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Watershed Modelling of Malir River Basin to Evaluate the Surface Water Potential in Karachi: A
GIS Perspective
Department of Geography, University of Karachi

Abstract
Water is the basic necessity for life and equally important for every human being. However,
water scarcity is a very serious problem in the world that is becoming a global challenge for
the decision-makers and planners despite recent technological advancement. Phenomenal
population growth with haphazard urban development and climate change are the main
reasons behind growing water crisis that is mostly affecting metropolitan cities around the
globe. Karachi, a city of more than 20 million people, obtains water from Indus River for its
domestic use. Its local water resources are insufficient in quantity as well as quality. Water
scarcity for metropolitan is getting worse day by day due to exponential population growth,
insufficient water supply from Indus River, scarce but erratic rainfall and the overall absence
of sustainable water management. The watershed potential is unexploited rather depleting
due to massive impermeable infrastructure development for settlements and uncontrolled
sand excavation activity in river beds. These are increasing surface runoff and reducing
groundwater as a result. In case of heavy rain, a large amount of runoff water drained into the
Arabian Sea due to lack of water storage arrangements.
This research aims to explore the watershed potential in Karachi region for identifying local
resources and their harnessing. The study evaluates the surface water potential for rainwater
harvesting (RWH) and to find the best practices for optimum water resource management in
nearby villages and newly planned urban housing schemes located in the potential
watersheds. Advanced techniques of Geographic Information System (GIS) and Remote
Sensing disciplines are integrated with rainwater runoff model to discover the potential of
watershed areas in the region. Soil Conservation Service (SCS) Curve Number (CN) method
is adopted to evaluate rainfall runoff potential, as this technique is widely used and most
reliable as compared to other methods used for such studies. Spatial Multi Criteria Evaluation
(SMCE) technique is integrated with Analytic Hierarchy Process (AHP) method in GIS
environment for rainwater harvesting sites (check dam, percolation tank, and farm pond) and
dam site selection Thirty years rainfall and runoff data are used for watershed modelling.
In the study, watershed characteristics are delineated over high scales from stream network to
sub-watersheds and watershed boundaries along with area maps of RWH sites (11 check dams,
11 percolation tanks and 19 farm ponds) and dam sites (3 dams) to understand their potential
in a geospatial context. It is estimated that annually about 4,22,280 m3 water is available only in
Malir River. If this water is harnessed in a realistically feasible proportion, it may be a sustainable
solution for overcoming the water crises. The RWH and dam sites suitability maps provide a
clear picture of the existing potential and its spatial extent; while projected dam profiles and their
characteristics give an in-depth overview of the suggested sites that can be used for future
planning and estimations. Furthermore, this study is very effective for creating awareness
among the stakeholders at the local and regional scale. It is recommended to implement the
RWH techniques for all stakeholders including government authorities who should improve their
knowledge and take sustainable initiatives with full ownership.
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1 INTRODUCTION
1.1 Background
Water is one of the most essential compounds in our life that is gradually depleting day
by day due to many reasons; mostly due to reduced infiltration and higher runoff rates,
uneconomical usage, over utilization of the surface resources, rapid urbanization,
receding forest cover and lack of public interest towards its importance. Worldwide water
crises are increasing at an alarming rate due to exponential population growth and
depleting water reserves, it has now become a global challenge. According to the UNDP
Human Development Report 2014, water scarcity is expected to affect more than 1.8
billion people by 2025 (Figure 1).

Figure 1: Projected Global Water Scarcity
Source: IWMI (2014)

Pakistan is one of among 33 countries of the world that depends on the other countries
for more than 50% of their renewable water resources (FAO, 2003). It has world’s biggest
glaciers, rivers, streams and canals spreading over 796,095 sq. km. However, since 1947,
5000 cubic meters water per capita has reduced to less than 1000 cubic meters due to
uncontrolled population growth (Ihsanullah, 2009). If this reduction trend continues in the
future, then the availability of water would further be dropped about 877 cubic meters per
annum by 2020, and in 2050 it will further decline at an alarming level of 575 cubic feet.
1

On the other side, Pakistan’s water storage capacity is only for 30 days, while India has
the ability to store water for 120 to 220 days. Whereas Egypt has 1000-days storage
capacity only on Nile River, America has 900 days on Colorado River, Australia has 600
and South Africa is also capable of store water for 500 days on Orange River (Mustafa,
2012).
“An understanding of the complex inter sectoral dynamics would be crucial for developing
a holistic approach for the utilization of water resources. For managing the data at basin
level and analyzing the data correlation between various sectors in the basin, GIS and
Remote Sensing have been found to be effective tools. People have varying goals and
values relative to use of local land and water resources, which need to be properly
managed” (Gupta, Minhas, Tamhane, & Mookerjee, 2011).
At the initial stage the application of Geographical Information System (GIS) was quite
limited to the geographical field and the scope was not broad spectrum. Now GIS has a
wide spread application in analysis, utility, multi dimension information and display etc. In
watershed management/modelling GIS is widely implemented as a tool for analyzing
watershed, topographical and geographical characteristics. GIS is also being
implemented in recent world research as a complete spatio-temporal modeling
environment for rainfall runoff and flood forecasting, water resources management,
distributed watershed modeling, groundwater modeling, environmental and other water
resources applications (Amal, 2005).
“Remote sensing has held a great deal of promise for hydrology” (Engman, 1996).
Remote Sensing provides means of observing hydrological characteristics of Earth
surface over large extent (Schmugge, Kustas, Ritchie, Jackson, & Rango, 2002). Remote
Sensing (RS) techniques have been widely used to get precise and timely information
portraying the nature and land resources extent and variations over time to time. RS has
played a vital role in watershed research and hydrological sciences, because RS has
many advantages like; to provide spatially continuous data, efficiency to deliver
measurements of hydrological variables which are not available via traditional techniques,
ability to provide global data even for remote areas of the Earth (Engman, 1996). It is
possibly for land cover data derivation that RS has put its huge influence and gets closest
to enhance its capabilities in the research area of watershed (Engman, 1995). With the
advent of Geographic Information System (GIS), technology has become more advanced
and enhanced these capabilities and increased confidence in the accuracy of modeled
watershed conditions, further enhanced the efficiency of modeling process and improved
estimation capability of hydrologic models (Bhuyan, 2003; Santillan, 2011).
2

