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1. Introduction 
An increase in the occurrences of heavy rainfall events 

and high tide indicates the risk of flooding in many coastal 
cities. The annual economical expenditure on flooding is 
much higher than the other annual disasters [1]. Flooding 
in urban areas now become a major concern and poses 
a challenge to the urban planner [2]. The rainfall Intensi-
ty-Duration-Frequency (IDF) relationships are essential 

for stormwater design and planning [3]. Accurate and recent 
rainfall analysis is an important device for water-related 
system design [4]. The first step of hydraulic design in the 
stormwater drainage system is to construct IDF curve [5].  
The rainfall IDF relationship gives information about 
location rainfall characteristics. The rainfall IDF relation-
ships provide logic to find out the intensity of rainfall for a 
particular duration and return period [6]. The three essential 
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rainfall depths, that is, 10
1R  (1 h, 10-year rainfall depth), 

10
24R  (24 h, 10-year rainfall depth), and 100

1R  (1 h, 100-year 
rainfall depth) used to derive IDF formula for any United 
States location [7,8]. Ram Babu has studied rainfall data of 
42 rain gauge stations all over India and developed IDF 
equations and nomographs [9]. Kothyari and Garde have 
studied rainfall data of 78 rain gauge stations all over India 
and developed IDF equation using rainfall depth 2

24R  (24 h,  
2-year rainfall depth) [10]. The IDF curves for Abha region 
in Saudi Arabia were established using Gumbel, Log nor-
mal and Log Pearson Type III distribution frequency anal-
ysis techniques for different return periods [11].

Thane city situated near to creek and heavy rainfall 
coincides with high tide then the risk flooding increases. 
Therefore, to avoid flood risk proper knowledge of IDF 
curves is required. Zope has studied 40 years of rainfall 
data from Santacruz rain gauge station and developed IDF 
relationships by using Gumbel’s method [12]. Further it is 
felt that, IDF curves need to be updated as per the change 
of climate effect for a given area [13].

The present paper aims to perform statistical analysis of 
rainfall data to define projected IDF relationships by using 
the linear regression model, which reflects the changing 
trend in rainfall intensity.

2. Study Area

Thane is a metropolitan city in Maharashtra, India. It 
is placed on the North-East of Salsette Island and shares 
a boundary connecting to Mumbai city (Figure 1). The 
city placed at 19° 10’ 19” and 19° 14’ 56” North and 72° 
55’ 50” and 73° 00’ 32” East have an area of 127 km2 [2,14]. 
The population of Thane city is 1890000 according to the 
2011 census and ranked 15th most populated city in India.

The population of Thane city increases due to indus-
trialization, urbanization and city connecting to Mumbai. 
Thane city has roadside drains and minor nallas (streams) 
discharging stormwater into major nallas or directly into 
creek. On 26th July 2005 in Thane created unpredicta-
ble situation due to extreme rainfall coinciding with the 
highest tide level [16]. Due to urbanization and city situated 
near to creek experiencing flood risk, especially at heavy 
rainfall, high tide. Now every year the trend of flooding 
in Thane city is increasing. The minor flooding problem 
is water entering the basement of few buildings for short 
duration and major problem is flooding the area for sev-
eral days. It leads to relocation of population, damage to 
infrastructure services and risk of epidemics [16]. Hence, 
considering the city’s importance and risk of flooding, 
knowledge of proper rainfall intensity is necessary. 

Figure 1. Location map of Thane City, India.

Source: [15].

3. Data Used in the Analysis

Collected continuously observed hourly rainfall data 
from 1969 to 2018 for Santacruz rain gauge station from 
India Meteorological Department (IMD). Thane Munici-
pal Corporation (TMC) helped to collect rainfall data. 

4. Methodology

Firstly, the IDF curve was constructed by Ram Babu’s 
equation, Kothyari and Garde’s equation and then Gumbel 
EV-I distribution equation by using hourly rainfall data 
from 1969 to 2018. Each IDF curve constructed was com-
pared for a return period of 5 years return period and then 
an appropriate method for projection was selected based 
on the results of rainfall intensity and previous studies. 
Secondly, 50 years of hourly rainfall data were divided 
into 5 subgroups and IDF curves were developed for each 
subgroup according to the chosen method. After that, the 
projected rainfall intensity for different duration and dif-
ferent return periods was found for the next 30 years using 
linear regression model. The rainfall IDF relationships are 
found using the method described below.

