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Applications of Google Earth Pro and ArcGIS to
estimate the Rainwater Harvesting Potential
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Abstract— Rainwater harvesting is the best method to face the future water shortage in Peshawar because of the water scarcity crisis in
many places of Peshawar, KPK province in Pakistan. The rainwater storage system can help to alleviate water scarcity. Rainwater
collecting has become a practicable and sustainable solution for lowering potable water usage during the dry season and perhaps
mitigating the negative impacts of floods after heavy rains. In our study the techniques of Google Earth Pro and the Geographic Information
System (GIS) were used to determine the rainwater harvesting potential of three stadiums in Peshawar city. The average annual runoff and
daily discharge from Arbab Niaz Stadium, Peshawar Gymkhana Stadium and Tehmas Khan Football Stadium is calculated with the help of
using “Google Earth Pro” and “ArcGIS 10.8”. Required size for storage tank is also calculated on the basis of daily discharge from
catchment surface of three stadiums. The average annual rainfall in Peshawar city is 403.9 mm according to Pakistan Meteorological
Department. Peshawar is the most suitable city for the practice of rainwater harvesting. The estimated average annual quantity of runoff

from study area comes out to be 1956769 liters for year 2021.

Index Terms— Rainwater Harvesting, Demand, Storage Tank, Geographic Information System, Google Earth Pro.

1 INTRODUCTION

OTABLE water and basic sanitation should be available,

accessible and suitable to people [1]. Water is a basic need

for humans and is the basis for socio-economic develop-
ment [2]. Around 20% of Pakistan's total population has
sought clean drinking water. Almost 80% of the population
has been supposed to drink contaminated water [3]. Rainwa-
ter storage has been performed since 4500 BC, with data span-
ning until 850 BC, according to sources in Jordan and Israel,
accompanied by India and Sri Lanka [4]. Rainwater harvesting
may be divided into two categories. Surface water harvesting
is the first, while rooftop water harvesting is the second.
Rainwater may be obtained from various rooftop surfaces
through gutters for rooftop rainwater harvesting. The ob-
tained water is utilized for non-potable activities in our regu-
lar lifestyle. Daily life activities like Flushing, cleaning, vehicle
washing, gardening, & clothes washing [5]. Rainwater can be
collected and store it for later use or discharged into the
groundwater. Because of the increasing demand for water in
the world, groundwater levels are continuously depleted [6].
Water is an essential need for humans living on Earth. The
purpose of collecting rainwater is to help households satisfy
their basic water demand [7]. Rainwater can be stored up to
dry season by households [8]. Precipitation unpredictability
also poses a problem to the water collecting system's perfor-
mance. Precipitation variability has a significant impact on
how much amount of rainwater can be retained by rooftop
water harvesting technologies [9].

Rainwater harvesting systems have been shown to be
helpful in enhancing the livelihoods of rural communities,
particularly those that have incorporated the innovations, par-
tially because they have reduced the time and energy required
to get water from alternative sources [10]. Rainwater collecting
is the most effective method for increasing the natural filtering
of water into underground improvement through a few
manmade techniques [11]. Rainwater is being used as the best
drinking water source not only in Asia, but as well as in Aus-

tralia, Europe, the United States, and Africa [12] [13]. The
amount of Pb in rainwater has boosted air pollution levels.
Some chemical, biological, and physical characteristics of air
pollution, such as CO, dust particles, and heavy metals, such
as the concentration of Pb, are extremely high. Vehicles, indus-
tries, and factories, especially in urban areas, have produced
exhaust particles. The findings of several studies in countries
such as Palestine and Australia revealed that dust particles,
bird faeces, and heavy metals seemed to have an impact on
rainwater quality, also including changes in taste and colour
[14] [15]. Turbidity in raindrops is caused by suspended solid
particles that can be organic or inorganic [16]. Rainwater har-
vesting systems have met Malaysia's water-saving goals [17].
The results of simulation models and estimations of installing
rainwater harvesting systems may not meet actual perfor-
mance after occupancy for green technology practices [18].
Besides in residential areas, it is extremely difficult to predict
individuals' activity and water usage trends [19]. The HI index
for chosen metals, for instance, Cd, Cu, Co, and Pb for adults
fell inside the safe value. 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]. Rainwater can offer main source
of drinking water with appropriate treatment to reduce the
levels of contaminants of health concern, such as arsenic and
fluoride [21]. The assessment of rainwater harvesting potential
is mostly followed by quantifying the runoff volume and all
characterization components of the rainwater harvesting sys-
tem [22].

