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Abstract:  Water scarcity is a very vital issue in twin cities of Islamabad and Rawalpindi in Pakistan. With the passage of time, 
the water resources in this region are under enormous stress due to increased agricultural development, population 
growth and associated urbanization and industrialization. The gap between water demand and supply is expanding 
rapidly. In addition to this, water demand has considerably increased because of improvement in living standards. 
This resulted in an increasing pressure on groundwater resources, which leads to an alarming depletion of aquifers. 
This has emphasized the need to explore new water resources in Islamabad and Rawalpindi. The objective of this 
research paper is to find out rainwater harvesting potential in the twin cities and evaluate its suitability for supplement 
water supply and other miscellaneous uses such as groundwater recharge and control flooding of Nullah Lai (the city 
main drain). Which in turn to overcome water demand to some extend, recharge our depleting groundwater resources 
and development of an additional source of water within the twin cities. 
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1. INTRODUCTION 

The water resources of Pakistan are under immense stress due to increased agricultural 
expansion, population growth and associated urbanization and industrialization. The gap between 
water demand and supply is growing rapidly. Based on current population growth rate, there would 
be 21% shortage of water in year 2011 which will increase to 50% in 2025. There is double pronged 
strategy being followed to manage the water resources of Pakistan: (i) construction of new 
large/medium reservoirs; and (ii) conservation of water resources through efficient use. There is 
potential for the construction of large and medium dams in the country, however, it involves huge 
investment and national consensus. The other options that can be adopted are appropriate water 
conservation technologies and use of non-conventional water resources, such as rainwater 
harvesting. 

Rainwater harvesting is defined as the process of collection of natural precipitation from 
prepared catchments for beneficial use. It is an ancient practice used at various times, in various 
forms, throughout most of the world. Allowance of rainwater runoff from the upper reaches and 
collection at lower reaches is called catchment based harvesting. This is carried out by storing 
rainwater through small/mini dams, ponds, etc. A rainwater harvesting system usually consists of a 
rainwater catchment area, conveyance system, and water storage facility. 

Water is a major input for the existence of life on the earth. Due to continuous increase in 
population, urbanization and industrialization, water is becoming scarce source in Pakistan. 
Moreover, recent severe drought has further accelerated the water shortage. The surface water 
shortage touched nearly 50% during the drought period (Kahlown and Ashraf, 2002). 

The situation is pressing hard to exploit groundwater resources resulting in continuous decline in 
groundwater level, along with quality deterioration. The water table in major cities, where 
groundwater is the main dependable source of water supply, is rapidly falling. In Islamabad, where 
water supply is generally met from surface storages, 170 public tubes well also pumping water for 
domestic and industrial uses. The long-term groundwater data in Islamabad show average yearly 
decline of 0.5 m of the water table (Kahlown and Majeed, 2002). 

Thus, depleting rate of aquifer has become a major issue associated with the growth of human 
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settlements in the big cities. The groundwater exploitation for meeting the ever-increasing domestic 
and industrial water requirements of the cities on long-term basis requires assurance of sustainable 
supply of good quality water (Ariyabandu, 1999). Such type of assurance cannot be made unless 
withdrawal of groundwater is replenished under a systemic artificial recharge programme (Kharal, 
2002). 

A research study was initiated with the objectives; assess the potential for potable water savings 
under rainwater of the 12 Jordanian governorates residential sectors and give some suggestions and 
recommendations for improvement of both quality and quantity of harvested rainwater. Results 
depicted that 15.5 Mm3/y of rainwater could be collected from roofs of these residential buildings 
taking into account their surfaces. It was equal to 5.6% of the total domestic water supply of the 
year 2005. Samples analysis revealed that, in harvested water, inorganic compounds are in line with 
WHO standards for drinking purpose. However, main bacteriological parameter exceeded the 
drinking water limits (Sazakli et al., 2007). 

Australian Federal and several state governments initiated a regulatory mechanism for water 
sustainability and took steps to support households for buying and set up a rainwater harvesting 
systems that led to increase in rainwater harvesting in regional and urban areas of the country. 
Beside this potential health outcome of harvested rainwater use was also explored. The results 
indicated metals traces, which were generally below the health limit guidelines, except in high 
industrial areas. However, epidemiological evidence suggests that drinking rainwater does not 
increase the risk of gastrointestinal disease (Chubaka et al., 2018). 

