
 

 

 

 
Vol. 10(7), pp. 186-196, July, 2017 

DOI: 10.5897/JGRP2016.0603 

Article Number: 057FE3964815 

ISSN 2070-1845 

Copyright © 2017 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/JGRP 

Journal of Geography and Regional Planning 

 
 
 
 

Full Length Research Paper 
 

Analysis of trends in rainfall and water balance 
characteristics of Awka, Nigeria 

 

Chukwudi P. Nzoiwu*, Emma E. Ezenwaji, Ifeanyi C. Enete and Nwabueze I. Igu 
 

Department of Geography and Meteorology, Nnamdi Azikiwe University, Awka, Anambra State, Nigeria. 
 

Received 15 October, 2016; Accepted 30 November, 2016 
 

This paper analyses the trend in rainfall and water balance characteristics of Awka, Nigeria using the 
monthly rainfall data retrieved from the archives of the Nigeria Meteorological Agency in Lagos from 
1976 to 2015. The tools employed for the study are linear regression analysis, cumulative sum 
(CUSUM) technique, Walter’s cumulative index analysis and Thornthwaite’s method. Rainfall was 
observed to have declined and generally below the climatological mean in the first decade, while 
from1988 to early 2000s, rainfall has maintained a steady rise. The length of rainy season has shown 
significant number of variations, but has recorded a general increase. The rainfall onset and cessation 
periods were predominantly March/April and October, respectively though significant changes in onset 
periods has been evident in the last 10 years with 6 out of the 10 having onset occurring in February. 
This study observed a reduction by one month in the periods of soil moisture utilization and increase 
by the same amount in the periods of soil moisture recharge. As a consequence, amount of water 
surplus has increased.  However, this study provides explanation on the current state of rainfall in 
relation to climatic water budgeting for Awka and as such important for agricultural and water 
resource planning. 
 
Key words: Cumulative sum technique, water balance components, Walter’s cumulative index analysis, 
Thornthwaite’s method. 

 
 

INTRODUCTION 
 
Precipitation, in all its forms, is an important element of 
the physical environment and as such constitutes one of 
the most valuable sources of water, a strategic resource 
for human survival and social development. It is the most 
important hydrological input parameter and hydro climatic 
factor affecting man and his productivity (Bardossy, 2001; 
Ojo, 1990). Rainfall is one of the major factors affecting 
food security especially in countries largely or highly 
dependent on rain-fed agriculture, given that,  in  addition 

to evaporation rate and soil characteristics, it controls the 
state of soil moisture. The role of moisture in agricultural 
production is even more important in the tropics, 
especially Nigeria, where rainfall is highly seasonal over 
most parts and varies from year to year, while the 
growing season is determined by the availability of rain to 
meet crop water requirements (Ayoade, 2008). 
Consequently, IPCC (2007), in its synthesis report: 
summary for policy  makers,  projected  that  by  2020,  in  
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some countries, yields from rain-fed agriculture could be 
reduced by up to 50%, while agricultural production 
including access to food, in many African countries is 
projected to be severely compromised. 

Among the hydrological aspects of precipitation 
studies, as outlined in Ayode (1988), are studies relating 
to variations in precipitation distribution in both space and 
time and analysis of precipitation data for hydrological 
purposes such as determination of run-off, groundwater 
recharge, soil moisture, flood forecasting and prediction. 
Precipitation is both spatially and temporally very variable 
while such characteristic has its attendant consequences. 
Ojo (1990) acknowledged that recent variabilities in 
precipitation have led to considerable shortages in water 
supply and a lot of hardships for urban population, while 
Bardossy (2001) is of the view that intense local 
precipitation, prolonged and spatially distinct rainfall 
events have provoked floods both in small/medium 
catchments and large rivers. In a more recent study, 
Ezenwaji et al. (2013) observed that climatic elements 
(temperature and rainfall) were the greatest contributors 
of flooding in Awka town, Nigeria during the period 2000 
to 2009. Similarly, relative to the largely homogenous 
changes expected in temperature, precipitation trends 
and changes with climate reflect a more regional nature 
as Blake et al. (2011) noted that over the past century, 
the most rapid rate of precipitation increase has occurred 
in Sao Paulo, Brazil (+29 mm per decade) and the largest 
decrease has occurred in Harare, Zimbabwe (-21 mm per 
decade). 

