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ESTIMATING RAINFALL INTENSITY DURATION-FREQUENCY
(IDF) CURVES FOR RIVER ROKEL CATCHMENT IN TONKOLILI
DISTRICT USING SATELLITE RAINFALL DATA

Amadu Barrie’*, Osman Koroma! and Melvin B Scott2
Fourah Bay College, University of Sierra Leone,
Mount Aureol, Freetown, Sierra Leone.

Abstract

Extreme rainfall events have been a frequent cause of economic, social, and environmental disasters
and are critical to hydrologic design and risk assessment. Rainfall Intensity-Duration-Frequency
(IDF) relationship is one among the plethora of tools used for planning, designing and operating
water resource development infrastructures. The study aimed at establishing IDF curves for the river
Rokel catchment in Tonkolili district using satellite rainfall data. The Chi-square goodness of fit test
was used to test the goodness of fit of empirical data to the two theoretical frequency distributions in
this study. From the results of the Chi-square goodness of fit test on annual maximum series of
rainfall, it was established that all of the data fit the two distributions at the level of significance of
=0.05, which yields y?%. =54.56, and a =0.1, which yields yZ. =50.65 are both greater than
X2 =1.42 and 1.75 for Gumbel and GEV distribution respectively for a degree of freedom of N-1
=39. The frequency analysis shows that the Gumbel distribution gives a maximum intensity of 420.76
mmy/hr at return period of 500 years with duration of 0.083 hours and minimum intensity of 4.63
mmy/hr at return period of 2 years with duration of 24 hours. The GEV distribution gives a maximum
intensity of 419.47 mmy/hr at return period of 500 years with duration of 0.083 hours and minimum
intensity of 4.61 mmy/hr at return period of 2 years with duration of 24 hours.

Key words: Rainfall, Intensity-duration frequency relationship, Goodness of fit test,
Probability distributions.

Introduction

The design of water resources projects with inadequate data remains a continual engineering
challenge, despite modern and widespread observational techniques (Barrie & Scott, 2021).
In particular, Intensity Duration-Frequency (IDF) curves for precipitation are urgently
needed for water resources projects in tropical Africa. IDF curves for precipitation determine
the relationship between the mean intensity, the duration, or more precisely the aggregation
time, and the frequency of an event (Akpen GD, 2019). This information is required for
water resources projects, sewer system design, or water quality management projects in
large urban areas.

Extreme environmental events, such as floods, droughts, rainstorms, and high winds, have
severe consequences for human society. Planning for weather-related emergencies, design of
engineering structures, reservoir management, pollution control, and insurance risk
calculations, all rely on knowledge of the frequency of these extreme events (Wambua,
2019). The assessment of extreme precipitation is an important problem in hydrologic risk
analysis and design. This is why the evaluation of rainfall extremes, as embodied in the IDF
relationship, has been a major focus of both theoretical and applied hydrology (Dakheel,
2017).
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Many previous studies have been done on rainfall analysis in various regions of the world,
reported that the IDF relationship is a mathematical relationship between the rainfall
intensity i, the duration d, and the return period T (or, equivalently, the annual frequency of
exceedance, typically referred to as "frequency" only) (Das et al., 2016). Rainfall IDF is also
defined as a relationships of graphical representations of the amount of water that falls
within a given period of time (Dupont, 2000). These graphs are used to determine when an
area will be flooded, and when a certain rainfall rate or a specific volume of flow will
reoccur in the future (Devkota, 2018).

Rainfall frequency analyses are used extensively in the design of systems to handle storm
runoff, including roads, culverts and drainage systems (Fadhel et al., 2017). (Smith, 1993)
states that the “the precipitation frequency analysis problem is to compute the amount of
precipitation y falling over a given area in a duration of x min with a given probability of
occurrence in any given year.” for engineering design applications. It is necessary to specify
the temporal distribution of rainfall for a given frequency, or return interval (H.A et al,,
2016). IDF or Depth-Duration Frequency (DDF) curves “allow calculation of the average
design rainfall intensity or depth for a given exceedance probability over a range of
durations” and is the result of the rainfall frequency analysis (B.F & R.T, 2016). (L.A & D.W,
2005) established that IDF estimates are important statistical summaries of precipitation
records used for hydrologic engineering design.