A research survey was carried out for harvested rainwater from buildings in Brazil with the 
objectives as economic, environmental and social issues. Necessary legislation for the mandatory 
cities, where this system has to be developed, was assessed. The survey concluded that when using 
rainwater in buildings, there was a high potential for potable water savings. Finally, it was 
suggested that there is a need for financial investments in experimental research and innovation 
technologies, in order to improve rainwater management (Teston et al., 2018). 

A research study was initiated with prime objective to investigate the applicability of rainwater 
harvesting in urban Zambia. Two peri-urban water stress area was selected. The socio-cultural 
survey was conducted in these areas. Storage design of the systems was done on mass curve 
analysis basis and rational formula was used for gutters design. Laboratory analysis of water 
samples from one such system showed that it was suitable for drinking purposes (Handia et al., 
2003). 

A survey study was carried out in Nigeria to overcome the impact of climate change on water 
supply. Harvested rainwater is only alternate of such situation. A city with mean annual rainfall of 
1,156 mm was selected. It was found that intra-annual variability lies between 0.7-1.0, while inter-
annual variability was 0.2 and rainwater that could be harvested was 74.0 m3 per annum per 
household. The water demand for flushing, laundry and flushing were found 21.6 and 29.4 m3 per 
annum, respectively. It is concluded that this amount of harvested rainwater could be enough for 
household monthly water demand of WC flushing and laundry, except for November, December, 
January and February. The excess stored rainwater during September and October could be ample 
to supplement the short fall in the dry months subject to adequate storage. Results showed that 
water savings potential was high in June and September (Aladenola et al., 2010). 

A research study was started in UK to compare estimated and actual performances of rainwater 
harvesting system, by using two methods, i.e. simple calculations and simulation-based approaches. 
A non-domestic RWH system located in an office building was selected for longitudinal empirical 
performance assessment. The results showed that average measured water saving efficiency was 
87% for 8-month period, because the system was over-sized for the actual occupancy level. It was 
found that same level of performance could be achieved by using a smaller-sized tank. It was 
concluded that estimated cost savings resulted in capital payback periods of 11 to 6 years for the 
actual over-sized tank and the smaller optimized tank, respectively (Ward et al., 2012). 

In Australia a study was conducted to examine the sustainability of harvested rainwater in 
multistorey residential buildings under different scenarios, like varying roof area, number of floors 
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in the building, water price and interest rate, to identify favourable condition where RWHS proves 
to be sustainable. A water balance model was developed to calculate water savings for various 
scenarios. It was found that in terms of water savings and financial benefits, higher roof area is 
good. Plumbing work and maintenance costs matters for RWHS. It was found that lower interest 
and increased water price regimes enhance the financial viability of RWHS. It was concluded that it 
would be possible to get “pay back” from this system, subject to some suggested scenarios and 
settings that made it sustainable (Rahman et al., 2010). 

In the United States, an analysis was done in 23 cities of seven climatic regions, to know the 
performance of urban residential rainwater harvesting systems with the objectives i.e. water supply 
provided from rainwater harvest at a residential parcel and storm water runoff reduction from a 
residential drainage catchment. The results showed that performance is a function of cistern size and 
climatic pattern. Overall, the results suggested that U.S. cities and individual residents could get 
benefits from implementing rainwater harvesting as a storm water control measure and as an 
alternative source of water (Steffen et al., 2013). 

According to the United Nations, the world population is currently growing at 77 million people 
per year, which means that by keeping this growth rate there will be about 9 billion people in the 
world in 2050. This represents a 50% increase on the world population. Water resources are limited, 
therefore there will be water availability problems in many countries and it will be a challenge for 
governments to ensure an adequate potable water supply to all the population. In order to ease water 
availability problems and decrease potable water demand, rainwater harvesting has been suggested 
by many researchers (Ghisi et al., 2006).  