After the digital revolution, integration of various hydrological processes that occur in the
watershed made possible. Along with the integration of numerical methods, GIS and
Remote Sensing techniques are the recent advances in watershed modeling. Numerical
models are used to estimate run-off. Remote Sensing technology fulfills the data needs
for the watershed modeling. GIS made its usefulness significant in processing the large
amounts of data, which is essential in watershed modeling. The combination of GIS and
remote sensing makes the watershed modeling more distributive and physical
appearance based. Remote sensing can provide spatio-temporal data to hydrological
models. GIS can be used in preparation and management of watershed database and in
creation of visual outputs. “The existing hydrological models are modifying their modules
to GIS compatible modules and GIS software are also adding the modules required for
hydrological modeling” (Eldho, 2009).
Many organizations and agencies have invested significantly in GIS technology. Effective
application of GIS based tools in hydrologic modeling, and analysis depends on realistic
expectations to a large extent. The benefits using GIS in a watershed and hydrologic
analysis are comprised of, easier map storage, easy data sharing, improved accuracy,
more flexibility in data editing and great efficiency and timeliness. Generally, GIS systems
have been acclaimed to enable fast input of data and its storage, and manipulation of
geo-spatial data. Specified interfaces associated with GIS have boosted usability of a
model. There is no doubt that GIS models and modules will play the lead role in the
coming several years, and hydrologic modeling techniques will be more and more
dependent on GIS and geo-spatial modules and model interfaces (Ogden, Garbrecht,
DeBarry, & Johnson, 2001).
GIS integration with Multi-Criteria Evaluation (MCE) has made decision processes easier
for decision makers by combining several data layers at the same time. MCE is also a
decision-making tool which is used to choose alternatives by enabling user to calculate
multiple and conflicting criteria. The extracted results from MCE analysis can be shown
as Boolean images or maps that include or exclude some of the areas based on specified
criteria. The final results can be presented as a suitability map (Mortberg, 2007).
Furthermore, remotely sensed data is effective for providing the required spatial and
spectral information to generate data layers for reservoir site selection criteria.
MCE function can incorporate multi data sets like, hydrographic, geologic and topographic
data to generate colorful maps showing constraints and suitability according to the
different aspects (Ali, 2010).
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1.2 The Problem
Karachi is a city of over 20 million population (Cox, 2017) with several growing challenges.
Being part of a semi-arid climatic region, water scarcity in the area is considered as one
of the biggest problems, while rainfall pattern is highly erratic. Most of the time torrential
rainfall occurs with urban flooding in monsoon season.
For this gigantic city with constantly increasing population, Karachi water and sewerage
board (KWSB) is the main water supply authority, which is competing with a tanker mafia
who mobilizes illegally fetched water out of available supply. The performance of KWSB
has not been satisfactory yet because of inequitable and irregular water supply, with
around only 60% of the households connected to the supply network. KWSB operates
only 12 water hydrants to meet the supply and demand gap in the mega city, but it is
insufficient and compels consumers to get unmet demand from tankers (Ahmad & Burki,
2015). The ground water table is also lowering down swiftly due to extensive boring (for
domestic and commercial uses) and lack of adequate rainfall.
The population of Karachi city was estimated about 400 000 at the time of indo-pak
partition in 1947, according to the 1998 census, population reached about 9.8 million. The
population of Karachi was estimated around 18 million in 2012, and it is expected to
accommodate around 27.5 million people in 2020 (Anwar, 2012; CDGK, 2007).
“Currently, Karachi requires 853 mgd to quench the thirst of 15.8 million population,
whereas it receives only 630 mgd from all resources (Figure 2), facing a deficit of 223
mgd”. (Ihsanullah, 2009) . Growing water demand of Karachi would increase to 1,292
mgd by the year 2025 (JICA, 2008).
Karachi is the sixth largest city of the world in terms of population (Cox, 2017); the city is
expanding towards the northern margin along Super Highway. The two mega projects of
the recent times are located in the watershed area of Malir River, i.e. Bahria Town Karachi
and DHA City Karachi (DCK), which means over a million people are further going to be
settled in Malir catchment, this massive shift in population will further aggravate the water
demand. This study is focused on attempts to solve the problem of this water deficit area
by using advanced Remote Sensing and GIS techniques.
The city has three seasonal rivers draining through and in close proximity i.e. Malir River,
Lyari River and Hab River. The Hab River is already serving the city through Hab Dam,
while Lyari River does not have much potential because of smaller catchment area that
is mostly heavily urbanized. Only Malir River has large catchment area covering a huge
area of the city District thus it has a great potential to store run-off surface water.
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In order to tap surface run-off and rainfall water only two small dams have been
constructed one on Thaddo River and the other at Sona Pass (Hawksbay) in addition,
twenty-one (21) check dams/weirs built in Karachi City District area (Figure 3).This city
has an imperative need of efficient water resource management to tackle all such issues.
Old traditional methods cannot be effective in this fast and developing world. There is a
crucial need to develop and implement efficient methods for sustainable water resource
management for this mega city. This study is centered on GIS and Remote Sensing
techniques, which have a lot of potential to resolve these problems in a geo-spatial
context.

1.3 General Objective
The study explores the potential of surface water resources for Karachi city by integrating
historical climatic and remotely sensed data in geographical information system with
hydrological modeling.

1.3.1 Specific objectives
The followings specific sub-objectives are considered:
I)

To appraise the water resources of Karachi in the context of its growing size.

II)

To delineate the water catchment area, sub-basins and streams of Malir River
watershed.

III) To explore best practices of water resource management in rural Karachi and newly
planned housing schemes.
IV) To explore the model parameters from literature and to prepare data in GIS for
hydrological modelling of storm water harvesting.
V)

To identify through digital maps the potential rainwater harvesting sites for Malir
River watershed.

VI) To develop and implement HEC-HMS Hydrologic model for the assessment of runoff water in Malir River Watershed.
VII) To identify suitable water reservoir site for storing rainfall run-off water for usage
through Spatial Multi-Criteria Evaluation (SMCE) analysis.
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1.4 Study Area
The Malir River Basin is the largest basin and major source of surface run-off and
sediments load in Karachi City District. The River formed as a result of the confluence of
two rivers, i.e. the Khadeji River and the Mol River and other tributaries, while Konkar,
Thaddo and Sukkan join it in the lower reaches. The width of the river is about 200 meters
from upstream side at Super Highway Bridge and 1,000 meters from the downstream side
near the Jam Sadiq Bridge. The length of reach between two sections is around 305
meters and its side slope 70 degree. The watershed area of Malir River is about 2,254
km2, traverses along the south-eastern boundary of Karachi, and passes through the Gizri
Creek tidal estuary and finally discharges into the Arabian Sea. (Akhtar & Dahnani, 2012;
Bakhsh, Rehman, & Khan, 2011).
The Malir River watershed (Figure 4) was selected as the study area because, it has a
great runoff potential and it is a part of mega city Karachi, a water deficit city facing water
shortage problems recently and need to be solved locally. In this watershed, it is expected
to develop a large number of houses in form of different housing schemes. Domestic
water supply is already facing crisis due to irregular utilization of water resources, and in
the future might get more critical if some water conservation techniques are not adopted
efficiently. Rainwater is one of the available resources that could be used for harvesting
in form of small reservoirs or dams.

1.4.1 Physiography
Malir River watershed has a rugged terrain. Monoclinal ridges are running parallel to each
other followed by subsequent (strike) valleys. The watershed reflects lower to sharp relief,
with elevation ranging from 0m to 632m. The middle part of a river basin is composed of
sediment deposits consisting of sand stone and conglomerate, clay stone and lime stone,
whereas, the lower plain has alluvial deposits. The river has wider and shallower shape
in the lower plain and gets braided. The basin consists of rocky land covered with sandy
soil and vegetation covers its area in the form of shrub trees and bushes. The lower part
has good grassy cover which gradually diminishes towards south and is full of orchards
and agricultural patches (Bakhsh, Rehman, & Khan, 2011). The southern part of Malir
River passes through the densely populated areas of Karachi city as shown in Figure 5.
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Figure 2: Karachi Water Resources and Supply System

8
Figure 3: Small Dams and Check Dams/Weirs in Karachi

Figure 4: Location of the Study Area
9

Figure 5: Physiographic Map of Karachi with its Locations
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1.4.2 Climate
The study area (Malir River watershed) is located in the northern tropical zone of the earth
and Arabian Sea located towards south of the coast (Thomas, 1997). As major part of the
study area exists in Karachi and located in arid climatic region. This city has a relatively
mild climate because of proximity to the sea. In Karachi summers are hot and winters are
mild. Karachi and its surroundings receive rainfall less than 200mm per year according to
the last 50 years data and predicted very irregular (P.M.D., 2008). Most of the rain falls
during Monsoon season in the months of July and August. The humidity level usually
remains high in summer while very low in winter (Farooq, Nergis, Sharif, & Yahya, 2010).

1.4.3 Soils and Geology
The Malir River catchment comprises of four Geologic formations, i.e. Alluvial deposits
formation of Recent to sub-recent age, Gaj formation of Miocene age, Manchar formation
of Mio‐Pliocene age and Nari formation of Oligocene age as listed in Table 1. Most of the
ridges in the study area belong to Gaj formation. Localities which are situated along the
bank of Malir River generally exposed silty and gravely sand (Hamid, 2011). According to
the soil map the study area mainly composed of fine sandy loams with high infiltration rate
(hydrologic soil group A) to very gravelly/rock land with very low infiltration (hydrologic soil
group D), which have been formed in alluvium derived mainly from the Gaj and Nari
formations.

Table 1: Stratigraphic Sequence of study area

Name of Formation

Age

Lithology

Alluvial Deposits

Recent to sub recent.

Mainly composed of clays, silts,
sands, gravels, pebbles & rock
fragments.

Manchar Formation

Middle Miocene to Lower
Pliocene.

Sandstones shale and
Conglomerate.

Gaj Formation

Early to Middle Miocene.

Limestones with subordinate
shale and sandstone.

Nari Formation

Oligocene to early Miocene.

