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Trend and Frequency Analyses of Rainfall in North West
Geopolitical Zone of Nigeria

Abubakar Ismail?, Isaiah Adesola OKE!'

ABSTRACT: The major occupation of people in the North-west geopolitical zone of Nigeria is farming, which
depends on rainfall and other factors. It is well known that climate change has been contributing to change in
amount of rainfall worldwide. In this paper the existence of trend and rainfall frequency analyses were conducted
on rainfall data in North-west geopolitical zone of Nigeria with a particular attention to yearly total rainfalls using
Mann- Kendall and Sen’s slope techniques as well as Pearson log type III distribution. Rainfall data from 1905 —
2008 were collected from five locations in the region and the test were conducted using standard methods stated in
literature. The study revealed that there are trends in the rainfall in the region and Sen’s test revealed that the trends
are significant at 99 % confidence level. Sen’s slopes revealed that there are downward trends in the rainfall for the
last 30 years in all the five locations. The slopes are -0.94, -6.91; -0.94; -0.84 and -5.66 mm/year for Sokoto, Kano,
Kebbi, Kaduna and Katsina respectively. Rainfall frequency analyses for 2 years return period for these locations
(Sokoto, Kano, Kebbi, Kaduna and Katsina) are 651.08 mm; 844.42 mm 735.68 mm, 1168.47 mm and 669.52 mm
respectively. It was concluded that there are downward trends in the rainfall in last 3 decades for all the locations.

Keywords: Hydrological data, Rainfall, Sen’s estimator, Trend analysis, Non-parametric tests

Nijerya’nin Kuzeybati Jeopolitik Bolgesine Diisen Yagis
Miktarlarinin Egilim ve Frekans Analizi

OZET: Nijerya’nin kuzeybati jeopolitik bolgesinde yasayan insanlarm biiyiik cogunlugu yagis miktar1 ve diger
faktorlere bagli olarak tarimla istigal ederler. Iklim degisikliginin diinya ¢apinda yagistaki miktar degisimine katk1
sagladigi bilinmektedir. Bu ¢alismada mevcut olan yagis frekans ve egilim analizlerinde Pearson log tip 111 dagilimi
hem de Mann-Kendall ve Sen’in egim teknikleri kullanilarak yillik yagis miktarlarinin toplamlarina dikkatle
Nilerya’nin kuzeybati jeopolitik bolgesindeki yagislar iizerine odaklanilmigtir. 1905-2008 yillar1 arasindaki yagis
bilgileri bolgedeki bes yerden toplanmis ve literatiirde verilen standart metotlarla test edilmistir. Calisma, bolgedeki
yagislarda egilimler oldugu, bu egilimlerin Sen’in testlerine gore % 99 oraninda 6nemli seviyeye sahip oldugunu
ortaya ¢ikarmistir. Sen’in egimleri tiim yerlesim yerlerinde son 30 yilda agag1 dogru egilimlerin var oldugunu agi3a
¢ikarmigtir. Egimler Sokoto, Kano, Kebbi, Kaduna ve Katsina i¢in sirasiyla -0.94, -6.91; -0.94; -0.84 ve -5.66 mm/
yil seklindedir. Yagis frekans analizi bu yerlesim yerlerinde 2 yillik geriye doniik periyotlar i¢in 651.08 mm; 844.42
mm 735.68 mm, 1168.47 mm ve 669.52 mm (Sokoto, Kano, Kebbi, Kaduna ve Katsina) sirastyla 6l¢iilmiigtiir. Tim
yerlesim birimlerinde son 30 yilda yagista azalma egilimi oldugu tespit edilmistir.