Rainwater management systems provide a source of ongoing water supply and reduce reliance 
on other water sources (Bambrah, 1993; Herrmann and Hasse, 1998). Rainwater management, 
which is regarded as one of the best available ways for sustainable urban development, is effective 
to recover natural hydrological cycles in urban area (Kim et al. 2003). However, a lack of technical 
knowledge on the design of rainwater management system has been identified as one of the primary 
factors preventing widespread adoption of rainwater management in urban areas (Kim et al., 2004) 

2. WATER SITUATION IN PAKISTAN 

The geographical area of Pakistan is 79.61 million hectares, lying between 24o N and 37o N 
Latitude and between 61o E and 77o - 45 E longitude. Pakistan has an average precipitation of 
around 200 mm, but in northern area it exceeds 1000 mm. About 50% of rainfall occurs during 
monsoon (July to September). Pakistan, once a water surplus country having 5600 m3 per capita in 
1950, has turned into a water deficit country with 1100 m3 per capita. The water resources of 
Pakistan are under huge hassle, as a result of agricultural and population growth and associated 
urbanization and industrialization. The gap between water demand and supply is growing rapidly. 
Current population growth rate and shortage of water are shown in Figure 1. 

2.1 Rainwater harvesting potential 

Pakistan has great potential for rainwater harvesting 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 source with efficient techniques can help overcome water shortage in the 
country, besides conserving natural resources and eco-systems. In rainfed areas such as Pothwar, 
the total rainwater potential is about 3.5 MAF, out of which only 0.1 MAF is being utilized with 
various water harvesting techniques and the rest is leaving the area without benefiting the local 
communities. Similarly, there is great potential in urban areas of Pakistan for rooftop rainwater 
harvesting. Presently, this is one of the most ignored areas of water resources in the country.  

Different research organizations in Pakistan is actively involved in developing techniques and 
methods for rainwater harvesting in various parts of country and has made significant progress in 
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developing improved design for rainwater harvesting in urban/desert areas for providing drinking 
water to human beings and livestock, and recharging depleting aquifers. 

Keeping in view the water situation in urban areas and to meet the future water demand, research 
efforts are being focusing to expand the technique of rainwater harvesting in urban areas. For this 
purpose, a case in twin cities of Pakistan was studied. 

 

Figure 1. Population growth vs. non-agricultural water demand (source: PWP, 2000) 

 

Figure 2. Pakistan - Rainwater harvesting potential (source: Proceedings of regional Groundwater Management 
Seminar, October 9.11.2000, Islamabad) 

2.2 Rainwater harvesting 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 the Islamabad/Rawalpindi. Islamabad, the 
federal capital of Pakistan, is spread over an area of 906 km2, out of which 220 km2 will be urban 
area. The total population was 620,000 in the year 2001 and is projected to rise to 1 million in the 
year 2015. Geographically, it is lying between 61o E latitude and 77o - 45 E longitude. Its 
highest elevation and lowest elevation are 1,604 m and 457 m, respectively. Its density is 880/km². 
Water table ranges from 150 to 400 ft on average, which is depleting day-by-day and exploitation of 
groundwater is becoming comparatively expensive. The major sources of water supply of these cities 
are Rawal and Simly Lakes. All sort of waste, including hospital waste, poultry waste and sewerage of 
catchment’s area is dragged into these lakes, thus the quality of the collected water can be well 
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imagined. Unhygienic water is one of the root causes of most of the diseases. Simly and Rawal are 
also not cost effective. It is among the few cities in Pakistan that receive per annum precipitation 
within the range of 950-1100 mm (the monthly trend is shown in Figure 3). 

 

Figure 3. Rainfall record of 30 years for Islamabad and Rawalpindi (heaviest rainfall of 23 July is not included) (source: 
Pakistan Meteorological Department) 

Rainwater can successfully supplement water supplies in this city 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 90 MGD and expected for year 2015 is 133 MGD. 
Maximum water supply capacity to the city is 98 MGD and supply during dry period approx. 50 to 
55 MGD. 

By seeing to net water requirement in Islamabad, the water availability from various sources is 
97.9MGD (Figure 4). 