Thus, recent climatic variability, and most particularly 
rainfall variations are becoming increasingly of concern to 
researchers, institutions and governments. To predict 
future developments, past statistical trends can be 
considered along with physically-based climate model 
projections (Bardossy, 2001). Some studies based on 
statistical examination (Odjugo, 2010) and climate model 
projections (Abiodun et al., 2011) have shown that 
changes in precipitation behaviour is already evident in 
Nigeria. In addition, other scientific interests in Nigeria 
range from studies examining rainfall anomalies 
(Olaniran, 1991, 2002), to works analyzing rainfall trends 
and periodicities (Obot et al., 2011; Adefolalu, 1986; 
Ayoade, 1973; Ojo, 1990; Ezenwaji et al., 2014), to 
studies on rainy days (Olaniran, 1990; Omagbai, 2010a; 
Olaniran, 1984, 1987), seasonality (Adejuwon, 2012; 
Adefolalu, 1983; Adejuwon, 1990; Omagbai, 2010b), 
Onset, periodicities and reliability (Ilesanmi, 1972; 
Ayoade, 1974, 1975) and the trend of precipitation and 
annual water balance (Ojo, 1990). 

However, examination of precipitation characteristics 
and trends is of great importance. It is known that 
possible changes in precipitation behaviour can have 
huge effect on the entire water balance characteristics of 
a region. Yet, there are few studies on the recent trends 
and climatic water budgeting in Nigeria, while none of 
such studies is in existence for the Awka region under 
consideration in this study. Thus, the aim of this  study  is  
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to examine the result of the water balance computation in 
relation to current trends of precipitation and aspects of 
the problems such as flooding, water supply, erosion, 
etc., highlighted by some studies in the study area. Thus, 
this study intends to contribute to the growing 
understanding of rainfall characteristics and variability in 
Nigeria. 
 
 

Study area 
 

Awka is located in the eastern part of Anambra State, 
South-Eastern Nigeria (Figure 1). It is bounded by 
latitudes 6°

 
10

1
Nand 6°

 
17

1
N and longitudes 7° 2.4

1
E and 

7°
 
7.2

1
E. The topography is characterized by rugged 

relief and it lies completely on the Awka-Orlu upland 
(Ezenwaji et al., 2013). The climate of Awka is the 
tropical wet and dry type according to Koppen’s 
classification system. The seasonal distribution of rainfall 
is controlled by the movement of the intertropical 
discontinuity air masses (ITD).  

The rainfall pattern, which is controlled by the 
movement of the ITD, is characterized by a dry season, 
November to March, with dry continental North-East 
winds dominating during this period and a long wet 
season which occurs normally from April to October and 
dominated by the moist maritime south-west winds. In 
recent times, the onset and cessation periods of the rain 
in the study area has been observed to vary over time. 
The mean annual rainfall is about 1900.5 mm. The mean 
minimum and maximum temperatures are 23.5 and 
32.1°C, respectively. 
 
 
METHODOLOGY 
 

Data collection 
 

Monthly rainfall dataset for this study was obtained from the Archive 
of the Nigerian Meteorological Agency (NIMET), Lagos, Nigeria for 
the study area. It covers a period of 40 years (1976 to 2015). The 
data was used to evaluate the temporal variations in precipitation 
characteristics of Awka and to determine other precipitation 
characteristics. The monthly values of rainfall for each year were 
summed for the 40 year period to generate annual rainfall values 
for the study area. 
 

 
Data analysis 

 
The temporal variation in the annual rainfall values at the study 
area was investigated. Trend in the time series was determined 
using linear regression. Having revealed so many fluctuations that 
the general trend of the individual variable may not be easily 
determined, a smoothening function was applied to the data. Thus, 
trend analytical technique and regression analysis were used to 
analyze the data. 

For rainfall variabilities within the study area, mean deviation and 
standard deviation were calculated. In order to further explore 
charges in rainfall with time, mean annual rainfall was calculated at 
decadal intervals, that is, 1976 to 1985, 1986 to 1995, 1996 to 2005 
and lastly, 2006 to 2015.  

The cumulative sum technique (CUSUM, 1975), a  variant  of  the 
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Figure 1. Map of Awka urban area. 

