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This paper assessed the effects of rainfall variability on domestic
rainwater harvesting for human consumption as an alternative
source of water supply in the coastal areas of Akwa Ibom State,
Nigeria. To achieve this, rainfall data for 20 years (1989-2008) was
collected from meteorological stations in Akwa Ibom State. Rainfall
variation was determined using the coefficient of variation of the
monthly rainfall data. Rainwater harvesting potential was evaluated
using supply side approach (SSA). The estimation was done by
multiplying the iron roof area (150 m2) with a coefficient (0.9). The
results indicated that monthly rainfall variability ranges between
18.39 mm -378.63 mm, with September recording the highest mean
value and January had the lowest mean value. Mean annual rainfall
variability ranged between 145.6-440.7 mm with 1990 having the
lowest annual mean value and 1993 having the highest annual mean.
There was a gradual increase in rainfall in April and dropped in
July and its peak in September with the maximum storage capacity of
98 m3 (983,000 liters harvested rain. The result further indicated that
the total demand line for rainwater consumption was 18,000 liters
above the 20 liters United Nations Standard for rural communities
for collecting and storing water for potable and non-potable uses. It
is then recommended that rainwater harvested should pass through
proper treatment with emphasis on operation and maintenance
(O&M) for quality assurance due to incessant gas flaring in the
region.
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1. INTRODUCTION
Water is one of the basic human needs and requirement for daily living which may be sourced from surface
water, groundwater, or rainwater (Gleick, 1996). According to Fang et al (2007), Wheida and Verhoeven
(2007), available water supply sources are diminishing owing to population rise, climate change, and
pollution, causing a globally acknowledged situation of water scarcity, especially in developing countries.
Rainwater harvesting (RWH) is any human activity involving collection and storage of rainwater in some
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natural or artificial container either for immediate use or use before the onset of the next season for domestic,
agricultural, industrial and environmental purposes (Kun et al., 2004; Mati et al., 2005).
Rainwater harvesting consists of a wide range of technologies used to collect, store and provide water with
the particular aim of meeting the demand for water by humans and/or human activities (Ngigi, 2003; Malesu
et al., 2006). It is often an intervention intended to augment the provisioning services of the environment for
human well-being (UNEP, 2009). Rainwater harvesting has been proposed and practiced as one of the
alternatives to improve water supply especially in rural and peri-urban areas of low-income countries
(Cruddas et al., 2013), areas without reticulated water supply (Ndiritu et al.,2011), water-scarce, remote and
marginalized areas (Nijhof et al.,2010), areas where existing water supply is inadequate (Aladenola and
Adeboye, 2010), areas with abundant annual rainfall (Ghis and Schondermark, 2013), highly contaminated
and saline coastal areas (Samaddar et al., 2014) as well as arid and semi-arid regions (Abdulla and AlShareef, 2009).
Notwithstanding the benefits as outlined by Ubuoh (2012), rainwater harvesting and infrastructure are
affected by rainfall variability (Aladenola and Adeboye, 2010; Adegoke and Sojobi, 2015; Balogun et al,
2016). According to Omogbai (2010), sea surface temperature of the tropical Atlantic Ocean and land–sea
thermal contrast between sea surface temperature and rainfall stations are responsible for 87% of rainfall
variability in South-west Nigeria, while surface location of inter-tropical discontinuity and land surface
temperature of rainfall stations are responsible for 7 and 6% of rainfall variability in Southern Nigeria.
Akinsanola and Ogunjobi (2014) attributed rainfall variability to local factors such as topography; boundary
layer forcing and moisture build up.
Study of rainfall variability is very important because it has been found to affect adequate rural water supply
need and food production in the southwest of Nigeria (Adegoke and Sojobi, 2015). Factors working against
the practicability and scaling of domestic rainwater harvesting include use of poor roofing materials and
high cost of storage tank (Opare, 2012; Cruddas et al., 2013), huge capital cost of acquisition, installation
and maintenance of domestic rainwater systems (Roebuck et al., 2011), limited knowledge of the potentials
of rainwater harvesting (Kohlitz and Smith, 2015), lack of finance, legislation and coordination (Mwénge
et al., 2011), space requirements (Traboulsi and Traboulsi, 2015), poor quality of domestic rainwater (Oke
and Oyebola, 2014), levels of atmospheric pollutants (Ubuoh et al., 2012), lack of skills (Kalungu et al.,
2014), lack of social capital (Esterhuyse, 2012), risk of waterborne diseases ( Mwenge et al , 2007) , while
the quality of rainwater harvested depends on roof type, level of atmospheric pollution, geographical
location, container size, catchment characteristics, land use practices and local climate (Ubuoh et al., 2012;
Balogun et al., 2016).
It has been reported that the benefits of domestic RWH include achievement of water savings (Barroso and
Amado, 2013; Bocanegra-Martinez et al., 2014;), mitigation of storm run-off and conservation of potable
water (Campisano et al, 2013), financial savings and cost-effective improvement of urban drainage systems
(Słyś and Stec, 2014), aquifer recharge (Clark et al., 2015) and reduction of drinking water risks in highly
contaminated and saline coastal areas (Samaddar et al., 2014). Campisano et al. (2013) found that frequent
precipitation increases the performance of domestic rainwater harvesting (DRWH) and that the water-saving
efficiency depends on storage tank size, demand fraction, storage fraction and climate. Notwithstanding this
predominance of rivers and streams which are sources of water supply needs for the people, the
preponderance of the pollution substances in the area due to oil and gas exploration and exploitation (Ubuoh,
2012) necessitates the need for rainwater harvesting to compliment shortage in domestic water in the area.
Although in the southern part of Akwa Ibom State, rainwater is always suspected of acid precipitation due
to the continuous gas flaring by Mobil Oil Company (Akpan, 2003; Ekop and Udotong, 2004; Akpan and
Umana, 2007), Besides corrosion of zinc roofing sheets by acid rain (Ubuoh, 2012), and saline water
intrusion in nearby coastal aquifers (Oyeyemi et al., 2015; Ubuoh et al., 2017), has been acclaimed all over
the world to pose a threat to the sustainable development of rainwater harvesting and economic wellbeing
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of dwellers in any coastal areas (Oyeyemi et al.,2015; Ubuoh et al., 2017). Based on this assertion there is
need for atmospheric rainwater harvesting as an alternative source of water supply in the study area for
sustainability. This study is, therefore, aimed at the assessment of rainfall variability for domestic rainwater
harvesting as a solution to water resource development need in the coastal regions of Nigeria.

