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Abstr act: Rainfall is a highly variable atmospheric parameter, taking on a spatio-temporal
dimension. Ibi is located in the Sudan-Savannah vegetation zone of Nigeria and has over the
past decades experienced variability in rainfall. For this study, rainfall data for 22 years was
analyzed, the Time Series Plot gave a decreasing trend over the 22 years l.veriod, while the
Standardized Anomaly Index showed drier years from the mid to the end of the period, the
Spectrum Analysis gave a periodicity of 3 years cyclical variation, the normal distribution
curve has a mean rainfall amount of 1061mm for the 22 years period, running analysis for the
July to September rainfall equally showed much variability in the Ibi rainfall regimes. .
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Introduction and short time scale, giving insight to the
Variability in the West African rainfall differential nature of rainfall causal factors
regime has a large scale feature, possible (Nicholson, 2000). In West Africa, rainfall
effects by perturbations from climate variability is associated with the
change on this variability is a subject of hydrological cycle, this variation in time
climate observation globally (Onibon et scale is a modulation factor for seasonal
al., 2002). According to Gu and Adler changes and the attendant influence of the

(2003), average rainfall in West Africa is position of the Inter-Tropical-
concentrated between two regions i.e. Convergence-Zone (ITCZ) (Gallée et al,
around the Gulf of Guinea and the 2004). The variability of rainfall from
Latitudes; from July- September there is a years to days time scale are important
northward movement of the Africa features in climate studies, low rainfall
Easterly Jet (AEJ) contrasting the Africa amount does not in finality portray
Easterly Waves propagating in the western draught. The African continent has a long
direction (Gu and Adler, 2003). As history of rainfall variability that assumes
reported by Zhao et al. (2011), the different spatio-temporal degrees
Monsoonal system in West Africa is (Gommes and Petrassi, 1996). Seasonal
integral to the existence of the hydrological changes in Africa are evident by the
cycle; the West African Monsoon is a difference in the Pressure system, in
regulator giving rise to the wet and dry spatio-temporal modes as well as in the
seasons resulting from solar atmospheric location of the Inter-Tropical-
forcing.  Agricultural production  is Convergence-Zone (ITCZ). From July-
impacted by climatic variability especially August a low Pressure system is prevalent
on the rural population in West Africa, this lying between the Northeast trade wind
impact in effect exerts on the socio- and the Southwest Monsoon, these
economic live of the people (Sultan ef al., pressure belts are obviously separated by
2004). Rainfall is characterized by the Inter-Tropical-Convergence-Zone
fluctuations as seen from historical data (ITCZ) (Nicholson, 2000; Omogbai, 2010).

available: in Sub-Saharan Africa the mode
of variation in rainfall assumes both a long
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Causes of rainfall variability

The climate of West Africa is affected by
the Global climate system and by the
EINino-Southern Oscillations (ENSO),
North Atlantic Oscillations (NAO) and
anomalies in the Sea Surface Temperature
(SST), (Sarr, 2012; Nicholson and Grist,
2001). Climate change as induced by
anthropogenic influences caused
fluctuations in rainfall pattern; these
perturbations are major causes of draught
and flooding in Sub-Saharan Africa
thereby informing the need for research on
climate variability (Conway et al., 2008).
Belli et al. (2009) showed that the West
African Monsoon majorly gives rainfall to
the region in association with the
movement of  the  Inter-Tropical-
Convergence-Zone (ITCZ). According to
Janicot et al. (2011) the Inter-Tropical-
Convergence-Zone experiences meridional
displacement as characterized by ‘on’ and
‘off” at the outset of the rainy season
between April and June after which the
summer Monsoon ensues with a northward

movement of  the  Inter-Tropical-
Convergence-Zone. The West African
Monsoon is reportedly sensitive to

anomalies in the Sea Surface Temperature
(SST) and the EINino-Southern Oscillation
in the equatorial pacific (Bielli ef al.,
2009). The study area is within the West
Africa sub region and a part of the Sudan
Savannah vegetation zone; it has a season
of rainfall that spans seven months from
April to October. Agricultural activities are
dependent on rainfall; this implies that
much rainfall variability in any season
occurring for this area strongly imparts
agricultural activities (Ati et al., 2009).
Global rainfall has increased as a result of
changes in temperature. This upward trend
is stepped up by the light intensity reaching
the earth. Key hydrological parameters like
evaporation increase and upsurge in the
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atmospheric water vapour have correlation
to an upward change in the air temperature
(Babatolu et al., 2014). Rainfall is the main
source of water for agriculture in northern
Nigeria where subsistent farming is
prevalent (Ati et al., 2009). Obot et al.
(2010) implied that having a good
understanding of rainfall and the pattern of
change is of great benefit to farmers. In
northern Nigeria, rainfall varies in both a
cyclical mode with an asymmetric feature
characterizing the trend, these periodicities
are of the order of 3 to 5 years, 10 to 20
years and 30 to 40 years in time from
different stations studied (Ekpoh and Nsa,
2011).

Materials and Methods

Ibi is a Local Government Area in
Taraba State of Nigeria located between
latitude 7°55’N to 8°43’N and longitude
9°25°F to 10°25E of the prime meridian.