4.1 IDF Curves by Ram Babu Equation

Ram Babu in 1979 studied the available data from 42 
rain gauge stations across India and then after analyzing 
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the rainfall data came up with the IDF formula and nomo-
graphs [9]. The general form of IDF equation written as,

4.1 IDF Curves by Ram Babu Equation

Ram Babu in 1979 studied the available data from 42 rain gauge stations across India and

then after analyzing the rainfall data came up with the IDF formula and nomographs [9] . The

general form of IDF equation written as,

 =


 +  
(1)

 = 
0.20

0.71 24
2 0.33 (2)

where, =maximum rainfall intensity (mm/hr.) for T years return period and t hour duration,

C=constant depends on Geographical zones of India proposed by them are given in Table 1 and

24
2 = depth of precipitation for 2 years returns period 24-hour duration (mm). From Figure 2,

Thane city comes in western zone, the value of C taken as 8.3 for analysis of rainfall.

Source: [10]

 =  +  (3)

 =
6


0.5772 +  1


 − 1
(4)

Y=A+BX (5)

5. Results and Discussion

5.1 Comparisons of IDF Relationships

In the present study, some empirical relationships were used to derive IDF curves,

especially for the Indian region by Indian researchers. From Equation (1), the rainfall intensity

was determined for different duration and different return periods. Accordingly, the developed

IDF curve by Ram Babu equation is shown in Figure 3. From Equation (2), the rainfall intensity

 (1)

where, I is the rainfall intensity (cm/hr.), T is the return 
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=maximum rainfall intensity (mm/hr.) for T 
years return period and t hour duration, C=constant de-
pends on Geographical zones of India proposed by them 
are given in Table 1 and 2

24R = depth of precipitation for 2 
years returns period 24-hour duration (mm). From Figure 
2, Thane city comes in western zone, the value of C taken 
as 8.3 for analysis of rainfall.

Figure 2. Location of rain gauge stations and zonal boundaries 
in India. 

Source: [10].

Table 1. C values for geographical zones of India.

Zones Zones in Figure 1 Value of C

North Zone 1 8

East Zone 4 9.1

Center Zone 2 7.7

West Zone 3 8.3

South Zone 5 7.1

Source: [10]

4.3 IDF Curves by Gumbel Extreme Value Type-I 
Distribution (EV-I) Method 

Gumbel’s EV-I distribution method is mainly used for 
short duration rainfall data analysis [17]. Also, Gumbel’s 
EV-I method is used for flood analysis. This method is 
comparatively simple and used to calculate maximum 
rainfall depth [11]. Zope studied rainfall data from 1969 to 
2008 for the Santa Cruz rain gauge station and in 2012 de-
veloped a rainfall IDF relationship using Gumbel’s EV-I 
method [12]. 

In this method, the hourly observed rainfall data were 
used to compute the maximum rainfall depth (X) and the 
statistical variables, (arithmetic mean and standard devia-
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 (4)

4.4 Linear Regression Method

Linear regression method is used for predicting future 
values based on previous values. This method is mostly 
used for climate prediction, business and many more [19]. 
The linear regression has the relationship between the de-
pendent variable and another changing variable known as 
the independent variable. The linear regression is calculat-
ed by following equation [20].
Y = A + BX (5)

Here, Y = Dependent variable; 
X = Independent variable; 
A, B = Regression parameters.
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5. Results and Discussion

5.1 Comparisons of IDF Relationships 

In the present study, some empirical relationships 
were used to derive IDF curves, especially for the Indi-
an region by Indian researchers. From Equation (1), the 
rainfall intensity was determined for different durations 
and different return periods. Accordingly, the developed 
IDF curve by Ram Babu equation is shown in Figure 3. 
From Equation (2), the rainfall intensity is defined using 
the value of R (mean annual rainfall) for different du-
rations and different return periods. The developed IDF 
curves by Kothyari & Garde’s equation for the Santacruz 
rain gauge station are shown in Figure 4. From Equation 
(3), the rainfall intensity is determined for the different 
duration and for different return periods and developed 
IDF curves by Gumbel’s EV-I method is shown in Figure 
5. Similarly, comparing the IDF curves for 5-year return 
periods using different methods was shown in Figure 6. 

