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Abstract: Water is a basic source for sustaining our life and 
environment. Rainwater harvesting has been adopted for a long 
time and has given a positive impact on our life, agriculture as 
well as economy. Pressure on water resources will be intensified 
by climate change. Scarcity of water in Pakistan is a major 
problem now days for the people. Water from the ground is mostly 
used in all rural and urban areas of Pakistan; this is a possible 
reason behind declining of groundwater day by day. RWH 
technique has been implemented slowly by Pakistani population. 
Rainwater can be easily collected by using existing structures such 
as large-sized rooftops, playgrounds, ponds and parks. The 
Rainwater harvesting practice is quite clean and quality of 
rainwater compare to groundwater is strongly preferable for many 
domestic purposes. In this present study, the RWH capability of 
Engro Limited Fertilizer is calculated for rooftops of warehouses 
with the help of using ‘‘Google Earth Pro’’ and ‘‘ArcGIS 10.8’’. 

With an average quantity of annual rainfall in Nawabshah city i.e. 
194.855 mm (7.671 inches) within the period (2010 to 2021). 
Nawabshah is the most suitable city for the practice of rainwater 
harvesting. The estimated quantity of runoff from rooftops of 
warehouses of Engro Limited Fertilizer comes out to be 2055466 
liters. It is inferred that RWH is the best practical strategy to 
deflect the present and future water disasters in Pakistan. 

Keywords: Rooftop, Rainwater Harvesting, Demand, Storage 
Tank, GIS 

I. INTRODUCTION 

Safe water and essential sterilization should be accessible, 
available, protected, satisfactory and reasonable for human 
beings [1]. The ‘‘World Health Organization’’ recommends 

that somewhere around 50 liters per day of water for each 
individual are needed to guarantee essential hygiene and 
nutrition [2]. Around 20 %t of the entire public of Pakistan 
has approached safe drinking water. Almost 80% of the 
public has been compelled to utilize unsafe drinking water 
[3]. Rainwater collecting practice has been adopted since 
4500 BC and its records are archived since 850 BC as 
apparent from sources in Jordan and Israel followed by India 
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and Sri Lanka [4]. There are fundamentally two kinds of 
harvesting rainwater. The first is surface based rainwater 
harvesting and the second is rooftop rainwater harvesting. 
For rooftop rainwater harvesting, water can be acquired from 
various rooftop surfaces through drains. The collected water 
is being used for non-potable activities in our everyday 
routine. Activities like flushing, cleaning, vehicle washing, 
gardening and cloth washing [5]. Groundwater levels are 
drained consistently because of the increasing demand for 
water day by day [6]. Water is a basic need for the survival of 
humanity on Earth. 
 The aim of collecting rainwater is to partially meet the basic 
need for water for households [7]. As a result of its large 
storage capacity and lack of evaporation effects, corrugated 
tanks, hard plastic tanks, and concrete tanks have been 
chosen by households [8]. Precipitation unpredictability also 
poses a problem to the water collecting system's operation. 
Precipitation variability significantly impacts on quantity 
of water that can be collected by rooftop water collecting 
methods [9]. Rainwater harvesting methods have shown to be 
important for enhancing the livelihoods of rural people, 
particularly those who have implemented the innovations, 
partially because they have saved the time and energy 
required to get water from alternative sources [10]. 
Groundwater benefit gets regularly restored through 
pervasion. Water obtaining is the best way toward expanding 
the ordinary filtration of water into the underground 
advancement by a few artificial techniques [11]. Rainwater 
has been utilized as the best source of drinking water not 
available only in Asia but in Australia, Europe, America, and 
Africa [12][13].  
The presence of Pb found in rainwater has increased air 
pollution levels. Some chemical, biological and physical 
parameters of air pollution are very high like CO, dust 
particles, and heavy metals such as the occurrence of Pb. The 
emission particles have been created by vehicles, industries 
and factories; particularly in urban regions. The results from 
analysis of various nations like Palestine and Australia 
suggested that dust particles, bird feces and heavy metals 
influence the rainwater quality like change in taste and color 
[14][15]. Suspended solid substances are the causes of the 
occurrence of turbidity in rainwater either organic or 
inorganic [16]. The rainwater harvesting systems have met 
the water-saving targets in Malaysia [17]. For any green 
innovation, results of simulation models and estimations of 
installing rainwater harvesting systems may not meet actual 
performance after occupancy [18]. Other than in private 
homes, it is very challenging to foresee inhabitants' way of 
behaving and water usage patterns [19]. The HI index for 
chosen metals, for instance, Cd, Cu, Co, and Pb for adults fell 
inside the safe value.  
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Although in the case of kids, the HI values have surpassed the 
safe range level of 1.0 for street dust, slime from storm 
channels, and road dirt is completely examined in urban areas 
[20]. In general, a rainwater harvesting technology comprises 
three components: the collection system, storage tank system 
and the conveyance system [21].  
The parameters for a rainwater harvesting structure are 
precipitation, water demand, catchment range, tank volume, 
and collection capability. Its functional parameters join water 
use adequacy, water-saving capability and cycle number 
[22]. Rainwater collecting is the way through which 
rainwater can be caught from rooftop catchments and stored. 
It comprises of conservation of rainwater in urban areas and 
using it to increase ground level by artificial recharge. It 
requires connecting gutters from the rooftop top to the 
existing tube well [23].  
A PC based mini-computer was created to decide the tank 
size by using the monthly amount of precipitation [24]. The 
size of the capacity tank has to be explored in a future survey 
as it might influence the expected promise of RWH from 
housetops. The current research additionally highlighted that 
modelling the precipitation spillover design and the possible 
effects of environmental changes on Addis Ababa might 
assist with ordering the run-off coefficient of the nearby 
housetops which could be a limiting parameter for estimating 
the capacity of the storage tank [25]. 
 The huge public institutions having a high capacity of water 
collection may play the role of developing water kiosks as 
they had been developed at centers of health in country 
Rwanda [26]. It had been detected that around 95 percent 
methodology followed in the study to calculate the area of 
catchment surfaces with help of ‘‘Google Earth Pro’’ and 