Anahtar kelimeler: Hydrolik veriler, yagis, trend analizi, parametrik olmayan testler
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INTRODUCTION

Part of Nigeria is located in African Sahel. The
Sahel is characterized by strong climatic variations
and an irregular rainfall (Nwafor 2007; Umoh 2007). It
was reported that rainfall decrease of 29-49% has been
observed in the 1968-1997 period compared to the 1931-
1960 baseline period within the Sahel region (Odjugo,
2005). The West Africaregion has experienced a marked
decline in rainfall from 15 to 30% depending on the area

(Nkomo et al., 2006). The pattern of rainfall in northern
Nigeria (North West geopolitical zone inclusive, Figure
1) is highly variable in spatial and temporal dimensions
with inter-annual variability of between 15 % and 20%
(Abaje et al., 2010). As a result of the large inter-annual
variability of rainfall, it often results in climate hazards,
especially floods and severe and widespread droughts
with their devastating effects on food production and
associated calamities and sufferings.
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Figure 1(a). Map of Nigeria showing the six geopolitical zones

Figure 1(b). Map of Nigeria showing all the states and six geopolitical zones
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Crops and animals derived their water resources
largely from rainfall. It is considered as the main
determinant of the types of crops that can be grown
in the area and also the period of cultivation of such
crops and the farming systems that can be practiced.
The climate is semiarid with a zone of savannah-type
vegetation as part of the sub-Saharan Sudan belt of
West Africa. These show that a detailed knowledge
of rainfall regime is an important prerequisite for
agricultural planning. The effects of climatic change
and variability have been analysed by many researchers
in a variety of geophysical fields. Most previous studies
concerning climatologic trends using non-parametric
test are Hirsch et al.,(1982), Van Belle and Hughes
(1984); Kahya et al. (1998) for water quality variables;
Kalayci and Kahya (2004) for streamflow; Zhang et al.
(2000) for precipitation; and Cengiz et al. (2003) for
lake levels. From these and other studies, a range of
potential climatic impacts on the hydrologic regime
for various geographic areas can be hypothesized.
Correlations between hydrologic variables and
meteorological variables were evaluated by Burn and
Hag Elnur (2002), which documented similarities in
trends and hydrologic patterns in two different variables
at selected locations. The study utilized only the Mann—
Kendall test to detect trends for 18 hydrologic variables
that reflect different parts of the hydrologic cycle from
a network of 248 Canadian streamflow catchments.

Previous studies that used Kendall’s test to identify
hydroclimatologic trends and possible climatic
variations include: Van Belle and Hughes (1984)
described two classes of procedures in detail; intrablock
methods (procedures that compute a statistic, such as
Kendall’s T, for each block or season and then sum these
to produce a single overall statistic) and aligned ranks
method (procedures that first remove the block effect
from each datum, second sum the data over blocks, and
finally produce a statistic from these sums (Partal and
Kahya, 2006). Van Belle and Hughes (1984) found that
aligned rank methods are asymptotically more powerful
than intrablock methods; however, intrablock methods
are more adaptable. Lettenmaier et al. (1994) looked
for evidences of long-term trends in precipitation, mean
temperature, temperature range, and streamflow over the
continental USA by adopting the Mann—Kendall test.
Lettenmaier et al. (1994) tried to investigate seasonal
and spatial characteristics of climatic variables using
large data sets of 1009 streamflow stations and 1036
stations, a subset of the Historical Climatologic Network
throughout the continental USA. In the study, increase
in precipitation during autumn was found in a quarter
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of the entire stations, mostly located in the central part
of the USA. Yue and Hashino (2003) studied long term
trends in Japanese annual and monthly precipitation
and generally found significant negative trends. Zhang
et al. (2000) analysed precipitation totals and ratios
of snowfall to total precipitation in Canada during
the 20th century and pointed out a prevailing wetter
pattern in Canadian climate. The study emphasised
significant increasing trends in annual precipitation
totals and decreasing trends in winter precipitation. As
a follow-up study, Zhang et al. (2001) searched trends
in 11 hydrometric variables in Canadian catchments by
applying a method proposed by Von Storch and Navarra
(1995) to eliminate the effects of serial correlation prior
to performing the Mann—Kendall test. It was noted, in
general, decreasing streamflow trend characteristics.
Hirsch and Slack (1984) propose an extension of the
Mann—Kendall test for trend (especially robust against
serial correlation effects). It was highlighted that when
there is no serial correlation, this test is less powerful
than a related simpler test that is not robust against
serial correlation.

