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Introduction
Rainfall is a fundamental component of the hydrologic cycle and 

its availability may have enormous impacts on the environment and 
human society. The hydrologic cycle may be described quantitatively 
in terms of the atmosphere and land phase interactions using the 
hydrologic equation. Climate change has the potential to amplify the 
natural climate variability throughout the inter-connected climate 
and hydrologic systems.1 Assessing the potential changes in extreme 
precipitation events has therefore become one of the most important 
research concerns in hydrological risks analysis and engineering 
designs.2 The change therefore will necessitated reviewing and 
updating the rainfall characteristics in the form of IDF relationship. 
The IDF relationship is one of the most commonly used tools in 
water resource engineering either for planning, design and operating 
of water resources project, against floods.3 The use of IDF curves 
and equations in the design of water management infrastructure is a 
standard practice in most countries.4,5 

Bell6 derived generalized rainfall-duration-frequency relationship 
for the United States which requires only 10 years 1-hour rainfall 
depth. In the United Kingdom, the establishment of IDF dates back 
to 1932.7 The 2005 Asian Pacific FRIEND held at Kuala Lumpur, 
Malaysia focused on intensity frequency Duration and Flood 
Frequencies determination. Most countries in South East Asia and 
the Pacific re-iterate the importance of IDF and adopt it as a tool for 

determination of flood frequencies. Traditionally, IDF studies was 
conducted based on historical data collated at a given weather stations 
and the IDF curves developed were updated periodically when new 
data is available. Stationarity is a fundamental concept in traditional 
hydrologic frequency analysis(HFA), which implies that any variable 
(e.g. annual stream flow, annual flood peaks, or annual maximum 
precipitation) has a time-invariant probability density function (pdf) 
whose statistical properties (mean, standard deviation etc.) can be 
estimated from historic data.2,8 The notion of stationarity which has 
been the foundation basis for design, planning, management of water 
resources system and studies is now being challenged.9 

Consequently, water resources engineers are in dare need of 
hydrological tools that would account for nonstationarity nature 
of climate change. Ganguli & Coulibaly10 observed that “despite 
apparent signals of non-statationarity in precipitation extremes in all 
locations, the stationary vs non-stationarity models do not exhibit any 
significant differences in the design of storm intensity, especially for 
short recurrence intervals (up to 10 years)”. Also they observed that 
the signature of non-stationarity in rainfall extremes do not necessarily 
imply the use of non-stationarity IDF for design considerations. 

The traditional way of studying the impacts of climate change 
at catchment scale involves downscaling the outputs of global 
circulation models (GCMs) from which location specific impacts such 
as IDF, etc are derived.11 Currently, there is no standard or accepted 
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Abstract

The impact of climate change on the hydrologic system is widely recognized to be 
geographic location –specific, thus each geographic location should be assessed for 
the plausible impacts of climate change. Consequently, this research was conducted 
to assess the impact of climate change on Intensity –Duration-Frequency equations 
in Benin City, Nigeria. Trend analysis was performed using Mann-Kendall test while 
the Sen’s slope method was used to estimate the magnitude of the change. The main 
results may be summarized as

i. Statistically insignificant negative(downward) trends were observed for annual 
rainfall intensities for durations of 10 to 30- minute;

ii. Both statistically insignificant downward and upward trends were obtained for 
durations above 45-minute except for 540 –minute duration where a statistically 
significant positive trend was obtained. 

All statistical tests were conducted at 5% significance level. Since the statistical 
insignificant negative (downward) trends were obtained for rainfall durations of 10 
– 30-minute, which is usually the range for inlet time generally applied for design of 
urban drainage systems. It implies therefore, that climate will pose negligible impacts 
on flood risk. Consequently the 34-year annual rainfall intensity series(the longest 
available) was used to develop IDF equations of the Wisner’s equation type for return 
periods of 5- to 100-year. The explanatory power and accuracy of the IDF equations 
may be represented by the following inequalities; 0.40≤R2≤0.972; 2.55≤SEE≤4.31; 
2.34≤RMSE≤3.96;0.044≤RSR≤0.056; 1.93≤MAE≤2.96. These inequalities indicate 
that the equations are very good for estimation of storm runoff and for design of 
drainage systems, and as input for urban drainage simulation modelling systems such 
as SWMM model.
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methodology to derive IDF curves or equations for future climate 
conditions.12,13 In this study, the observed trends of precipitation and 
intensity and magnitude for the period 1965 to 2000 were used to 
extrapolate statistically current IDF curves to infer future climate. 
Goori Bi et al.,13 and Olsson et al.,14 used this method to extrapolate 
current IDF curves for Arzika, Sweden. Denault et al.,15 also used this 
method for Vancouver Canada, and Guo16 applied the same approach 
for Charlottenlund, Denmark, to predict extreme precipitation for 
the future. The main limitation of the approach is the assumption 
that current trends in rainfall intensity will remain the same in the 
future.12,15 The impact of future climate on urban discharges will be 
modeled using a probabilistic approach such as the rational formular 
method, SWMM hydrological model etc., that will convert the 
updated precipitation events into a design flood event. 