MATERIALS AND METHODS

Collection of Precipitation Data

The Old Magburaka Bridge across the River Rokel was selected as the meteorological
station. There are only few meteorological stations operated in Sierra Leone as shown in
Figure 3.3. The data used in this project was obtained from the Climate Hazards Group
Infrared Precipitation (CHIRP). The data consists of daily rainfall depth for a period of forty
(40) years. Table 3.1 shows the geographical position, elevation and record length of
precipitation data for the selected satellite station.

Description of Study Area

The River Rokel (also Seli River; previously Pamoronkoh River) is the largest river in the
Republic of Sierra Leone in West Africa. The river basin measures 10,622 square kilometers
in size, with the drainage divided by the Gbengbe and Kabala hills and the Sula Mountains.
The River Rokel rises in the 900 metres high interior plateau of the Loma mountains, in the
Guinea Highlands of north central Sierra Leone, flow south west about 390 km through hill
ranges and, together with a smaller, parallel stream called Port Loko creek which feeds into
the Rokel estuary before the Atlantic Ocean. The estuary, after it joins the Bankasoka River,
is also called the Sierra Leone River, is 40 km in length and has a width of 6.4 - 16.1 km.
Freetown and Pepel are the two ports located on the shores of the estuary. As the estuary
widens and joins the Atlantic its width is about 11 km. The southern shore is the deepest and
forms a natural harbour, which is reported to be the third largest in the world. The section
of the Rokel River in this study is located in Tonkolili District, Northern Province of Sierra
Leone. Magburaka is the district’'s capital and largest city. Masingbi, Yele, Mile 91,
Bumbuna, Yonibana and Matotoka are among the other major towns. In the town of
Magbass in Tonkolili district was the home to Sierra Leone’s former largest sugar factory as
well as one of the largest sugar factories in west Africa. Tonkolili district had 530,776
residents. The district is made up of eleven chiefdoms and covers a total size of 7,003 km2.
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Tonkolili district is bordered on the Northwest by Bombali district, on the east by Kono
district and on the southeast by Kenema district and Bo district.

River Rokel at Old Magburaka Bridge Station

Sattellite Daily Rainfall Location for the Estimatian of IDF Curves

Data analysis

The total rainfall received in a given period at a location is highly variable from one year to
another. The variability depends on the type of climate and the length of the considered
period. The data used in this study was from 1981-2020.

Maximum daily rainfall series

A total of 40 daily maximum annual precipitation data were analyzed as shown in Table 4.3.
The mean annual precipitation of River Rokel catchment is 108.74 mm with a standard
deviation of 23.51 mm. As a declining tendency in precipitation in proved for the catchment
of River Rokel, a decreasing trend was supposed. The distribution of daily maximum annual
rainfall received during different months for 40 years periods is presented in Figure 4.3.
From Figure 4.3, it can be seen that August received the highest amount of daily maximum
annual rainfall (71%) followed by July (29%).
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Year Maximum Annual Rainfall Series (mm) Date
1981 143.64 5-July
1982 117.98 5-August
1983 123.77 31-August
1984 81.52 4-July
1985 89.89 16-July
1986 109.78 31-August
1987 83.50 26-August
1988 88.71 3-August
1989 109.12 27-August
1990 136.40 20-August
1991 109.30 5-August
1992 89.55 27-August
1993 97.43 28-August
1994 130.07 6-August
1995 78.97 21-July
1996 100.28 1-July
1997 102.90 3-July
1998 145.52 9-August
1999 92.73 17-August
2000 70.74 2-August
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2001 78.09 23-July
2002 110.16 2-August
2003 119.53 2-August
2004 106.77 9-August
2005 98.98 4-August
2006 117.88 24-July
2007 134.14 21-August
2008 161.31 27-July
2009 86.83 27-August
2010 85.80 16-July
2011 131.40 3-August
2012 104.69 30-August
2013 141.75 28-August
2014 100.66 8-August
2015 95.89 11-August
2016 169.23 27-July
2017 98.26 6-August
2018 124.06 29-August
2019 88.44 31-July
2020 94.10 15-August