Lins and Slack (1999) evaluated 395 streamflow
records in the USA for the presence of trends in
selected quantiles of discharge. The study made a
general statement to the effect that the USA streamflow
climatology is getting wetter but having less extreme
events. When it comes to reviewing germane studies
in Turkey, a limited number appear to be available.
For streamflow variables, Kahya and Kalayci (2004)
identified the regions of western and southeastern
Turkey as an area of significant decreasing trends.
These streamflow trends were said to be all season-wise
homogeneous; at the same time, some of those were
noted to be homogeneous station-wise as well. Cigizoglu
et al. (2003) investigated trend existences in maximum,
mean and low flows in Turkish rivers using daily mean
values for nearly 100 stations. The study detected trends
in the majority of rivers located in western and southern
Turkey, as well as in some parts of central and eastern
Turkey. The number of trends in the mean and low flow
data was larger than that of maximum flow data. Tiirkes
et al. (1995) applied four statistical tests to the annual
mean temperature series over Turkey and concluded
that these series were generally dominated by a cooling
tendency in the last two decades. Kadioglu (1997) used
the seasonal Kendall test to detect temperature trends
across Turkey and observed that there was a tendency
for a warming trend over the period 1939-89, in
contrast to a tendency for a cooling trend lasting from
1955 to 1989 (Partal and Kahya, 2006). Karaca et al.
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(1995) applied the Mann—Kendall test and the method
of linear regression to the monthly mean temperatures
to detect the urban heat-island effects in Istanbul.
The study found positive trends for southern stations
and negative trends for northern stations in Istanbul.
Toros (1993) examined seasonal and annual rainfall
data of the western part of Anatolia using 68 stations
for the period 1930-92, finding a decrease in rainfall
after 1982 and concluding that this decrease did not
result from climatic change, but rather was only due
to rainfall fluctuations. Tiirkes (1996) analysed the
spatial and temporal characteristics of Turkish annual
mean rainfall data for long-term trends, for fluctuations
and changes in runs of dry and wet years, and rainfall-
regime regions at 91 stations with a recording length
ranging from 54 to 64 years. Annual rainfall series of
17 stations exhibited a significant trend in the mean,
and the majority of trends had a downward direction
(Partal and Kahya, 2006). Previous studies in Nigeria
involves karfanchan (Abaje et al., 2010), Port Harcourt
, Sokoto and other locations across Nigeria. The trend-
related studies concerning Nigeria have not show trend
in Kano and other parts of Northwest of Nigeria. The
purpose of this study is to characterize trend of total
amount of rainfall in North West geopolitical zone of
Nigeria (Figure 1) with a particular attention to rainfall
trend and rainfall frequency analyses.

MATERIALS AND METHOD

Information on rainfall (1905 to 2008) in selected
locations (Kano, Sokoto, Birnin Kebbi, Katsina and
Kaduna) in North West geopolitical zone of Nigeria
were collected from literature such as Akintola
(1986), institutions, local government headquarters,
state and Federal government archives (Ministry of
Water Resources; Nigerian Meteorological Agency
(NIMET) Abuja; etc). The data were analysed using
standard methods with a particular attention to yearly
total, mean and maximum rainfalls. Non- parametric
tests were conducted using Mann- Kendall and Sen’s
slope techniques and rainfall frequency analyses
were conducted using log-Pearson type III method.
Figure 2 presents the procedure and steps of the
methodology used. Estimates of the recurrence
interval (T) were obtained using the Cunane
plotting position formula for Log Pearson Type III
distribution as follows:

N+0.2 )
R -04

Where; N is the number of years of record and R, is
the rank obtained by arranging the annual flood series
in descending order of magnitude with the maximum
being assigned the rank of 1.
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Figure 2. Procedures of analysis methodology used in this study
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RESULT AND DISCUSSION from the five locations, trend analysis of the

Result of this study is discussed in the following rainfall from these locations and log-Pearson type
categories: statistical parameters for the rainfall III method.
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Figure 3(b). Average rainfall of the selected locations.

