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ABSTRACT 

1.  INTRODUCTION 

Due to the proliferation of greenhouse gases, the 
hydrologic cycle changes day by day, causing an abrupt 
variation in the intensity, duration, and frequency of 
rainfall events. Hydrologic processes evolve in time and 
space so that processes are somewhat predictable and 
partly random. Rainfall is a significant input to the 
hydrological system, and the rainfall information is vital in 
various hydrological studies to determine the peak runoff 
and volume. Small hydraulic structures such as culverts, 
sewers, and drainage structures in urban areas are usually 
designed based on the extreme value of the historical 
rainfall data [1]. Information regarding the annual 
maximum rainfall data is crucial for some hydrological 
studies such as depth-area-duration studies, storm analysis 
over a catchment area, flood design estimation, probability 
analysis, and intensity-duration-analysis. Therefore, it is of 
paramount importance to establish an authentic 
relationship of rainfall Intensity-Duration-Frequency (IDF) 
curve at a particular location.  
         
IDF interfaces have not been precisely established in 
several developing countries, especially the densely 
populated south-east Asian countries like Bangladesh [2]. 
Waterlogging and floods are everyday problems during the 
monsoon period because of the inadequate drainage 
systems. Notably, rapid urbanization at various parts of the 
country requires studying the drainage robustness due to 
shorter and longer-duration heavy rainfalls. In such cases, 
there is a need for reassessing the design methodology for 
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urban sewer and drainage systems based on the reliable 
shorter and longer-duration rainfall intensities. It is also 
necessary to have a new drainage design where different 
duration rainfall data are needed to overcome urbanization-
induced water logging problems.  
 
 Previous studies on the development of rainfall IDF curves 
were limited to specific regions in Bangladesh. None of the 
earlier studies have examined the rainfall IDF relationships 
for the entire country, considering different time durations 
and return periods. For example, Matin and Ahmed and 
later Rashid et al. established the IDF curves in the north-
eastern region (i.e., Sylhet region) of Bangladesh primarily 
for the rainfall durations typical for urban areas with a 
design period of 2, 10, 20, 50, and 100 years [3,4]. 
Simultaneous studies by Rasel and Hossain, and Matin and 
Mowrin developed the IDF equations and curves for the 
selected cities in Bangladesh using the Gumbel distribution 
and Log Pearson Type (LPT) III distribution methods [5,6]. 
Rahman et al. developed regional severe precipitation 
maps using the L-moment analysis system [1]. However, it 
is crucial to note that IDF curves in Bangladesh were 
generated based on relatively older sets of annual rainfall 
time series data and were prepared only for the major urban 
regions. 
 
Several statistical methodologies are available in the 
literature to evaluate the rainfall intensity from the annual 
maximum rainfall series data. Among the statistical 
techniques, the research community commonly uses 
generalized extreme value distribution (GEV), Log-
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Pearson type III distribution (LPT), and Gumbel extreme 
value distribution. Bougadis and Adamowski developed a 
unique rainfall Intensity-Duration-Frequency (IDF) model 
incorporating the Gumbel and GEV distribution techniques 
[7]. The study concluded that precipitation corresponds to 
a simple scale approach. Elsebaie used the Gumbel and Log 
Pearson Type III (LPT) distribution to improve the rainfall 
intensity-duration-frequency relationships for the region in 
Saudi Arabia [8]. Comparing the two methods, the study 
uncovered that the precipitation intensity resulting from the 
Gumbel distribution is suitable than the LPT. Zope et al. 
advanced the IDF curve using a modified equation for the 
Mumbai city of India [9]. Koutsoyiannis discussed the 
GEV distribution's appropriateness for modeling extreme 
rainfall and implied that the GEV distribution might 
misjudge the hydrological risk [10]. It underestimates the 
enormous heavy rainfall amount seriously for small 
probabilities of exceedance.  
 