2. MATERIALS AND METHODS
2.1. Study Area
This study was conducted in Akwa Ibom State in Southern part of Nigeria. The State has an ocean front
which spans a distance of 129 kilometers from Ikot Abasi in the west to Oren in the southeast and is located
between latitudes 4° 30′ and 5 ° 30 ′ N and longitudes 7°30′ W and 8°20′ E (Figure 1). It occupies an area of
about 6,900 km2. It is characterized by mangrove swamps, tidal creeks and brackish lagoon. The area is
characterized by two seasons, namely, the wet or rainy season and the dry season. The wet or rainy season
lasts for about eight months beginning from March- April and lasts until mid - November with an average
annual rainfall of approximately 4000 mm. The area is subjected to constant inundation by saline and
brackish water (Edet and Okereke, 2001; Ubuoh et al., 2017).

Figure 1: Map of Akwa Ibom State showing study area

2.2. Rainfall Data Collection
Rainwater data was collected from National Meteorological Station (NMS) in Uyo, Akwa Ibom State for the
period of 20 years (1989 -2008). Rainfall variability has been accepted as a useful parameter to estimate the
reliability of rainfall over any area within a specific time (Ekanem, 2010). Rainfall variation was determined
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through the coefficient of variation of the monthly rainfall (CVm) according to Aladenola and Adebayo
(2010).
CV =

(1)

Where CVm = coefficient of variation of the monthly rainfall, Sv = standard deviation of the monthly rainfall
(mm) and Va = mean of the monthly rainfall (mm)

2.3. Catchment Surface
The rainwater harvesting potential was evaluated by using supply side approach (SSA) which involve:
runoff, area of catchments and coefficient of runoff for galvanized iron roofing sheets (0.9) which is constant
(Gould and Nissen-Petersen, 1999). The estimation of rainwater available from rooftop for harvesting was
calculated by multiplying the roof area (length x breath) (150 m2) with the coefficient (0.9) and the mean
monthly historical rainfall data. It was calculated by using Equation 2 (Gould and Nissen- Petersen, 1999).
S = R × A × Cr

(2)

Where R = Mean annual rainfall in m, A = Catchment area in m2 and Cr = Coefficient of runoff

2.4. Storage Tank Capacity
Using daily rainfall data for 20 years, the average monthly rainfall was determined and multiplied by an
assumed RA of 80 m2 and a runoff coefficient of 0.9 in order to obtain monthly volumes of runoff in liters.
From the monthly volumes, the cumulative monthly volumes were obtained and both were plotted. On the
same graph, a constant demand line was drawn assuming constant withdrawal for a whole year. The
maximum difference between the demand line and the cumulative rainfall gave the storage capacity of a tank
to store all the rainwater obtained.