Sandstone, shales & sub
ordinate limestone.
Source: Hamid, (2011)
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1.5 Significance of the Study
In water resource management GIS and Remote Sensing have now become popular tools
to manage its optimum usage. As GIS and RS provide fast and efficient ways to perform
hydro-spatial analysis and provide agreeable results. GIS has a capability to analyze and
compare historical and current hydrologic data.
Modern techniques of GIS and Remote Sensing used for this hydrological based study
can also facilitate the professionals from many other disciplines like: Agriculturist,
Environmentalist, Geologist, Hydrologist, and Urban Planner. The common people or
layman may benefit from this study by understanding the on-going water scarcity situation
and the possible solutions to coupe up with it. The applied techniques and their results
provide the following important significances:

 Agricultural and Domestic purposes
The study provides alternatives to construct small Dams/reservoirs and RWH sites
within Malir River watershed and estimates water storage capacity as well. As this
area comprises of Agricultural and Urban built-up land, whereas water has always
been an essential factor for agricultural productivity and urban development. There is
a much need to manage water resources, especially in this type of arid region as Malir
watershed.
 Hydrologist may concern with delineated watershed properties such as flow
direction, slope and stream network density. In addition, the extracted hydrologic
characteristics of watershed like, watersheds and their measured and estimated
surface run-off, infiltration rate and precipitation can be displayed graphically using
GIS and RS. Watershed delineation supports the hydrologist in examining where
surface run-off from precipitation drains out. GIS and its data model are useful to
determine or predict how much amount of water can be measured on to be available
for the usage of city, agriculture and environmental habitat as well.
 Urban Planar may also be interested in this study because, they recently launched
two major schemes like DHA City and Bahria Town Karachi, and so many other
housing schemes within Malir river watershed. So there would be a much need of
water usage in future and need to develop and explore more water resources.
 Environmentalist always concerns with Dam site selection and construction. As Dam
construction in a river causes massive changes within the river system and in the

12

environment. In order to monitor the environmental changes, GIS and RS have been
significant tools for environmental modeling and management. These tools have
ability to assess pre and post environmental changes of any geographic area.
 Geologist always takes interest in the study of structure and stratigraphy of area. On
the basis of delineated drainage pattern, any geologist will be able to identify the
altitude and lithology of the country rock. This study will also provide knowledge about
topography and geomorphology of the area. As, the direction of run-off flow gives
knowledge about the natural gradient of the area.

1.6 Organization of Thesis
Chapter 1: Introduction and Background highlights the theme of study, the key problem
that forms the base for this research, objectives of the study, significance of the study and
an overview about thesis organization. It gives a brief description of the study area
regarding climate, physiography, soils and geology.

Chapter 2: Review of Literature reviews the previously conducted studies relevant for
this work to get the most effective applied techniques that might be valid for this research.
Furthermore, establishes the role of RS and GIS in water watershed management. An
overview of the world water scarcity problem, especially the study area region.

Chapter 3: Materials and Methods describes the used data types, its sources, credibility
and the conceptual framework to conduct the research. The chapter also presents the
cost-effective methods of data collection, processing and modeling of hydro-spatial data
for optimal watershed management.

Chapter 4: Results and Discussion presents the analysis of the acquired results and
their discussion, which are obtained from hydrological modeling of rainfall runoff to
potential dam site selection using the analytic hierarchy process (AHP) method.

Chapter 5: Conclusion and Recommendations summarize the conclusions and
recommendations deriving from this research.
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2

REVIEW OF LITERATURE

2.1 Location
Main part of Malir River Catchment is located in Karachi city, which is a mega city of
Pakistan and having about 20 million population. The main source of water is Indus River.
The city has three seasonal rivers draining through and in close proximity i.e. Malir River,
Lyari River and Hab River. Karachi only benefitted from Hab river through Hab Dam water
supply, while Lyari River does not have much potential as the catchment is covered by
built up urban land, only Malir River has a great potential to store run-off water because
its catchment covers a huge open area of the city district.
Karachi water and sewerage board (KWSB) is the main water supply authority, which is
competing with a tanker mafia who steal water out of available supply through illegal
hydrants. The performance of KWSB has not been satisfactory yet because of inequitable
and irregular water supply, with around 60% of the households being connected to the
supply network. KWSB operates 12 water hydrants to meet the supply and demand gap
in the mega city, but it is insufficient and compelling the consumers to get unmet demand
from tankers (Ahmad & Burki, 2015).

2.1.1 Water Resources for Karachi
2.1.1.1 The Indus River
The Indus River system provides the core water resources for Pakistan, and this system
and its tributaries bring on an average 154 MAF annually (Ahmed, Iftikhar, & Chaudhry,
2007). According to the 1985 water supply master plan study, River Indus was the main
source of water for Karachi (JICA, 2008). This river is severely reserved for dry seasonal
demand, but has plentiful seasonal discharges. Currently, Karachi metropolitan area is
getting water approximately 580 mgd from Indus, which is almost 85% of the total water
supplied to the city (Ihsanullah, 2009). This water is taken from the Kotri Barrage (Located
at about 156 km away in the north east of the city) and discharged through the Kalri
Baghar Feeder Upper (Located at about 150 km distance from the city in south east
direction) to Kinjhar Lake (Located at 134 km away from the Karachi city in the east).

2.1.1.2 Kinjhar Lake
Kinjhar lake, a natural water reservoir, having a catchment area of about 910 km2 and the
usable water storage capacity of about 390,000 acft (481,000,000 m3) (JICA, 2008).
Kinjhar Lake serves the Karachi urban via two 33 km long canals and conduits
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(Ihsanullah, 2009) . This Lake is extended over the area of 135 km2 at 70m above mean
sea level. The Lake collects run-off water from area between the Baran Nai basin (in
north) and Malir River basin (in west). The Kinjhar catchment area extends up to the north
of thr Karachi-Hyderabad National Highway and includes Kalu Khuhar. It has a natural
depression, and its storage capacity has been increased by about 20 km of embankments
with maximum heights of 9 meters. Because of excessive seepage through the southern
part of this embankment, the current top water level of the lake is held at about 51.6 ft
reduced level (RL), providing a maximum useable storage (down to 41 ft RL) of 125.45
ha. Raising the top water level to its original design value of 54 ft RL increases the useable
storage to 157.828 ha with the surface area of the lake about 121 km2 (Kazmi, Shaikh,
Tamiz, & Khan, 2015).

2.1.1.3 K-IV Project
By realizing the growing demand of water in Karachi City, the KW&SB is expending watersupply system with an additional 650 MGD, known as K-IV water supply project, which
will supply additional water from the Indus River through Kinjhar Lake by a different route
of approximately 130 km length. The main components of the project include canals, two
phases pumping, three urban water storage reservoirs and links with existing networks.
Primarily, the supply system is proposed with the capacity of 2000 MGD to Karachi in
phases for meeting the future water demand of Karachi for 50 years (Kazmi, Shaikh,
Tamiz, & Khan, 2015). Its current phase is in construction stage with the designed
capacity of 650 MGD, which will cover the immediate and short-term water demand

2.1.2 Surface Storm Water Resources
The basin of Karachi is drained out by the three major rivers i.e., Hab River, Malir River,
Lyari River and their tributaries as well. The Malir River and Lyari River contribute the
most because they are located within the city, while Hab River lies in the western part of
Karachi city.

2.1.2.1 Hab River
Hab River is located in Lasbela district of Balochistan. The River shares the boundary
between Sindh and Balochistan. The catchment of Hab River (Figure 6) is located in Sindh
province of Pakistan, spreading over 8,832 km2. Its major part is mountainous, long and
narrow. Average annual precipitation is 194mm, which indicates an arid climate. Due to
this arid climate, major part of the land is barren with scanty natural vegetation. Cultivation
is limited to only river plains where sub-surface water is available for pumping. Three
types of land use are there, i.e. grazing, torrent-watered cultivation and tube well
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cultivation. Most of the rock types consist of limestone, sandstone, conglomerates and
shale of different ages, while the soils are strongly calcareous and non-alkali (Abulohom,
Shah, & Ghumman, 2001).
The Hab River is a major rain-fed water-supply source for Karachi, it serves the population
of about 5 million (Anwar, 2012). However, this river partially fulfills the water-supply
demand of Karachi and Hub Industrial State. This River is considered one of the essential
sources of water, which is explored and developed in order to fulfill the present and future
necessities of the region (Sadaf, 2014).

2.1.2.2 Malir River Basin
Malir River is one of the largest River basins in Karachi and generates surface run-off in
rainy season and also a source of sediments load. This River mainly forms by the
confluence of the Khadeji River and Mol River, while Konkar, Sukkan and Thaddo
tributaries join it at the lower reaches. The catchment area of Malir River (Figure 6) is
about 2,254 km2, and after passing through Gizri Creek estuary, it finally discharges into
the Arabian Sea. The Mol, Khadeji, Jarando, Langheji, Bazar and the Thaddo are the
main streams which discharge surface run-off and hill-torrents water into the Malir River.
This river passes through the densely settled areas of Karachi urban (WAPDA, 1990;
Bakhsh, Rehman, Shakir, & Khan, 2011).
In this region, rain is very unpredictable with no specific time period. For the last few years,
there is almost no rain. The average rainfall is about 217mm, and maximum rainfall is in
July (Ghazal, 2012). Whenever the city receives heavy rain due to tropical storms or
Monsoon, heavy amount of run-off discharge is recorded. In the past years severe floods
have been occurred in Malir River flood plain.