The objective of the study is to assess the trends in rainfall 
intensities for various durations in Benin City under the changing 
climatic conditions. The paper is organized follows; the introduction 
section presents a concise background information on climate change, 
hydrologic systems, and IDF. Section 2 contains the materials and 
methods comprising a brief description of data and study area, (i) 
non-parametric trend analysis using Mann-Kendall tests, Thiel-sen 
estimator to rainfall intensity, statistical analysis of rainfall of various 
durations and development of IDF equation/curves and evaluation of 
IDF models efficiency. Section 3 presents the results and discussion 
comprising derivation of IDF, trend analysis of rainfall intensities, 
future IDF projections and urban drainage and evaluation of models 
efficiencies. Section 4 contains the conclusion and recommendation.

Materials and methods
Data and study area

Benin City is an ancient town in Nigeria. It is located between 
latitude 06o 10’N and Longitude 05o36’E. The altitude is 79.3m above 
mean sea level. The rainfall data from meteorological Station at Benin 
City International Airport are used, which has good quality dataset 
with reliable data and adequate record-length of 34 years (1965 – 
2000).

Detection of trend in rainfall intensity

The statistical significance of a trend can be detected by means of 
statistical tests such as the rank-based non-parametric Mann-Kendall 
test. The Man-Kendall test is used for trend detection and Sen’s Slope 
method is use for the determination of magnitude of change. The 
rainfall intensities are ranked according to time and then each data 
point is successively treated as a reference data point and is compared 
to all data points that follow in time.17 The Mann-Kendall method is 
based on one statistic S. The statistic S is computed by comparing all 
possible pairs of values (Ii, Ij) in the data set and scoring as follows:

If Ii < Ij, is scored +1; If Ii > Ij, is scored -1 and Ii = Ij is assigned 
0, where Ii is the value of rainfall intensity at time (t-1) and Ij is value 
at time (t). After scoring each pair in this way and adding up the total 
to get the Mann-Kendall statistics (S). The Mann-Kendall statistics S 
is calculated as:
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A positive value of S is indicative of an upward trend and a negative 
value of S implies a decreasing trend, where zero is suggestive of 
no-trend.18,19 For independent, normally distributed random variables 
having no-tied data values and zero mean. The variance is given by:
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Where N is the sample size, g represents the number of groups of 
ties in the data set (if any); and tj is the number of ties in the jth group 
of ties. To evaluate the significance of the trend, when the samples 
size (n) is greater than 10; the test statistic S is transformed to define a 
standard normal (Z). Z statistic as follows;
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A trend is apparent in the time series when the absolute 
value of the Z-statistic computed in Equation 5 is greater than 

1

/2
(1 / 2)

a
Z F a−= − for a defined significance level () and thus the 
null hypothesis (not trend) is rejected.18 At the 5% significance level, 
the null hypothesis is rejected as  1.96Z > .

Estimation of the magnitude of trend

The Theil-Sen trend line is a non-parametric in which the median 
pairwise slope is combined with the medium values and their 
corresponding dates to construct the final trend line. In this way, the 
Theil-Sen line estimates the change in median slope over time and not 
the mean as in linear regression. Consequently, the Theil-Sen tried 
line is a non-parametric alternative to linear regression which can 
be used in conjunction with the Mann-Kendal test. In computational 
procedure, the slope estimates of N pairs of data are first computed by;
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Where Ij and Ii use the rainfall intensities at time I and j(j – k) 
respectively. With a sample size N. There should be a total of N = n (n 
– 1)/2 such pairwise estimates of Ii,j. The Theil-Sen’s Estimator of the 
slope is the median of the N values of Ii,j. The N value of Ii,j are ranked 
in ascending order, smallest to the largest and the Sen’s estimator is 
calculated as:
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The sign of Ii,j reflects the data trend, while its numerical value 
indicates the steepness of the trend. Positive or negative slope is 
obtained as upward (increasing) or downward (decreasing) trend. 
The null hypothesis is a accepted if the estimated median slope 
(Imed) is within the range of ( ) –  / 2) /(  2[ ]n C and n Ca+ , where 
Ca = ( )

i
Z Var sz

α−  is a standardized Gaussian statistic and  is the 
significance level. Var(s) is calculated using Equation 3.