2.5. Statistical Technique
A descriptive statistical analysis was applied to rainfall data to examine their central tendency (mean,
asymmetry and variance), variability (standard deviation). It was assumed that the annual monthly
maximum rainfall data as a normal distribution and considered a single-tailed test. This analysis was
performed according to the methodology proposed by Ahammed et al. (2014). Standardization of data was
performed in order to eliminate potential data redundancy and inconsistent dependencies in a historic record
rainfall (1989–2008) based on Ahammed et al. (2014).

3. RESULTS AND DISCUSSION
Table 1 shows the summary of the mean monthly rainfall distribution for the study area for 20 years events.
From Table 1, the mean monthly rainfall variability for 20 years ranged between 18.39-378.63 mm, with the
month of September having the highest mean value, with SD: 49.98 and CV: 13.20 % and January having
the lowest mean value with SD: 54.00 and CV: 293.6% respectively. Based on Table 1, a gradual and
constant increase in rainfall from January and the peak in the month of September were observed, with April
marking the beginning of the peak.
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Table 1: Mean monthly rainfall distribution for the study area (mm) (1989-2008)
Month
Mean (mm)
SD
CV (%)

Jan.
18.39
54.00
293.6

Feb.
37.93
48.37
127.5

Mar.
129.35
21.98
16.99

Apr.
190.28
4.39
2.31

May
286.83
23.48
8.19

Jun.
300.99
27.57
9.16

Jul.
310.05
30.18
9.73

Aug.
336.79
37.90
11.25

Sept.
378.63
49.98
13.20

Oct.
268.17
18.09
6.75

Nov.
102.29
29.79
29.12

SD= Standard deviation, CV= Coefficient variance

The result agreed with the finding of Omolara and Oloke (2013) who reported that heavy rainfall is
concentrated from April to October in Ibadan, Nigeria. However, from September, a sudden decrease in the
quantity/volume of rainfall down to December was observed, indicating a possible reduction in rainfall,
pointing to the need for increasing resilience in the water supply.
Table 2: Statistical summary of mean annual rainfall distribution for the study area (mm) (1989-2008)
S/N
Year
Mean(mm)
Standard Deviation (SD)
Coefficient of variance (CV) (%)
1
1989
198.6
946.15
476.41
2
1990
145.6
957.99
657.96
3
1991
198.3
946.21
477.16
4
1992
167.4
953.13
569.37
5
1993
440.7
892.01
202.41
6
1994
191.6
947.71
494.63
7
1995
221.6
941.06
424.67
8
1996
205.0
944.72
460.84
9
1997
182.2
949.86
521.33
10
1998
223.7
940.53
420.44
11
1999
195.8
946.77
483.54
12
2000
224.9
940.27
418.08
13
2001
200.6
945.70
471.44
14
2002
200.3
945.77
472.18
15
2003
179.3
950.46
530.09
16
2004
180.1
950.28
527.64
17
2005
234.2
938.19
400.59
18
2006
397.7
901.63
226.71
19
2007
258.6
932.73
360.68
20
2008
183.7
949.47
516.86

From Table 2, mean annual rainfall variability in the area ranged between 145.6 -440.7 mm, with SD ranging
from 892.01 to 957.99, and CV from 202.41% to 657.96% with 1990 recording the lowest annual mean
value and 1993 having the highest annual mean value of rainfall respectively.
Table 3 shows the spreadsheet calculation for the study area. The rainfall data were gleaned from Akwa
Ibom State Meteorological station as historical data for 20 years. Mean figures for the rainfall data were used
to simplify the calculation signifying a typical field approach to rainwater harvesting storage sizing as shown
in Table 3. Monthly rainfall ranged between 23.7-376.63 mm showing December -September periods and
monthly rainwater harvested ranged between 2.5 - 51.1 Liters with a total of 308.3 L. Rainwater demand
per month is 18000 Litres with the total being 216000 L, and monthly demand for domestic rainwater (DRW)
ranging between 18-216 Liters, and the difference between total rainfall harvested (TRH) and monthly total
demand (MTD) being 98.3 Liters. Afahakan et al. (2016) reported the average rainfall rate for Uyo at about
144 mm/hr. Similar work carried out in Ajayi and Ezekpo (1988), puts the rainfall rate for Uyo at 125 mm/hr.

