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Abstract

Urban flooding is a major social and economic problem of any nation. The social implication is attributed to loss of
lives and property, unwanted displacement and emotional disturbance attached. While that of economic problem
is the cost of mitigation of flood and the aftermath solution. Thus, storm water drainage is part of essential modern
city infrastructure. The need for proper analysis and design of drainages and other road water facilities cannot be
overemphasized. To achieve this, critical analysis of available rainfall data, which is a key input, is required. A
35 years daily rainfall data were obtained from NIMET, from which the analysis was carried out using frequency
method. The output generated are presented in graphical forms and model.Ultimately, an IDF curve generated,
depicts Abuja rainfall pattern from which a 3-parameter model equation, I = 37T%2(t +0.1)™%% was formulated.
This is site or location specific. The curve and/or the formulated model can be adopted to determine rainfall

intensity of Abuja city if the rainfall duration and return period are predictable.
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1. INTRODUCTION

Rainfall models can be expressed mathemati-
cally to represent a relationship between inten-
sity, duration and frequency (IDF). An IDF model
provides the basic probabilistic rainfall informa-
tion for runoff estimation and establishes a sta-
tistical basis for design, using the return period
as the measure of frequency of failure [1].

An IDF curve is a tool that characterises an
area rainfall pattern. This can be analysed to
predict future rainfall/storm occurrence and thus
used against the design of engineering facilities of
the area [2].

Empirically, these analyses are based on sta-
tistical formulation and assumptions that help
in (with various factors considered) developing
a mathematical model, as a representation of
the different variables, namely rainfall intensity
duration and frequency, and for the design of
drainage facilities of the area.

The development of rainfall model requires long
term rainfall data [3]; and only few meteorolog-
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ical stations in Nigeria (being a developing coun-
try) have this record, spanning over 30 years. This
poses a huge challenge for hydrologists and Engi-
neers in the design of water resources structures
[3, 4].

The design of water resources structure i.e.
drainages, culverts, etc, requires an Engineer to
carry out a thorough analysis on the available
rainfall data, using a reliable statistical method;
this involves checking the consistency of the data
before applying suitable and reliable method to
determine rainfall intensity (or depth), which is
a key input on the design [2, 5].

In this research, IDF curve of Abuja city and a
mathematical model was developed from 35 years
rainfall data (1982-2017) obtained from NIMET,
using frequency analysis method.

Abuja (Federal Capital Territory, FCT) covers
a total land area of 7315 sq km, approximately.
It is bordered by Kaduna State from the North,
Niger State from the West; Nasarawa State from
East and South—East and Kogi State on its South-
West. It falls within the latitude of 7.45° and 7.39°.
Abuja falls within the Guinea Forest Savannah,
mosaic region of West Africa sub-region. Rainfall
in the FCT reflects its location on the windward
side of the Jos Plateau and the zone of rising air
masses with the city receiving frequent rainfall
during the rainy season from April to October ev-
ery year [6].

According to 2006 census, Abuja had a popula-

© Facurry or EnciNEERING, UNN, 2020.


www.nijotech.com
http://dx.doi.org/10.4314/njt.v40i1.20
mailto:xxx

DEVELOPMENT OF RAINFALL INTENSITY-DURATION-FREQUENCY (IDF) CURVE FOR ABUJA, NIGERIA. 155

1000.0 ~_ Duration: 0.2hr.
M
£ W‘.“." - Ll
Z
(7]
2
2
£ 10.0
1.0 T |
1.0 10.0 100.0
Return Perion, Tr (yrs)

Figure 1: Intensity-Return Period Curves of Abuja for Duration of 0.2hr
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Figure 2: Intensity-Return Period Curves of Abuja for Duration of 0.4hr
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Figure 3: Intensity-Return Period Curves of Abuja for Duration of 0.7hr
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tion of 776,298, making it one of the 10 most popu-
lous cities in Nigeria (internet search: Wikipedia,
22nd March, 2020). According to UN, Abuja
grew by 139.7% between 2000 and 2010 making it
fastest growing city in the world (internet search:
Wikipedia, 22nd March, 2020). Thus, the need to
meet its fast rising infrastructural demand to mit-
igate anticipated storm disaster [6].

2. MATERIALS AND METHOD

A daily rainstorm data collected at 0.2, 0.4,
0.7, 1, 2, 3, 6, 12 and 24hrs durations, span-
ning through 35 years obtained from NIMET, was
adopted for this work.

Using frequency analysis, same numbers of
years (n) were used for all durations 0.2 to 24
hours. The data were sorted out from largest to
smallest and values that fall below the set lower
limit of falls are removed. The designed lower
limit of falls for the hours: 0.2, 0.4, 0.7, 1, 2,
3, 6, 12, and 24 are 12.7mm, 15.2mm, 20.3mm,
25.4mm, 25.4mm, 30.8mm, 38.1mm and 38.1mm
respectively [7].

The rainfall depths were then converted to rain-
fall intensity, using the relationship [8]:

= (1)
where i is the rainfall intensity (mm/hr), d is the
rainfall depth (mm) and ¢ is the duration (hr).

The obtained intensity values were then ranked
from highest to lowest and assigned value from
1 down to last, n. This method is known as Par-
tial Duration Series. The return period, T, of the
ranked values was then obtained using Weiball’s

formula [8]: L
+
T, =" 2)
m
where, T, is the return period (yrs), n is the to-
tal number of the values, m is the rank value of
individual intensity.