Cilt/ Volume: 4, Say1/ Issue: 2, 2014 69



Abubakar Ismail and Isaiah Adesola OKE

Statistical parameters for the rainfall from the five
locations: Figure 3 shows yearly total and mean rainfall
from these locations. Table 1 presents monthly mean,
total and maximum rainfall from these selected locations.
Figure 3(a and b) presents time series of the rainfall in the
five locations. Table 1 shows statistical data on the rainfall
from these selected locations. These data presented in
these figure and table are useful in the water resource
and water management. The data provide variation in the
rainfall and specific parameters of the rainfall. In addition,
these information are useful for planning and budgeting
in agriculture sector (beginning and end of rainfall in the
region, range of rainfall, monthly rainfall expected and
well as average yearly rainfall). It can be seen clearly from
the figure and the table that rainfall is a function of many
factors such as location, longitude, latitude, elevation etc.

Figure 1 provides location of these locations on
the map of Nigeria. From this figure Sokoto (latitude
12.68°N; longitude 5.31°E and 272 m above sea level)
is above Kebbi (latitude 12.69°N; longitude 4.26°E and
261 m above sea level) and the average annual rainfall
increased from 556 mm per year to 582 mm per year,
which indicates that rainfall drops with increasing latitude
toward the North of equator. Also, Katsina (latitude
13.03°N; longitude 8.13°E and 461 m above sea level)
and Kano (latitude 11.66°N; longitude 9.18°E and 449 m
above sea level) are very close to each other, but rainfall
dropped from 642 mm per year in Kano to 619 mm
per year in Katsina, which indicates that rainfall drops
with longitude towards the eastern part of Greenwich
Meridian. Kaduna (latitude 10.62°N; longitude 8.48°E
and 755 m above sea level) is below other locations but
has the highest average annual rainfall, which indicates
that rainfall increases with reduction in latitude toward
equator from the North. These agree with literature such
as Ismail and Oke (2012) which provides a statistical

Table 2. Trend analysis of the rainfall data at various location

model that relates average annual rainfall to these three
factors (longitude, latitude and elevation).

Trend analysis of the rainfall from these locations:
The Spearman rank-correlation coefficient is described
as follows (Loveday, 1980; Antonopoulos et al., 2001):

62 D/

R,=1-—12

nc(nc2 - 1) )

Where; n_ is the total number of values in each
time series, D is the difference in the rank and i is the
chronological order number. The difference between
rankings is computed as D, = R . - R, where: R is
the rank of a measured variable in chronological order
and R, is the series of measurements transformed to its
rank equivalent, by assigning the chronological order
number of a measurement in the original series to the
corresponding order number in the ranked series, y. The
null hypothesis, H:R =0 (there is no trend), against the
alternate hypothesis, HI:RSlD < or > 0 (there is a trend), is
checked with the test statistic(Antonopoulos et al., 2001):

0.5
n-2

t, = R, 3 3)
1-R}

Where; t has Student’s t-distribution, with v = n-2
degrees of freedom. The study revealed that there are
trends in the rainfall in the region (Table 2). The values
of Spearman rank correlation coefficient range from 0.76
to 0.99. The values t, range from 49.36 to 2656.03 with
a critical value of 2.75. These show that there are trends
in the rainfall in these selected locations. The trends are
also significant (t_. 2.75) at 99 % confidence level.

