharge and flood risk mitigation 
[10]. Topographic conditions, land conditions, and land cover can affect concentration 
time (Tc). Calculation of concentration time in this study was calculated using the 
Kirpich equation with the following formula. 

Tc = 0,066 x L0,77 x S-0,385         (1) 

Where L is the length of the main river, and S is the slope of the river [10] 
Rain intensity is calculated using the Mononobe method with the following equation: 

𝐼 = #!!"
"#
$ #"#

$
$
"/&

                              (2) 
With R24 being the maximum rainfall that occurred in that month 

Basic Flow. Base flow is a part of river water from groundwater through infiltration 
and percolation processes. The characteristics of base flow tend to be slow and stable 
[10]. To calculate direct flow, it is necessary to calculate base flow with the following 
equation: 

Qb = 0.4715 x A 0.6444 x D 0.0943        (3) 

Where: A is the watershed area, and D is the density of the river network, which is the 
result of dividing the length of the river L by the watershed area. The magnitude of 
direct flow is the difference between the base flow and the flow discharge value. 
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Phi Index Method (ɸ). The Phi Index Method (ɸ) is used to predict excess rainfall at 
a certain time. The Phi Index Method assumes a constant infiltration capacity in a River 
Basin Area and its impact before surface runoff occurs. If rainfall is greater than the 
Phi Index value, then there is overflow [2]. 

The ɸ index is the minimum average rainfall resulting in a flow volume balanced with 
the rainfall volume. The ɸ index is formulated as follows (Sri Harto ): 

 
 
                                                                                                                                   (4)  

Where P is Rainfall (mm), F is total infiltration, Q is total surface flow, and Tt is the 
duration of Rainfall. 
Effective rainfall is defined as rainfall that can cause direct runoff, namely total rainfall, 
after deducting effective rainfall losses [11]. 

HE = P – Index ɸ       (5) 

Where: HE is Effective Rain (mm/hour) and P is Rainfall (mm/hour) 

3 Materials and Methods Results and Discussion 

Effective rainfall or excess rainfall is part of the rainfall that becomes direct flow 
in the river . This effective rainfall is the same as the total rainfall on the ground 
surface minus the water loss. The method used to calculate water loss and calculate 
direct flow uses the phi ɸ index method. In calculating the amount of water loss, 
the phi index method and daily rainfall data are required, which is diversified into 
hourly rainfall using the Mononobe Method. The effective rainfall value obtained 
can be seen in the following table: 

Table 1.	Rainfall, Direct Flow, Phi Index, and Effective Rainfall Values in 2018 

Month Rain (mm) Direct 
Flow m3/s 

Phi Index 
(mm) 

Effective 
Rainfall (mm) 

Jan 23.16 2.00 1.62 11.82 

Feb 71.26 0.96 2.09 56.63 
March 38.00 0.22 3.74 12.92 

April 66.51 2.00 9.92 11.81 
May 76.60 3.29 9.26 19.41 

June 55.82 1.72 8.21 10.13 
July 29.10 1.95 2.55 11.47 

August 89.07 0.22 14.73 12.92 
September 31.47 1.10 4.30 6.48 

Oct 35.63 1.08 5.31 6.34 
Nov 35.63 1.08 4.14 8.79 

Dec 42.75 1.35 6.19 7.96 
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The table above shows that the highest effective rainfall occurred in February at 56.63 
mm and the lowest in October at 6.34 mm. The highest rainfall intensity in 2018 
occurred in August at 89.07 mm, and in the same month, the highest phi index value 
occurred. The magnitude of the effective rainfall value can be influenced by high 
rainfall [12]. Effective rainfall or what is commonly called runoff will increase with 
increasing rainfall intensity and soil saturation time [13]. The effective rainfall value, 
phi index, and direct flow in 2019 can be seen in the following table: 

Table 2. Rainfall, Direct Flow, Phi Index, and Effective Rainfall Values in 2019 

Month Rain (mm) Direct 
Flow (m3 / s) 

Phi Index 
(mm) 

Effective 
Rainfall (mm) 

Jan 30.28 3.82 1.11 22.53
Feb 12.77 4.86 1.67 2.86
March 45.72 4.22 2.98 24.89
April 87.29 7.77 5.92 45.82
May 14.85 5.35 2.00 3.15
June 37.41 3.39 2.50 19.94
July 13.06 2.93 1.85 2.52
August 16.33 2.62 0.13 15.43
September 20.49 2.73 0.63 16.07
Oct 52.26 2.62 5.71 15.43
Nov 94.65 2.62 14.80 15.43
Dec 41.45 3.82 2.70 22.53