Dec.
23.71
52.48
221.34
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Omotosho and Oluwafemi (2009) presented a value of 124 mm/hr for Uyo. It should be noted that these two
works were done with rain data collected over a 30-year period, and 9-year period respectively.

Months

Oct.
Nov.
Dec.
Jan.
Feb.
Mar.
Apr.
May
Jun.
Jul.
Aug.
Sept.
Total

Table 3: Rainwater harvested in the study area between (1989-2009)
Total
Rainwater
Monthly
demand:
Mean
rainfall
Monthly
Difference between total
rainfall
monthlyharvested
utilization
total demand
rainfall and rainwater
harvested
rainfall (mm)
(Liters)
(Liters)
(Liter) (000)
demand (Liters) (000)
(Liters) (000)
(000)
(000)
268.168
36
36
18
18
18
102.29
13.8
50.0
18
36
14
23.77
3.2
53.2
18
54
-1
183.9
2.5
55.7
18
72
-16
37.93
5.1
60.8
18
90
-29
129.35
17.5
78.3
18
108
-30
190.28
25.7
104.0
18
126
-22
286.83
38.7
142.7
18
144
-1
300.985
40.6
183.3
18
162
21
210.05
28.4
211.7
18
180
32
336.79
45.5
257.2
18
198
77
378.63
51.1
308.3
18
216
98.3
308.3
216

Figure 2 shows the comparison of rainwater harvested and the amount that can be supplied to consumers
using cumulative rainwater harvested. The first month which rainfall on the roof meets the demand is the
month of March. From the month of April, rainwater was above demand line (DL), while for Nov –Feb, it
was below the DL, indicating deficit in rainwater harvesting. During the month of March, rainfall was
proportionate to demand marking the beginning of storage being first rain though with poor quality (Ubuoh
2012). According to Woltersdorf et al. (2015), while the quality of rainwater harvested depends on roof type,
level of atmospheric pollution, geographical location, container size, catchment characteristics, land use
practices and local climate. Meanwhile, there was a gradual increase in rainfall during April –June and
slightly dropped in July with the peak being September.
Figure 3 shows variability of rainwater harvested from the catchments for the period of 20 years. The line
drawn across represents total demand for harvested rainwater for each month, and the bars represent total
rainwater harvested for 20 year period in the study area. There was also gradual increase in rainfall intensity
after dry season event with total rainwater harvested in the month of June (183.3 Liters) and a maximum
storage in the month of September (308.3 Liters).
The months of January -16 m3 (-16,000 liters), February -29 m3 (-29,000 liters), March -30 m3 (-30,000
liters), April -22 m3(-22,000 litres) and May -1 m3 (-1000 liters) (Figure 4) were below line of total demand
(cumulated for a period of 20 year respectively. The findings of the present study showed that the, the mean
monthly rainfall variability for 20 years ranged between 18.39 -378.63 mm, with the high rainfall intensity
in the month of September running to January rain events. In agreement with this, studies conducted in
Addis Ababa, Ethiopia Adugna et al. (2018) reported that during inter annual variability, most of the rain
falls within the four rainy months from June through September that store significant quantity of the potable
water. A study conducted in Nigeria by Aladenola and Adeboye (2013), Steffen et al., (2013) also reports
that RWH can considerably contribute to supplementing the water supply, except for the dry months
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November, December, January, and February. The excess rainwater can be stored and utilized for the later
dry months provided there will be adequate storage facilities (Adugna et al., 2018). This shows that despite
rainfall variability, there is no month of the year that the study area does not experience rainfall. The result
is consistent with the finding of Ekanem (2010) who reported that there is no time or month of the year that
Akwa State does not experience frontal rainfall with the variation in quantity.

Rainwater Harvested/ Demand (Litres-000)

Monthly Rainwater Harvested (Litre) (000)
Demand Based on Total Utilization (Litre) (000)
60
50

Harvested Rainwater

Demand Line

40
30
20
10
0
Oct.

Nov.

Dec.

Jan.

Feb.

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sep

Months of the Year (1989 - 2008)

Total Rainfall Harvested/ Total Demand (Litre)

Figure 2: Comparison of rainfall harvested with demand based on total utilization
Total Rainfall Harvested (Litres) (000)
Monthly Total Demand (Litre) (000)

350

308.3

Maximum Storage in Sept. (983,000 Litres)
300
257.2
250

Total Demand Line

Total Rainwater Harvested

211.7

216

183.3

200

198
180

142.7
144

150
100
50

36.2

50

53.2
54

55.772

90
60.8
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Jan.