Rainwater collection is the process of capturing and stor-
ing rainwater from rooftop catchments. It entails collecting
rainwater in urban areas and utilizing it to raise ground level
via artificial recharge. It involves the installation of gutters
from the roof's top to the existing tube well [23]. A PC-based
mini-computer was introduced to determine tank size based
on the monthly precipitation [24]. The size of the capacity tank
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must be evaluated in future research since it may affect the
predicted promise of RWH from housetops. The current study
also showed that modelling the precipitation overflow design
and the potential consequences of environmental changes on
Addis Ababa might help with ordering the runoff coefficient
of surrounding housetops, which could be a limiting parame-
ter for determining the storage tank capacity [25]. Water ki-
osks, which were created in health centers in Rwanda devel-
oped by large public institutions with a significant capacity for
water collection [26]. It was observed that the approach used
in the study to determine the area of catchment surfaces with
the use of "Google Earth Pro" and QGIS is the most appropri-
ate [27]. To analyze the catchment surfaces, the raster file was
converted into a vector file using "Google Earth Pro" and
"QGIS" software. "ArcGIS" is a popular tool for calculating the
area of any object. "ArcGIS" application allows you to exam-
ine, modify, and explore spatial information [28]. Further-
more, the GIS evaluation technique was used to compute the
RRWH potential, resulting in an effective appraisal of rooftop
rainwater harvesting in Wollert, a Melbourne, Victoria suburb.
The total volume of water harvestable at the domestic level
could be calculated using "ArcGIS" software [29]. "ArcGIS
10.3" was also utilised to digitise all forms of catchments based
on their shape. Finally, the catchment area was estimated in
order to evaluate the possibility of rainwater collection [30].

2 METHODOOGY

2.1 Description of Study Area

The selected study areas were Arbab Niaz Stadium (Shahi
Bagh Stadium), Peshawar Gymkhana Stadium and Tehmas
Khan Football Stadium which are located at 34° 1' 18" N, 71°
34' 42" E and exist at Peshawar in Khyber Pakhtunkhwa prov-
ince of Pakistan. Peshawar Gymkhana Ground is a Club crick-
et ground which is an old British Raj era ground and used to
have 2 tennis courts, a pavilion and a cricket ground. It is very
popular among Club cricketers and club cricket is regularly
played here. Tehmas Khan Football Stadium is popular among
footballers and football tournaments are regularly played
here. The average annual rainfall in Peshawar city is 403.9 mm
according to Pakistan Meteorological Department. The study
area map is given in “Google Earth Pro” and “ArcGIS 10.8”
available in Fig 1 and Fig 2.

Fig. 1. Study area map (Google Earth Pro)
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Fig. 2. Study area map (ArcMap 10.8)

2.2 Rainfall Data

Quantity of rainwater is the major component of estimat-
ing the rainwater harvesting potential. The rainfall data for
year 2021 has been collected from Pakistan Meteorological
Department. Fig 3 shows the rainfall data of 2021 in the
months (January to December) respectively. Whereas maxi-
mum rainfall happened in July which was 79.83 mm and the
minimum rainfall happened in January which was 0.01 mm.
The average annual rainfall of 2021 is 297.39 mm.
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Fig. 3. Rainfall data of Peshawar city (2021)

2.3 Coefficient of Runoff (Cr)

The ratio rate between rainfall and runoff values is called run-

off coefficient is dimension less ratio. 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 reten-

tive impact of surface. There are also the chances of lost this

fresh water by processes of evaporation. The rate of lost rain-
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water is dependent on the surface of constructed material [31].
As our study catchment surface area is three stadiums of
Peshawar city which consists of green area so value of Cr as
0.15” is used to estimate the rainwater harvesting potential.
The values of runoff coefficients for different catchment sur-
faces have been given in Table 1.

Table 1. “Runoff Coefficient”” (Cr) values for different
catchment surfaces

gffzg Catchment Runoff Coefficient
Railroad yard “0.20 to 0.40”
Concrete “0.80 t0 0.95”
Brick “0.70 t0 0.85”’
Asphaltic ©0.70 t0 0.95”
Playground “0.20 to 0.35”
Green Park ©0.10t0 0.25”’

2.4 Runoff Catchment Surface Area

The type of catchment surface from where rainwater can
be collected either it can be rooftop of any building or any
plain surface area is called runoff catchment surface area. For
calculation of catchment surface area, total area of stadiums
was manually digitized from the satellite image with the help
of using ArcMap 10.8. Then the area of each polygon was cal-
culated in square meter (m?), by using area calculation tool.