In 2019, the highest effective rainfall occurred in April at 45.82 mm and an intensity of 
87.29 mm. At the lowest rainfall intensity of 13.06 mm, which occurred in February, 
the effective rainfall was 2.86 mm. At the highest rainfall intensity in November of 
94.65 mm, the highest phi index value also occurred in 2019 at 14.80 mm. Effective 
rainfall or surface runoff is related to infiltration and rainfall intensity. In the dry season, 
the value of the infiltration rate in the forest is in the relatively fast category, while in 
the rainy season, the infiltration rate is in the moderate category [14]. In the Phi Index 
method, the value of infiltration is limited to be more realistic, adjusting to the duration 
and intensity of rainfall so that the model approach is better [2]. The effective rainfall 
value in 2019 can be seen in the following table: 

Table 3. Rainfall, Direct Flow, Phi Index, and Effective Rainfall Values in 2020 

Month Rain (mm) Direct 
Flow m3/s 

Phi Index 
(mm) 

Effective 
Rainfall (mm) 

Jan 38.00 2.26 3.66 13.33 
Feb 56.59 2.43 6.85 14.31 

March 19.06 2.47 0.64 14.56 
April 68.35 3.02 8.11 17.77 
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Month Rain (mm) Direct 
Flow m3/s 

Phi Index 
(mm) 

Effective 
Rainfall (mm) 

May 87.59 3.53 11.06 20.80 
June 89.96 2.73 13.37 16.07 
July 54.10 3.02 5.46 17.77 

August 24.05 2.12 1.65 12.50 
September 76.07 3.92 8.15 23.10 

Oct 37.41 2.84 2.96 16.72 
Nov 15.50 2.12 5.91 12.50 
Dec 3.03 3.02 0.18 1.77 

The highest rainfall intensity in 2020 occurred in June at 89.96 mm, resulting in the 
highest phi index value in the same year at 13.37 mm. While in 2020, the highest 
effective rainfall occurred in September, with a value of 23.10 mm. The effective 
rainfall value, phi index, and direct flow in 2021 can be seen in the following table:	

Table 4. Rainfall, Direct Flow, Phi Index, and Effective Rainfall Values in 2021 

Month Rain (mm) Direct 
Flow m3/s 

Phi Index 
(mm) 

Effective 
Rainfall (mm)

Jan 32.36 2.53 2.49 14.93 
Feb 41.63 2.66 3.79 15.69 

March 34.50 2.53 2.80 14.93 
April 37.47 2.24 3.59 13.21 
May 50.24 4.99 2.97 29.43 
June 41.33 2.70 3.69 15.94 
July 48.69 2.49 5.24 14.68 

August 50.47 3.62 4.18 21.35 
September 93.23 3.48 12.31 20.50 

Oct 26.78 2.75 1.51 16.20 
Nov 54.10 2.70 5.91 15.94 
Dec 12.47 2.75 2.16 1.61 

The largest phi index value in 2021 occurred in September at 12.31 mm, coinciding 
with the highest rainfall intensity that year. A high phi index value indicates that the 
area has a high infiltration rate, resulting in a small potential for surface runoff. One 
factor that influences the flood hydrograph's shape is the river basin's area. A large river 
basin is likely to receive more rainwater, resulting in more surface runoff [15]. The 
graph of the phi index value and effective rainfall throughout the research month or 48 
months can be seen in the following figure: 
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Fig. 2. Comparison of Effective Rainfall and Phi Index values 

Figure 2 shows that the highest effective rainfall occurred in February 2018 at 56.63 
mm and the lowest in December 2020 at 1.77 mm. The highest effective rainfall in 2019 
occurred at 45.82 mm when it rained at 87.29 mm. Natural disasters in the form of a 
7.2 SR earthquake in several areas in Central Sulawesi Province, including Bangga, 
caused flash floods in the Bangga River. The flash flood damaged plantations, 
agriculture, and housing and carried sediment due to landslides in the river's upper 
reaches. Rain with high intensity and long duration is also one of the causes of this 
incident [9]. Effective rain, also called runoff, can be reduced by forest vegetation in 
the canopy's interception process. This will be effective in cases of low-intensity rain 
[16].  

In river basins with an area of less than 10 km2, forests can also reduce peak flood flow 
by approximately 50% [16]. Effective rainfall in a river basin is influenced by soil 
characteristics, land cover, topography and rainfall intensity and is closely related to 
infiltration and runoff. [17]. The magnitude of the effective rainfall value in an area can 
also be used to predict the magnitude of debris flooding due to lava flows [18]. Effective 
rainfall is also used to determine warning and evacuation systems in disaster mitigation 
programs [19]. 

4 Conclusion 

The phi index model is another one-parameter model that relates runoff to rainfall. The 
phi index of a catchment is defined as the constant infiltration capacity that would yield 
the actual total runoff for a given rainfall amount. In principle, the number of the phi 
index is bounded between the catchment's maximum and minimum average infiltration 
capacities during a rainfall event. The data used is from 2018 to 2021. The highest 
effective rain occurred in February 2018 at 56.63 mm, and the lowest was in December 
2020 at 1.77 mm. Activities that can be done to reduce runoff in watersheds are 
reforestation, the use of sustainable drainage systems, water and soil conservation, 
making of infiltration wells, and use of green infrastructure. 
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