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ABSTRACT. Water is a precious commodity and water scarcity has become a serious issue in many parts of the world, especially in dense urban areas. Water
resources are under increasing stress due to continuous population growth, agricultural development, urbanization, and industrialization. The gap between
water demand and supply has also increased in recent years. This has resulted in increasing pressure on underground water resources as well as the depletion
of groundwater aquifers at an alarming rate. Thus there is a growing need to explore viable methods and techniques to manage water availability, especially
in urban areas. The objective of the current study was to determine the potential for rainwater harvesting (RWH) in the twin cities of Islamabad and Riwalpindi.
We evaluated its suitability to supplement the water supply as well as contribute to groundwater recharge and flood control efforts. This could in turn
help to overcome water demand, could potentially recharge depleting groundwater resources and could result in the development of a currently untapped

additional water source for urban hubs.
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1. INTRODUCTION

Water scarcity is growing in many parts
of the world and urban centers are most af-
fected. Water is a major input for the existence
of life on the earth. Increased population
growth, agricultural expansion, urbanization,
and industrialization have resulted in the de-
pletion of available water resources in Pakistan.
The gap between water demand and supply has
increased rapidly. Surface water shortage im-
pacted nearly 50% of canal supplies during
the most recent drought period, which lasted
from 1998-2002 (Kahlown, Ashraf 2002).
Based on the current population growth rate,
there is projected to be a 31% shortage of wa-
ter in the year 2025, which will increase sig-
nificantly through 2050 (Sheikh 2017).

The situation is putting pressure
on groundwater resources resulting in a con-
tinuous draw-down of aquifers, with asso-
ciated deterioration of water quality. In Is-
lamabad where water supply is generally met
from surface storage, 170 public tube wells
are also pumping water for domestic and in-
dustrial uses. Long-term groundwater data
in Islamabad showed an average yearly de-
cline of 0.5 m in the water table (Kahlown,
Majeed 2002), a trend which is still continu-
ing (PCRWR 2018).

Thus, the depletion rate of the aquifer has be-
come a major issue associated with the growth
of human settlements in big cities. Ground-
water exploitation to meet the ever-increasing
domestic and industrial water requirements
of the cities on a long-term basis requires as-
surance of a sustainable supply of good quality
water (Ariyabandu 1999). Such an assurance
cannot be made unless withdrawal of ground-
water is replenished under a systemic artificial
recharge program (Kharal 2002).

There is a double pronged strategy being fol-
lowed to manage the water resources of Paki-
stan: (i) construction of new medium to large
reservoirs, and (ii) conservation of water re-
sources through efficient use. There is poten-
tial for the construction of medium and large
dams in the country, however, this would
involve huge investment, national consensus,
and above all a considerable investment of time
(PCRWR 2018). The other options that can
be adopted are appropriate water conservation
technologies and the use of non-conventional
water resources such as rainwater harvesting.

RWH is defined as the process of collecting
natural precipitation from prepared catch-
ments for beneficial use. It is an ancient prac-

tice that has been used in various times, in var-
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ious forms, in most of the world. Allowance
of rainwater runoff from the upper reaches
and collection at lower reaches is called catch-
ment-based harvesting. This is carried out
by storing rainwater from rooftops in small
dams or ponds. System design is based
on the catchment area, conveyance system,
and water storage facility.

Sazakli et al. (2017) conducted a study
to assess the 12 Jordanian governorates’ resi-
dential sectors for potential potable water sav-
ings utilizing RWH. They further gave sug-
gestions and recommendations for improving
the quality and quantity of RWH. Their find-
ings showed that 5.6% of the total domestic
water supply in 2005 was harvested using
this technique. Samples Analysis revealed
that inorganic compounds in harvested water
were in line with WHO standards for drink-
ing purposes. However, the main bacteriolog-
ical parameters exceeded the drinking water
limits (Sazakli et al. 2007).

In Australia, the federal government,
along with several states, initiated a regu-
latory mechanism for water sustainability
and took steps to support households buying
and setting up systems for RWH that result-
ed in increased RWH in regional and urban
areas of the country. Potential health out-
comes of harvested rainwater use were also
explored. Trace metals were found to be be-
low the health limit guideline in residential
areas, but not in high industrial areas. How-
ever, epidemiological evidence suggested no
increased risk of gastrointestinal disease from
drinking rainwater (Chubaka et al. 2018).

