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Introduction 

ater is one of the most precious 

valuable natural resource that is 

widely available all over the world to 

mankind for sustenance and survival. For 

thousands of years man has tried to survive in 

desert regions, and could only do so by managing 

that vital but scarce resource: water (Evenari et 

al., 1971; Myers, 1975). Its uses are numerous and 

its importance to mankind cannot be 

overestimated. Its role ranges from domestic 

uses, agriculture, and industry to religious 

ceremonies, recreation, landscape decoration and 

even therapy. Water is very essential to life. 

Despite the obvious need for a sufficient, year-

round water supply to cater for basic need and 

sustain life, there is still shortage of water even 

though 71% of land is covered by water.  

The lack of water is bound to get worse and 
increasing number of people without water put 
the number at about one-fifth of the world’s 
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population. For 
developing countries, 
the number could be 
one-half. Due to rapid 
industrialization and 
urbanization, Nigeria is 
presently suffering 
from shortage of 
drinking water. In 
Nigeria, the average 
internal freshwater 
resource per capita in 
cubic meters was 1253 
as of 2014 compare to 
4699 in 1962 which 
shows a drastic fall in 
freshwater resources 
available. 
Therefore, the analysis 
of alternative water 
resources, such as 
rainwater, is becoming 
increasingly popular as 
a sustainable source of 
water with a reduced 
impact on the 
environment. 
Rainwater is the purest 
form of water until it is 
contaminated by the 
atmospheric pollution. 
The composition of 
rainwater varies from 
site to site and region to 
region due to influence 
of local sources. The 
term rainwater 
harvesting ca be 
describe as the direct 
collection of 

academic staff and non- academic staff were 

collected from each department within the 

college, major catchment surfaces were 

identified within the study area (rooftop, 

bare ground, gravel ground and vegetation), 

high resolution satellite image of the study 

was downloaded (SASplanet) and loaded 

into Arc GIS software. Supervised 

classification was carried out and the area 

covered by each surface/class was calculated 

(Vegetation 4988.3115, Gravel 8913.118112, 

Rooftop 9418.418, Bare ground 51332.0559). 

Using 20litre standard for water usage/day 

for developing country, 18,020litres and 

216240litres will be required per day and per 

annum respectively. The analysis shows that 

the amount of water that can be harvested is 

19,397,592.598litres (L) in the study area 

which shows that it is almost 90times enough 

for the college and even if 50litres/per/day is 

considered, it shows that harvested water 

was 3times enough for the college. It was 

recommended that the school management 

should plan ahead of using the system of 

rainwater harvesting system as an 

alternative source of water in case of any 

eventual scarcity of water for their daily 

activities and should also practice a system of 

roofing for rainwater collection going 

forward. 

 

Keywords: Rainwater, Run-off coefficient, 

GIS, Remote sensing 

 

 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
AUG., 2021 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJBEES 
242 

BUILT ENVIRONMENT & EARTH SCIENCE VOL.6 

ISSN: 1881-2167 

precipitation falling on the ground or any other surfaces going through 
the stage of surface runoff on land (Athavale,2003). It could also mean 
the accumulation of rainwater for reuse before it reaches the aquifer. 
The success or failure of rainwater harvesting depends to a great extent 
on the quantity of water that can be harvested from an area under given 
climatic conditions. The threshold retention of a catchment is the 
quantity of precipitation required to initiate runoff (Fink et ai., 1979}; it 
depends on various components such as surface storage, rainfall 
intensity, and infiltration capacity. The runoff efficiency of a catchment 
is the ratio of runoff volume to precipitation volume.  
Runoff coefficients of varied catchment surfaces have been developed 
by researchers and system manufacturers in order to identify the 
possible rainwater losses of every roof, surfaces and ground catchment 
type. It is the factor which account the fact that not all rainwater falling 
on surfaces or catchment can be collected (Pawar-patil and Sagar, 2013). 
Application of GIS cut across various field, researchers over the years 
have used GIS to solve and provide solutions to numerous environmental 
issues and rainwater harvesting is not left out. Over the years, the use of 
GIS and remote sensing approach has gained much needed support and 
has closed many research gaps. GIS has been integrated with 
hydrological model to provide solutions for sustainable water resources 
management since they provide spatial representation, comprehensive 
database, and modelling capability. In most of those studies, the 
application of GIS was used as both data management and modelling 
tool for analysing spatial and non-spatial data acquired and even 
presentation of results. 
The availability of clean and sufficient amount of water for daily activity 
of human being is crucially important. Water plays an important role in 
transforming the lives of people to a better and healthier life. Access to 
sufficient amount of water is a major problem to most people living in 
rural and urban areas. The shortage of water in the college is relatively 
low presently though these findings tends to show that rainwater 
harvesting if properly harnessed will be adequately enough and be an 
alternative source of water in the college if by chance the present source 
of water develop a fault or there is long absence of electricity to power 
the source (borehole). 
 
STUDY AREA 
College of environmental studies, Waziri Umaru federal polytechnic 
Birnin Kebbi is one of the four colleges in the institution comprises of six 
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department (Surveying and geo-informatics, Architectural technology 
Building technology, Urban and regional planning, Quantity surveying, 
Estate management) its lies between latitude 040 23’ 07” to 040 23’ 09” 
and longitude 120 46’ 03” to 120 46’ 06”. The study area has a tropical 
savanna climate, the average annual temperature is 350 degrees with a 
mean annual rainfall of 787.53mm in a year and average humidity of 55%. 