2.1.2.3 Lyari River Basin
Lyari River basin running from north to south direction, it starts from the hilly ranges of
Manghopir area. Its catchment area (Figure 6) is about 578 sq. Kms, which is smaller
than the Malir River catchment. It has a shorter length, i.e., 180 km and smaller number
of tributaries. Mokhi Nala, Orangi Nala and Gujro Nala are the main tributaries which
discharge surface run-off to the Lyari River. Once this river was the dry river, carrying runoff water for only two to three days after rain, but now it drains waste and sewerage water
whole year (Akhtar & Dahnani, 2012; Haq, 1971).
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The Lyari River originates from the foot-hills of Kirthar Range. It is a seasonal river that
flows when the rain falls in its catchment (Hassan, 2004). The River basin is considered
one of the main flood water carrying basins as it flows through the main urban area of the
city. In Karachi urban the river having length of about 24.5 km. Plain of the river is sandy
and some places have high embankments that indicates the past history of heavy
discharges. This river accommodates nearly about 50 slum areas with 0.8 million
population along both side of the river (Mansoor & Mirza, 2007).

Figure 6: Geographical locations of Rivers (Hab, Malir and Lyari) catchment areas

2.1.2.4 Dams
Construction of dams on rivers is considered a significant measure to reduce the rate of
floods and store the water for its legitimate use. Hab Dam is the 3rd largest water storage
reservoir in Pakistan. This dam was built on the Hab River in between provincial border
of Sindh and Balochistan by WAPDA in 1981 (Ahmad, 2008). Hab Dam is the most
relevant source for Karachi city especially in possible drought condition (JICA, 2008). It is
located at about 50 km to the north-west of Karachi city. It is a multi-function dam which
was built on the Hab River to be used for Urban, Industrial and irrigation purposes.
The Karachi urban receives about 63.3% of the total water discharge from the dam via
Karachi water supply canal with designed discharge capacity of 210 CFs. This canal fulfils
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the 20% to 25% water demand of the Karachi urban (WAPDA, 2015).
Water supply to Karachi from the Hab Dam is around 100 million gallons per day (MGD).
When the water level crosses the 300ft mark then water supply is resumed. The peak or
spill level of the dam is 339 ft, and the reservoir storage capacity is about 0.6 million acre
ft (MAF). Filled capacity of the dam can supply water to Karachi for up to three years s
(Hasan, 2015).
In Karachi city, the Malir River and its tributaries discharge the highest amount of flood
water. The feasibility reports have been prepared for the two proposed dams on the Mol
River and Khadeji River, which contribute a chief amount of discharge water into the Malir
River. Despite all this, these small dams have not been built yet. In 1994, the only small
dam was constructed on the Thaddo River named Thaddo Dam (Figure 7a). Another
small dam is built in an area of Sona pass (Hawks Bay) on a seasonal hill torrent stream.
There is a much need to build small dams on the streams like, Jarando, Langheji and
Watanwari, etc. These streams finally contribute flooded water to the rivers which pass
through the densely populated areas of Karachi urban (Akhtar & Dahnani, 2012).

a

b

Figure 7: a & b A view of Small Dam (Thaddo dam) and Check Dam/Wier on Malir River

2.1.3 Ground Water Resources
Karachi city has a unique geology, surrounded by mountains from three sides and the
Arabian Sea in the South. Geologically, Karachi region is located in the southern part of
the Kirthar fold belt (Hunting Survey Corporation, 1960; Kazmi & Rana, 1982). The area
is underlain by Nari and Gaj Formations of Oligocene and Miocene ages respectively
(Pithawalla & Martin-Kaye, 1946). This depositional basin was formed by uplift of the
surrounding area in the southern part of Kirthar Fold Belt during Himalayan Orogeny
(Niamatullah & Imran, 2012). Table 2 provides the potential aquifer lithology in form of
layers of sandstone and fractured limestone.
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Table 2: Geological Formation and Lithology of Karachi and Surrounding Areas
Age
Period
Quaternary

Epoch
PleistocenePliocene
Miocene

Formation1

Formation
(New Literature)2

Recent

Recent
Mole

GAJ

Mundro

Lithology
Sandstone, Shale &
Conglomerate
Limestone & Shale
Rectal limestone
Shale & Limestone
Sandstone and Shale

Orangi

Rectal limestone

Pir Mangho

Siltstone & Shale
Limestone, Shale &
Sandstone
Sandstone, Shale &
Limestone

Tertiary
Oligocene

NARI
Hab

Modified after (Niamatullah and Imran, 2012; Pithawalla, 1946)
The main contribution to the groundwater recharge directly by local rainfall is very small
due to the low frequency of rainfall events. On the other hand, the quality of groundwater
in Karachi is also not good and highly variable (Mashiatullah, 2002). It is non-saline near
sources of recharge, i.e., rivers and small recharge dams but becomes saline as the depth
or distance from the recharge source increases (Bhutta, Ramzan, & Hafeez, 2002).
During the last two decades, a rapid decline in the water table has been observed due to
the over-utilization of groundwater and inadequate recharge of the aquifer system
(Memon, Soomro, Akhtar, & Memon, 2011). Large-scale withdrawal of groundwater is
creating differential zones resulting in lateral and vertical movement of saline water into
fresh water zones (Mashiat ullah, 2009). Khan and Bakhtiari, (2017) strengthened the
idea and concluded that groundwater aquifer near DHA and Korangi area which is 1- 5
kilometre away from the coast is found fully contaminated by seawater intrusion. On the
other hand, untreated industrial effluents are released directly at various locations in the
Malir and the Lyari Rivers to drain the wastewater to Arabian Sea (Memon, Soomro,
Akhtar, & Memon, 2011). These rivers are recharging underlying aquifer with high levels
of contamination (Mashiatullah, 2002).
Another issue which is impacting directly to the aquifer recharge in Karachi is extensive
sand and gravel excavation activities in the river beds. Sand and gravel on river bed are
considered as a permeable layer which infiltrates water in the strata and acts as a waterbearing medium. According to an estimation, most of the river beds has now been
excavated upto the depth of 20 feet (Ghazal, Kazmi, & Afsar, 2013). Therefore, in absence
of sufficient sand and gravel in river beds most of the rainwater discharge directly into the
Arabian Sea without recharging the groundwater of the area (Anwar, 2014). Furthermore,
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the underground water levels fell from 20-30 feet to 300-500 feet, leaving abandoned
agricultural areas and subsequently poverty and unemployment in the area.

2.1.3.1 Dumlottee Wells Water Supply Scheme
Dumlottee well, which was constructed in the era of British Government after the latter
half of the 19th century on the banks of Malir River. The wells are located in the Dumlottee
area about 30 km to the north-east of the Karachi city. Number of large diameter wells
(Figure 8) were built and provided about 8 mgd of water to the Karachi city via gravity
conduit. For many years this well field has been served as a main source of water supply
for Karachi city. However, with the passage of time a gradual decline has been observed
in the water supply of this system to 4 mgd in 1985, while in 2002 and later it further
dropped at 1.5 mgd. Currently, this system can only produce 1.4 mgd of water only for a
few months during or after rainfall” (JICA, 2008).
Dumlottee wells were the main source of water supply for the Karachi city before the IndoPak separation. Villagers utilized the water for daily domestic and cultivation purposes.
After a while the water table depleted due to excessive water usage because of increased
population (Pithawala & Marten-Kaye, 1946; Hamid, 2011). In addition, sand and gravel
mafia further worsen the situation, as they are excavating sand and gravel illegally. Beside
all these the climate change is one of the main factors (Hasan, 2013).

b

a

c

Figure 8: a-c A view of Dumlottee Well (Inner and outer view)

2.1.3.2 Domestic, Agricultural and Industrial Ground Water Extraction
It has been projected that urban water demand, including industrial demand, will rise by
95% from 2001 to 2025 (Siegmann & Shezad, 2006). Major cities of Pakistan are already
facing problems related to groundwater extraction and lowering of the water table
(Ahmad, Bari, & Muhammad, 2003). In case of Karachi, the ground water usage is being
increased considerably due to the acute shortage of water supply. In 1960-80, the depth
of water wells was about 20 to 25 feet, but now it has fallen to the level of 40 to 60 feet
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(Khattak & Khattak, 2013). And this water table will further be dropped in future because
of excessive groundwater utilization through boreholes and wells.
The city required huge amount of water for its domestic use as well as for industries and
agriculture, where domestic use is on top of the list with unmatched demand. The major
part of the water supply is around 55 to 60% for domestic purposes, 5% for commercial,
5% for industrial, where 35% is lost in leakages (Ihsanullah, 2009). Agriculture sector use
95% of seasonally and locally available water through rain-fed sources and underground
wells. According to media report, the water theft from Kinjhar-Gujjo (KG) canal for
agricultural usage is quite high; over 5% farmers tap this water using diesel generators.
A study in Morocco has indicated that 10% saving of water in agriculture is sufficient to
meet growing demand for domestic use (Ahmad & Burki, 2015).
Generally, the groundwater quality in Karachi is varying but in some areas chemical
parameters are significantly higher as compare to the recommended limits of WHO
(WHO, 1994) ; (Khattak & Khattak, 2013). However, Karachi receives a low amount of
precipitation about 250mm per year, and sewage is the main source of groundwater
recharge of the city (Panhwer, 2011).
There are some companies or local brands, which are extracting water and supplying to
the local consumers after desalination and bottling. Similarly, some industrial units are
extracting water for their routine use in the industry. On the other hand, the JICA study
(2008) concluded that there is no realistic prospect to develop new groundwater
resources which can be utilized to fulfill the future water demand.