QGIS is the most reliable way [27]. ‘‘Google Earth Pro’’ and 

‘‘QGIS’’ software have been used to convert the raster file 

into a vector file for measuring the catchment surfaces. 
‘‘ArcGIS’’ has been commonly utilized to calculate the area 

of any structure.  
‘‘ArcGIS’’ software supports the view, editing, and 

exploration of geospatial information [28]. Besides, the GIS 
assessment procedure was applied to calculate the RRWH 
potential by which it was an effective appraisal of rooftop 
rainwater harvesting in the Wollert which is a suburb in 
Melbourne, Victoria. Using ‘‘ArcGIS’’ software, it was 

possible to assess the total amount of water harvestable at the 
household level [29]. ‘‘ArcGIS 10.3’’ had been additionally 

used to digitize all types of catchments using their topology. 
At long last, the area of catchments was determined to 
estimate the potential of rainwater harvesting [30]. 

II. STUDY AREA DESCRIPTION 

The study area selected was Warehouses of Engro limited 
fertilizers Muhammadi Town which is located at 26° 13′ 
30″ N, 68° 21′ 35″ E and exist outside of city Nawabshah 

nearby Zero Point.  
The average annual rainfall in Nawabshah city is 189 mm 

according to Pakistan Meteorological Department. The study 
area map is represented in ‘‘Google Earth Pro’’ and ‘‘ArcGIS 

10.8’’ in Figure 1 and Figure 2.  

 
Figure 1.  Study Area Map (Google Earth Pro) 
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Figure 2.  Study Area Map (ArcGIS 10.8) 

III. METHODOLOGY 

A.  Catchment Area  

The rooftop surfaces of Engro Warehouses are catchment 
areas that get an amount of precipitation. Catchment areas of 
The rooftop surfaces of Engro Warehouses are catchment 
areas that get an amount of precipitation. Catchment areas of 
Engro Warehouses were estimated. The equation which has 
been used for calculating the area of rooftop surfaces of 
Engro Warehouses is given in equation (1). 

 
)()()( mWidthmLengthAArea =            () 

B.  Rainfall Data  

        The rainfall data for last 12 years (2010 to 2021) has 
been collected from Pakistan Meteorological Department 
(PMD). The precipitation data has been used to show 
precipitation trend in Nawabshah city. The average 
precipitation data for past 12 years has been calculated using 
obtained precipitation data of (2010 to 2021). Figure 3 shows 
the rainfall data (2010 to 2021) and minimum to maximum 
rainfall data of 12 years is noted as 342.13, 662.34, 182.20, 
105.53, 51.70, 111.50, 143.20, 163.16, 6.02, 335.33, 181.85 
and 53.30 mm in January to December months respectively. 

Whereas maximum annual rainfall happened in 2011 which 
was 662.34 mm and the minimum annual rainfall happened 
in 2018 which was 6.02 mm. The average annual rainfall 
within the period of (2010 to 2021) is 194.855 mm.  

 

Figure 3.  Rainfall data of Nawabshah city (2010 to 2021) 
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C.  Coefficient of runoff (Cr) 

The coefficient of runoff is the proportion rate between 
precipitation and runoff values. As the total quantity of runoff 
is impossible to be stored because there is generally some 
amount of precipitation water could be lost by the retentive 
impact of surface [31]. The coefficient of runoff has been 
determined by the given equation (2). 

t

r
r V

V
C =                                                                             () 

Where Vr and Vt are volume of runoff and total volume of 
precipitation on a catchment surface. The calculated factors 
of runoff coefficients for commonly used catchment surfaces 
have been given in Table I. 