A research survey was carried out for har-
vested rainwater from buildings in Brazil which
considered economic, environmental, and social
implications. The authors also assessed the leg-
islation that would be necessary in cities where
this practice would be mandated. The survey
concluded that there was considerable potential
for potable water saving when using rainwater
in buildings (Teston et al. 2018).

A research study was initiated to examine
the applicability of RWH in urban Zambia.
Two peri-urban water stress areas were selected.
Mass curve analysis was used to design storage
for the system and a rational formula was uti-
lized for designing gutters. Tests of water sam-
ples from this system revealed that the water was
drinkable (Handia et al. 2003).

Another survey was conducted in Nigeria
where climate change is already impacting wa-
ter supply. Harvested rainwater is the only alter-

native in this situation. A city with 1,156 mm

means annual rainfall was selected.
It was found that rainwater could be harvested
at a rate of 74.0 m? per annum per household.
The water demand for laundry and flushing
was 21.6 and 29.4 m? per annum, respective-
ly. It was concluded that this amount of har-
vested rainwater could be enough for monthly
household water demand for WC flushing
and laundry, except for the months of Novem-
ber through February. However, storage of ex-
cess rainwater during September and October
would be ample to supplement the short fall
in drier months. Results showed that potential
water savings was highest in June and Septem-
ber (Aladenola, Adeboye 2010).

A research study was started in the UK
to compare estimated and actual perfor-
mance of RWH systems by using calculations
and simulation-based approaches (Ward et al.
2012). A RWH system located in an office
building was selected for longitudinal empir-
ical performance assessment. The results re-
vealed an average measured water saving effi-
ciency of 87% for an 8-month period because
the system was oversized for the actual occu-
pancy level. Thus, a smaller tank could also
be utilized for this purpose. Capital payback
periods of 11 and 6 years were calculated for
the actual over-sized tank and the smaller op-
timized tank, respectively (Ward et al. 2012).

In Australia, a study was conducted to ex-
amine the sustainability of harvested rainwa-
ter in multi-story domestic buildings under
different scenarios (i.e., varying roof area,
floors, water price, and interest rate), in or-
der to categorize suitable conditions where
RWH systems prove to be sustainable. A wa-
ter balance model was developed to calculate
water savings for various scenarios. It was
found that larger roof area improves water
savings and financial benefits. Also, capital,
such as plumbing work and maintenance
costs, matter for RWH systems. It was found
that the financial viability of a RWH sys-
tem is enhanced by lower interest and in-
creased water price regimes. It was concluded
that it would be possible to get “pay back”
from this system subject to some suggested
scenarios (Rahman et al. 2010).

In the United States, an analysis was done
in 23 cities from seven different climatic re-
gions to determine the performance of do-
mestic RWH systems. The considered sys-
tems aimed to both improve water supply
to residential parcels and to reduce storm
water runoff from housing drainage catch-

ments. The results showed that performance
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is a function of climatic patterns and cistern
size. Overall, the results suggested that U.S.
cities could get benefits from RWH, both
as a means of storm water control and as an al-

ternative source of water (Steffen et al. 2013).

2. WATER SITUATION

IN PAKISTAN

The geographical area of Pakistan is 79,610,000
km? lying between 30.3753°N and 69.3451°E.
Pakistan has an average annual precipitation
of around 200 mm, but in northern areas it ex-
ceeds 1000 mm. About 50% of rainfall occurs
during the monsoon season (July to Septem-
ber). Once a water surplus country having
5,600 m® per capita in 1950, Pakistan has
turned into a water deficit country with current
per capita water availability of nearly 1,000 m?
(Sheikh 2017). The water resources of Pakistan
are under great stress as a result of agricultural
and population growth, and associated urban-
ization and industrialization. Based on the cur-
rent population growth rate and declining
per capita water availability, the gap between
water demand and supply is growing rapidly
as shown in Figure 1 and further substantiated
in Table 1.