R t Deoree of Critical value of

. * ‘ g t-distribution at

Location freedom 99% confidence
Group A Group B GroupC  GroupA GroupB Group C (n,) level
Sokoto 0.89 0.91 0.82 128.30 151.70 71.23 30 2.75
Kebbi 0.89 0.91 0.82 128.30 151.70 71.23 30 2.75
Kano 0.76 0.75 0.83 2656.43  2656.43  2656.43 34 2.72
Kaduna 0.99 0.99 0.98 52.83 49.36 78.01 25 2.79
Katsina 0.92 0.89 0.88 164.08 112.35 110.37 28 2.74
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Sen’s estimator: It is well known that if a linear
trend is present in a time series, then the true slope
(change per unit time) can be estimated by using a
simple non-parametric procedure developed by Sen
(1968). The slope estimates of N pairs of data are first
computed as follows (Partal and Kahya, 2006; Drapela
and Drapelova, 2011):

f@ = 0@ + b 4)
L X,-x, .
O = ik (5)

Table 3. Trend analysis of the rainfall data at various location

1
E(QN + QN+2 )
if' N is even

2 2

0
For o, (6)

if' N is odd

Sen’s estimators revealed that there are changes in
yearly total rainfalls (Table 3) for the year 1905 - 1939;
increased by 5.37 mm/year for the year 1940 - 1974;
dropped by 6.91 mm/year for the year 1975 - 2008 with
overall drop of 1.76 mm/year for the year 1905 - 2008.

Sen’s slope (mm/year)

Location Group | Group | Group | Group | Group | Group | Variance Z Values
A B C A C
Sokoto 0.64 10.08 -0.94 -2 -6 -6 5.33 -1.30 -3.03 -3.03
Kebbi 0.64 10.08 -0.94 -2 -6 -6 533 -1.30 -3.03 -3.03
Kano -1.60 5.37 -6.91 -6 -17 91.00 -0.73 0.10 -1.89
Kaduna 0.54 1.09 -0.84 -2 -2 -7 8.33 -1.04 -1.04 -2.77
Katsina -1.38 11.29 -5.66 -6 -4 -6 1.33 -6.06 -4.33 -6.06
Mann-Kendall test (M-K): M-K test is to test
the null hypothesis H, of no trend (the observations x,
are randomly ordered in time, against the alternative flif X, =%, > 0
hypothesis), H, (where there is an increasing or )
. , sgn(x<—xk)= 0if x,-x,=0
decreasing monotonic trend. The data values are / / t))

evaluated as an ordered time series). Each data value is
compared with all subsequent data values. Ifa data value
from a later time period is higher than a data value from
an earlier time period, the statistic S is incremented by
1. On the other hand, if the data value from a later time
period is lower than a data value sampled earlier, S is
decremented by 1. The net result of all such increments
and decrements yields the final value of S. The M-K test
statistic S is calculated using the formula (Partal and
Kahya, 2006; Drapela and Drapelova, 2011):

S

Esgn(xj - xk)

j=k+1 (7)

n-1 n
k=1

72

-l1if x;,-x,<0

Where X, and x,_are the annual values in years j and
k, j > k, respectively.

If n < 10, the value of |S| is compared directly
to the theoretical distribution of S derived by Mann
and Kendall. The two tailed test is used. At certain
probability level H, is rejected in favour of H if the
absolute value of S equals or exceeds a specified
value S _,, where S , is the smallest S which has the
probability less than o/2 to appear in case of no trend.
A positive (negative) value of S indicates an upward
(downward) trend. The values of S revealed that there
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are downward trend in the rainfall in all the groups and
in all the locations (S<0). The downward trends are
well pronounced in 1975 -2008 (Group C) than any
other group as the values are higher than the values

E(S) =0

VAR(S) = % v (v, -1) v, + 5)-21,[(:“ 1)@, +5)

Where, q is the number of tied groups; t is the
number of data values in the pth group. The standard
test statistic Z is computed as follows (Partal and
Kahya, 2006; Drapela and Drapelova, 2011):

S-1
— if §>0
arG) !
z=10 i s=0
S+ s<o (11)
1/VAR‘S>

The presence of a statistically significant trend is
evaluated using the Z value. A positive (negative) value
of Z indicates an upward (downward) trend. To test for
either an upward or downward monotone trend (a two-
tailed test) at a level of significance, H, is rejected if the
|Z| > Z -a/2, where Z -0/2 is obtained from the standard
normal cumulative distribution tables. Table 2 presents
the values Sen’s estimate (slope) , Mann- Kendall test (S
, variance and Z). These values of S and Z revealed that
there are downward trends in the yearly total rainfall in
the region ( in all the locations). The downward trends
are well spread in the last 30 years (3 decades, between
1975 and 2008). The downward trends are in order of
-0.64; 5.66; -0.94 and -0.86 mm/ year..

