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Abstract

The precipitation concentration index (PCl) of Owerri and Enugu for 1974 to 2011 was
computed to characterise the rainfall distribution for both locations. The PCl was estimated
on an annual and seasonal scale. The seasonal estimation was based on the categorisation of
the seasons in eastern Nigeria into long wet season, short wet season, short dry season and
dry season. The results of the PCl computed for Owerri showed that 87% of the years for
which annual PCl was computed fell within the moderate concentration category range,
while for Enugu 71% of the years fell within the moderate concentration category. For the
long wet season for the study period, 74% and 66% of the years fell within the uniform
precipitation concentration category at Owerri and Enugu, respectively, while 13% of the
years at Owerri, and 16% of the years at Enugu fell within the moderate precipitation
category. The varying degrees of precipitation concentration as indicated by the study
implies that effective management of water resources and agriculture, and the control of
erosion in the study locations might be more difficult to achieve under the prevailing climatic
conditions.
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Introduction Similarly, information derived through
The characteristics and variability of a good understanding of the spatial and
rainfall received within an environment has temporal characteristics of rainfall is also
a strong influence on a number of natural very important for agricultural planning,
processes such as groundwater recharge flood frequency analysis, hydrological
and water availability, modification of the modelling, water resources assessments,
fluvial regime, and the likelihood and assessing and understanding climate change
severity of soil erosion. Furthermore, the impacts and other environmental
spatial and temporal variability of rainfall assessments (Michaelides et al., 2009 as
represent an important component of cited in Ngongondo et al., 2011).
gaining knowledge of the water balance In eastern Nigeria, rainfall is seasonal
dynamics on different scales for water and varies considerably from year to year.
resources management and planning (De- These variations have been held partly
Luis et al., 2011; Ezemonye and Emeribe, responsible for land degradation and loss of
2011). biodiversity in the area (Ogbuene, 2010).

Within this climatic zone, highest daily
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rainfalls  occur between July and
September, with a dry spell or the short dry
season interrupting the rains in the month
of August. It has however been observed
that the August break has not been
consistent in recent years (Okonkwo and
Mbajiorgu, 2010).

Among the different methodologies of
analysing the temporal and spatial
distribution of rainfall, Precipitation
Concentration Index [PCI], (Oliver, 1980),
has been utilised by several authors to
characterise rainfall variability. Ngongondo
et al., (2011), analysed the rainfall
distribution for the period 1960 to 2007 for
various locations across Malawi using the
PCI. The results of the study indicated that
most of the locations had high to very high
concentration of rainfall.

Nsubuga et al. (2013), analysed the
seasonal and annual distribution of rainfall
in 7 seven major drainage sub-basins in
Uganda for the period 1940 to 2009. The
results of the study indicated that for the
seasonal distribution of rainfall, the 2 major
sub-basins in the northern part of the
country had uniform to moderate seasonal
distribution while the other sub-basins had
uniform seasonal rainfall. For the annual
distribution, all the sub-basins had uniform
concentration of rainfall.  Similarly,
Nsubuga et al. (2014), utilised the PCI to
assess the heterogeneity of monthly
rainfalls in South-western Uganda for the
period 1943 to 1997. The results of the
study showed that the area is characterised
by moderate to seasonal rainfall
distribution. The study also showed that
locations with higher mean rainfall had
relatively lower rainfall concentrations,
while areas with lower mean rainfall had
relatively higher rainfall distribution.

Ndamani and Watanabe (2014),
analysed the variability of rainfall in the
Lawra District of Ghana for the period
1980 to 2008 using the PCIL. The results
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revealed that seasonal rainfall distribution
was moderate, while annual rainfall was
irregular.

Kumbuyo et al. (2014), studied the
distribution of rainfall in different parts of
Malawi for the period 1980 to 2011. The
results of the annual PCI for the study
locations revealed rainfall distribution
patterns that varied from seasonal to
moderate and highly seasonal. PCI values
computed using mean monthly rainfalls
varied between seasonal and highly
seasonal.

In recognition of the importance of
rainfall and its role in the sustenance of
agricultural production, water supply and
other socio-economic activities in Eastern
Nigeria. This study assesses the
concentration and variability of rainfall in
Owerri and Enugu between 1974 and 2011
using the Precipitation Concentration Index
(Oliver, 1980).