Summarizing the discussion mentioned above, the main 
objective of this paper is to analyze the rainfall of various 
durations statistically to develop and compare the rainfall 
Intensity-Duration-Frequency (IDF) curves using the 
Gumbel Extreme Value Distribution method utilizing 
historical rainfall time series data and to recommend 
possible modification of stormwater and municipal 
infrastructure design standards for Bangladesh. The study's 
outcome will help forecast the hydrological cycle, predict 
crop-water demand for irrigation, drought prediction, flood 
control, and design sustainable drainage systems for 
Bangladesh. 

2.  METHODOLOGY 

2.1  Study Area and Data Collection 
 
Bangladesh is geographically located in South Asia, 
bounded by the north latitude of 20°34' to 26°38' and east 
longitude of 88°01' to 92°41'. The several Indian States 
surround the north, east, and west region of the country. 
The southern part of the country embraces the Bay of 
Bengal, having a distinct irregular coastline with fissures 
of rivers merging to the Bay of Bengal (i.e., the north-
eastern part of the Indian Ocean). The north-eastern part of 
the country, known as the Sylhet region, is located near the 
Assam-Meghalaya mountainous region. 
  
In this study, daily rainfall data from 35 rain gauge stations 
in Bangladesh from 1961 to 2018 (total 58 years) was 
collected from the Bangladesh Meteorological Department 
(BMD). Figure 1 shows the location of the rain gauge 
stations in Bangladesh. It can be seen from the figure that 
the southern part has a denser rain gauge network than 
other regions of the country. Each rain gauge station is 
furnished with either Natural Siphon Rainfall Recorder 
(model: M114019, LYNX) or Snowdon Rain gauge 
(model: M114001). Please note that the newly developed 
rain gauge stations such as Sitakunda with rainfall data 
availability for 1977-2018, Ambagan (1999-2018), 
Kutubdia (1977-2018), Feni (1973-2018), Teknaf (1977-
2018), Patuakhali (1973-2018), Khepupara (1974-2018), 

Bhola (1989-2018), Mongla (1991-2018), Chuadanga 
(1989-2018), Sydpur (1991-2018), Madaripur (1977-
2018), Tangail (1987-2018) did not have available data for 
the entire study period of 1961-2018. In such cases, we 
used the available data from the stations to develop rainfall 
IDF curves using the Gumbel distribution method. Overall, 
the percentage of missing data among the rain gauge 
stations is not significant (less than 5%). 

2.2  Estimation of Short Duration Rainfall 

Using the empirical method suggested by the Indian 
Meteorological Department (IMD), we estimated the 
annual maximum rainfall for various durations such as for 
10 minutes, 20 minutes, 30 minutes, 60 minutes, and 2 
hours, 3 hours, 6 hours, 12 hours, and 24 hours. 
Following Eq. (1), we calculated the required precipitation 
depth: 
 

=          (1) 

 
 Pt is the requisite precipitation intensity in mm at t-hours, 
P24 is the daily precipitation intensity in mm, and t is the 
duration in hours. 

2.3  Data Analysis Method 

The yearly extreme rainfall time series from all the rain 
gauge stations for the period 1961-2018 in Bangladesh 
were adjusted to the probability density functions (PDFs) 
using the Gumbel distribution method. This study selected 
the Gumbel extreme value probability distribution method 
to improve the connection among the rainfall intensity, 
design frequency, and storm duration from rainfall time 
series data for Bangladesh.  
 

Fig. 1:  The rain gauge stations in Bangladesh. 
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The extensively used Gumbel distribution for IDF analysis 
is simple and uses only extreme value or peak annual 
rainfall time series. The Gumbel method calculates the 
rainfall intensities for 2, 5, 10, 25, 50, and 100-year design 
periods for each shorter and longer period, including 
periods ranging from 15 minutes to 24 hours. 
By Eq. (2), we calculated the precipitation frequency for 
each duration with a specific return period. 