2.1. RAINWATER

HARVESTING (RWH)
POTENTIAL

On the basis of long-term average annual rain-
falls, Pakistan has significant potential for RWH
from various sources including irrigated areas,
rainfed areas, desert areas, coastal areas, and hill
torrents as shown in Figure 2. The utilization
of this potential water source, with efficient
techniques, can help overcome water shortage
in the country, as well as help conserve natural
resources and ecosystems. In rainfed areas such
as Pothwar, the total rainwater potential is about
4.3 billion cubic meter (BCM), out of which
only 0.1 BCM is being harvested and utilized.
The rest is leaving the area without benefiting
the local communities. Similarly, there is great
potential in Pakistan for rooftop RWH especial-
ly in metropolitan areas. Presently, this is one
of the most underutilized approaches to water
resource development in the country.

Different research organizations in Paki-
stan are actively involved in developing tech-
niques and methods for RWH in various parts
of the country. These organizations have made sig-
nificant progress in improving designs for RWH
in urban and desert areas, in order to provide
drinking water to human populations and live-

stock, as well as recharge depleting aquifers.

Given the water situation in urban areas,
and the need to meet future water demand,
research efforts are being focused on expand-
ing RWH techniques in urban areas. For
this purpose, the current case study was con-
ducted in the twin cities of Pakistan — Islam-
abad and Rawalpindi — with the main objective

of exploring RWH potential in urban areas.

2.2. RWH POTENTIAL

IN TWIN CITIES

Islamabad and Rawalpindi are twin cities with
just a highway separating them. Both cities,
combined with Taxila and other adjoining areas,
form Islamabad/Rawalpindi (Fig. 3).

Islamabad, the federal capital of Pakistan,
is spread over an area of 906 km?, out of which
220 km? is urban area. The total population
of both cities (Islamabad and Rawalpindi)
in 1998 was 0.53 million and 1.4 million, re-
spectively. This has grown to 1.01 million
and 2.1 million as per recent cesus of 2017 (GoP
2017). Elevation ranges from 457 m to 1,604
m. Its density is 880 people/km?. The water
table ranges from 45.72 m to 121.92 m on av-
erage but is depleting day-by-day and exploita-
tion of groundwater is becoming comparatively
expensive. The major sources of water supply
of these cities are Rawal and Simly Lakes. There
are several contaminant sources, including hospi-
tal waste, poultry waste, and sewerage of catch-
ment areas, which have compromised water qual-
ity and safety (PCRWR 2016). Unhygienic water
is one of the root causes of disease in the area.
Simly and Rawal Lakes are therefore also not cost
effective. Islamabad and Rawalpindi are among
the few cities in Pakistan that receive per annum
precipitation in the range of 950-1,100 mm.
The monthly trend based on the long-term re-
cord (1961-1990) is evidence of that, as shown
in Figure 4.

Rainwater can successfully supplement
water supplies in these cities and many other
similar areas. This source of water is free from
harmful environmental effects and may help
in sustainable development. Present water
demand is 0.775 MCM per day from Simly
and Khanpur Dams. There are an additional
193 tubewells in Islamabad. The maximum
water supply capacity to the city is 0.370 MCM
per day as shown in Figure 5, and can drop
to 0.264 MCM per day, resulting in a short-
age to the tune of 0.467 MCM per day.

The normal size of residential plots
in Islamabad (Table 2) ranges from 74.32 m?
to 1,672.26 m?% The volume of rainwater

available for a typical house of 418 m?

(90% covered areas), with 80% collection
efficiency, is given in Table 3, on a monthly
and annual basis. The annual water require-
ment for a family of 6 people, at the rate
of 0.1 m® per head, is 248.7 m® The to-
tal available water from a house of 418 m?
is 319 m?, this requirement therefore could

easily be met from rainwater.
y

3. GROUNDWATER

RECHARGE BY RWH

Generally, about 20% of rainwater perco-

lates into the ground to recharge the aquifer.

This percentage is being further reduced in Pa-

kistan by deforestation, increased urbanization,

and road and pavement construction, among

other causes. In Islamabad, 4.6-6.1 m draw-

down occurs every year due to unplanned ex-

tractions by the current tube wells in Islamabad

and the growth in the number of tube wells

in Rawalpindi, as shown in Figure 6 and Figure

7, respectively. This in turn causes:

* short surface supplies, exerting great stress
on groundwater resources;

* a continuous increase in groundwater utili-
zation;

* a falling water table in 26 out of 43 canal
commands;

* and a continuously declining water table

in major cities.