 
Fig 1: Image of the Study area 
Source: SAS planet.com  
 
METHODOLOGY 
The research work uses both primary and secondary data source. 
Reconnaissance survey was carried out to identify the major catchment 
surface in the study area since it’s a familiar territory to the researcher. 
Data regarding the population was source from the authorities concern 
and the data on the climate (rainfall) was also sourced. High resolution 
satellite image of the study area was downloaded (SASplanet.com) and 
loaded into the GIS software (ArcMap). Necessary preparation was made 
and classification into the identified catchment surfaces was carried 
using supervised classification in ArcMap (rooftop, bareground, 
vegetation, gravels). The GIS approach was also utilized to calculate the 
area covered by each surfaces identified. The total population gotten 
from the heads of every unit in the college, provision of maximum 
number of visitor/day was also considered and using the standard water 
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requirement set WHO, between 50-100 litres of water/person/day are 
needed to satisfied basic need and it is assume 20liters/day will be 
sufficient for rural area, the total water requirement in the college was 
calculated. The total rainwater that can be harvested was computed 
using Gould and Nissen formula (1990) and the run off coefficient was 
also considered for the catchment surface as shown in table 1. 
 
Table 1: Run-off Coefficient for Surfaces 
Type of surface  Run-off Coefficient  
Vegetation  0.13-0.35 
Gravel ground 0.30-0.70 
Rooftop  0.75-0.85 
Bare ground  0.20-0.50 

Source: Rande (2002) 
 
Table 1 above gives the values of run-off coefficient of the different 
surfaces identified in the study area, it is the factor which account the 
fact that not all rainwater falling on surfaces or catchment can be 
collected (Pawar-patil and Sagar, 2013). 
 
RESULT AND DISCUSSION 
Catchment Area computation  
Remote sensing procedure was used to calculate the total area covered 
by each surface identify in the study area. Since the area is a familiar 
territory, supervised classification of processing images was used to 
identify and load all the training sample surfaces. the raster image was 
converted to polygon with the aid of spatial analyst tool and the map unit 
was change from decimal degree to UTM (meters) for area calculation 
from data management tool. The area covered by each surface is 
calculated as shown in the Fig 2 and Table 2. 
 
Table 2: Total Area Covered of identified Surfaces  
SURFACE Area (square meters) 
Rooftop 9418.418 
Bare ground 51332.0559 
Gravel 8913.118112 
Vegetation 4988.3115 

Source: Author GIS analysis 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
AUG., 2021 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJBEES 
245 

BUILT ENVIRONMENT & EARTH SCIENCE VOL.6 

ISSN: 1881-2167 

 
Fig 2: Map Showing Surfaces Identified 
The Figure 2 above shows the different surfaces identified in the study 
area after supervised classification is carried out and the area computed 
after necessary conversion is been done using ArcGS software as shown 
in table 2. Bare-ground surface covered the highest area of about 51332 
square meters, follow by rooftop (9418), area covered by gravel (8913) 
and vegetation (4988). 
 
Amount of Water Required in the Study Area 
The data gotten from each department were used with the amount 
water of water required for each individual as stated by (World Health 
Organization WHO),50litrtes for each person/ per day for flushing, 
cooking, washing, and other activities. For developing countries, it is 
assume 20litres/day/person is required to fulfil daily needs.  
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Table 3: Water Required In The Study Area 
Department  No. of 

students 

No. of 

academic 

staff  

No. of non-

academic 

staff 

Visitors 

approx.. 

Total 

persons  

College water 

requirement 

(at20liter/day) 

Daily 

(L) 

Annual 

(L) 

Surveying and 

geoinformatics  

54 12 5 2 73 1460 17, 520 

Estate  

management  

221 12 5 3 241 4820 57,840 

Quantity 

surveying   

131 10 4 2 147 2940 35,280 

Architectural 

technology  

124 13 5 2 144 2880 34,560 

Building 

technology  

206 17 6 3 237 4740 56,880 

Urban and 

regional planning  

42 12 2 2 59 1180 14,160 

Total  778 76 27 14 901 18,020 216,240 

Source: computation by Author 
 
Table 3 above shows the amount of water required in the study area. The 
total number of pupils in the college is about 901, 18,020litres of 
water/day and 216240litres of water per year will be required using WHO 
standard for developing countries.  
 
Calculation Of Rainwater Harvested In The Study 
Using Gould and Nissen (1990), formula 
RWH=annual rainfall in Birnin Kebbi X surface area catchment X the run-
off coefficient.  
 
Table 4: Amount Of Water That Can Be Harvested In The College.  

Type of surface  Rainfall in 

mm 

Area in 

square 

meters  

Run-off 

Coefficient  

RWH in cu. 

m 

RWH in L  

Vegetation  787.53 4988.3115 0.13 510.6978 510, 697.8 

Gravel  787.53 8913.118112 0.30 5615.4783 5,615,478.3 
Rooftop  787.53 9418.418 0.75 5192.1007 5, 192, 100.70 

Bare ground  787.53 51332.0559 0.20 8085.1068 8, 085, 106.8 

TOTAL    19403.3836 19, 403,383.6 

Source: computation by Author 
 
Based on the observation made, findings show that the total amount of 
water needed in the college per day is 18,020litres and 216,240litres per 
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year as shown in table 3 and even if 50litres is considered the college will 
required about 45,000 and 6,000,000litre per day and per annum 
respectively. Also, from Table 4, 19403 cubic meter of water can be 
harvested which is equivalent to about 19.5million. statistically, this 
amount harvested is about 90times enough for the college if 20litre 
requirement is considered and 3times enough if 50litres requirement is 
considered annually. 
The surplus quantity can also be used for other purpose and very 
importantly it can be channel to neighboring Entrepreneur center if 
properly harnessed. Thus, it is very imperative and vital to say that 
rainwater harvesting technique can be an alternative source of water any 
part of the polytechnic as a whole. 
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