             = +     (2) 
Here, PT is the design precipitation intensity (in mm), K is 
the Gumbel factor.  
The Gumbel factor is calculated using Eq. (3). 

= √ 0.5772 + ln ln                    (3) 
Following Eq. (4), we calculated the average maximum 
precipitation to a specific duration. 

= ∑    (4) 
Where Pi is the particular extreme value of precipitation, n 
is the sum of years of precipitation time series. 
        Following Eq. (5), we calculated the standard 
deviation. 

 = ∑ ( − )
⁄

  (5) 
Where S is the standard deviation. 
        Equation (6) calculated rainfall intensity (in mm/hour) 
for design period T. 

=      (6) 

Where, Td is the duration in hour. 
The PDF of the rain gauge station located at the Chittagong 
district of Bangladesh is shown in Fig. 2. Then, the 
goodness-of-fit of the PDFs was verified by the Anderson-
Darling test.  

 
 
3.  RESULTS AND DISCUSSION 
 

 
 
Figure 3 shows the developed IDF curves for some selected 
stations in Bangladesh for comparisons purpose. The 
Chittagong station that is located in the south-eastern 
region of the country, has the highest precipitation intensity 

for a distinct duration and design frequency. According to 
the curves drawn by the Gumbel distribution method (Fig. 
3), the design period of 100 years has the maximum rainfall 
intensity compared to other design periods. Consequently, 
there exists a relationship between rainfall intensity and 
return period.  
 
Figure 4 shows the spatial variation of rainfall intensities 
for 100 years of design and durations typical for small and 
large catchments. Table 1 in the appendix shows the 
rainfall IDF equations developed from this study 
corresponding to various design periods and rainfall 
durations based on the Gumbel extreme value distribution.  

 
According to the IDF curves developed using the Gumbel 
distribution method (as shown in Fig. 4), the Chittagong 
area (South-eastern region) requires the country's most 
robust drainage system as the rainfall intensity is maximum 
in this station for all durations and return periods (Table 1 
in Appendix). On the other hand, Rajshahi station (North-
western region) necessitates the minor stormwater 
infrastructure in the country for a return period of 2 years. 
Mongla station needs the most undersized drainage 
infrastructure for the return period of 10, 25, 50, and 100 
years (Fig. 4 and Table A1 in Appendix).  

 
Figure 4 also illustrates that the precipitation intensity 
values are lessening from the east side of the country to the 
west side. Various atmospheric aspects are responsible for 
precipitation and these aspects vary from one region to 
another. Among various factors, two primary dominants 
over these regions are identified. The Rajshahi region's 
average temperature is comparatively higher (45.1 �C) than 
that of the Sylhet region. Moreover, the Rajshahi region's 
overall humidity is moderate to high (60%) compared to 
the Sylhet region. So, variation in rainfall intensity occurs 
from Rajshahi to the Sylhet region. According to the 
historical precipitation data from the rain gauge stations 
along the diagonal length of the country, a trend line from 
Chittagong (south-east) to Dinajpur (north-west) can be 
recognized. From Chittagong (south-east) to Tangail 
(central) precipitation intensity is getting lower.  
 
When warm air from inland flows towards cold air near the 
sea, clouds formation occurs, and precipitation happens. 
That is why areas like Chittagong and Cox's bazaar, 
Sandwip, and Hatiya experience higher precipitation than 
inland areas like Dhaka and Tangail. While wind flows 
from sea areas to the land, it often carries rain with it. Thus, 
the precipitation rate is higher near the coastal regions like 
Chittagong, Cox's bazaar, etc., as maximum condensed 
water is causing rainfall here, and the remaining small 
portion flows with the wind towards remote areas leading 
to lower rainfall rates there. A rising limb is found towards 
the north-western stations after a continuous decrease in 
rainfall rate from Chittagong to Tangail stations. And it 
happens due to some other environmental influences over 
those regions, like proximity to the Himalayas. From the 
western part, it is increasing to the east. In general, coastal 
areas face heavy rainfall compared to inland regions due to 
the proximity to the sea, which is valid for all coastal zones 
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3.1   Intensity-Duration-Frequency (IDF) Curve using
the Gumbel Extreme value Distribution Method

Fig. 2: Probability density function for the Gumbel 
distribution method using the annual maximum rainfall 
series data of the Chittagong station that is located in the 
south-eastern part of the country.