Table- I.  Coefficients of runoff (Cr) used for many 
catchment surfaces 

Catchment Surface     Coefficient   

Tile based surfaces ‘‘0.8 to 0.9’’ 

Concrete based surfaces ‘‘0.6 to 0.8’’ 

Brick based surfaces ‘‘0.5 to 0.6’’ 

Surfaces based on slopes which has soil less 
than 10 % 

‘‘0.0 to 0.3’’ 

Rocks based natural surfaces  ‘‘0.2 to 0.5’’ 

Green area based surfaces ‘‘0.05 to 0.10’’ 

D.  Rainwater harvesting Potential 

The estimated rainwater harvesting potential has been 
calculated by given equation (3). 

rCARS =                                                                 () 

  Where, S, R, A and Cr are rainwater harvesting potential in 
cubic meters, average annual precipitation in meters, area of 
catchment in square meter and coefficient of runoff [32]. 

E.  Volume of storage tank calculation for daily 
discharge 

The volume of the storage tank has been calculated which is 
based on the amount of daily discharge expected. Daily 
discharge is being calculated based on catchment area and 
amount of daily rainfall. Daily rainfall has been calculated by 
dividing average annual rainfall by 365 as there are 365 days 
in a year. For safety factors, the design of the rainwater 
storage tank must be built bigger than the required size. The 
size of required storage tank in our study area has been 
calculated by using equation (4) [33]. 

V = L × B × H                                                                     (4) 

IV. RESULTS AND DISCUSSION 

A.  Digitization of study area using Google Earth Pro 

The rooftop surfaces of Engro Warehouses have been 
digitized in the software named ‘‘Google Earth Pro’’ with the 
help of available polygon tool. This process resulted in 
digitized warehouses of Engro limited fertilizers and saved as 
KML file and given in Figure 4 respectively. 
 

 

Figure 4.    Rooftops of Warehouses digitized using Google Earth Pro 

B.  Calculated area of rooftops of Engro Warehouses 
with the help of ArcGIS 

Digitized the area of rooftops of warehouses in the ‘‘Google 

Earth Pro’’ that was saved as a KML file. The Saved KML 

file was then imported from the KML file to layer form in 
‘‘ArcGIS 10.8’’. The layered form had been changed to 

Shapefile. After changing from layer form to shapefile. The 
coordinate system of each shapefile has been changed to a 
projected coordinate system which is different for every 

country i.e. EPSG: 32644 - WGS 84 / UTM zone 43N for 
calculating digitized rooftop area of warehouses with the help 
of geometry calculation tool easily available in the Arctic. 
 Figure 5 represents shapefiles that are projected in ‘‘ArcGIS 

10.8’’ and Figure 6 represents digitized rooftop surfaces of 
warehouses calculated in ‘‘ArcGIS 10.8’’ with attribute 

table.  
Figure 7 shows the features of the shapefile to raster file in 
‘‘ArcGIS 10.8’’. 
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Figure 5.   Projected shape files of warehouses (ArcGIS 10.8) 

 

Figure 6.  Digitized shape files of warehouses with area in attribute table calculated in ArcGIS 
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Figure 7.   Features of shape file to raster file in ArcGIS 

C.  Estimated rooftop rainwater harvesting potential 

Table II describes the estimated average annual runoff from 
rooftops of Engro limited warehouses as 2055.466 cubic 
meters. The maximum amount of water can be obtained from 
Engro Limited warehouses. Engro Limited Fertilizer has 
seven warehouses which are named Engro W.House A, 
Engro W.House B, Engro W.House C, Engro W.House D, 
Engro W.House E, Engro W.House F and Engro W.House G 

respectively. Maximum quantity of rainwater obtained from 
the rooftop of Engro W.House A is 516.825 cubic meters and 
minimum quantity of rainwater obtained from the rooftop of 
Engro W.House G is 201.972 cubic meters. Figure 8 shows 
the GIS mapping of amount of rainwater harvesting potential 
from catchment areas. 
 