 

Figure 4. Daily water supply from various sources to Islamabad (source: Capital Development Authority) 

Normally, in Islamabad residential plots are 2000 sq yd, 1200 sq yd, 1000 sq yd, 660 sq yd, 600 
sq yd and 3200 sq ft, 2450 sq ft, 1800 sq ft, 1250 sq ft and 800 sq ft, respectively. By considering a 
house of 500 sq yd (90% covered areas and 10% no covered area), which is very common in 
Islamabad, with 80% collection efficiency. Monthly and yearly rainwater availability for harvesting 
in 500 sq yd house is shown in Figure 4. 

Yearly requirement of water to a family of 6 people’s at the rate of 30 gallons per head is 65700 
gallons, while the total available water from a house of 500 sq yd is 83647 gallons, as shown in 
Figure 5. 
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Figure 5. Monthly availability of rain water for a house on an average plot size of 500 sq yd (source: Pakistan 
Meteorological Department and CDA) 

3. GROUNDWATER RECHARGE BY RAINWATER HARVESTING  

As presented in some studies, only 20% of rainwater percolates into the ground to recharge the 
groundwater. This percentage is further reduced in Pakistan, because of deforestation, increase in 
urbanization, constructions of roads and pavements, etc. In Islamabad, 15-20 feet in water table 
draw down occur every year due to unplanned extractions by tube wells of CDA and many private 
tube wells, as shown in Figures 6 and 7. This, in turn, causes: 

§ Short surface supplies exert great stress on groundwater resources 
§ Continuous increase in groundwater utilization  
§ Out of 43 canals commands water table falling in 26 
§ Water table is continuously declining in major cities. 

 

 Figure 6. Yearly trend of Tubewell increase in Pakistan    Figure 7. Yearly trend of groundwater depletion         
(source: Kahlown and Majeed, 2002)    in Islamabad (source: Kahlown and Majeed, 2002) 

There are several methods/technqiues of artificial groudnwater rechrage, such as injection wells, 
ditches, soakways, delay action dams, leaky dams, etc. It is however, pre-requisite to evaluate the 
appropriate technologies of rainwater harvesting for rejuvenation of depleting fresh water aquifers. 
The effective implementation of appropriate artificial recharge techniques in conjunction with 
rainwater harvesting would help sustainable management of groundwater as well as the water 
resources of the country to overcome water shortage. 

Depleting aquifers may be recharged by utilizing rainwater harvesting efficiently by adopting 
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techniques of inverted wells / soakways. 

3.1. Restoration of aquifer with inverted well 

Inverted wells are basically pumped wells in reverse because the water enters the aquifer over a 
small area. Recharge/injection wells are used where cost of land is very high such as urban areas or 
the aquifer to be recharged is deep and/or confined. In operation, it is essentially the opposite of 
groundwater abstraction, thus a recharge mound forms rather than a cone of depression when 
pumping. They are susceptible to clogging by suspended solids in the injected water. However, the 
afforestation and vegetative measures in the catchment is necessary to control sedimentation. 

3.2. Revival of aquifer with soakways 

Soakways is another method of artificial groundwater recharge. It consists of permeable materials 
located below ground to store runoff. Runoff flows to the groundwater storage area via permeable 
surface. The permeable surface can be in the form of grassed or graveled areas, paving blocks with 
gaps between individual units or paving blocks with vertical voids built in. Water is therefore 
collected from a large surface area, stored in the filter drains and allowed to infiltrate through the 
soil. The soakways traps sediments and thereby cleans the runoff. The surfaces should be kept clear 
of silt and cleaned regularly to keep the voids clear. 
For the development of the above-defined techniques (3.1 and 3.2), the catchments of different sites 
in Islamabad would be surveyed for this. Then, necessary diversions, if required, would be 
developed to direct the rainwater towards the points in the catchment where inverted 
well/soakaways are required to be developed.  

3.3. Green belts for groundwater recharging 

Green belts, which are 300-600 feet wide astride the road, can be used for groundwater recharging 
very easily. Natural depression in these green belts can store rainwater. By considering an average 
storage of 100 m x100 m x 10 m (100,000 m3) per km, we can store 280 x 100,000 = 28 million m3 
or 4977 MG. Similarly, if we consider green belt south of Shaker Parian and sports complex, which 
is equal to one sector of 2 km by 2 km, we can store 2000 x 2000 x 10 = 40 million m3 or 1139 ft3 
or 7111 MG. 