 
(from Satkhira to Chittagong and Cox's bazaar). But 
variations in annual precipitation amounts along the coastal 
regions of the country are also evident. With the help of 
some natural phenomenon, the cause of this variation could 
be identified. Through various incidents that could be 
responsible, a single probable cause may be the country's 

geographic location. Because of the geographical location, 
Bangladesh meets the 'Westerlies' wind category, denoting 
wind running towards the east from the west all the time. 
That is why the wind is continuously carrying out heavy 
rainfall to the eastern side from the west. Thus, heavier rain 
in the eastern coastal part compared to the western [11]. 

 Fig. 3: Developed rainfall IDF curves using the Gumbel distribution method for the area of (a) Dhaka, (b) Chittagong, (c) Cox’s 
Bazar, (d) Rangpur, (e) Sylhet, and (f) Khulna. 
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4.  CONCLUSION AND RECOMMENDATION 
 
In this study, we developed unique IDF curves for all the 
districts of Bangladesh. The developed unique IDF curves 
using the Gumbel distribution method showed that 
Chittagong and its adjacent areas require a more robust 
drainage infrastructure than the other country stations for 
various durations and design periods. In contrast, Rajshahi 
and Mongla areas require minor drainage resources due to 
their lowest rainfall intensity. Therefore, a robust drainage 
system is necessary for the district of Chittagong than other 
communities in Bangladesh.  The developed IDF curves 
will help plan and design stormwater infrastructures, 
rainwater harvesting technology implementation, and 
drought monitoring around the country. Flash flooding 
could be significantly reduced by designing the stormwater 
structures as recommended in this study. This study 
derived the rainfall intensity-duration-frequency (IDF) 
curves for various durations and design frequencies. 
However, due to the unavailability of short-duration 

rainfall series, we relied on the rainfall disaggregation 
technique proposed by the IMD, which is a source of 
uncertainty in our study. Therefore, a future study may be 
undertaken to derive a more accurate and reliable 
disaggregation technique to obtain short-duration rainfall 
series. Also, in our study, we observed some missing data 
in the historical rainfall data series. Such missing data 
could result in inaccurate rainfall maximum intensity for a 
particular year. Therefore, care must be taken to avoid such 
missing data in the rainfall series. 
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Fig. 4: The rainfall intensities (mm) considering 100 years of design period for short-duration rainfalls such as for10 minutes, 20 
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countryside areas (lower panel) using the Gumbel distribution method using historic data of 1961-2018. Black dots in the maps 
indicate the location of the rain gauge stations.



 
[3] Matin M. A. and Ahmed S. M. U., 1984, Rainfall Intensity 

Duration Frequency Relationship for the N-E Region of 
Bangladesh”. Journal of Water Resource Research . 5(1). 

 [4] Rashid, M.M., Faruque, S.B. and Alam, J.B., 2012. Modeling 
of short duration rainfall intensity duration frequency (SDR-
IDF) equation for Sylhet City in Bangladesh. ARPN Journal 
of Science and Technology, 2(2), pp.92-95. 

 [5] Rasel, M.M. and Hossain, S.M., 2015. Development of 
rainfall intensity duration frequency (R-IDF) equations and 
curves for seven divisions in Bangladesh. International 
Journal of Scientific & Engineering Research , 6(5), pp.96-
101. 

[6] Matin, M. A., and Mowrin, A. N., 2016. Assessing the effect 
of climate change on rainfall intensity-duration-frequency 
(IDF) relation of Dhaka city. J Civil Environ Eng 6:3. 