 
 
 
residual mass technique, was used to examine the temporal 
sequence of rainfall. This technique has been proved to be a 
valuable tool in detecting intermediate-term changes in the mean 
value of a sequence of regularly spaced observations (Crapper et 
al., 1996). The cumulative sum si can be defined as: 
 

 
 

where xi is the regularly spaced observation. 
It can be used to detect intermediate changes in the mean 

values. The ordinate values are not relevant, it is the slope that is 
important (Crapper et al., 1996). 

Attempt was made to determine the onset, duration and 
cessation of the rainy season in the study area for the period under 
investigation. This was based on  method  of  Walter  (1967)  where 

onset of rains in Nigeria is defined in terms of the time of receiving 
an accumulated amount of rainfall in excess of 51 mm. The actual 
date of onset of rain is computed using the formula: 

 
Days in the month × (51 - Accumulated rainfall in previous month) / 
(Total for the month)  

 
The cessation is the date after which no more than 51 mm of rain is 
expected. The formula is applied in reverse order by accumulating 
total rainfall backwards from December to obtain the actual date of 
cessation. The duration between onset and cessation of rains 
represent the number of rainy days or length of rainy season. The 
method described in Walter (1967) is an effective method for 
determining effective rainfall by growing season in the tropics. This 
method has been applied by Adejuwon (2012) to study seasonality 
in the Niger Delta belt of Nigeria. The rainfall threshold value is 
defined thus: a day in which the rainfall amount is accumulated to51 
mm is regarded as  a  rainy  day  and  designated  onset,  while  the  
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Figure 2. Rainfall distribution in Awka between 1976 and 2015. 
 
 
 

cessation of rains is the date after which less that 51 mm of rain is 
expected. This amount ensures sufficient moisture in the soil to 
maintain crop growth and gives a reasonable guarantee that 
planting would be successful if started two weeks later (Adejuwon, 
2012). The onset, cessation and duration of rainfall was calculated 
for Awka using the Cumulative Index Analysis  (Adejuwon, 2012) of 
Walter (1967).  

In addition, correlation analysis was performed to determine 
possible relationship between the number of rain days in a year and 
annual rainfall for that year. 

Water budget computation was done for Awka in order to 
estimate values of evaporation (AE), water deficit (WD) and water 
surplus values (WS). This was done for the specified decades 
earlier. The model used is based on Thornthwaite and Mather 
(1957) which has also been used by Ayode (1973) to compute 
water balance for Jos and Calabar, Nigeria. If the appropriate 
monthly values of these parameters are plotted as indicated in 
Figure 2, we can determine as outlined in Ayoade (2008) the 
following: 
 
(1) The period of moisture utilisation which is the period when AE > 
P. 
(2) The period of water deficit which is the period when PE > AE. 
(3) Period of soil moisture recharge which is the period when P > 
PE but the soil is not yet at field capacity. 
(4) Period of water surplus which is the period when P > PE and 
soil is at field capacity. 
 
Soil moisture holding capacity of 250 mm was adopted for Awka 
based on Thornthwaite and Mather (1957) in Ayode (2008). The 
potential evaporation (PE) was estimated using the formula by 
Thornthwaite and Mather (1957), while the relative amounts of 
water surplus were estimated at decadal intervals based on the 
same method. 
 
 
RESULTS  
 
The average annual rainfall for the 40 year data is 1900.2 
mm and the standard deviation is 269.8 mm, giving a 
coefficient of variation of 14.2%. The trend characteristics  

of rainfall achieved is as shown in Figure 2.  
The high irregular nature of the plot shown in Figure 2 