Study Area

Owerri and Enugu (Figure 1) are
located in eastern Nigeria, Latitude 06°° 26
54” and Longitude 07° 30" 00” and
Latitude 05° 29" 00" and Longitude 07° 02’
157, respectively. The seasonal distribution
of rainfall in Eastern Nigeria is controlled
by the interaction of the Tropical
Continental air mass, the Tropical Maritime
air mass and the Equatorial Easterlies. The
interaction and arrangements of these three
air masses within the region is responsible
for the convectional, orographic and frontal
rainfall types, which are predominant
within the region. The rainfall pattern
which is controlled by the movement of the
Inter-tropical Convergence Zone (ITCZ) is
characterised by a long wet season from
April to July, with a short dry season in
August, followed by a short wet season
from September to October (Momanu,
1975). According to Ofomata (1975a), the
short duration, high intensity rains that
often occurs at the onset and retreat of the
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rainy season, are of great significance for
soil erosion within the east.

Rainfall in Enugu is convectional in
nature, and often occurs in quick alternate
succession between sunny and dry
conditions. The rainfall often occurs as
violent downpours, which may be
accompanied by thunderstorms, heavy
flooding, soil leaching, erosion, gullying
and groundwater recharge (Egboka, 1985).
In Owerri, the peak rainfall occurs within
the months of June, July, September or
October, while the months of December to
February are characterised by low rainfall.

Five major soil classes are recognised
within  eastern  Nigeria based on
morphology, degree of profile
development, mineral properties of the
underlying rocks, and the slope of the
terrain. These are the lithosols, young soils
derived from recently deposited materials,
ferruginous tropical soils, ferrallitic soils
and hydromorphic soils (Ofomata, 1975b).
According to Hudec et al. (2006), the
textural properties of the surficial soil and
the horizontal to gently inclined bedrock of
eastern Nigeria make them highly
vulnerable to erosion.

Methodology

Monthly rainfall data for the period
1974-2011 for Owerri and Enugu was
obtained from the Nigerian Meteorological
Agency  (Nimet), Lagos. Statistical
descriptions of rainfall characteristics for
the two locations were carried out using a
number of measures. These include the
mean, standard deviation, coefficient of
variation, skewness and kurtosis.
Skewness and kurtosis were used to test for
the normality in the rainfall series, while
coefficient of variation was used to identify
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the extent of rainfall variability and level of
reliability. Values between 0 and 15% were
categorised as little variability, while values
between 16 and 35%, and greater than 36%
were categorised as moderate and high
variability respectively. The rainfall data
was also used to analyse the temporal
distribution and concentration of rainfall at
the study locations based on the
Precipitation Concentration Index (PCI).

The PCI was estimated on an annual
and seasonal scale, based on the division of
the seasons into four categories as shown in
Table 1. The number 100 in the formula for
the annual PCI (Equation 1) represents 12
months of the year signifying 100%. The
numbers 33, 17 and 42 in Equations 2 to 4
represent the number of months in each
season as a percentage of 12 months of the
year. The PCI for the short dry season
(August) was not computed because the
square of monthly precipitation and the
total monthly precipitation was the same
and their division equals one.

According to Oliver (1980), PCI values
of less than 10 represent a uniform
precipitation distribution or low
precipitation concentration, values between
11 and 15 represent a moderate
precipitation concentration or moderate
precipitation distribution. Values between
16 and 20 represent irregular distribution of
rainfall, while values above 20 represent a

strong  irregularity of  precipitation
distribution ~ or  high  precipitation
concentration. The Precipitation

Concentration Index for the annual, long
wet season (LWS), short wet season (SWS)
and the dry season (DS) was computed
according to equations 1, 2, 3 and 4,
respectively.
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Results and Discussion
Statistical Characteristics of Rainfall

The results of the long term rainfall
statistics for Owerri and Enugu are
presented in Table 2. Long term minimum
values of rainfall for annual, long wet
season, short dry season, short wet season
and dry season for Owerri was 1465.8mm,
508.9mm, 33mm, 283mm and 81.lmm
respectively. For Enugu, the values were
1220.9mm, 571.5mm, 92.2mm, 307.9mm
and 3.2mm respectively. Maximum rainfall
values for annual, long wet season, short
dry season, short wet season and dry season
was 3005.7mm, 1359.4mm, 641mm,
955.5mm and 499.Imm for Owerri while
the values for Enugu was 2113.1mm,
1285.1mm, 462.6mm, 816.Imm and
208.3mm. Average rainfall for annual, long
wet season, short dry season, short wet
season and dry season for Owerri was
2316.4mm, 947.7mm, 347.7mm, 645.6mm
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and 220.6mm respectively while for Enugu
the values were 1713.0mm, 882.5mm,
240.9mm, 517mm and 93.6mm
respectively.