2.2 Problem
Water resource management has now become the most important challenge that the
world is facing. Water is the most essential natural resource for the survival of human
race; humans cannot survive without water for more than a few days. In order to meet
their demand for water, societies are getting huge quantities from rivers, lakes, wetlands,
and underground aquifers to fulfill the need of cities, industries and farms (Flint, 2004).
However, in the past few years, there has been a growing foundation for watershed
management. Many agencies, associations, institutes, and local government authorities
are increasingly using the watershed boundaries in order to manage and implement water
resource programs. “A watershed based management approach is needed for drinking
water, wastewater, and storm water services to ensure integrated, sustainable
management of water resources” (EPRI, 2010).
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Pakistan is a country having some of the world’s largest glaciers, rivers, streams and
canals spreading over 796,095 sq. km, unfortunately facing serious water scarcity despite
of these wonderful natural resources. For example, after independence in 1947, 5000
cubic meters water per capita was available, but now it has reduced to 1000 cubic meters
due to uncontrolled population growth (Ihsanullah, 2009). According to the WAPDA report
that illustrated by Mustafa (2012), a country faces ‘water scarcity’ when supplies fell down
below 1000 cubic meters per capita per annum.
According to the water and power development authority (WAPDA) the per capita water
availability in Pakistan has reduced more than 406%, from 5260 cubic meters (in 1951)
to 1038 cubic meters (in 2010). In addition, if this reduction trend continues in future, then
by 2020 the water availability would further be dropped about 877 cubic meters per
annum, and in 2050 it will further go down at an alarming level of 575 cubic feet
(Ihsanullah, 2009).
This report Emphasized that Pakistan’s water storage capacity can only last for 30 days,
while India has the ability to store water for 120 to 220 days. Whereas Egypt has 1000days storage capacity only on Nile River, America has 900 days on Colorado River,
Australia has 600 and South Africa is also capable of store water for 500 days on Orange
River.
According to a report by WAPDA “the per capita water availability is dwindling with every
passing day, putting the food security at risk”. The report further raised this point that
Pakistan has also lost its water storage capacity by 27% (4.37 million ft.) i.e. from 16.28
MAF to 11.91 MAF due to sedimentation or siltation, as Mangla Dam gets stored 4.99
MAF alone. Mangla Dam was built in 1967 with the storage capacity of 5.87 MAF of water,
which has now reduced by 15% (0.88 MAF) to 4.99 MAF. Tarbela Dam built in 1974 with
the storage capacity of 9.69 MAF, which has reduced in 2011 by 31% (3.02 MAF) to 6.77
MAF.
The report also predicted that Pakistan will lose more water storage capacity by up to
37% (5.95MAF) in 2025, if the authorities of the country won’t take prompt actions to
correct the policies and build dams on Pakistan’s Rivers. The per capita water storage
capacity of United States is at 6150 cubic meters, in Australia 5000 cubic meters, whereas
in Pakistan it is mere 132 cubic meters that shows vulnerability for 173 million Pakistani
in terms of water availability.
The World Bank (WB) and Asian Development Bank (ADB) have already declared
Pakistan as one of the world’s most “water stressed” country. The United Nations has
placed Pakistan among the “water hotpots” of Asia Pacific region. The chairman WAPDA
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also said that in 2010-11, around 54.5 MAF water went down to sea, which demonstrates
the demand of the erection of huge dams on the River Indus to ensure the regulated
supply of water downstream Kotri to stop seas intrusion.
According to the renowned water expert Arshad H. Abbasi, India always comes up at any
international forums with the stand that Pakistan is rich in water resources as on an
average it discharges every year 30 to 32 MAF water downstream Kotri, so if india builds
dam on Pakistan rivers, then it’s their right to build dams as upper riparian, because the
lower riparian is busy in wasting the water by discharging it into the sea. If this situation
continues, then the destination of Pakistan will be drought, hunger, poverty and darkness
as this critical situation can only be overcome by building new water reservoirs in the
country.
Karachi is growing very rapidly both in terms of population and built up land. The city has
an out-dated water supply system that is quite insufficient for existing population. Usually
people use ground water for their everyday chores. These un-checked boring activities
have depleted the ground water reserves and pushed down the water table below 300
feet on minimum side. Moreover, rapid urbanization has occupied most of the areas with
infiltrating soils in suburbs; recent examples are Bahria Town and DHA City development
that is mostly sprawling in catchment areas.
According to the Roadmap study of Karachi city climate change (2012), most of the
Karachi’s storm water drains and natural drains including Lyari river channel are choked
up or blocked by dumping garbage and industrial wastes, sewerage water, illegal
settlements and encroached slums. Malir River and its embankments are the only source
that can handle flash flooding in the city but there is no available storage facility to store
that flood water. Beside all these facts another monster is sand and gravel excavation
mafia that is exposing hard surface in river channels and altered their absorption capacity.
Karachi city now benefit from rain-fed Hab River that can serve only 5 million people. In
this water crisis scenario, rural settlements of Karachi district are suffering as their prime
activity is agriculture, they are utilizing depleted ground water reserves through tube-wells
and machine operated wells. Such negligence and lack of planning is pushing Karachi
into a chaotic state where water will become the most unavailable utility in near future.
The city has no proper or reliable water supply source of its own, despite its coastal
location no government actions have been taken to desalinize sea-water on large scale
and using it to fulfill city’s everyday water demand for domestic uses.
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2.2.1 Rising Water Demand
The population of Karachi was estimated about 4.4 million at the time of indo-pak partition
in 1947. According to the 1998 census, population was about 9.8 million. The current
population of Karachi is estimated about 24 million in 2015, and it is expecting to
accommodate around 27.5 million people in 2020 (Anwar, 2012; CDGK, 2007).
“Currently, Karachi requires 853 mgd to fulfil the demand of 15.8 million population,
whereas it receives only 630 mgd from all resources, facing a deficit of 223 mgd”
(Ihsanullah, 2009) . Growing water demand of Karachi would increase to 1,292 mgd by
the year 2025 (JICA, 2008).

2.2.2 Shortage of Water
According to the sources of Karachi Water and Sewerage Board (KWSB), the water
demand of Karachi is about 1000 million gallons per day (mgd), while 550 mgd of water
is being supplied. The Hab Dam which is used to supply 100 mgd water has also dried
due to lack of rainfall. Therefore, the city is facing water crisis because of 450 mgd water
shortage (Zia, 2015).
2.2.3

Urbanization

Urban sprawl of Karachi has become a challenge due to uncontrolled population growth
and poor administration. Due to un-checked growth of infrastructure and buildings, the
absorption capacity of soil is reduced, while the surface run-off amount is increased. In
most part of the city, the rain drains and sewerage have same water outlets. The
sewerage and industrial polluted water is being discharged into the natural water
channels. Due to lack of land use and building control by-laws implementation, most of
the natural drainage channels and low-lying areas which were reserved as open areas in
the city were converted into settled land and slum areas (Anwar, 2012). Urban
development and encroachments alongside the river beds are increasing risk of flooding
in the Karachi city.
Besides the development of sustainable polices at district government level, overall
governance, administration and management need to be improved which may implement
the best practices and regulations.

2.2.4 Rural Water Resources
Livelihood of rural settlements in Karachi is highly dependent on ground water as the
economic activities of the most of the villages are associated with agriculture. Ground
water table is already dropping and aquifers are endangered due to human interventions
such as large-scale sand excavation from dry river beds and rare interventions for ground
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water recharge. According to the roadmap study of Karachi city climate change (Anwar,
2012), there are no capacities for flood water storage.