demanded the application of a smoothening function 
which is the moving average. The plot of a 5 year moving 
average of rainfall is as shown in Figure 3. While the 
trend is not statistically significant with a coefficient of 
0.125 at 0.05 level of confidence , it is evident that the 
direction of rainfall is positive and the rate of this trend is 
indicated by an annual rate shown by the slope of the 
regression coefficient (b = 2.925). The trend plot of 
rainfall shows that at the start of the studied period (1976 
to 2015), rainfall decline was recorded within first few 
years of the first decade (1976-1985) and was generally 
below the climatological mean rainfall (1900 mm) up until 
1987 after which increasing rainfall was noticed for Awka. 
However, rainfall was found to be more pronounced 
between 1988 and 2000, a period that could be ascribed 
as wetter than any other within the studied period. A 
graph of rainfall anomaly (Figure 4) was also shown to 
give a clearer picture on rainfall condition in Awka. The 
rainfall anomalies relative to 1976 to 2015 normal provide 
evidence to the 1988 to 2000 wet period and to a more 
recent increase in the rainfall trend, which was more from 
2004. Between 1976 -1987, rainfall was below the 1976 
to 2015 normal, while from 1988 to 2013, the years with 
rainfall values above normal are more; 21 out of the 40 
years were below normal but only 19 years (47.5%) out 
of the 40 years were above the normal.  

The maximum and minimum rainfall for the 40 years 
period were recorded in 1993 and 1983, respectively 
(Figure 4). The 40 years mean monthly rainfall distribution 
(Figure 5) shows that the monthly rainfall characteristics 
is bi-modal with the first peak occuring in July followed by 
the second peak recorded in September. 

The CUSUM distribution for the annual rainfall is as 
shown in Figure 6. The cumulative  sum  reveals  runs  of 
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Figure 3. Five years moving average plot for rainfall of the area 1976-2015. 

 
 
 

 
 

Figure 4. Rainfall anomaly in the Lake area using the period of 1978 – 2013 as normal. 

 
 
 
observations greater than the long-term mean with a 
positive slope and those less than the long-term mean 
with a negative slope. 

An examination of Figure 6 reveals that the 40 years of 
records can be treated as consisting of two distinct 
average rainfall periods. The first period from 1976 to 
1987 consist in a period of less than average rainfall; the 
second period, from 1988 to 2000 was a period of above 
average rainfall followed by a more recent period of slight 
uncertainty given that subsequent years after 2004 have 
rainfall fluctuation intermittently above and below the 
mean. The term average rainfall is used to refer to the  40 

years mean. These trends are also apparent in Figure 2, 
but much more difficult to discern and in Figure 5. 
 
 
Onset, cessation and rainfall duration 
 
It was evident that onset of rains was predominatntly in 
the month of March followed by April and February with 
the number of years for the individual months under the 
40 years period being 20, 9 and 7 years, respectively 
(Table 1). The cessation period was found to be 
predominantly  October  followed  by   November.   Thus,   
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Figure 5. Mean monthly rainfall condition in Awka (1976 – 2015). 

 
 
 

 
 

Figure 6. A CUSUM plot of annual rainfall. 

 
 
 

rainfall starts in Awka around March/April and terminates 
in October/November. However, it does appear that 
periods of onset and cessation of rain are changing with 
onset of rains  occuring more in January and February in 
the last 10 years and cessation still in October. Similarly, 
a slight increase in the number of rainy days was 
observed for Awka, while the relationship between annual 
rainfall and number of rainy days (Figure 7) was found to 
yield a positive correlation r = 0.485 (p = 0.05) with 
coefficient of determination of r

2 
= 0.24. 

 
 
Water balance components 
 
A comparison of the patterns of mean decadal monthl 
water  budget  characteristics  for  Awka  as  depicted  in  

Figure 8a, b, c, and d shows some differences. The 
values of PE estimated for the four decades using 
Thornthwaite’s formular were used while soil moisture 
holding capacity of 250 mm was assumed. These were 
used to provide estimates of monthly and annual values 
of actual evapotranspiration (AE), water deficit (D) and 
water surplus (S) for the four decades under 
consideration.  

The relative amount of water surplus vary amongst the 
four decades. For example, the 1986 to 1995 had the 
highest value of water surplus of about 599.3 mm 
followed by the 1996 to 2005 decade for which 522.8 mm 
of rainfall occuring as surplus was recorded based on 
estimation of monthly values. This further validates and 
supports the assertion made earlier that from around 
1988s and early 2000s can be categorised as wet period.   
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Table 1. Dates of onset and retreat of rains in Awka and the number of rainy days in a year. 
 