Tests for the assumption of normality of
rainfall series based on skewness and

kurtosis tests showed that rainfall
distribution for most of the seasons does
not depart too extremely from normal

distribution. The only exception was the
distribution of dry season rainfall at
Owerri.

At Owerri, the annual rainfall series
exhibited a negatively skewed, leptokurtic
distribution. A leptokurtic distribution is
described as one with positive excess
kurtosis, whose shape has a more acute
peak around the mean. This signifies a
lower probability than a normally
distributed variable of values near the mean
(Machiwal and Jha, 2012). The long wet
season rainfall showed a negatively skewed
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platykurtic  distribution. A platykurtic
kurtosis has a negative excess kurtosis.
Shape-wise, a platykurtic distribution has a
lower wider peak around the mean,
signifying a lower probability than
normally distributed variable of extreme
values (Machiwal and Jha, 2012). The short
wet season showed a positively skewed
platykurtic distribution while the long wet
season and the dry season both exhibited a
positively skewed leptokurtic distribution.
At Enugu, rainfall distribution for all
the seasons does not deviate too extremely
from the normal distribution. Rainfall
distribution for the annual, long wet season,
short dry season and dry season, were all
positively skewed and platykurtic, while
rainfall for the short wet season exhibited
positively skewed, leptokurtic distribution.
Coefficient of variation for the study
period at Owerri varied between 14.6%
(long term annual rainfall) and 36.4%
(short wet season). For Enugu, the values
ranged between 13.5% (long term annual
rainfall) and 57.2% (dry season). The
values for the long term annual rainfall
does not differ too significantly from
values obtained in previous studies which
showed a value of 12.58% for Owerri for
the period 1981 to 2008 ( Igweze et al.,
2014), and 9% for Enugu for the period
1970 to 2000 (Odekunle et al., 2007).
Based on earlier stated categorisation, long
term annual rainfall at Owerri and Enugu
showed little variability, and by implication
higher reliability. According to Olaniran
(2002), factors responsible for long term
rainfall variability in Nigeria include the
Inter-Tropical Discontinuity mechanism,
the Tropical Esterly Jet, sea surface
temperature  anomaly,  biogeophysical
feedback mechanism, El Nino Southern
Oscillation and other teleconnections.
Values for the long wet season and short
dry season indicated moderate variability,
while rainfall occurrence for the dry season
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showed high level of variability and by
implication low reliability.

On a decadal basis, annual rainfall
variability at Owerri for the three decades
(1980-1989, 1990-1999, 2000-2009) were
all within the low variability range of 0-
15%. At Enugu, the situation differs.
Annual variability for 1980-1989, and
2000-2009 were within the low variability
or high reliability range, while annual
rainfall for 1990s exhibited moderate
variability. For the long wet season at
Owerri, rainfall received between 1980 and
1989, and between 2000 to 2009 showed
little variation, while the rains received
between 1990 and 1999 showed moderate
variability. At Enugu, the same pattern of
variability was similarly exhibited for the
three decades.

For the short dry season, both locations
showed a high level of variability for the
three decades. For the dry season at Owerri,
a high level of variability was exhibited by
the rains received between 1980 and 1989,
while moderate variation was shown by the
rains received between 1990 and 1999, and
between 2000 and 2009. At Enugu, the
rains received during the dry season
remained highly variable for the three
decades.