4. RWH FOR PREVENTION OF FLOODS IN RAWALPINDI 

The catchment area of Nullah Leh is 238 km2 while the Islamabad Territory area is 908 km2, 
from which surface runoff is generated during rainy season. To know the surface runoff generated 
during rainy season considering average rain in each month with assuming 50% efficiency, the 
monthly and total runoff generated in entire Islamabad and in Leh catchment is shown in Figure 8.  

Figure 8 shows that 35,883 million gallons of runoff is generated by Nullah Leh. This quantity is 
enough to supply water to Islamabad for one year at the rate of 85 MGD. 

Capturing and storing rainwater for use is particularly important in dry lands, hilly, urban and 
coastal areas. From hunger, we can survive for several weeks as our body posses sufficient reserves; 
lack of water, however, will lead to certain death within days as our 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, including India, have realized the importance of rainwater 
harvesting and are successfully benefiting from it. Before the situation is further worsen and 
minimum water required for essential needs is not available, we must evolve innovative methods of 
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saving water and supplement our existing water resources by harvesting rainwater. Following 
recommendations are made with special reference to Rawalpindi and Islamabad. 

 

Figure 8. Surface runoff of Islamabad and Leh catchment area 

5. CONCLUSIONS AND RECOMMENDATIONS 

Rooftop rainwater harvesting should be made obligatory for all the citizens of Islamabad and 
those people of Rawalpindi who live in a plot of 500 sq yd or more. All government buildings 
should install RWH system. Construction of RWH system should be made part of the building by-
laws.  

Subsidiary may be given to the tenant in property tax who adopts rainwater harvesting 
techniques; in Japan subsidiary is given to the people to install rainwater harvesting techniques. In 
Australia, special loans are provided by the banks for rainwater harvesting. Penalty may be imposed 
on the resident who disposes off rainwater into storm drainage. In Bon, Germany, households pay a 
special tax depending upon the amount of storm water they led into storm water drain. 

There is no control on extraction of groundwater and there are no by-laws which restrict/control 
the pumping out of groundwater. It should be compulsory for every agency that extracts 
groundwater, to make recharging wells to recharge the aquifer by harvesting rainwater. The 
recharging system should be so designed that the amount of recharge during a year is al least equal 
to the amount of groundwater extracted during the year. Necessary by-laws are made to restrict 
extraction of groundwater. Concerned agency should have record of each TW in their area and the 
residential units who have installed water pumps/electric motors to extract groundwater. 

Water charging ponds in open spaces, dams and check dams in nullahs and distributaries, etc., 
can be constructed; these ponds will store water for emergency and recharging of groundwater. 
Fatima Jinnah Park and green belts astride main roads in Islamabad are ideal places to harvest 
rainwater by making water ponds, recharging wells, etc. 

Annual rainfall in Potohar region is 4.5 million acre feet (MAF), but we are harvesting only a 
fraction of it. Numerous dam sites have been identified in Islamabad and Rawalpindi area but in the 
past many decades, no rainwater storage dams have been constructed by the twin cities. The 
existing dam sites should be prioritized and new dam sites should also be identified. Construction of 
new dams is given top priority in the Annual Development Program and construction of at least one 
dam per year can be mandatory by each of these two cities. 

Water saving techniques given in this paper is being successfully applied in other countries. We 
need to encourage people to use them. All government buildings should have these techniques 
incorporated in them. 

As part of building by-laws, residents should have separate water disposal system for sewage 
water and other used water, like washbasin, kitchen, etc. Sewage water may be drained to treatment 
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plant for treating it for agriculture and irrigation purposes, whereas other water is used for low 
quality water uses. 

A mass campaign on TV, radio and print media is launched for creating awareness of RWH, 
recycling of water, and water saving techniques. 

It is a very common sight to see people using high quality municipal water for watering of lawns, 
washing cars, etc., although there are laws to punish the culprits, but the fine is so meagre that it 
does not deter people. There is a requirement to amend the municipal laws and increase the fine by 
substantial amount. 

NOTATIONS 

RWH: Rainwater harvesting 
RWHS: Rainwater harvesting system 
UNEP: United Nation Environment Program 
MAF: Million Acre Feet 
MGD: Million Gallon Day 
CDA: Capital Development Authority 
TW: Tubewell 
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