2.2.5 Climate Change
Climate change has been a serious debate for the past years. As the world is getting
warmer and intense weather conditions like torrential rain with flooding, tropical cyclones
and long dry seasons have increased in the past years (Anwar, 2012). Future changes in
the magnitude of climate (Increase in surface temperature and in rainfall events) projected
by the most global climate models would cause a severe impact on water resources,
agriculture, forestry, fisheries, coastal lands (Sea level rise) and human settlements. Over
the last century, about 2.9°C (an average annual temperature) rise in surface temperature
observed in boreal Asia. However, In Pakistan, there is a consistent rising trend in mean
surface temperature from the beginning of 20th century i.e., 0.6 – 1.0°C in arid coastal
areas. Pakistan is among the countries where condition is highly vulnerable in climate
change perspective, because major part of its economy is heavily based on climate
sensitive sectors like agriculture and forestry (Farooqi, Khan, & Mir, 2005).
As a result of climate change, the intense heat events are predicted to become more
extreme, more frequent and long-lasting over the most regions (Habitat, 2011). Karachi
recently faced severe heat wave in June 2015, when temperature went as high as 49°C
(120 °F) (Haider & Anis, 2015). It caused more than 1200 deaths in Karachi. The heat
wave is a symptom of global climate change, aggravating as the result of deforestation,
expansion of asphalt highways, and rapid urbanization (Wasif, 2015). This urbanization
has put the Karachi urban at increased risk in form of urban heat island-effect and air
pollution, due to increasing vehicle usage.
The scale of these effects will be higher due to the change in climate. In extreme heat
events like recently faced heat wave, a great pressure is exerted on the water supply
sources. Karachi is already water stressed city, and need to develop and manage its water
resources. “A new paradigm in water resources management has to be envisioned by
working with a basket of options for improved service provision and institutional reforms”
(Anwar, 2012). According to the technical report on Karachi heat wave June 2015 (Figure
9), shortage of water is one of the major factors in rising death toll in Karachi. As a result
of projected climate change, more extreme and frequent heat wave events can occur in
the future (Chaudhry, Rasul, Kamal, Mangrio, & Mahmood, 2015).
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Karachi, where rainfall is highly unpredictable (Figure 10). “Need to develop and
implement incremental adaptation strategies and policies to exploit no regret measures
and stressing the importance of considering climate change in planning, designing and
implementing development activities” (Farooqi, Khan, & Mir, 2005).

Heat Wave June 2015
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Source: PMD
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2.2.6 Flooding
The city faces the threat of floods after a rainstorm or torrential rain in the rivers
catchment. There are densely populated slum settlements and some industrial units along
left and right banks of the rivers. As the catchment of the Malir River is located in Karachi
city, Mol River and Khadeji River join it in upper reaches and carry their run-off water in
Malir River. Similarly, the Gujro Nala and Orangi Nala drain-out their run-off water to Lyari
River. Finally, both rivers drain water into the Sea (Bakhsh, Rehman, Shakir, & Khan,
2011) Natural drainage capacities of these two rivers have been affected by
sedimentation process. Whenever there is a coincident occurs in between heavy rainfall
and high tides periods, then rivers fail to discharge their water into the Sea due to sea
level rising. In 1977, historic worst flooding was an example of this phenomenon. The
intense flooding occurred in Karachi city in 1944, 1961, 1967, 1970, 1977, 1994 and 2007
(Figure 11).
In case of the Karachi City, WAPDA is an only authority that worked on feasibility report
of Malir river basin, (1990). In this report, it has found that the highest peak discharge in
the Malir River caused the flooding in 1944. Its repetition interval was worked out as about
81 years, while its chance of occurrence being about one percent per year. Although
surface runoff calculations were done but a flood plain could not be identified that could
have served as a viable flood risk zone for the Malir River basin settlements. In addition
to the chance of flooding is the main concern about surface water flooding impacts
intensified due to the major blockages and encroachments in and around the drainage
channels, and it’s not a new concern because this cause has identified before in 1977
floods. This flooding was occurred due to the existence of encroachment and illegal
settlements on the river bed and around the banks of the Malir River. Densely populated
areas like; Azam Basti, Kashmir Colony, Rehman Colony, Liaquat Ashraf colony,
Manzoor Colony and portion of Mahmoodabad etc. As a result the river width reduced
particularly at Qayumabad, which had reduced to 550 ft. instead of its original width of
5000 ft (Akhtar & Dahnani, 2012).

2.2.7 Waste of Rain Water
In the rainy season, Malir River flows with a huge amount of water and millions of gallons
of water wastes into the Sea. If the government authorities become serious about this
matter and construct a dam or a reservoir on this river, it will be a great deal to benefit the
whole of Karachi.
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Severe Floods in Karachi (1929‐2007)
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Figure 11: Severe Floods in the history of Karachi City
Source: Akhtar & Dahnani, (2012)

2.3 Techniques
2.3.1 GIS and Remote Sensing
Remote Sensing and Geographic Information System (GIS) now have become significant
tools in hydrological modeling. Since 1980’s, the remote sensing satellites are becoming
centre of attention for data collection, and it is capable to fill in the data gaps in
hydrological modeling. Remote sensing technology is providing concise data, concerning
spatial distribution of land use and soil, initial conditions, water bodies portfolios like dams,
tanks, swamps, lakes, river and flooded areas, etc. (Eldho, 2009). Remote Sensing
provides means of observing hydrological characteristics of Earth surface over large
extent (Schmugge, Kustas, Ritchie, Jackson, & Rango, 2002). Remote sensing might be
the only practical approach to handle the large scale spatial variability in hydrological
processes and drainage basin properties because the basic data are spatial in nature
(Engman, 1996).
On the other hand, GIS provides an enabling environment for hydrological modeling, due
to its capability to archive, analyze and handle the huge amount of spatial data required
to perform hydrological processes on various scale (Fuhrmann, 2000; Asadi & Hale,
2001).
.
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2.3.2 Hydrological Modeling
Hydrological modeling is a commonly used tool to estimate the hydrological response of
basin due to precipitation. The model selection depends on the basin and the objective of
the hydrological prediction in the basin (Hunukumbura, Weerakoon, & Herath, 2008).

2.3.2.1 Digital Elevation Modelling and Analysis
Drainage basins and stream networks delineation are considered one of the basic tasks
in hydrological analysis. The extracted stream network can further be used in several
applications like, studies of stream flow hydraulics, flood prediction, and modeling of
chemical transportation and deposition of pollutants in surface channels. Watershed
delineation mainly conducted by the manual delineation methods. Although DEM
introduced in late 1950’s (Miller & Laflamme, 1958), until the late 1980s, DEMs application
potential was not fully functional. After the advent of GIS, DEMs used to delineate
drainage networks and watershed boundaries, to enhance distributed hydrologic models,
to produce flow paths of surface run-off water and to calculate slope characteristics
(Moore, Grayson, & Ladson, 1991; USACE, 2003; Saraf, et al., 2004; Rumman, Lin, & Li,
2005).
Dems have been used to model surface hydrology. Analyses include the automated
delineation of catchment areas (O’Callaghan & Mark, 1984); (Martz & De Jong, 1998),
terrain characteristics development (Moore, Grayson, & Ladson, 1991) and drainage
networks (Fairfield & Leymarie, 1991), the channel heads detection (Montgomery &
Dietrich, 1988; Montgomery & Dietrich, 1992), hydrology and soil moisture estimation
(Beven & Kirkby, 1979; O’Loughlin, 1986; McKenzie & Gregory, 2003; English,
Richardson, Glover, Cresswell, & Gallant, 2004), flow accumulation determination
(Peuker & Douglas, 1975) and flow direction and routing (Tarboton D. , 1997) ; (Tarboton
D. , 2002), and automated parameters extraction for hydrological modelling (Doan, 2000;
Ackerman, 2002; Callow, Niel, & Boggs, 2007).
The studies indicated that the accuracy of extracted parameters from DEMs is
comparable to those got by manual techniques. Although, the processing time is quite
less (Wang & Yin, 1998; Islam, 2004), further advantages include, process reliability and
reproducibility and savings of time and man-power (Saunders, 1999).
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2.3.2.2 Watershed Processing
“GIS based methods are being used increasingly to delineate stream network and
watersheds and automatically extract these parameters for use in hydrologic models”
(Tarboton & Ames, 2001). DEMs based terrain analysis is being widely used in the field
of hydrology (Wilson & Gallant, 2000).