The short dry season for the three
decades at Owerri showed moderate level
of variability. At Enugu, moderate level of
variability was exhibited in 1980s and
1990s, while low level of variability was
shown between 2000 and 2009.
Precipitation Concentration Index

The results of the PCI for Owerri
showed that 87% of the years for which the
annual PCI was estimated fell within the
moderate precipitation concentration range,
while 13% fell within the irregular
precipitation distribution range. The annual
distribution of rainfall plays a pivotal role
in the determination of vegetation
distribution and the sensitivity of the soils
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in the environment to the process of
erosion. Years which experienced irregular
distribution of rainfall is a pointer to the
fact that a greater proportion of the annual
rainfall was received during the months of
the rainy season. According to Nsubuga
(2013), higher PCI values are an indication
that rainfall is more concentrated or
confined to a few rainy months during the
year. The results of the PCI for the long wet
season for the study period also shows that
rainfall during the long wet season was
mostly uniformly distributed as 74% of the
38-year data period showed PCI values less
than 10, while 26% of the period under
study exhibited moderate  seasonal
distribution

For the short wet season, rainfall was
generally uniformly distributed, with 87%
of the estimated PCI being within the
uniform precipitation distribution category
and 13% being within the moderate
precipitation concentration category. For
the dry season, rainfall was mostly strongly
irregular, with 68.42% having PCI values
above 20, while 26.3% and 5.26% of the
period exhibited irregular and moderate
distribution of rainfall.

On a decadal basis, the annual PCI for
Owerri for 1980-1989, 1990-1999, and
2000-2009 decades mostly fell within the
moderate  concentration  precipitation
category, while for the long wet season
and the short wet season, rainfall was
generally uniformly distributed for all the
decades. For the dry season, the PCI for the
three decades were mainly in the strongly
irregular distribution category. Figures 2 to
5 show the annual, long wet season, short
wet season and dry season PCI estimation
of Owerri from 1974-2011, while Table 3
presents the decadal summary for the same
time period.

For Enugu, the annual PCI values
showed that rainfall was predominantly
moderately distributed, with 71% of the
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annual rainfall for the 38-year period
having values ranging between 11 and 15.
Furthermore, 26% of the annual PCI values
denoted irregular distribution of rainfall,

while strong irregularity of rainfall
distribution occurred in 3% of the study
period.

For the long wet season, 34% of the
rainfall distribution of the study period was
within  the  moderate  precipitation
concentration category, while 66% of the
rainfall distribution fell within the uniform
precipitation distribution category. For the
short wet season, 84% of the study period
fell within the uniform rainfall distribution
category, while 16% was within the
moderate rainfall distribution category. For
the dry season, the rainfall was generally
irregular  with 95% of the rainfall
distribution exhibiting strong irregularity
and 5% exhibiting irregular distribution.

For the decades spanning 1980-1989,
1990-1999, and 2000-2009, the annual PCI
for Enugu was mainly within the moderate
precipitation concentration category, while
the PCI for the long wet season fell mainly
within uniform precipitation distribution
category. For the short wet season the
uniform precipitation distribution category
was predominant, while for the three
decades rainfall was strongly irregular.
Figures 6 to 9 present the annual, long wet
season, short wet season and dry season
PCI estimation of Enugu from 1974-2011,
while Table 4 presents the decadal
summary of the computed PCI for the same
time period.

Evidence in this study shows that
rainfall at Owerri and Enugu occurs under
concentrated conditions. Similar studies in
other parts of Africa such as Malawi,
(Kumbuyo et al, 2014), Uganda, (Nsubuga,
et al ., 2013; Nsubuga et al 2014), and
Ghana (Ndamani and Watanabe, 2014) all
point to the fact that varying degrees of
precipitation concentration and seasonality
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characterise the distribution of rainfall in
Africa.

Taking  into  consideration  the
conditions of precipitation concentration
under which the study locations exists,
effective management of water resources,
agricultural planning and erosion control
can only be achieved by taking cognizance
of the relative distribution of rainfall
patterns in the area. According to UNESCO
(2007), water management, irrigation
control, water erosion prevention, and non-
irrigated agriculture becomes more difficult
under  conditions of  precipitation
concentration.