Development of IDF equation for Benin city

The intensity-duration-frequency (IDF) is a frequency relationship 
among rainfall depth, intensity, and storm duration. They are used in 
the design of storm management facilities and flooding reservations. 
The IDF may be constructed by adopting the following steps:

i) Gather time series records of different durations (eg. 5, 10, 15, 
20 mins etc.)

ii) Extract annual extremes form the record of each duration

iii) Fit the annual extreme data to a probability distribution in order 
to estimates rainfall depths for different return periods. The 
Gumbel’s extreme value distribution is used to fit the annual 
extreme rainfall data. 

The Gumbel probability distribution has the following form:

 
T z T z

X m K s= +  (8)

Where XT represents the magnitude of the T-year event, µz and σz 
are the mean and standard deviation of the annual maximum series, 
and KT is a frequency factor depending on the return period (T) and 
also distribution – specific. The frequency factor KT for Gumbel’s 
extreme value distribution is given by:
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iv) Tabulation of annual maximum series for different durations and 
application of equation 8 to each duration

v) Calculation of average intensity as follows:_
( ) T

T
X

I D
D

=  (10)

Where D is duration.

vi) Construction of IDF curves; plotting rainfall intensity versus 
duration for different return periods

The IDF curves usually represented by an empirical formula Lam 
& Leung,20 the Ontario Drainage Management Manual21 recommends 
fitting the IDF data to the three parameter function (Wisner’s formula):
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Where I is the rainfall intensity (mm/her); D the rainfall duration 
(min) and a, b and C are coefficients. After selecting a reasonable 
value of parameter a, method of least squares is used to estimate 
the values of C and b. The calculation is repeated for a number of 
different values of “a” in order achieve the closest possible fit of the 
data. The best fit value of coefficient “a” is one with the least error 
sums of squares.

Derivation of updated equations

The relationship between estimated rainfall intensity and duration 
may be expressed according to the Wisner equation as:

( )b
C

I
D a

=
+

 (11)

Where I = extreme rainfall intensity in man/hr, D = duration in 
minutes, a,b and C are Wisner’s constants which depends on return 
period and location. The constants were obtained as follows:

(i) Taking Logarithms in both sides of Equation 11, gives a 
linear equation of the form:

( )   –     LogI logC bLog D a= +  (12)

 The best values of a, b and C are those for which the sum of the 
squares of these deviations as minimum;
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The partial differentiation of SEE with respect is b and C gives

( )    –     SlogI nlog C bSlog D a= +  (14)
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2
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      (15)

Where n is the number of observational and all the summations are 
over all n-value. After obtaining the required summations, Equation 
14 and Equation 15 were solved simultaneously to obtain the best 
values of b and C for any assumed values of constant “a” and the best 
value of “a” was found by trial and error. 

Evaluation of IDF models efficiency

Efficiency criteria commonly cited in literature for evaluating the 
performances of hydrologic models were used (e.g) Krause et al.,22 
Alexandris et al.,23 Raju and Kumar,24 The indices used are coefficient 
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of determination (R2); Mean and Absolute error (MAE), Root Mean 
Square Error (RMSE), Nash-Sutchiffe Efficiency (NSE), Error Sums 
of Squares (SEE) and RMSE –observations standard deviation ratio 
(RSR). The computational forms of the above indices are given below;

Coefficient of determination 
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Where N is the sample size, Io is the observed rainfall intensity 
discharge, Ip is the predicted rainfall intensity. I is the average observed 
rainfall intensity. R2 statistics is an indication of the explanatory power 
of the IDF equation, in terms of how the IDF equations approximate 
or fit the data points. The higher the value of R2, the more successful 
the fit or the explanatory power, if R2 is small, it indicates a poor 
fit, possibly to search for an alternative model. R2 lies between 0(no 
correlation) and 1 (perfect fit). The Nash-Sutchiffe Efficiency (NSE) 
lies between 1.0 (perfect fit) and - ∞. MAE and RMSE expressed 
the average differences between Predicted (Ip) and observed (Io) 
values around the MBE. RMSE and MAE are among the best overall 
measures of model performance because they summarized the mean 
difference between observed (Io) and predicted (Ip) values.