Table- II. Estimated potential of rainwater harvesting 

S. No Catchment Surface Area (m²) Cr Average annual rainfall in (m) Runoff (m³/year) 

1 Rooftop of Warehouse A 3533.85 0.75 0.195 516.825 

2 Rooftop of Warehouse B 2114.76 0.75 0.195 309.283 

3 Rooftop of Warehouse C 2046.68 0.75 0.195 299.326 

4 Rooftop of Warehouse D 2096.88 0.75 0.195 306.668 

5 Rooftop of Warehouse E 1383.45 0.75 0.195 202.329 

6 Rooftop of Warehouse F 1497.87 0.75 0.195 219.063 

7 Rooftop of Warehouse G 1381.01 0.75 0.195 201.972 

Total 14054.5  2055.466 

 
Figure 8. GIS Mapping of rainwater harvesting potential 
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D.  Estimated discharge and capacity of storage tank per day 

Table III shows the daily discharge of 7.50 cubic meters can be obtained from rooftops of Engro Warehouses (A, B, C, D, E, F 
& G). Tank size of 18 m3 is required for the daily discharge of 7.50 cubic meters from rooftop surface of warehouses. 

Table- III.  Estimated discharge and capacity of storage tank  

Catchment 
Type 

Discharge per day (m3) = A × R Capacity of storage tank per day (m3) = L × B × H 

Rooftop of Warehouse A 3533.85 × 0.000534 = 1.89 2 × 2 × 1 = 4 

Rooftop of Warehouse B 2114.76 × 0.000534 = 1.12 2 × 1.5 × 1 = 3 

Rooftop of Warehouse C 2046.68 × 0.000534 = 1.09 2 × 1.5 × 1 = 3 

Rooftop of Warehouse D 2096.88 × 0.000534 = 1.12 2 × 1.5 × 1 = 3 

Rooftop of Warehouse E 1383.45 × 0.000534 = 0.73 2 × 1 × 1 = 2 

Rooftop of Warehouse F 1497.87 × 0.000534 = 0.80 2 × 1 × 1 = 2 

Rooftop of Warehouse G 1381.01 × 0.000534 = 0.73 2 × 1 × 1 = 2 
Total 14054.5 × 0.000534 = 7.50 6 × 1.5 × 1.5 = 18 

E.  Water demand

The obtained runoff from the Engro warehouse will be used 
by the students of Government Boys Primary School 
Muhammadi Town Nawabshah. There are total 330 students, 
9 teachers, 1 headmaster and 10 non-teaching staff in Govt 
Boys Primary School. It has been assumed that 20 liters 
quantity of water per person is sufficient in a school for basic 
health and hygiene practices per day.  
Total demand of water per day for a person is 20 × 350 = 
7000 liters  
Total annual demand of water for a person is  20 × 350 × 365 
= 2555000 liters 
Our estimated daily discharge from rooftops of warehouses is 
7500 liters which is more than 7000 liters and our estimated 
annual discharge from rooftops of warehouses is 2737500 
liters which is even more than 2555000 liters. Rainwater 
harvesting technique is the best alternative way to meet the 
demand of water for all staff of Govt Boys Primary School 
located at Muhammandi Town near zero point Nawabshah. 
The excess water left by the staff of school can be easily 
utilized for gardening purposes. 

V. CONCLUSION 

Our study is carried out to calculate the potential of rainwater 
harvesting from the rooftop of Engro Limited Warehouses 
Muhammandi Town Nawabshah. To achieve the study 
objectives, Software ‘‘Google Earth Pro’’ has been used to 
digitize the rooftops of Engro Warehouses located at 
Muhammandi Town Nawabshah and geometry tool available 
in ‘‘ArcGIS’’ software has been used for calculating rooftop 

area of Engro Limited Warehouses. The results show that the 
maximum amount of rainwater can be harvested from 
rooftops of Engro Limited Warehouses.  
The calculated quantity of rainwater obtained from rooftops 
of Engro Warehouses (A, B, C, D, E, F & G) is 2055.466 
cubic meters or 2055466 liters having area of 14054.5 square 
meters. The maximum amount of daily discharge obtained 
from rooftop of Engro Warehouses is 7.50 cubic meters 
which is more than enough and quite sufficient for all staff of 
Govt Boys Primary School Muhammandi Town based on 
their water demand per day. Thus, obtained rainwater has 
completely satisfied the required demand of water for all 
basic needs. Harvested rainwater will always be freely 
available for staff of Govt Boys Primary School 
Muhammandi Town Nawabshah because rainwater is a 
natural cost-free source. Rainwater harvesting can be the best 
solution for people living in Muhammandi Town who face 

water problems in their daily life. People living in 
Muhammandi Town can easily install rainwater harvesting 
system as every house has rooftop area available for 
rainwater harvesting. It also reduces pressure on 
groundwater, many people use groundwater for water needed 
daily activities for many years. Promoting and installing 
rooftop rainwater harvesting systems is an alternative 
solution for many towns and villages in urban or rural areas 
where structures of houses have already huge rooftop surface 
areas available for harvesting rainwater. Rainwater storage is 
very beneficial for our all basic daily life needs of water and a 
promising answer for our required future water demand. 
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