Rainfall Frequency Analysis: Rainfall frequency
analysis is a viable method of flood flow estimation
in most situations and provides reliable prediction in

Cilt/ Volume: 4, Say1/ Issue: 2,2014

of S in other groups. For n > 10, the statistic S is
approximately normally distributed with the mean and
variance as follows (Partal and Kahya, 2006; Drapela
and Drapelova, 2011):

)

(10)

regions of relatively uniform climatic condition from
year to year and it is now an established method of
determining critical design discharge for small to
moderately sized hydraulic structures (Izinyon et al.,
2011). A random variable is a quantity that depends on
chance the values or range of values can be predicted
only with probability not with certainty. Literature
presents examples of hydrologic random variables as
mean monthly or annual stream discharge, precipitation
etc. and a frequency relationship represents the
likelihood of occurrence of values of a random variable.
A distribution function provides a probabilistic model
of phenomenon represented by a particular random
variable. Standard probability distribution functions
commonly used in water resources engineering have
been identified in the literature such as Oke (2007) to
include Normal, log Normal, Pearson, Log Pearson
Type III and Extreme value Type 1 (EVI) and each
distribution can be used to predict design floods.

The Theory of Log-Pearson Type III Probability
Distribution: The log-Pearson Type III distribution is
a statistical technique for fitting frequency distribution
data to predict the design flood for a river at some site.
Once the statistical information is calculated for the river
site, a frequency distribution can be constructed. The
probabilities of floods of various sizes can be extracted
from the curve. The probability density function (PDF)
for the distribution is given as (Oke, 2007);

)\‘3[53 (x-¢ )[33 “lehs(x-g)

1 = rG,)

(12)
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Because the problem with most hydrologic data is
that an equal spread does not occur above and below
the mean as the lower side is limited to the range from
the mean to zero (although in many cases the minimum
may be well above zero) while there is theoretically no
limitation on the upper range, it contributes to what is
called a skewed distribution. The coefficient of skew (G)
being mathematically defined by (Izinyon et al., 2011):

NE(X X)

= o)) (42

Where; o i1s the standard deviation. Pearson
(1930) proposed a general formulation that fits many
probability distribution including the normal, beta and
gamma distribution. A form of the Pearson probability
distribution called the Pearson type I1I has 3 parameters
that include the skew coefficient as well as the mean and
standard deviation. The Pearson Type III distribution is
represented as follows:

X + Ko (14)

Where K = frequency factor determined from
Tables (Izinyon et al., 2011). The model parameters
X, standard deviation and the skew coefficient (g) are
computed from n observations X, with the following
formular:

PR NXi
X = =L
N (15)
o (16)
NE(X X)
(V- 1)(N 2)o’ (17)
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However, the Log Pearson Type III distribution of
X which has been widely adopted to reduce skewness
is equivalent to applying Pearson Type III to the
transformed variable log X and it is represented in the
literature (Izinyon et al., 2011) as:

log,, X = log,, X + Ko, (18)

Where; X is the discharge value of some specified
probability, logX is the average of the log X discharge
values, K is frequency factor. Olog is the standard
deviation of log x values. The frequency factor K is a
function of skewness coefficient and return period and
can be read from published tables (Izinyon et al., 2011)
developed by integrating the appropriate probability
density function.