[7] Bougadis, J. and Adamowski, K., 2006. Scaling model of a 
rainfall intensity�duration�frequency 

relationship. Hydrological processes , 20(17), pp.3747-
3757. 

[8] Elsebaie, I.H., 2012. Developing rainfall intensity–duration–
frequency relationship for two regions in Saudi 
Arabia. Journal of King Saud University-Engineering 
Sciences, 24(2), pp.131-140. 

 [9] Zope, P.E., Eldho, T.I. and Jothiprakash, V., 2016. 
Development of rainfall intensity duration frequency curves 
for Mumbai city, India. Journal of water resource and 
protection, 8(07), p.756. 

 [10] Koutsoyiannis, D., 2003, May. Rainfall disaggregation 
methods: Theory and applications. In Workshop on 
Statistical and Mathematical Methods for Hydrological 
Analysis, Rome (Vol. 5270, pp. 1-23). 

[11] Bari, S.H., Rahman, M.T.U., Hoque, M.A. and Hussain, 
M.M., 2016. Analysis of seasonal and annual rainfall trends 
in the northern region of Bangladesh. Atmospheric Research, 
176, pp.148-158. 

 
 

 APPENDIX 
Table AI: Developed rainfall IDF equations corresponding to various design periods and rainfall durations. Please note that rainfall durations 

are in hours and rainfall intensities in mm/hour.  

Design 
period 

Station 
Name 

Rainfall 
intensity, I 
(mm/hour) 

Station 
Name 

Rainfall intensity, 
I (mm/hour) Station Name Rainfall intensity, 

I (mm/hour) 

2 

Barisal 

I=46.888D-0.667 

Dhaka 

I=43.736D-0.667 

Madaripur 

I=41.429D-0.667 
10 I=73.217D-0.667 I=73.216D-0.667 I=61.119D-0.667 
25 I=86.468D-0.667 I=88.054D-0.667 I=71.03D-0.667 
50 I=96.299D-0.667 I=99.062D-0.667 I=78.382D-0.667 
100 I=106.06D-0.667 I=109.99D-0.667 I=85.68D-0.667 
2 

Satkhira 

I=39.288D-0.667 

Chittagong 

I=73.61D-0.667 

Faridpur 

I=42.528D-0.667 
10 I=67.86D-0.667 I=113.29D-0.667 I=73.902D-0.667 
25 I=82.241D-0.667 I=133.26D-0.667 I=89.694D-0.667 
50 I=92.909D-0.667 I=148.08D-0.667 I=101.41D-0.667 
100 I=103.5D-0.667 I=162.78D-0.667 I=113.04D-0.667 
2 

Mogla 

I=41.174D-0.667 

Comilla 

I=44.451D-0.667 

Mymensingh 

I=47.862D-0.667 
10 I=56.621D-0.667 I=69.238D-0.667 I=82.475D-0.667 
25 I=64.396D-0.667 I=81.714D-0.667 I=99.896D-0.667 
50 I=70.163D-0.667 I=90.969D-0.667 I=112.82D-0.667 
100 I=75.888D-0.667 I=100.16D-0.667 I=125.65D-0.667 
2 

Khulna 

I=43.241D-0.667 

Cox's 
Bazar 

I=71.088D-0.667 

Tangail 

I=43.259D-0.667 
10 I=80.34D-0.667 I=104.8D-0.667 I=72.809D-0.667 
25 I=99.013D-0.667 I=121.76D-0.667 I=87.681D-0.667 
50 I=112.87D-0.667 I=134.35D-0.667 I=98.715D-0.667 
100 I=126.62D-0.667 I=146.84D-0.667 I=109.67D-0.667 
2 