Gumbel (EV I) Distribution

For the case where k = 0, the solution is less simple since two parameters must be found, a
and U. The parameters are obtained through the use of the following expressions (R & A,
2015):

1
MlOO = E(Xi) = n in=1 Xj (5.9)
Mo, = iz;l:lxi(l - F) (5.10)

o = M1p0— 2M101
B Ln2 (511)
U= M1oo - 0.5772(1 (5.12)

GEV Distribution

For the case where k # 0, or where k is unknown, the solution is less simple since three
parameters must be found, a, U and k. The unbiased estimates of the parameters are
obtained through the use of the following expressions, (Boucher, 2017):

by = Myg = E(X;) = i =1 % (5.13)

by = My = E(XiF) = i i=1(xiF;) (5.14)

1
b2 = MlZU = E(}(IFI2 = ; 1=1(X1F12)(515)
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An approximate estimator of the shape parameter for the GEV distribution is given by:

C— Zbizbo_ In2

~ 3bp-by  In3(5.16)

For estimation of the shape parameter k the approximation given (J.R et al., 1985):
k =7.859C + 2.9554C2 (5.17)

Then, the scale and location parameters can be estimated from (Hosking et al., 1985):

_ (2by—Dbp)k
- 1+k(1-27K) (518)

_ al[(1+k)- 1]
U=bot+ =" 519

Where [ is the gamma function (Press et al., 1992, for methods of calculation).

GOODNESS OF FIT TEST

The validity of a probability distribution function proposed to fit the empirical frequency
distribution of a given sample may be tested graphical and analytical methods. The test used
in this study is the chi square test. Chi-square goodness of fit test is one of the most
commonly used tests for goodness of fit of empirical data to specified theoretical frequency
distributions. The test makes a comparison between the actual number of observations and
the expected number of observations that fall in the class intervals. The expected numbers
are calculated by multiplying the expected relative frequency by total number of
observations. The Chi-square test statistic is calculated by:

X2, = FK (0j- E)?
cal T &=L g (5.20)

Where, O; is the observed rainfall and E; is the expected rainfall and will have chi-square
distribution with (N -1) degree of freedom (df).

The hypothesis that the data follows a specified distribution is accepted if:
chal < chrit (521)

IDF EMPIRICAL EQUATION

To derive an equation for calculating the rainfall intensity (I) for the River Rokel catchment,
there are some required steps for establishing an equation to suit the calculation of rainfall
intensity for a certain recurrence interval and specific rainfall period which depends mainly
on the results obtained from the IDF curves.

The relation between intensity, frequency and duration for River Rokel catchment in
Tonkolili district is given by a power expression (Alhassoun, 2011):

cTm

= —

o (5.22)

Where: I is the intensity in mm/hr, T is the frequency of occurrence in year, t is the duration
of the storm in (hr), C, m and n are regional coefficient to be determined from the given data.
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RESULTS AND DISCUSSION

Gumbell’s distribution
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From the graph, n = 0.667 and values of a = 36.243, 44.047, 49.214, 55.742, 60.585, 65.392 and
76.501 for 2-year, 5-year, 10-year, 25-year, 50-year, 100year and 500-year recurrence intervals.
To obtain the values of C and m, derived values of 'a' are plotted on log-log Scale against
corresponding recurrence intervals. The constants ‘C" and “m’ of the intensity, frequency and
duration relationship are determined by plotting the data of Return Period Vs. ‘a’. The
resulting graph is shown in Figure 5.3. Values obtained are C = 35.183 and m = 0.1326.
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The IDF curve equation is obtained as:

I _ 35.183T0'1326

- +0.667 (523)
In order to plot the RIDF curves, the intensity - frequency - duration equation given in
Equation (5.23) is employed to generate the Intensity-DurationFrequency data for 2-year, 5-
year, 10-year, 25-year, 50-year, 100-year and 500-year recurrence periods.