SEE quantifies the spread of the data around the regression line 
and is thus used as measure of goodness of fit. RMSE – observations 
standard deviation ratio (RSR) is calculated as the ratio of the RMSE 
and standard deviation of measured data as shown in Equation 21. 
RSR varies from the optimal value of 0, which indicates zero RMSE 
or residual variation and therefore perfect model simulation, to a large 
positive value. The lower the RSR, the lower the RMSE, and the 
better the model simulation performance.25

Results and discussion
The main result of this study is provided in Table 1 and Table 2 and 

Figure 1 and Figure 2. 

Figure 1 Rainfall-duration-frequency of Benin city.

10-Minutes.

20 – Minutes.

30- Minutes.
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45-Minutes
Figure 2 Rainfall intensity trends for ten - minute, twenty - minute, thirty 
minute and forty five - minute durations.

IDF equations and efficiency criteria 

Table 1 contains Wisner’contains a,b and C(Equation 11) and 
the efficiency criteria for judging the accuracy of each equation. It 
is observed that the upper bound for constants “b” is generally less or 
equal to 5 except for 5-yr return period which has a constant value of 
8. Figure 1 shows the IDF curves for return period of 5 to 100years. 
These plots portray the expected logarithmic profile typical of IDF 
curves. From Table 2, it is apparent that (R2) falls within the inequality 
0.40 ≤ R2 < 0.972, which implies the strong explanatory power of 
IDF equations and they fall within the range for 5 ≤ T-yr ≤ 25. This 
return period range is usually recommended for the design of urban 
storm drainage systems. Also the R2 values obtained fall within the 
acceptable limit.24,25 Beyond return period of 25 years, the explanatory 
power of the IDF may be unsatisfactory. The result obtained for other 
indices, SEE, RMSE, RSR, MAE and NSE may be represented by 
the following inequalities ; 2.55≤SEE≤4.31; 2.34≤ RMSE≤ 3.96; 
0.0441≤ RSR≤ 0.056; 1.93≤ MAE≤ 2.95 and 0.9969≤ NSE≤ 0.998 
respectively. Based on these inequalities, the IDF equations are 
considered excellent according to NSE and RSR indices.24,25 The 
MAE, RMSE and SEE indies also showed better performances due 
to their lower values. 

Rainfall intensity trends

Table 2 shows the results of trend analyses using Mann-Kendall 
and Sen’s tests. The Mann-Kendall test and Sen’s Slope estimator 
were applied to the rainfall intensity annual time series. The observed 
Man-Kendall statistics (Zmk) and Sen’s Slope values (β) are presented 
in columns 3 and 9 respectively. These results indicate annual rainfall 
intensities characterized by negative (downward) trends for rainfall 
durations of 10 to 30 minutes, while between 45 and 540 minutes, 
they exhibit both negative (downward) and positive (upward) trends. 
Figure 2 presents the rainfall intensity plots for durations of 10 – 45 
minute, The susequent plots are not presented due to lack of space. It 
is apparent that in column 9, all the durations indicated statistically 
insignificant trends at 5% significant level, except for 540 – minutes 
duration where a statistically significant positive trend was obtained. 
Extrapolation of future rainfall intensity scenarios could not be 
performed due to observed insignificant trends.15 Furthermore, the 
statistically insignificant trends obtained for rainfall durations of 10 
to 30minutes also corresponds to the inlet time generally applied for 
computing storm water – flow rates.26 and this implies that the impact 
of climate change on storm water – flow rates is negligible and may 
not pose flooding risk. 

The estimated median slopes fall within the accepted confidence 
interval.19 These findings agrees within similar studies in the region 
such as Okpara et al.,27 who studied the possible impacts of climate 
variability/change and urbanization on water resources availability in 
the Benin Owena river basin and observed increasing temperature-
trend estimated at 0.37oC/decades, high rate of evaporation resulting 
in increasing water loss in the basin. Oguntunde et al.28 also studied 
rainfall trends in Nigeria 1901 – 2000, and found that about 90% of 
the entire landscape exhibited negative trends but only 22% showed 
significant changes at 5% significance level. Oguntunde & Abiodun28 
studied the impact of the impact of climate change on the Niger 
River Basin hydroclimatology in West Africa and found that elevated 
greenhouse gases under A1B scenario would provide a drier climate 
during the rainy season and a wetter climate during the dry season. 
They also found that the Nigeria landscape was generally drying since 
the 1970s with the driest decades occurring between 1970 and 1990 
of the 20th century.