2.3.2.3 ArcHydo
Arc Hydro is a geo-spatial and temporal data model for water resources that operates
within ArcGIS environment. Key elements of ArcHydro consist of, Hydro-ID which is used
to link the associated features and features association such as monitoring points with
time series data (Maidment, 2002). The extensive tools available in Arc Hydro for analysis
of water resources fall into the domain of hydrology. Arc Hydro has been designed to
represent data from hydrology and hydrography, thus creating a basis to obtain an
extensive understanding of surface water systems (Gupta, Minhas, Tamhane, &
Mookerjee, 2011).
Ali, (2010) performed watershed and stream network delineation using ArcHydro.
Generated 5m DEM from height contours which ultimately resulted in preparing the slope
map, and found ArcHydro tools very useful for the delineation of watershed and stream
network.

2.3.2.4 HEC-GeoHMS
HEC-GeoHMS is a geo-spatial hydrologic modeling extension that is linked to the Spatial
Analyst (Extension) and works in ArcGIS. It processes digital spatial data like DEM data
to extract drainage patterns, watershed boundaries, and can transform them into
hydrologic data structures to represent the watershed response for rainfall events (Ogden,
Garbrecht, DeBarry, & Johnson, 2001). HEC-GeoHMS prepares input files for the basin
component of HEC-HMS (Bakir & Zhang, 2008).
Rumman, Lin, & Li, (2005) performed comparative analysis for the drainage network
delineated from DEM by HEC-GeoHMS and drainage derived from surveyed
topographical maps. In general, HEC-GeoHMS model produces agreeable results on the
watershed and streamline delineation comparing with surveyed maps. Mismatching in
watershed boundaries from both methods indicates streamlines would be enclosed in
sewer conduits due to urbanization. However, if the DEMs incorporate knowledge on
existing network drainage, HEC-GeoHMS watershed delineation can be applied to an
urbanized area. This also demonstrates that watershed and stream delineation from
geospatial hydrology model provides results that can be verified with published
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information to detect possible errors in terrain model. Combining HEC-GeoHMS
hydrology model with soil type and land use information, identification of infiltration zone
is reliable. Field investigation to confirm identified infiltration zones will be useful in
determining the application of this approach.
On the basis of hydrologic soil groups and land use data, the CN value was generated for
each sub-basin using HEC-GeoHMS. A basin model was developed and calculated initial
values for the lag-time (Ali, Khan, Aslam, & Khan, 2011).

2.3.3 Run-off Potential and Simulation
2.3.3.1 Curve Number Method
Jasrotia & Singh, (2006) used daily rainfall data to estimate runoff by using remote
sensing and the GIS by using the SCS curve number method. The rainfall–runoff
relationship is determined by using SCS curve numbers. The curve number method is
based on the recharge capacity of the watershed. Rainstorms generate runoff, and its
occurrence and quantity are dependent on the characteristics of the rainfall event, i.e. the
intensity, duration and distribution. Apart from these rainfall characteristics, there are
number of catchment specific factors, which have a direct effect on the occurrence and
volume of runoff. This includes soil type, vegetation cover, slope and catchment type.
SCSCN provides an empirical relationship for estimating initial abstraction and runoff as
a function of soil type and land use (Pradhan, Pradhan, Ghose, Agarwal, & Agarwal,
2010).
The Soil Conservation Service (SCS) method is the most widely used approach for
estimating surface runoff from small catchments after a rainfall event (Gupta, Deelstra, &
Sharma, Estimation of water harvesting potential for a semiarid area using GIS and
remote sensing, 1997). It considers the relationship between land cover and hydrologic
soil group, which together make up the curve number (De Winnaar, Jewitt, & Horan, 2007;
Kadam, Kale, Pande, Pawar, & Sankhua, 2012; Ramakrishnan, Bandyopadhyay, &
Kusuma, 2009). With this approach, the suitable locations for RWH structures were
located in areas with the highest capacity for runoff generation and nearby to existing
drainage lines. Number of researchers applied the Soil Conservation Service (SCS) with
Curve Number (CN) method, focusing on how much runoff could be generated from a
runoff area (e.g. (De Winnaar, Jewitt, & Horan, 2007; Gupta, Deelstra, & Sharma, 1997;
Kadam, Kale, Pande, Pawar, & Sankhua, 2012; Senay & Verdin, 2004).
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Several hydrological models in The Curve Number (CN) method deliver more flexible and
site-specific methods to select suitable designed values for run-off estimation. Curve
number (CN) is developed by the Natural Resources Conservation Service (NRCS) and
U.S. Department of Agriculture, formerly called as SCS, are used for run-off estimation of
an area with given land cover type, over a given soil, for a given amount of precipitation.
The higher the CN value the higher run-off, if a CN value is 100 its mean that all the rain
water will flow as run-off. CNs are not greater than 98, even for conventional pavements
(Halwatura, 2013).
GIS integration with SCS-CN method is proved as an effective technique in identification
of suitable rain-water harvesting locations. The method found effective in remote areas,
where secondary data availability is less for identification of rain-water harvesting
locations. SCS-CN method has been proven a better technique; higher accuracy
consumes less time and can handle extensive dataset as well as larger geographical area
to identify rainwater harvesting suitable locations (Kadam, Kale, Pande, Pawar, &
Sankhua, 2012).

2.3.3.2 HEC-HMS Model
Reshma, Reddy & Pratap, (2013) used Hec-HMS model for the sub-watershed of Walnut
Gulch watershed, located in Arizona State of United States of America (USA). They
applied different modeling tools of HEC-HMS model for hydrological processing.
Specifically, HEC-HMS model applied for seven-rainfall events. The model was calibrated
for four rainfall events and validated for three rainfall events. They compared the
simulated results with the observed hydrograph, and found HEC-HMS satisfactory for
event based run-off simulation. According to Reshma, Reddy & Pratap, (2013) this model
does not require detailed information about the parameters and provides agreeable
results.
Ghani, Arshad, Shabbir, Shakoor, & Mehmood, (2013) studied run-off pattern to examine
the potential water harvesting sites in Potohar Plateau of Pakistan. HEC-HMS model was
used for the estimation of run-off. SRTM Digital Elevation Model (DEM) of 90m spatial
resolution was used as a source of elevation data. Soil conservation service (SCS)
method was used in order to determine Run-off.
Ali, Khan, Aslam & Khan, (2011) ) used HEC-HMS rainfall run-off model for the calibration
and validation of 5 storm events in Lai Nullah Basin, Islamabad, Pakistan. The model
components also used for the simulation of hydrological response in the watershed.
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2.3.3.3 Rainwater Harvesting
Rainwater harvesting technique is being widely used successfully around the globe.
Various authors (Al-Adamat, 2008; Al-Adamat, et al., 2012; Ghani, Arshad, Shabbir,
Shakoor, & Mehmood, 2013; Winnaar, Jewitt, & Horan, 2007) shed light on the
methodologies and techniques for RWH site selection and technical design because it is
crucial for the success of RWH systems. In smaller areas field surveys are the most
common method for selecting suitable sites and RWH techniques. However, the selection
of appropriate sites for different RWH technologies in larger areas is a great challenge
(Prinz, Oweis, & Oberle, 1998).
The water harvesting structures are built at various places to collect more surface water
for domestic, agricultural and livestock usage. The selection of potential sites for rainwater
harvesting schemes must be based on certain criteria that take into consideration the
socio-economic (distance to agricultural field, road and settlements) and the physical
characteristics (terrain slope, soil types, and land use) of the watershed area (Al-Adamat,
Diabat, & Shatnawi, 2010; Sharma & Singh, 2012; Padmavathy, Ganesha Raj, Yogarajan,
& Thangavel, 1993). It involves standardization of the most suitability maps, assigning the
weights and ranking of relative importance to the suitability’s maps, and then combining
the weights and standardized suitability maps to overcome the water scarcity problem by
identifying sustainable water harvesting structures. Geo-Spatial science (Remote sensing
and GIS) provide useful tools that allow efficient integration of all the spatial characteristics
of watersheds to come out with an exclusive mapping solution of most of the resource
problems in a cost-effective and time saving manner (Rolland & Rangarajan, 2013; AlAdamat, Diabat, & Shatnawi, 2010; Singh, Singh, & Litoria, 2009 and Padmavathy,
Ganesha Raj, Yogarajan, & Thangavel, 1993).