The discharge magnitude for various return periods
are found by solving the general equation. The mean,
standard deviation of the data and skewness coefficient
can be calculated using the following formulae:

N
o E log,, X,

1Oglo)( = IT (19)
(2 (loglo X, ))
0log = (N 1) (20)
NE (10g10 - log,, X)
G = 1)

(N ~1)(N-2)o.

Where; N is the number of entries of X the flood
of some specified probability logX. is the average of
the log x discharge values, Tables 4 and 5 present
information on results of rainfall frequency analyses and
applications respectively. Figure 4 shows relationship
between rainfall and return period (application of log-
Pearson type II distribution).

From the figure the correlation coefficient the
relationship ranges from 0.86 to 0.99 which indicates a
good relationship (Loveday, 1980).
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Table 4. Results of rainfall frequency analyses

Basic statistical information
Standard Standard
Location deviation Mean | deviation
Mean of the Rainfall of the Correlation
Rainfall | rainfall | Skewness | (LogX, | rainfall | Skewness coefficient
(X, mm) (o) Q) mm) (o log) (G, Regression equation (R?)
Sokoto 713.64 178.99 0.45 2.84 0.11 -0.64 Y =139.16 Log, (X) + 557.01 0.940
Kebbi 798.24 199.18 0.44 2.89 0.10 -0.68 Y =139.16 Log, (X) + 641.61 0.940
Kano 887.96 242.54 0.96 2.93 0.12 -0.04 Y =215.07 Log, (X) + 665.61 0.981
Kaduna 1221.84 172.15 2.26 3.08 0.06 248 Y =168.68 Log,(X) +1056.5 0.990
Katsina 663.80 173.24 -0.22 2.81 0.13 -0.89 Y =116.30 Log, (X) + 536.14 0.864
Table 5. Application of rainfall frequency analyses
Rainfall (mm) in specific returned Period
Location
1 Year 2 years 5 years 10 years 25 years 50 years 100 years 200 year
Sokoto 447.30 651.08 858.26 949.91 1047.99 1116.37 1168.90 1227.69
Kebbi 531.91 735.68 942.86 1034.51 1132.59 1200.97 1253.51 1312.29
Kano 559.91 844.42 1067.44 1212.96 1387.59 1514.68 1640.32 1751.64
Kaduna 1064.24 1168.47 1321.69 1443.91 1617.79 1729.68 1764.11 1992.50
Katsina 369.29 669.50 811.05 881.74 954.84 1000.75 1041.12 1077.50

2500 y=215,07Ln(x) +665,61

y=139,16Ln(x) +557,01 y=139,16Ln(x) +641,61 R*=0,9812
2
R"=0,94 R’=0,94
2000 1

Rainfall (mm)

y=116,3Ln(x) +536,14 y=168,68Ln(x)+1056,5
R?=0,8635 R’=0,9899

10 100 1000

Log of period(Year)

# Sokoto M Kebbi ~ Kano < Kaduna XKatsina

Figure 6. Application of rainfall frequency analysis
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CONCLUSION

In this study rainfall trend and rainfall frequency
analysis of selected region in Nigeria was presented.
It can be concluded based on the study that there are
trends in the rainfall in the region. The trends are
downward trend in the last 30 years in all the locations.
The trends are significant at 99 % confidence levels.
The probability distribution function applied to return
periods are useful for engineering design of hydraulic
structure, flood routing and prediction, storm water
management and water resources and management.

SYMBOLS and ABBREVIATIONS

f(x) probability density as a function of
X
r gamma function
1
p== shape parameter for 1 parameter
X

distribution

scale parameter for 2 parameter
distribution

X 1
B,=r \= ,\ shape parameter for 2 parameter
(SX) (CV ) distribution
Sx
A scale parameter

3 VBs

for 3 parameter distribution

2
2
B, ((C_)) shape parameter for
2 3 parameter distribution

x—-2.4/B; location parameter

S, standard deviation
(O\Y coefficient of variation
x mean of the sample

Reliability of the system based
on the selected design parameter
(dimensionless)
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