2.5 Rainwater harvesting potential

Rainwater harvesting potential system is always depend-
ent upon harvestable amount of rainwater. The rainwater har-
vesting potential has been estimated by using equation (1).

S =Rx>x<Ax<C, (D

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]. Cal-
culating rainwater harvesting potential through equation is
the best method for any catchment surface area.

2.6 Volume of storage tank

The volume of the storage tank has been assumed based
on the quantity of daily discharge expected. The discharge per
day is based on the catchment area and quantity of daily rain-
fall. Daily rainfall is calculated by dividing average annual
rainfall by 365. For some safety rules, the size of storage tank
must be bigger than the required size [5].

3 RESULTS AND DISCUSSION

3.1 Digitization of catchment area using Google Earth
Pro

The catchment surfaces of study area have been digitized in

130

“Google Earth Pro” with the advantage of available “Polygon
tool”. This process resulted in digitized catchment surfaces of
Arbab Niaz Stadium, Peshawar Gymkhana and Tehmas Khan
Football Stadium that are saved as KML file and shown in Fig
4 respectively.

S LT S e ot

" A
Fig. 4. Study area digitized using Google Earth Pro

3.2 Calculation of catchment area with the advantage of

ArcGIS Software

Digitized catchment areas in the “Google Earth Pro”
which were saved as a KML file. The KML files of digitized
catchment surfaces were changed from “KML files to layer
form” in “ArcGIS 10.8”. After converting from KML to layer,
all layered forms were converted to Shapefiles. After changing
from layered form to shapefiles, the coordinate system of each
shapefile was changed to a projected coordinate system that is
different for every region i.e. EPSG: 32644 - WGS 84 / UTM
zone 43 N is used for Pakistan. For calculating digitized
catchment surfaces with the advantage of geometry calcula-
tion tool in the Arctic. Fig 5 represents shapefiles of study area
projected in “ArcGIS 10.8” and Fig 6 represent digitized
catchment study area calculated in “ArcGIS 10.8” through
attribute table.

IJSER © 2022

http://www.ijser.org


http://www.ijser.org/

Q Petane Sy S By Vo G - SocAleg - s "
Fie IS Yes chowt: mam Sdecen Gepocesey Cesoess Wodoes g
RAFTO N ¢~ - RO/ EZASE T R; DSES & 7~ #-5w L EETED
[==4 S
| e O G ox ~ = =3
| — . - -~
i =) E = B S
| « § o
L C e NEW Seunne s §p LG Dt
2 Epom SORSEEy 106 ¢ & Layes ot Takig S
=1 = B Package
B8 Sesa J /e, SEIRG LT T & e
L e
B At AW Docamare S -3 AT 4 790 B 2SN AT e

2 Pohger St

D Epon TR0 DS o=

£t S

. Domven CasnSeune Nenmon
“,. Dt Cotom Secgrepiee Turs
R
-
-

3 C Dnme NEV Jemarng Setaes’ \ Defime Posgmcn
S Pacwman . S
2 Fwn = G Punw
ot § Femong Do
? - Qe
T Pl i G Setoe
e « § on
— 5 G T e
Sz gom ¢ & ===p
————iT & -~
- : § Sovp=r
= RS TRGY ® toemg
- @ emoadeg Tace
@ Ceomecc dnatez Tock
= @ Lo Tetowncng Toon
» @ Mtdewoe Tace
| « > J ) et s Yoo
l At @ Peoe Tebec Tace -~
-~ -
e o=c » < »

Fig. 5. Projected shape files of study area
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Fig. 6. Digitized shape files with calculated areas in
attribute table in ArcGIS

3.3 Estimated rooftop rainwater harvesting potential

Fig 7 shows the estimated average annual rainwater harvest-
ing potential runoff from catchment surfaces of three stadiums
as 1956.769 cubic meters for year 2021. The maximum quantity

of rainwater can be obtained from our study area. Our study
area is divided into three catchment surface areas which are
Arbab Niaz Stadium, Peshawar Gymkhana stadium and
Tehmas Khan Football Stadium. The maximum amount of
rainwater can be obtained from catchment surface of Arbab
Niaz Stadium is 941.787 cubic meters and minimum amount
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of rainwater can be obtained from catchment surface of
Tehmas Khan Football Stadium is 431.823 cubic meters. Fig 8
represents the amount of runoff map in ArcMap.