The results obtained indicate that the rainfall intensity for 
1-hour duration is 55.23 mm/hr. according to Rambabu’s 
equation while it is 64.8 mm/hr. according to Kothyari 
and Garde’s equation and 74.8 mm based on the observed 
data by Gumbel’s EV-I method. Hence, as time progress-
es more and more information is available and empirical 
relationships may change or used constant may change 
for the various regions. From above results, the rainfall 
intensities estimated by Gumbel’s EV-I method are higher 
for the same duration and same return period than the Ram-
babu’s and Kothyari & Garde’s empirical equation. Goel 
and his associates concluded in 2007 that Gumbel’s EV-I 
approach was most commonly utilized for analyzing short 
duration rainfall data [17]. Zope and his associates eval-
uated rainfall for the same Santacruz rain gauge station 
in 2012 and determined that the Gumbel EV-I approach 
would be suitable for analyzing short-duration rainfall 
data [12]. So, in present study Gumbel’s EV-I method was 
selected for projected rainfall IDF relationships analysis. 

Figure 3. IDF curves by Ram Babu’s equation.

Figure 4. IDF curves by Kothyari & Garde’s equation.
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5.2 Projecting IDF Relationships for Next 30 Years

Central Public Health & Environmental Engineering 
Organization (CPHEEO) guidelines recommend 30-year 
life expectancy for urban infrastructure [21]. Therefore, the 
estimated IDF relationship developed in the present study 
is limited to the next 30 years. 

The updated IDF relationships must include in new 
storm water system and in existing storm water system 

as design criteria [13]. For rainfall intensity projection, 50 
years of rainfall data were divided into 5 subgroups of 10-
year periods and then the corresponding IDF relationship 
was developed for each sub-group period by Gumbel’s 
EV-I method. The rainfall IDF relationships for each sub-
group are shown in Table 2, Table 3, Table 4, Table 5 and 
Table 6 respectively. 

The rainfall intensities for each sub-group period 

Figure 5. IDF curves by Gumbel’s EV-I method.

Figure 6. Comparisons IDF curves for 5 years return period.

Table 2. IDF relationships for sub-group period 1969 to 1978.

Period Duration (hour)
 Rainfall Intensity (mm/hr.)

2 5 10 50 100

1969-1978

1 52.79 68.57 79.05 102.06 111.80

2 37.69 48.43 55.56 71.22 77.85

6 19.95 25.50 29.18 37.27 40.70

12 13.57 18.05 21.02 27.54 30.31

24 8.45 11.43 13.40 17.73 19.56
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for the 1-hour duration with different return periods are 
shown in Table 7. Each sub-group for the same location, 
for the same duration and same return period gets differ-
ent intensities of rainfall. Hence, there is non-stationarity 
in the IDF relationships, and relationships cannot be held 
fix. Therefore, the linear regression method is used to ac-
cess changing trend in rainfall intensity. 

In this method, the 1-hour time rainfall intensity for 
the same return period from each sub-group is plotted. 

Then, using a linear regression model, the changing trend 
in rainfall intensity was estimated for different return pe-
riods. Linear regression equation obtained for 2 years, 5 
years, 10 years, 50 years and 100 years return period are 
shown in Figure 7, Figure 8, Figure 9, Figure 10 and Fig-
ure 11 respectively can be used to calculate rainfall inten-
sities for the next 30 years of each sub-group period (2019 
to 2028), (2029 to 2038) and (2039 to 2048) for the same 
duration and same return period. 

Table 3. IDF relationships for sub-group period 1979 to 1988.

Period Duration (hour)
 Rainfall Intensity (mm/hr.)

2 5 10 50 100

1979-1988

1 48.38 57.48 63.52 76.78 82.40

2 36.37 43.21 47.75 57.72 61.94

6 19.53 22.38 24.27 28.42 30.18

12 11.92 14.41 16.07 19.71 21.25

24 7.75 9.18 10.13 12.21 13.09

Table 4. IDF relationships for sub-group period 1989 to 1998.

Period Duration (hour)
 Rainfall Intensity (mm/hr.)

2 5 10 50 100

1989-1998

1 71.53 103.50 124.72 171.32 191.05

2 60.43 88.34 106.86 147.53 164.76

6 28.44 40.76 48.93 66.88 74.48

12 15.71 22.24 26.57 36.08 40.11

24 9.10 12.03 13.97 18.24 20.04

Table 5. IDF relationships for sub-group period 1999 to 2008.

Period Duration (hour)
 Rainfall Intensity (mm/hr.)

2 5 10 50 100

1999-2008

1 64.91 103.40 128.95 185.05 208.81

2 45.07 75.43 95.57 139.81 158.55

6 27.28 52.00 68.40 104.42 119.67

12 18.20 34.91 46.00 70.36 80.67

24 10.30 19.28 24.24 38.33 43.87

Table 6. IDF relationships for sub-group period 2009 to 2018.

Period Duration (hour)
 Rainfall Intensity (mm/hr.)