Year Onset Cessation 
Number of 
rainy days 

 
Year Onset Cessation 

Number of 
rainy days 

1976 10th February 23rd November 287  1996 11th March 25th October 229 

1977 17th March 28th October 226  1997 13th March 10th November 243 

1978 22nd February 26th October 248  1198 28th March 27th October 214 

1979 30th March 10th November 226  1999 6th March 1st November 241 

1980 3rd March 14th November 257  2000 3rd March 24th October 236 

1981 23rd March 28th October 220  2001 1st April 20th October 203 

1982 18th February 25th October 250  2002 2nd April 29th October 211 

1983 19th March 12th October 181  2003 5th March 28th October 238 

1984 16th March 22nd October 193  2004 3rd April 30th October 211 

1985 7th March 21st October 229  2005 23rd February 25th October 245 

1986 11th March 8th November 243  2006 12th March 28th October 231 

1987 5th May 25th October 174  2007 5th April 28th October 207 

1988 13th March 25th October 227  2008 16th March 28th September 197 

1989 7th April 28th October 205  2009 14th January 14th November 305 

1990 6th April 1st December 240  2010 21st February 29th October 252 

1991 4th March 27th October 238  2011 17th March 29th October 227 

1992 11th April 3rd November 207  2012 10th February 31st October 264 

1993 8th April 30th November 237  2013 10th March 24th October 229 

1994 2nd April 3rd November 216  2014 23rd January 8th November 290 

1995 25th January 31st October 280  2015 9th February 3rd October 237 

 
 
 

 
 

Figure 7. Variations in the number of rainy days in Awka (1976 – 2015). 

 
 
 
The mean water surplus for the four decades (40 year 
period) is 499 mm. The period of soil moisture utilisation 
in Awka was found to be from January to April and 
November to December the first two decades, while this 
was found to have reduced by one month for the last two. 
Thus, for 1996 to 2005 and 2006 to  2015,  the  period  of 

soil moisture utilisation was from January to March and 
November to December. Similarly, annual values of AE 
was shown to be on the increase (Table 2 and Figure 8). 
The highest for AE of 1411 mm was estimated for 2006 
to 2015 period. Thus, though the number of months for 
which AE >  P  has  reduced  by one,  the  mean  decadal  
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Table 2. Water balance relations of Awka. 
 

Parameter 1976 – 1985 (mm) 1986 - 1995 (mm) 1996 - 2005 (mm) 2006 - 2015 (mm) 

Precipitation 1775.3 1927.4 1897.6 1900.5 

PE 1740.2 1776.7 1816.1 1781.4 

AE 1340.4 1328.1 1369.8 1411.0 

Water deficit 399.8 448.6 445.9 404.7 

Water surplus 434.9 599.3 527.8 433.4 

 
 
 

 

   
                              (a)                                                                 (b) 

  
                               (c)          (d) 

 

 
 

 

 
 

Figure 8. Water Balance Graph for Awka 1976 - 2015. 

 
 
 
values of AE for the 40 years period have shown a 
consistent increase; a stong indication of possible 
contribution of increasing temperature to increasing 
evaporation rates (Nzoiwu, 2015) and the possibility of 
the monthly rates of evapotranspiration becoming more 
intense. 

In the same vein, the period of water deficit (PE > AE) 
reduced by one month in the last decade, an indication of 
AE closing in on PE given the available energy and water  

availability due to increasing rainfall observed for Awka. 
Similarly, period of soil moisture recharge before field 

capacity was discovered to be consistently between May 
and June for the following periods: 1976 to 1985, 1986 to 
1995 and 1996 to 2005, while this was found to be from 
April to June in the last 10 years following the reduction in 
the number of months for soil moisture utilization. Water 
surpluses have been shown to consistently occur from 
July to October for the whole 40 years  period  given  that 
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the soil reaches its field capacity in July throughout the 
period in the study area.  
 
 
DISCUSSION 
 
The annual rainfall in Awka varies from slightly over 1370 
mm to more than 2700 mm for the 40 years period under 
study. The mean annual rainfall for the period is 1900.5 
mm, while the standard deviation and coefficient of 
deviation are 269.8 mm and 14.2%, respectively. It was 
observed based on the trend plot for rainfall that this 
climatic variable is changing. The direction of the trend is 
positive and is evident that rainfall is rising annually given 
the slope of the regression coefficient. The trend plot 
(Figure 2) shows that at the start of the studied period 
(1976 to 2015), rainfall decline was recorded within the 
first decade (1976 to 1985) until 1987 after which 
increasing rainfall was noticeable for Awka. This increase 
was found to be more pronounced between 1988 and 
early 2000s. A graph of rainfall anomaly (Figure 4) was 
also shown to give a clearer picture on rainfall condition 
in Awka and as such a further confirmation of the 
assertion on the direction of the rainfall trend. The rainfall 
anomalies relative to the 1976 to 2015 normal provide 
evidence to a more recent increase in the rainfall trend 
which was more from the late 1980s.  