The calculated intensities were plotted against
return period on log-log axes for each duration of
0.2, 04, 0.7, 1, 2, 3, 6, 12, and 24, as shown in
Figures 1-9. For each duration, designed inten-
sities of corresponding return period (of 2, 5, 10,
25, 50 and 100 years) are extracted. Then the ex-
tracted intensities are plotted against same du-
rations as a function of return periods on Gum-
bel Extreme Probability paper to get the final de-
sired Intensity-Duration-Freguency (IDF) curves,
as shown in Figure 10. This was achieved con-
veniently by use of suitable software on personal
computer (e.g. Grapher).

The general equation for IDF curve on log-log
graph (Horner’s formula) is [7]:

I=KT%t+c)™® (3)

where I is the rainfall intensity (mm/hr), T, is the
return period (yrs) and ¢ is the duration (hr). The

IDF Relationship can be written in logarithmic
form as [1, 2, 9]:

logI = (ogk +alogT)—blog(t+c) 4)
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Equation (4) is in the form of,
y=b+mx (Equation of a straight line (5)

The lines of equal T are logarithmically spaced at
a scalar multiple (x < 1) of the logarithmic scale of
the paper and are parallel.

3. RESULTS AND DISCUSSION

Annual rainstorms of high intensities in Abuja
were those of shorter duration (0.2 — 1hr). There
occurrence in any given year could cause a flash
flood especially in flood plain zones of the city,
though the magnitude of the storm would vary,
with different rainfall intensities [10]. This oc-
curs more frequently, thus, highest return pe-
riod, T,. This trend is confirmed in the literature
[6, 11, 12].

The highest storm recorded throughout the
study period was that of 0.2hr, with rainfall in-
tensity of 240mm/hr and its return period is
100years. The occurrence of this kind of storm
can lead to heavy flash flood and torrential over-
land flow, rapidly increasing the volume of River
Niger and its tributaries [11].

The low range of storm occurrences in Abuja
(6 - 24hr) had the lowest intensity, as could be
presumed rightly, highest of them been that of
6hrs, with intensity of 17mm/hr of return period
of 100years; the lowest of all the record is that
of 24hr duration corresponding to 2.2mm/hr, that
was likely returned annually. The intensities of
these rainstorms might not be able to contribute
significantly to flood occurrence in Abuja, com-
pared to the higher intensities [13]. Thus, by this
analysis, lager hydrological structures like dams
and bridges, etc., are designed against higher re-
turn periods, while small structures like culvert
and drainages, etc., are designed for lower return
periods.

From the IDF curves, it can be observed that
rainfall intensity decreases with length of time,
i.e., higher intensity of rainfall in a shorter dura-
tion than in a longer duration. This is a normal
rainfall pattern behaviour. For rainfall durations
less than one hour, (i.e., t < 1), the graphs may
plot as lightly curved lines, hence the inclusion of
the constant ¢ in Eq. (3) to enable them plot ap-
proximately as straight lines. If the lines do plot
sufficiently straight to start with, the value of ¢ is
zero [7].

Note that, constants %,a,b and ¢, are derived
from the IDF curve and dependant on the condi-
tion and location of the rainfall and on the accu-
racy of the curve [7]:

® k: determines the vertical position of the re-
turn period lines as a set on the curve. Itis de-
fined as the instantaneous rainfall (i.e., flash
storm of 1 minute duration and 1 year return
period).

* a: spacing of the curves for various recurrent
intervals of T
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Figure 4: Intensity-Return Period Curves of Abuja for Duration of 1hr
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Figure 5: Intensity-Return Period Curves of Abuja for Duration of 2hrs
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Figure 6: Intensity-Return Period Curves of Abuja for Duration of 3hrs
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Figure 7: Intensity-Return Period Curves of Abuja for Duration of 6hrs
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Figure 8: Intensity-Return Period Curves of Abuja for Duration of 12hrs
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Figure 9: Intensity-Return Period Curves of Abuja for Duration of 24hrs
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Figure 10: Intensity-Duration-Frequency Curves for Abuja
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* b: negative slope of the straight path of a

. Alogi

curve, 1.e., = Wi—())

¢ c: takes care of the straightness of the curve;
if the curve readily plots straight, as in short
duration rainfall (i.e., ¢1), ¢ = 0. But Nige-
ria rainfall pattern starts with high intensity
[14], hence, c is close to 0, this ensure the
curve sufficiently plot straight.

From the IDF curve of Fig. 10, the following con-
stants were obtained thus:
K=37,a=0.17,6=0.88,c=0.07
Inputting these values in the Eq. (3) above gives,

I=37T%%(¢+0.1)7%° (6)

This represents the mathematical model equa-
tion of Abuja IDF curve, that defines Abuja rain-
fall pattern. From the model equation, rainfall in-
tensity of any location in Abuja can be obtained if
the return period and storm duration are known,
and vice versa.

The Eq. (6) above is a mathematical represen-
tation of the IDF curve for Abuja, specifically.

4. CONCLUSION

Based on the result of this study, the following
conclusion can be drawn:

1. Rainfall Intensity-Duration-Frequency (IDF)
mathematical model has been developed, us-
ing 35 years historic record of Abuja city.

2. The model is an empirical quotient-power
type equation, with 4 regional constants (a, b,
c and k), that is, rainfall intensity as a func-
tion of duration (mins) of (0.2, 0.4, 0.7, 1, 2,
3, 6, 12, 24hrs) and return period, T, of (2, 5,
10, 25, 50, 100 years), adopted for the model
calibration.

3. The application of Gombel Extreme Proba-
bility graph paper in form of log-log graph
paper for a given duration plot intensity as
a straight line against return period, with a
positive slope in all cases.

4. The model developed has practical utility in
design of urban hydrologic structures.

From Fig. 10, rainfall Intensity-Duration-
Frequency (IDF) curve can be adopted for use
to approximately, determine rainfall intensity
of the tested area and Abuja generally, if the
rainfall duration and frequency (return period)
are known, etc, for hydraulic structures design
purposes.
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