Feb.

108
78.3

162

104126

36
18

0
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Nov.
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Jul.
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Figure 3: Rainwater harvested with maximum storage requirement in September

Sep
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Figure 4: Identification of harvested rainwater below and above demand line

The mean annual rainfall ranged between 145.6-440.7 mm, with the average annual rainfall total of 2550
mm greater than 2500 mm obtained by Ekanem (2010). From the result, it is observed that, average monthly
rainfall for 20 years rain event determine the volume of rainwater to be harvested for domestic uses and this
was based on the consumption level which was found to be 18 m3 (18,000 litres), with rooftop area (RA)
of 80 m2 and a runoff coefficient of 0.9 for application respectively. This is in agreement with the finding of
Omolara and Oloke (2013) who indicated that an average roof of 80 m2 will collect 82,835 L/yr (45
L/person/day) for a family of five people which is about the required water demand for drinking and cooking
purposes. The result reflects a climate with strong seasonality in rainfall (Adugna et al., 2018). From the
results, the months of January, February, March -April) and May were below line of total demand 20 years
rainfall events. This indicates that there will be deficits during these months which coincided with the dry
season, hence the need for storage capacity to meet daily demand during the dry season. The month of
October 18 m3 (18,000 litres) marks the beginning of rainfall and has the lowest rainwater harvested of
36,000 litres and November 14 m3 (14,000 litres) are the months indicating marginal storage for the years.
Hence harvested rainwater will have to be stored early to cover the shortfall during the dry period. The
maximum storage capacity needed to meet demand throughout the year at household level occurs in
September as 98 m3(983,000 litres). This is inconsistent with the finding of Omolara and Oloke, (2013) who
observed 82,835 L/yr (45 L/person/day) during October as the maximum storage requirement in Ibadan, and
that the maximum storage is required in October with an additional storage capacity of 17 m3 (17,000 L).
The difference in storage capacity could be due to different in the geographical locations e.g nearness to the
coast, types of prevailing wind etc. It has been reported that the quantity of rainwater harvested depends on
monthly precipitation, roof catchment area and roof run-off coefficient (Woltersdorf et al., 2015). According
to United Nations, it is assumed that 20 liters/capita/day water is inevitable for the rural communities in the
developing countries (Agarwal and Narain, 1997). The United Nation targets it as minimum water
requirement for all domestic purpose including personal hygiene. The norms were set during International
Drinking Water Supply and Sanitation Decade (IDWSS). Out of this 20 liters/capita/day water, 10
liters/capita/ day is only for drinking and cooking purpose. From the results, it is then observed that rainwater
harvesting potential is eminent in the study area, since the total demand line for rainwater consumption is
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18,000 litres with the maximum storage month of September more than 20 litres recommended by the United
Nations. But the months of January, February, March and April are deficit in terms of the volume of
rainwater for storage, pointing to the need for increasing resilience in the water supply during these periods
(Figure 4). The challenge is the pollution of rainwater by acid rain in the study area (Ubuoh, 2012; Dami et
al., 2012). In line with the pollution of rainwater in this region , Efe (2006) suggested primary treatment to
take care of pH, TSS, Fe and colour and preference for aluminium roofing sheets compared to other materials
such as corrugated, thatch, asbestos and open surface, while Helmreich and Horn (2009) recommended the
use of local materials, skills and equipment to reduce cost Recent researches have also shown that the quality
of DRWH can be improved by point-of-use treatment, integration of water safety plans, quarterly testing and
utilization of weather-resistant materials such as ceramic tiles, public education and regular maintenance
(Fry et al., 2010; Kwaadsteniet et al., 2013; Thomas et al., 2014; Zhang et al., 2014; Gwenzi et al., 2015;
Kohlitz and Smith, 2015).

4. CONCLUSION
The findings of the present study indicated that rainfall was experienced throughout the twenty years. There
was a gradual increase in rainfall during April –June and dropped in July and the peak in September with
the maximum storage of harvested rainwater as 98 m3 (983,000 litres). The total demand line for rainwater
consumption recorded 18,000 litres above the 20 litres United Nations recommended standard for rural
communities. Therefore, to narrow the gap of water supply in the coastal environment, domestic rainwater
harvesting (DRWH) as an alternative water supply source is recommended. However, harvested rainwater
must pass through an operation and maintenance (O&M) for quality assurance for human consumption.
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