CUSUM technique showed a similar picture when used 
to examine the temporal sequence of rainfall in Awka. 
The CUSUM distribution for the annual rainfall as shown 
in figure 6 can be treated as consisting of two distinct 
average rainfall periods. The first period from 1976 to 
1987 consisted of a period of less than average rainfall 
while the second period 1988 to early 2000s is a period 
of above average rainfall with some uncertainty up to 
2015; a further proof that rainfall condition in Awka is 
experiencing an upward trend. Therefore, the period 
lasting from 1988 to early 2000s can be classed as the 
wettest period given that the highest annual rainfall 
amount recorded during the 40year period occurred in 
1993, while the majority of the years has annual rainfall 
total above average value. The monthly rainfall 
characteristics of Awka was determined using the 
available data and is shown (Figure 5) to be bimodal with 
the first peak occurring in July followed by a second peak 
in September after which rainfall maintains a downward 
trajectory for the remainder of the year. 

Onset of rains was found to be predominantly in the 
month of March/April, while cessation was predominantly 
October/November. It does appear, however, that the 
period of Onset of rains is changing with this occurring 
more in January/February in the last 10 years, while 
cessation of rains remained almost undeterred. 
Consequently, a slight increase in the number of rainy 
days was observed (Figure 6) which could be related to 
the shift in the onset and cessation dates. A correlation 
analysis  performed,   using   Pearson   Product   Moment  

 
 
 
 
Correlation, to determine relationship between number of 
rainy days and annual rainfall yielded a positive 
correlation, r = 0.485 (p = 0.05). Thus, with increasing 
number of rainy days, annual rainfall total is expected to 
increase. 

Mean estimated water surplus was calculated and 
yielded a mean value of 499 mm. The periods 1986 to 
1995 and 1996 to 2005 had surplus value above the 
mean value of 599.3 and 522.8 mm, respectively. This 
further validates and confirms that 1987 to early 2000s 
were the wettest period in Awka based on the available 
40 year record. The period of soil moisture utilization was 
found to occur from January to April and November to 
December from 1976 to 1995, while this was found to 
have reduced by one month for the last two decades 
1996 to 2015 as this now occurs from January to March 
and November to December. Similarly, values of actual 
evapotranspiration are shown to be increasing (Table 2). 
The highest actual evapotranspiration value was 
estimated for 2006 to 2015 period. This shows that 
though the number of months during which AE > P has 
reduced by one, the mean decadal value of actual 
evapotranspiration maintained a continued increase 
indicating that the monthly rates of evapotranspiration is 
becoming more intense attributable to climate variability 
and change. Also, the period of water deficit was found to 
have reduced by one month in the last decade, a strong 
indication that actual evapotranspiration is closing up on 
the potential evapotranspiration given the availability of 
moisture. In the same vein, the period of soil moisture 
recharge before field capacity was found to be 
consistently May to June from 1975 to 2005 while it was 
found to have increased by one month as it is now April 
to June due to a reduction in the number of months for 
soil moisture utilization.  

Moreover, a good knowledge of critical values in the 
series of various climatic elements such as rainfall and 
some of their derived parameters is of great importance 
in detecting variability which has implications for various 
important sectors, such as agriculture, water supply, flood 
management etc. Moisture plays a vital role in crop 
growth and development given that it is the main 
constituent of plant tissue and a reagent in photo-
synthesis. The role of moisture in agricultural production 
is even more spectacular in the tropics especially Nigeria 
where high temperature prevail throughout the year and 
rainfall is highly seasonal in most parts and varies from 
year to year while the growing season is determined by 
the availability of moisture to meet crop water 
requirements (Ayoade, 2008). The state of soil moisture 
is controlled by rainfall, evaporation rate and soil 
characteristics (Ayoade, 2008). Thus, from agronomic 
point of view, the supply of soil moisture may vary from 
wilting point when no water is available for crop use to 
field capacity when soil is fully saturated with moisture. 
These conditions ranging from periods of soil moisture 
utilization or  wilting  point  to  soil  moisture  recharge,  to 