A graph of Intensity (mm/hr) against Time (mins) is plotted for 2-year, 5-year, 10-year, 25-
year, 50-year, 100-year and 500-year storms are shown in Figure 5.4. The Gumbel
distribution gives a maximum intensity of 420.76 mm/hr at return period of 500 years with
duration of 0.083 hours and minimum intensity of 4.63 mm/hr at return period of 2 years
with duration of 24 hours.
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GEV distribution
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From the graph, n = 0.667 and values of a = 36.037, 43.877, 49.039, 55.556, 60.386, 65.177 and
76.237 for 2-year, 5-year, 10-year, 25-year, 50-year, 100year and 500-year recurrence intervals.
To obtain the values of C and m, derived values of 'a' are plotted on log-log Scale against
corresponding recurrence intervals. The constants ‘C’ and ‘m” of the intensity, frequency and
duration relationship are determined by plotting the data of Return Period Vs. ‘a’. The
resulting graph is shown in Figure 5.7. Values obtained are C = 35.032 and m = 0.1328.
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The IDF curve equation is obtained as:

_ 35.032T0-1328
- £0-667 (5.24)
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In order to plot the RIDF curves, the intensity - frequency - duration equation given in
Equation (5.24) is employed to generate the Intensity-DurationFrequency data for 2-year, 5-
year, 10-year, 25-year, 50-year, 100-year and 500-year recurrence periods.

A graph of Intensity (mm/hr) against Time (mins) is plotted for 2-year, 5-year, 10-year, 25-
year, 50-year, 100-year and 500-year storms are shown in Figure 5.8. The GEV distribution
gives a maximum intensity of 419.47 mm/hr at return period of 500 years with duration of
0.083 hours and minimum intensity of 4.61 mm/hr at return period of 2 years with duration
of 24 hours.
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Conclusion

Establishing rainfall IDF relationships requires past rainfall data of good quality and
continues for long period, which is normally not available in most dry countries. Although,
many studies have been done to establish the rainfall IDF relationships in various regions of
the world, but only few studies have been conducted in Sierra Leone of which the River
Rokel catchment in Tonkolili district is the subject of this study. The following conclusions
can be made from this project:

(i) That the accumulated yearly rainfall gives a clear indication of the yearly variation of
rainfall in River Rokel catchment in Tonkolili district and annual rainfall varied
between 3244.18 mm (year 1992) and 2329.16 mm (year 2004). The average and
standard deviation of the total annual rainfall for this 40-year period are respectively
2860.26 mm and 236.08 mm for 40 years periods.

(ii) The distribution of daily maximum annual rainfall received during different months
for 40 years periods depicted that August received the highest amount of daily
maximum annual rainfall (71%) followed by July (29%).

(iii) The Chi-square test shows that the Gumbel probability distribution function gives the
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best estimation of the distributed predicted rainfall data as it has the smallest Chi-
square value of 1.42 compared to GEV distribution function with a Chi-square value of
1.75.

(iv) The frequency analysis shows that the Gumbel distribution gives a maximum intensity
of 420.76 mm/hr at return period of 500 years with duration of 0.083 hours and
minimum intensity of 4.63 mm/hr at return period of 2 years with duration of 24
hours. The GEV distribution gives a maximum intensity of 419.47 mm/hr at return
period of 500 years with duration of 0.083 hours and minimum intensity of 4.61
mm/hr at return period of 2 years with duration of 24 hours.
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