Jessore 

I=40.232D-0.667 

Sitakunda 

I=65.598D-0.667 

Chandpur 

I=50.176D-0.667 
10 I=68.468D-0.667 I=97.766D-0.667 I=86.092D-0.667 
25 I=82.679D-0.667 I=113.96D-0.667 I=104.17D-0.667 
50 I=93.222D-0.667 I=125.97D-0.667 I=117.58D-0.667 
100 I=103.69D-0.667 I=137.89D-0.667 I=130.89D-0.667 
2 

Chuadanga 

I=37.645D-0.667 

Ambagan 
(Ctg) 

I=74.088D-0.667 

Patuakhali 

I=50.635D-0.667 
10 I=63.826D-0.667 I=117.77D-0.667 I=84.587D-0.667 
25 I=77.004D-0.667 I=139.76D-0.667 I=99.16D-0.667 
50 I=86.779D-0.667 I=156.08D-0.667 I=109.97D-0.667 
100 I=96.483D-0.667 I=172.27D-0.667 I=120.7D-0.667 
2 

Sydpur 

I=60.791D-0.667 

Sandwip 

I=70.686D-0.667 

Khepupara 

I=60.734D-0.667 
10 I=99.446D-0.667 I=111.25D-0.667 I=94.667D-0.667 
25 I=118.9D-0.667 I=131.67D-0.667 I=111.75D-0.667 
50 I=133.34D-0.667 I=146.82D-0.667 I=124.42D-0.667 
100 I=147.66D-0.667 I=161.86D-0.667 I=136.99D-0.667 
2 

Rangpur 

I=54.999D-0.667 

Rangamati 

I=56.81D-0.667 

Bhola 

I=49.574D-0.667 
10 I=87.431D-0.667 I=91.873D-0.667 I=87.854D-0.667 
25 I=103.75D-0.667 I=109.52D-0.667 I=107.12D-0.667 
50 I=115.86D-0.667 I=122.61D-0.667 I=121.41D-0.667 
100 I=127.88D-0.667 I=135.61D-0.667 I=135.6D-0.667 
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Design 
period 

Station 
Name 

Rainfall 
intensity, I 
(mm/hour) 

Station 
Name 

Rainfall intensity, 
I (mm/hour) Station Name Rainfall intensity, 

I (mm/hour) 

2 

Rajshahi 

I=37.565D-0.667 

M. Court 

I=60.593D-0.667 

Srimangal 

I=46.759D-0.667 
10 I=59.917D-0.667 I=98.306D-0.667 I=84.561D-0.667 
25 I=71.167D-0.667 I=117.29D-0.667 I=103.59D-0.667 
50 I=79.513D-0.667 I=131.37D-0.667 I=117.7D-0.667 
100 I=87.798D-0.667 I=145.35D-0.667 I=131.71D-0.667 
2 

Dinajpur 

I=57.897D-0.667 

Kutubdia 

I=61.541D-0.667 

Teknaf 

I=70.947D-0.667 
10 I=103.64D-0.667 I=97.893D-0.667 I=106.73D-0.667 
25 I=126.66D-0.667 I=116.19D-0.667 I=124.74D-0.667 
50 I=143.74D-0.667 I=129.76D-0.667 I=138.1D-0.667 
100 I=160.7D-0.667 I=143.24D-0.667 I=151.37D-0.667 
2 

Bogra 

I=40.753D-0.667 

Hatiya 

I=59.872D-0.667 

 

10 I=65.447D-0.667 I=93.845D-0.667 
25 I=77.875D-0.667 I=110.94D-0.667 
50 I=87.096D-0.667 I=123.63D-0.667 
100 I=96.248D-0.667 I=136.22D-0.667 
2 

Sylhet 

I=65.201D-0.667 

Feni 

I=58.13D-0.667 
10 I=89.668D-0.667 I=91.211D-0.667 
25 I=101.98D-0.667 I=107.86D-0.667 
50 I=111.12D-0.667 I=120.21D-0.667 
100 I=120.19D-0.667 I=132.47D-0.667 
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