Table 1 IDF equation and efficiency criteria

Return 
period T-yr

Wisner’s constant eq.11
Coeff. of 
deter R2

Error sums and sqrs. 
R2 SEE(mm/hr)

Root mean Sq.Err 
(RMSE) RSR MAE NSE

a b C

5 0.8925 8 1955.41 0.598 2.55 2.34 0.056 1.93 0.9969

10 0.8552 5 1886.67 0.972 2.81 2.59 0.045 2.04 0.9975

15 0.8287 3 1770.45 0.564 2.8 2.57 0.0448 1.95 0.998

20 0.8147 2 1731.77 0.592 2.94 2.71 0.0441 1.96 0.998

25 0.8145 2 1805.21 0.5 3.17 2.92 0.0453 2.14 0.998

50 0.7992 0.5 1795.21 0.497 3.61 3.32 0.0449 2.33 0.998

100 0.7844 0.1 1909.77 0.47 4.31 3.96 0.0476 2.95 0.998
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Table 2 Mann-kendall analysis and sen’s slope estimation

Duratn S.Statics Zmk Za-α/2 Ho Ca (n-Cα)/2 (n-Cα)/2  Sen’s slope β

10 0 -0.01362 1.96 A 148.864 -53.93 89.93 -0.005

20 -58 0.776567 1.96 A 148.864 -53.93 89.93 -0.123

30 -133 1.798365 1.96 A 148.864 -53.93 89.93 -0.304

45 97 1.307902 1.96 A 148.864 -53.93 89.93 0.254

60 -135 1.825613 1.96 A 148.864 -53.93 89.93 -0.354

90 135 1.825613 1.96 A 148.864 -53.93 89.93 0.487

120 144 1.948229 1.96 A 148.864 -53.93 89.93 0.533

180 62 0.821063 1.96 A 148.864 -53.93 89.93 0.1898

240 4 0.040872 1.96 A 148.864 -53.93 89.93 0.0005

300 -16 0.20436 1.96 A 148.864 -53.93 89.93 -0.0644

360 110 1.485014 1.96 A 148.864 -53.93 89.93 0.3593

240 58 0.776567 1.96 A 148.864 -53.93 89.93 0.3581

540 -152 2.057221 1.96 A 148.864 -53.93 89.93 -0.7072

Future IDF projections and urban drainage 

The study is undertaken with the main objective of accessing the 
impact of climate change on drainage system for Benin City Nigeria. 
The results obtained show that short duration rainfall intensities 
have insignificant downward (negative) trends which implies that 
climate change will negligible negative impacts on urban flooding. 
In this regard, the extrapolations could not be performed since the 
observed trends are statistically insignificance.15,29 It was observed 
that rainfall intensities have insignificant downward (negative) trends 
meaning that climate change will have negligible negative impacts 
on flooding. This finding agrees with Carlier and Elkhattabi,30 who 
compared IDF curves before and after 1980 for the City of Toronto, 
Canada and observed similar downward (negative) trends after 1980, 
especially for short duration rainfall intensities. They also compared 
their findings with those obtained by other authors (for example 
Akbari et al.,31 ) and concluded that impact of global warming is 
geographical location - specific and it is not possible to draw some 
general guidelines across the globe.

Conclusion and recommendation 
It is commonly recognized that climate change will have 

significant impact on the water cycle and precipitation pattern.32 In 
some regions such changes are expected to entail increase in the 
frequency and intensity of precipitation extremes thus leading to 
increased risk of flooding.8 In the case of Benin City Nigeria, this 
study indicates an insignificant downward (negative) trends in 
intensities for the short duration periods less or equal to 30 minutes, 
meaning that climate change will not pose the anticipated adverse risk 
of flooding. This implies that the current drainage capacities will meet 
the need for the future, assuming the observed trend persists. This 
finding also agreed with.10 who asserted that the signatures in rainfall 
extremes do not necessarily imply the use of nonstationary IDFs for 
design considerations. Despite the observed trend, there is need for 
efficient management of urban drainage infrastructure. Consequently 
this study strongly recommends the application of urban drainage 
simulation tools such as the SWMM model. SWMM is a dynamic 
rainfall runoff simulation tools used for single events or long term 
(continue) simulation of runoff quantity and quality from primarily 
urban areas.33,34
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