Rainwater Harvesting Potential
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discharge of 17.186 cubic meters from Arbab Niaz Stadium,
storage tank volume of 27 m? is assumed for the daily dis-
charge of 10.642 cubic meters from Peshawar Gymkhana and
storage tank volume 24 m? is assumed for the daily discharge
of 7.880 cubic meters from Tehmas Khan Football Stadium.

Daily discharge from catchment surface
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Fig. 7. Estimated potential of rainwater harvesting for year
2021
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Fig. 8. GIS mapping of rainwater harvesting potential in the
year 2021

3.4 Estimated daily discharge and required volume of
storage tank

Fig 9 shows the daily discharge of 17.186 cubic meters can be
obtained from catchment surface of Arbab Niaz Stadium, dai-
ly discharge of 10.642 cubic meters can be obtained from
catchment surface of Peshawar Gymkhana and daily dis-
charge of 7.880 cubic meters can be obtained from catchment
surface of Tehmas Khan Football Stadium. Fig 10 shows the
required storage tank volume of 40 m? is assumed for the daily

Fig. 9. Estimated daily discharge from catchment surface area
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”Fig. 10. Required volume of storage tank for daily discharge

3.5 Estimated demand of water

The obtained runoff from Arbab Niaz Stadium, Peshawar
Gymkhana Stadium and Tehmas Khan Football Stadium will
be used by players and public. It has been assumed that 5 li-
ters quantity of water per person is sufficient in stadium for
hand washing and hygiene practices per day. It is supposed
that there are total 7000 persons present in all three stadiums.

Total demand of water per day for a person in stadium is
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5 x 7000 = 35000 liters

Total annual demand of water for a person in stadium is
5 x 7000 x 365 = 12775000 liters

Our estimated daily discharge from Arbab Niaz Stadium,
Peshawar Gymkhana and Tehmas Khan Football Stadium is
35708 liters which is more than 35000 liters and our estimated
annual discharge from catchment area is 12775000 liters which
is even more than 13033420 liters. Practice of rainwater
havesting technique is the best alternative way to meet the
demand of water for players, coaches, management staff and
all the public come in huge amount.

4 CONCLUSION

The water demand is increasing as population is growing rap-
idly. To meet all water demands, the technology of rain water
harvesting is the best solution. In highly populated country
like Pakistan crisis of water is a serious problem and resources
of water should be managed carefully. Rainwater harvesting
helps us to meet water demands, replenish groundwater, re-
duce water bills and improves environmental health. The En-
vironment experts suggested that 70 mm (minimum) rainfall
is required for doing rainwater harvesting. Peshawar is most
suitable for rainwater harvesting as average annual rainfall in
Peshawar city is 403.9 mm. Our study is carried out to calcu-
late the potential of rainwater harvesting from catchment sur-
faces of Arbab Niaz Stadium (Shahi Bagh Stadium), Peshawar
Gymkhana and Tehmas Khan Football Stadium in Peshawar.
The amount of rainwater can be obtained from catchment sur-
face of Arbab Niaz Stadium is 941.787 cubic meters, amount of
rainwater can be obtained from catchment surface of Gym-
khana Peshawar is 583.159 and amount of rainwater can be
obtained from catchment surface of Tehmas Khan Football
Stadium is 431.823 cubic meters. Harvested rainwater is freely
available for every person because rainwater is a natural cost
free source. The best solution is rainwater harvesting for peo-
ple living not only in Peshawar but all cities of Pakistan who
face water problems in their daily life. Rainwater can be cap-
tured from rooftop of any building, roads and open spaces
which are available everywhere. Our research study has
proved that any domestic house, school, college, office and
universities can easily adopt RWH technique to face future
water problems. Government should take interest to promote
the RWH technique in every part of the country. Celebrities of
every country must promote RWH technology on social media
as pubic take interest and apply at domestic level. The popula-
tion of every region of Pakistan can easily install rainwater
harvesting system as every house has large catchment surface
area (rooftop, roads, and open plain surface area) available for
rainwater harvesting. Promoting and installing rainwater har-
vesting technologies systems is an alternative solution in
many cities and villages of urban or rural areas of Pakistan.
New methodology should be used for collecting rainwater for
our future demand.
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