2 5 10 50 100

2009-2018

1 50.97 71.53 85.18 115.16 127.85

2 38.90 55.77 66.96 91.55 101.96

6 19.93 28.77 34.64 47.53 52.98

12 13.05 19.22 23.32 32.32 36.14

24 7.64 11.12 13.44 18.51 20.66
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Table 7. Sub-groupwise rainfall intensity for return period.

Sub-group Period
 Rainfall Intensity (mm/hr.) 

2 5 10 50 100

1969 - 1978 52.79 68.57 79.05 102.06 111.80

1979 - 1988 48.38 57.48 63.52 76.78 82.40

1989 - 1998 71.53 103.50 124.72 171.32 191.05

1999 - 2008 64.91 103.40 128.95 185.05 208.81

2009 - 2018 50.97 71.53 85.18 115.16 127.85

Figure 7. Linear equation for 2-year return period.

Figure 8. Linear equation for 5-year return period

Figure 9. Linear equation for 10-year return period.
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Rainfall intensities for predicted future are estimated by 
obtained linear equation each sub-group period (2019 to 
2028), (2029 to 2038) and (2039 to 2048) are shown in Table 
8, From Table 8 the result of this analysis indicates that the 
changing trend of rainfall intensity for the various durations 
and different return periods are likely to increase over time: 
17% in (2019 to 2028), 25% in (2029 to 2038), and 32% in 

(2039 to 2048) with respect to Gumbel’s EV-I method Rain-
fall IDF relationships. Similarly, results indicate that, for each 
projected sub-group period the defined average changing 
trend of rainfall intensity compared to the IDF relationship 
predicted by Gumbel’s EV-I method will be the same for all 
duration and all return periods. Hence, projected IDF curve 
for the next 30 years is shown in Figure 12. 

Figure 10. Linear equation for 50-year return period.

Figure 11. Linear equation for 100-year return period.
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In a drainage system, the storm return period is de-
termined using risk analyses and economic evaluations 
(probability of damage, loss of life, etc., in case of failure) [22].  
A significantly longer return time is used to build minor 
dams and airport drains (100 years and above), where 
there is a significant risk of life in case of failure, but a 2 
or 5-year return period is used to construct urban roadside 
drains where the cost of failure is small. 

Rainfall intensity for a return period of 100 years is 
shown by the IDF curve produced by Gumbel’s EV-I 
method to be 155.7 mm/h. However, the July 2005 rain-
fall record for Thane indicates an intensity of 190 mm/hr. 
Therefore, the projected rainfall IDF curve would have 
a rainfall intensity of 223.7 mm/hr. during the coming 
30 years (2019-2048) with a return period of 100 years. 

Which displays favorable outcomes in comparison to ear-
lier Thane city rainfall records. In light of the changing 
hydrologic conditions witnessed on July 26th, 2005 in 
Thane, comparing the results with projected IDF curves 
reveals better outcomes.

6. Conclusions

Climate change is likely to increase the risk of flooding 
in cities with an increase in extreme rainfall events. Storm 
water planning requires an IDF relationship with climate 
change impacts. The result indicates that, as time pro-
gresses more and more information available and empiri-
cal relationships may change or used constant may change 
for the various regions. Even today Thane city still uses 
IDF relationships developed based on the empirical equa-

Table 8. Trend of increase projected rainfall intensities relationships.

Sub-group Period
 Rainfall Intensity (mm/hr.)  Increase trend of rainfall intensity (%)

Average Increase 
Trend (%)

2 5 10 50 100 2 5 10 50 100

1969 - 2018 57.3 83.6 101.1 139.5 155.7  

2019 - 2028 61.6 96.3 119.6 170.5 192 1.08 1.15 1.18 1.22 1.23 1.17

2029 - 2038 62.9 101.5 127.3 183.9 207.8 1.10 1.21 1.26 1.32 1.33 1.25

2039 - 2048 64.2 106.7 135.1 197.3 223.7 1.12 1.28 1.34 1.42 1.44 1.32

Figure 12. Projected IDF curves for 100 years return period.
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tion, even increases the evidence of heavy rainfall events 
and repetitive waterlogging in the city. The suggested 
mechanism for developing IDF relationship incorporating 
climate change in the present study can be helpful in new 
storm water design and in improving the existing drain-
age system. Additionally, IDF curves must be adjusted on 
a regular basis in order to take climate change’s effects 
on rainfall and the resulting changes in design discharge 
into account. The technique used to estimate the changing 
trend of rainfall intensity gives good results in climate 
change conditions and shows the higher intensities of 
rainfall indicate the design would be safer to avoid flood-
ing in the future. 
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