There are several methods of artificial ground-
water recharge, including injection wells, ditches,
soakways, delay action dams, and leaky dams.
It is however, necessary to evaluate the appropri-
ate technologies of RWH in order to rejuvenate
depleting fresh water aquifers. The effective im-
plementation of appropriate artificial recharge
techniques, in conjunction with RWH, would
help sustainable management of groundwater,
as well as the water resources of the country
as a whole. Depleting aquifers may be recharged
by utilizing RWH efficiently by adopting tech-

niques of inverted well or soakways.

31 AQUIFER RESTORATION
WITH INVERTED WELLS

Inverted wells are essentially pumped wells in re-
verse as the water enters the aquifer over a small
area. Recharge/injection wells are used where
the cost of land is very high, such as in urban
areas, or the aquifer to be recharged is deep and/
or limited. In operation, it is essentially the oppo-
site of groundwater abstraction, thus a recharge
mound forms rather than a cone of depression
when pumping. These systems are susceptible

to clogging by suspended solids in the inject-



Table 1. Water availability and demand in Pakistan (Sheikh 2017)

Year 2004 (BCM) 2025 (BCM)
Water availability (including drinking water) 128 128
Requirement (including drinking water) 142 142
Overall shortfall 1% 31%

Table 2. Plot sizes in Islamabad

Plot sizes in m?

167226 | 1,003.35 | 83613 | 55184 | 50168 | 29720 | 2276 | 16723 | 63 | 7432

Table 3. Monthly availability of rainwater for a house on an average

plot size of 418 m?

Rainwater harvesting scenarios and its prospective in Pakistan
Talat Farid Ahmed, Shamim Ul Sibtain Shah, Muhammad Attiqullah Khan, Muhammad Azeem Afzal, Ashfag Ahmed Sheikh

Angi
Sl

Ma

et Average rain % of annual Rooftop rainwa- Total rainwater for a
[mm] rainfall ter [m?] house of 418 m2 [m*]
Jan 56.1 4.91 8.70 15.7
Feb 735 6.44 11.86 21.3
Mar 89.8 7.86 13.93 251
Apr 61.8 5.41 9.58 17.2
May 39.2 3.43 6.10 10.9
Jun 62.2 545 9.60 173
Jul 267 23.38 412 741
Aug 310 2715 48.00 86.5
Sep 98.2 8.60 15.22 275
Oct 293 2.57 454 82
Nov 17.8 156 270 49
Dec 373 3.27 575 10.4
Total 1142.2 100.00 177.21 319.0
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ed water. Afforestation and vegetative measures
in the catchment are necessary to control sedi-

mentation.

3.2. AQUIFER REVIVAL

WITH SOAKWAYS

Soakways are another method of artificial ground-
water recharge. This method consists of per-
meable materials located below ground to store
runoff, which is utilized for flow to ground water.
The permeable surface can be grassed or graveled
areas, paving blocks with vertical voids built in,
or paving blocks with gaps between individual
units. Water is therefore collected from a large sur-
face area, stored in the filter drains, and allowed
to infiltrate through the soil. Soakways trap sedi-
ments and thereby clean the run-off. It is essential
that the surface is kept clear of silt and cleaned
regularly to keep the voids clear.

In order to develop the above-defined (3.1 &
3.2) techniques, the catchments of different sites
in Islamabad would need to be surveyed for these
purposes. Then necessary diversions, if required,
would need to be developed to direct rainwater to-
wards the points in the catchment where inverted

wells or soakways would be implemented.

3.3. GREEN BELTS FOR
GROUNDWATER

RECHARGING

Green belts, which are 91.44 meter by 182.88
meter wide, and are positioned astride roads,
can be used for easy groundwater recharge
as well. Natural depressions in these green
belts can store rainwater. By considering
an average storage of 100 m x 100 m x 10 m
(100,000 cum) per km for 280 km long
greenbelts, it would be possible to store
280x100,000 or 28 MCM. As an exam-
ple, the green belt south of Shaker Parian
and sports complex, which is equal to one
sector of 2 km by 2 km, would be capable
of storing 2000x2000x10, or 40 MCM (Li-
aqat 2002).