 
 
 
 

field capacity and deficit have been determined for Awka 
as described above. In Ayoade (2008), it is noted that 
growing season in the tropics is determined by rainfall 
conditions in relation to evapotranspiration rates which 
are temperature dependent. Other studies such as Stern 

and Coe (1982) and Nieuwolt (1982) have confirmed that 
rainfall is the principal controlling element in agriculture 
given that in the tropics, rainfall is often the only input that 
varies markedly from year to year; so the predicted 
variability in crop index or water balance is due only to 
the variability in rainfall (Odekunle, 2004). The results of 
this study, therefore, can find further applications in the 
determination of the length of the growing season in 
Awka. Several methods abound as to the determination 
of growing seasons. These range from those that employ 
critical threshold values of rainfall to the methods based 
on rainfall and evapotranspiration data on the grounds 
that the effectiveness of rainfall for agricultural production 
in the tropics is determined by the prevailing rates of 
evapotranspiration. The Walter (1967) method utilized in 
this paper defined onset and cessation of rainfall in 
Nigeria in terms of a rainfall threshold of 51mm on a 
monthly basis and this is used to delimit the beginning 
and  end (and by implication length) of the growing 
season. Thus, the length of the growing season for Awka 
has been defined in this paper which has equally shown 
some level of variations from year to year depending on 
rainfall variability. Given that a slight increase in the 
number of rainy days has been reported for Awka, it 
follows that the length of the growing season has equally 
increased over time in Awka. 

More so, the possible changes in precipitation behavior 
and the associated water balance and hydroclimatic 
characteristics without doubt have important 
consequences on planning and development (Ojo, 1990). 
As noted, precipitation trends in Awka have shown some 
slight variations with related changes in water budget 
components. In most tropical cities, severe 
hydrometeorological phenomena related to precipitation 
and water balance have frequently occurred and usually 
cause great damage leading to loss of lives and property 
and causing great setbacks in development such as the 
case of recurring flood episodes in Awka and environs 
which has been related to climatic parameters as part of 
the casual factors in Ezenwaji et al. (2013). Other 
important consequences could range from problems 
relating to water supply in urban areas due to rapidly 
increasing water demands to issues of irrigation 
agriculture given the changing patterns in spatial and 
temporal rainfall due to climate change. This paper is 
timely given that the rainfall trend plot for Awka has 
shone light on the possible feedbacks which may result to 
more cases of flood. The result has equally shone light 
on the need for relevant authorities and households in 
Awka to consider rain water harvesting given that with 
increase in rainfall trend, the city has an ample supply of 
rainwater that should not be allowed to waste as flood in 
some instances  with  its  attendant  high  magnitude  that 
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destroys lives and properties (Ezenwaji et al., 2016). 
 

 
Conclusion 
 
This paper has attempted to determine the trends in 
rainfall characteristics and associated water budget 
components and found that rainfall amounts have 
continued to increase over 29 years out of the 40 years 
under study from 1987 to 2015, while the water budget 
components have equally changed. For agricultural 
purposes, this paper established that periods of soil 
moisture utilization and deficit have reduced by a month 
while period of soil moisture recharge and amounts of 
water surplus have increased. Also, the length of rainy 
season or the growing season has been shown to 
increase due to changes in onset periods in Awka and a 
positive correlation is seen to exist between the annual 
rainfall amounts and the number of rainy days in a year. 
Therefore, given the nature of rainfall trend, the possibility 
of harnessing rainwater by relevant agencies as well as 
households is encouraged as this could help satisfy 
levels of water demand in the Awka urban area. This 
paper without doubt underscores the importance and 
usefulness of determining trends in hydroclimatic 
parameters of a region and associated water balance 
components given their potential contribution in planning 
and development (Ojo, 1990). However, important 
linkages have equally been shown to exist between 
changes in hydroclimatic parameters and how these 
changes propagates through changes in the frequency of 
occurrence of water related problems such as flooding, 
drought due to changes in periods of soil moisture 
recharge and utilization and as such should be of 
concern. 
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