The rainfall data used for this study
was obtained from the  Nigeria
Meteorological Agency (NIMET) Jalingo
office; it contains 22 years rainfall data.

The  statistical —methods  for
assessing rainfall variability used were the
standard deviation, coefficient of variation,
moving average, the standardized rainfall
anomaly index, Gaussian distribution and
the Periodogram.
The Gaussian Probability Function used is
as follows.

=
f(x) o av'"frre 202

Where p is the mean or expectation of the
probability function, while ¢ is the
standard deviation (Wilks, 2006).

A Periodogram is a graphical data analysis
technique for examining frequency-domain
models of an equi-spaced time series; it is
a Fourier transform of the autocovariance
function. The periodogram (spectrum) for
a time series x; is

A -1 2 n-1 2
S :;{(Z xrcus(erftA)) + (Z x,sin(znfm)) ]

t=—1
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Where f is the frequency, n is the number
of the observation in the time series,

Ais (n+1)/2 for n odd and (n + 2)/2
for n even.

The dominant frequency in this mode] is
given by the peak for the periodogram.

Results and Discussion
From the analysis carried out on the Ibi
rainfall data the following are the results
obtained; Table 1 is a summary statistics
| for Ibi rainfall variability covering the
period under study. Figure 1 is the annual
rainfall chart from 1991 to 2012; it is
characterized by a decreasing trend with
the maximum rainfall occurring during the
2009 season while the 2003 season
experienced the lowest rainfall. Figure 2 is
the standardized anomaly index for Ibi
rainfall from 1991 to 2012; this confirms
the decreasing trend shown in Figure 1, as
a departure from the long term mean it
clearly projects a bimodal characteristic of
alternating wet and dry years demonstrated
by the annual rainfall standardized
anomalies studied by Nicholson and Grist
- (2011). It had more dry years from the mid
of the study period to the end of it. Figure
"3 is the spectrum chart characterizing the
periodic change in Ibi rainfall, the
periodicity is of 3 years cycle, the normal
distribution curve for the entire period is
shown in Figure 4 which gives a mean
rainfall amount of 1061mm. Figure 5 is the

Table 1: Summary statistics showing key rainfall parameters measured
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July rainfall for the 22 years data, it has an
increasing trend, with year 2012 recording
the highest rainfall amount while the year
2011 recorded the lowest amount of
rainfall for July. Figure 6 is the August
rainfall showing a decreasing trend with
the year 2010 recording the highest amount
of rainfall with the lowest occurring in the
year 2003. The September rainfall is as
given by Figure 7, it is characterized by an
increasing trend, and the year 2001
recorded the maximum rainfall while the
minimum rainfall occurred in the year
2003. The spectrum chart for July rainfall
is given by Figure 8. It has a periodicity of
the order of 3.7 years cycle, for July
rainfall Figure 9 shows the normal
distribution curve, the mean rainfall
distribution is 183.41mm, the spectrum of
Ibi August rainfall is shown in Figure 10. It
has a periodicity of 2.8 years cyclical
variation. Figure 11, is the normal
distribution curve for Ibi August rainfall
with a mean amount of 196.52mm. Figure
12, is the spectral chart of Ibi September
rainfall with a periodicity of 4.4 years
cyclical variation while Figure 13 is the
normal distribution curve for September
Ibi rainfall with a mean spread of
210.7mm. In contrast the Figures 1 and 2
had dryness in most part of the years
considered, as the initial period had wetter
years falling above the long term mean as
obtained in Yelwa (Ati, et al., 2009)

Parameter Result Parameter Result
Mean 1061.4 Median 1006.5
Minimum 718.50 Maximum 1530.1
Standard deviation 207.55 (3878 0.19554
Skewness 0.53707 Ex. kurtosis -0.56627
5% percentile 735.83 95% percentile 1504.3
Interquartile range 319.40 Missing obs. 0
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Figure 1: Annual rainfall of Ibi
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Figure 2: Standardized rainfall anomaly of Ibi
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Figure 3: Spectrum of Ibi rainfall
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Figure 4: Normal distribution curve of Ibi
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Figure 5: Ibi July rainfall
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Figure 6: Ibi August rainfall
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Figure 8: Ibi July Rainfall spectrum
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Figure 10: Ibi August rainfall spectrum
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Figure 13: Normal distribution curve for September Ibi rainfall

Conclusion

In this study, it is obvious from the annual
rainfall chart that the 22 years period is
characterized by a decreasing trend and the
standardized anomaly index for the same
period confirms this trend. For this same
period, it is established that the occurrence
of rainfall in this area takes a short range,
i.e. the periodicity of rainfall in Ibi is of 3
years cycle with a mean rainfall amount of
1061mm.

Recommendation

It is recommended that, in order to better
understand the underlying critical factors
affecting the variability of rainfall in Ibi, a
regional model should be developed
incorporating  other  elements  like
temperature, pressure, atmospheric forcing
and relative humidity to enhance our
knowledge of how this variables change
and evolve in time to aid in planning for
future short time purposes.
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