4. RWH FOR FLOOD
PREVENTION

IN RAWALPINDI

The catchment area of Nullah Leh is 238 km?,
while the Islamabad Territory area is 908 km?,
from which surface runoff is generated during
the rainy season. The monthly and total run-

off generated in the entire Islamabad and Leh

catchment, assuming 50% efliciency, is shown
in the Figure 8.

Figure 8 shows about 130.24 MCM
of runoff per year is generated by Nullah Leh;
this quantity is enough to supply water to Is-
lamabad for one year at the rate of 0.37 million
m? per day. Capturing and storing rainwater
for use is particularly important in dry lands,
hilly, urban, and coastal areas. Humans can
survive hunger for several weeks if the body
possesses sufficient reserves. Lack of water,
however, will lead to certain death within days,
as the body cannot retain any water reserves.
Therefore, we must take stock of the situation
and adopt innovative methods and techniques
to store and conserve water.

Many countries of the world have realized
the importance of RWH and are successfully
benefiting from it. Before the situation becomes
worse and the minimum water required for es-
sential needs is not available, we must evolve
innovative methods of saving water and supple-
menting our existing water resources by harvest-
ing rainwater. The following recommendations
are made with special reference to Rawalpindi
and Islamabad.



5. RECOMMENDATIONS/

CONCLUSIONS

a. The annual runoff in the Potohar re-

gion is 4.32 BCM, but only a fraction
of this is being harvested. Numerous dam
sites have been identified in the Islamabad
and Rawalpindi area, but in the past sev-
eral decades, no rainwater storage dams
have been constructed in the twin cities.
The existing dam sites should be prioritized
and new dam sites should also be identified.
Construction of new dams should be giv-
en top priority in the Annual Development
Program and construction of at least one
dam per year should be mandatory by each
of these two cities.

. Rooftop RWH must be made obligatory for
all citizens of Islamabad and those people
of Rawalpindi who live on a plot of 418 m?
or more. All government buildings must in-
stall RWH systems. Construction of RWH
systems should be made part of the building
bylaws.

. Subsidies may be given to tenants who
adopts RWH techniques via property taxes.
In Japan subsidy is given to people to install
RWH systems. In Australia special loans are
provided by banks for RWH.

. Penalties may be imposed on residents who
dispose of rainwater into storm drainage.
In Bon, Germany, households pay a special
tax depending upon the amount of storm
water they allow into a storm water drain.

. There is currently no control on the ex-
traction of groundwater and there are no
bylaws which restrict or control the pump-
ing out of ground water. It should be
compulsory for every agency that extracts
groundwater to construct recharging wells
in order to recharge the aquifer by har-
vesting rainwater. The recharging systems
should be designed so that the amount
of recharge is at least equal to the amount
of ground water extracted during the year.
Necessary byelaws are needed to restrict
extraction of ground water. Concerned
agencies should have a record of each tube
well in their area and the residential units
that have installed water pumps/electric

motors to extract gl‘OLll’ld water.

f. As part of building bylaws, residents should

have separate water disposal systems for sew-
age water and other grey water (e.g., wash ba-
sin, kitchen). Sewage water may be drained
to a treatment plant for agricultural and irri-
gation purposes, whereas other water can be

used for lower quality water uses.
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g. Water charging ponds in open spaces, dams

and check dams in nullahs, and distribu-
taries, should be constructed. These ponds
will store water for emergency and recharg-
ing of ground water. Fatima Jinnah Park
and the green belts astride main roads in Is-
lamabad are ideal places to harvest rainwater

by making water ponds or recharging wells.

. The water saving techniques given in this pa-

per are being successfully applied in other
countries. We need to encourage our peo-
ple to use them. All government buildings
should have these techniques incorporated
into their design and construction.

It is a very common sight to see people using
high quality municipal water for uses such as wa-
tering of lawns or washing cars. Although there
are laws to punish the culprits, the fine is so mi-
nor that it does not deter people. Municipal laws
must be amended and these fines should be in-

creased by a substantial amount.

j. A mass campaign on TV, radio, and print

media should be launched to create aware-
ness of RWH, recycling of water, and water

saving techniques.

NOTATIONS

RWH — Rainwater harvesting; UNEP — United
Nation Environment Program; MCM — Mil-
lion Cubic Meter; BCM - Billion Cubic Me-
ter; CDA — Capital Development Authority;

m? — square meter; TV — Television; TW —

Tubewell; GoP — Government of Pakistan.
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