Conclusion

Precipitation Concentration Index is an
index or descriptor of rainfall variability
which in essence means that the index can
provide information on water availability
within an environment. In South-eastern
Nigeria where the water resources are
highly dependent on rainfall, an
understanding of the spatio-temporal
variabilities of rainfall is required to have a
better knowledge of the water balance
dynamics for water resources planning and
management, as well as the mitigation of
rainfall related environmental hazards such
as flooding and erosion.
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Figure 4: PCI for the Short Wet Season at Owerri (1974-2011)
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Figure 5: PCI for the Dry Season at Owerri (1974-2011)
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Figure 6: Annual PCI for Enugu at (1974-2011)
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Figure 7: PCI for the Long Wet Season at Enugu (1974-2011)
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Figure 8: PCI for the Short Wet Season at Enugu (1974-2011)
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Figure 9: PCI for the Dry Season at Enugu (1974-2011)
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Table 1: Seasons of the Year and their Percentage as a Function of a Year

Season Months Number of Months as a % of 12 Months
Long Wet Season April-July (4 Months) 33%
Short Dry Season August (1 Month) 8%
Short Wet Season September-October (2 Months) 17%
Dry Season November-March (5 Months) 42%

Table 2: Descriptive Statistics of the of Long Term Rainfall for the Seasons

Owerri
Statistic Long Term Long Wet Season Short Dry Short Wet  Dry Season
Annual Season Season
Min (mm) 1465.8 508.9 33.0 283.0 81.1
Max (mm) 3005.7 13594 641.0 955.5 499.1
Mean (mm) 2316.4 947.7 347.7 645.6 220.6
Std Deviation 338.0 209.0 126.6 163.0 78.0
Skewness -0.579 -0.167 0.128 0.018 1.071
Std Error 0.383 0.383 0.383 0.383 0.383
Kurtosis 0.250 -0.614 0.180 -0.416 2.980
Std Error 0.750 0.750 0.750 0.750 0.750
CV (Long 14.6 22.1 36.4 25.2 354
Term) (%)
CV (1980- 12.3 13.5 46.7 25.2 47.0
1989) (%)
CV (1990- 15.0 23.8 36.1 30.8 33.8
1999) (%)
CV (2000- 12.8 21.0 38.0 20.3 29.6
2009)
(%)
Enugu
Long Term Long Wet Short Dry Season Short Wet Dry Season
Annual Season Season
Min (mm) 1220.9 571.5 92.2 307.9 32
Max (mm) 2113.1 1285.1 462.6 816.1 208.3
Mean (mm) 1713.0 822.5 240.9 517.0 93.6
Std Deviation 231.5 170.9 103.1 119.5 53.6
Skewness 0.123 0.581 0.357 0.453 0.568
Std Error 0.383 0.383 0.383 0.383 0.383
Kurtosis -0.537 -0.421 -0.790 0.079 -0.548
Std Error 0.750 0.750 0.750 0.750 0.750
CV (Long 13.5 194 42.8 23.1 57.2
Term) (%)
CV (1980- 14.8 10.5 48.6 30.3 62.2
1989) (%)
CV (1990- 16.2 18.4 47.5 21.7 46.9
1999) (%)
CV (2000- 8.6 13.3 36.6 11.7 45.4
2009) (%)
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Table 3: Decadal Summary of PCI for Owerri (1974-2011)

Decade Annual PCI LWS PCI SWS PCI DS PCI
1980-1989 MO - 90% MO - 10% M - 10% SI-70%
IR - 10% U -90% U -90% IR - 30%
1990-1999 MO - 80% MO- 30% M - 10% SI1-60%
IR - 20% U-70% U -90% IR - 30%
MO - 10%
2000-2009 MO -100% MO - 30% MO - 30% SI1-70%
U -70% U-70% IR - 20%
M -10%

*MO represents moderate precipitation concentration, U represents uniform precipitation
concentration, IR represents irregular rainfall distribution, SI represents strong irregularity

Table 4: Decadal Summary of PCI for Enugu (1974-2011)

Decade Annual PCI LWS PCI SWS PCI DS PCI

1980-1989 MO - 60% MO - 40% M - 20% SI- 100%
IR - 30% U -60% U -80%
SR - 10%

1990-1999 MO - 80% MO- 10% M - 10% SI-100%
IR - 20% U -90% U-90%

2000-2009 MO -80% MO - 10% MO - 10% SR - 100%
IR - 20% U -90% U -90%

*MO represents moderate precipitation concentration, U represents uniform precipitation
concentration, IR represents irregular rainfall distribution, SI represents strong irregularity

422