2.3.4 Multi-Criteria Analysis
MCA is widely used analytical tool that integrate various datasets that belong to different
criteria and perform collective analysis to derive final results. (Krois & Schulte, 2014);
(Munyao, 2010; Sekar & Randhir, 2007), utilized the Analytical Hierarchy Process (AHP)
for identifying potential RWH Sites, AHP is basically a Multi-Criteria Analysis (MCA) tool.
In MCA a relative weight is estimated for each criterion rather than assigning an equal
weightage to all, after weight assignment two or more alternatives can be compared with
each other (Banai-Kashani, 1989).
Analytical Hierarchy Process (AHP) is a simple and powerful decision making decisionmaking model as well as one of the most used MCDM method. According to Mardani et
al. (2015) from 2000 to 2014, nearly 32.6% of published papers used AHP as a MCDM
33

method out of 9 MCDM methods in 393 MCDM related published papers in total. Both
tangible and intangible criteria can be measured with absolute scales by using AHP
(Saaty, 2013).
Expert knowledge and statistical or mathematical formulas are combined together in AHP,
thus offers structural and organized decision-making platform for complex decisions.
Thomas Saaty introduced AHP technique in 1970s (Saaty, 2008), since then various
disciplines are widely using this technique in complex scenarios.
The essential principle of AHP is to represent the elements of any problem hierarchically
to organize the relationships between each level. The uppermost level is the main goal
(objective) for resolving a problem, and the lower levels consist of more detailed criteria
that influence the main objective. The weights for each criterion are determined by
applying a matrix of pair wise comparisons. These Pair wise comparisons determine the
relative importance of two criteria involved in assessing the suitability for a given objective.
Two criteria are compared and rated using a 9-point continuous scale. The odd values 1,
3, 5, 7, and 9 correspond respectively to equally, moderately, strongly, very strongly, and
extremely important criteria when compared to each other, and the even values 2, 4, 6,
and 8 are intermediate values (Saaty, 1990). For example, a rating of 5 between two
criteria such as rainfall and slope indicates that the relationship between rainfall and slope
is strongly correlated with the main objective.
MCA integrated with HM and GIS is a good tool for identifying suitable sites for RWH and
is widely used in ASARs (Arid and semi-arid regions). Several studies have applied this
integrated approach, taking advantage of the strengths of MCA together with those of HM
and GISs (Ammar, Riksen, Ouessar, & Ritsema, 2016).

2.3.5 Dam Site Selection
Yusof, Serwan, & Baban, (2000) applied RS and GIS techniques to identify optimum sites
for water reservoirs in Langkawi Island, Malaysia. Two approaches (Boolean and
Weighted Linear Combination) considered in Multi-Criteria Evaluation (MCE) analysis for
the site selection of reservoir. In Boolean approach all the layers considered equally
important and assigned an equal weight. While in WLC approach all the layers grouped
and graded according to their perceived importance. In the WLC technique all the criteria
standardized to a continuous scale of suitability from the least to the most suitable.
Hydrology and hydraulics, topography, geology and economy considered as relevant
constraints. In addition safety, economy and the environment rooted as the main
consideration. The advent of GIS assisted to overcome these multi-criteria considerations
in the process of decision making.
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Imran, (2010) found GIS as an excellent tool to perform this kind of task e.g. Multi-Criteria
Evaluation (MCE) analysis with the help of ArcGIS for locating suitable sites for
constructing sub-surface dams in Boda-Kalvsvik region, Stockholm. “ArcGIS with the help
of Multi-Criteria Evaluation (MCE) makes it possible to integrate different aspects and
choose from the alternatives. In this study, slope, soil and land cover maps integrated to
get the suitable areas using MCE”.
Farhan, (2011) developed and implemented Spatial Decision Support System (SDSS) for
the optimum site selection of water reservoirs in Karachi City using GIS and Remote
Sensing techniques. Safety, economy and environment considered as the main factors.
MCE approach was used to combine the sets of factor and criterion layers. And then three
weighted overlay methods (Weighted Linear Combination, Ranking and Pairwise
Comparison) used to find out the best possible site alternatives.
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3 MATERIALS AND METHODS
This study is mainly based on Hydrological Modeling and research framework heavily
relied on Geo-spatial data and technology. The research framework to evaluate the
surface water potential and Rainwater Harvesting (RWH) sites is developed, designed
and implemented through systematic approach. The first step in performing any kind of
hydrological modeling involves; watershed and streams delineation. Later it includes
getting some basic properties of watershed like area, slope, flow direction and stream
network density etc. (Merwade, 2010). Geographic Information System (GIS) and Digital
Elevation Model (DEM) made this task easier by using automated procedures (Terrain
and Watershed processing) to extract watershed characteristics. The second step
involves techniques for rainfall run-off modeling to assess surface water potential in Malir
River watershed.
The final step is basically a decision making method, i.e. Spatial Multi-Criteria Evaluation
(SMCE) for the potential site selection of reservoir/dam and rainwater harvesting.

3.1

Conceptual Framework

The framework used to identify the surface water potential and RWH sites for the study
area using RS and GIS is as presented in the flow chart (Figure 12).
The methodological framework of this study is mainly composed on four major parts:
1. Data and its Sources
2. Data Pre-Processing
3. Hydrological Modeling
4. Decision making and RWH site selection
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Figure 12: Methodological Framework
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3.2 Data and its Sources
Before initializing any research work, some supports and evidences are required, and
these evidences can be in the form of maps, topographic sheets, satellite data, vector
data or may be collected by conducting different types of field surveys. Data quality and
credibility is one of the main considerations of this research work. The quality of the data
depends upon the data sources used. Therefore, in this research work all data is gathered
from reliable authentic sources and categorized into two classes as following:
Data I: Published Data
Data II: Field Data

3.2.1 Data I: Published Data
The published data sets used in the study are listed in the Table 3. The table highlights
the data scale, types, spatial extent and its sources, these data sets were collected from
different sources.
Table 3: Data types and its Sources
Data sets

Year

SRTM DEM
ASTER GDEM

Scale

Spatial
Extent

Data Type

Source

30m
30m

Malir River
Watershed

GeoReferenced
Grid Raster

NASA
ASTER

Landsat
Images

2015

15m, 30m

Malir River
Watershed

GeoReferenced
Raster

NASA

Topographic
Maps

Various

1: 50,000

Malir River
Watershed

Scanned Maps

SOP

Soil Map

1975 & 1978

1:250,000
1:1000,000

Malir River
Watershed

Scanned Maps

SSOP

Geological Map

2012

1:250,000

Karachi and
Region

Scanned Maps

GSP

Meteorological
Data

1929-2015

Point
Measurements

2 Weather
Stations in the
watershed

Daily totals and
Mean Annual

PMD
WAPDA

Malir River
Watershed

GeoReferenced
vector layers
for Streams,
Roads, BuiltUp
Land, Districts
Boundaries

Various

Digitized vector
data from
Satellite
Images

2015 - 2016

Varying
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3.2.2 Data II: Field Data
Field work was conducted in August 2015, May 2016 and November 2017. The main
purpose of the field is random sampling for soil variability along Malir River bed,
considering land use/ land cover, landscape, geology and topography to identify their
dynamic relationship especially for the proposed dam sites. Satellite image of the study
area is the main source used for the assistance in coverage of diverse land use/land cover
and soil types. GPS device also used to collect soil sample coordinates of particular
locations.

3.2.3 Geo-Database Development
Geodatabase is a new type of geographic data format for ArcGIS and based on object
oriented model. A Geodatabase can store GIS data in a central location for easy access
and management. The Geodatabase supports all types of GIS data (Figure 13) that can
be used by ArcGIS, such as attribute data, geographic features like feature classes
(vector data), satellite/aerial images (raster data) (ESRI, 2009).
For this study File Geodatabase developed and designed according to the nature of
research work. The purpose of Geodatabase development is to manage all the vector,
raster and attribute data at one centralized location.

Figure 13: Geodatabase Structure
Source: ESRI, (2009)
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3.2.4 Spatial-Referencing
A spatial reference defines the actual location of features in the real world. A spatial
reference is defined when creating a feature dataset of geodatabase or standalone
feature class. The spatial reference comprises a coordinate system for x, y, and z-values.
A geodatabase uses spatial reference for displaying features location accurately and
carry out geo-processing functions (ESRI, 2016).
Universal Transverse Mercator (UTM) projection is selected in this research work for all
spatial datasets. UTM system is a specialized application of the Transverse Mercator
projection, which is better to use for large-scale topographic mapping. It provides accurate
representation of small shapes and minimal distortion of larger shapes within a zone
(Naqi, 2010). In UTM system Pakistan falls in three Zones (41, 42 and 43), while UTM
Zone 42 (WGS-84) covers entire study area, i.e. Malir River drainage network and its
watershed area. Hence, this UTM system is selected as a base coordinate system for all
types of spatial data.

3.2.5 Remotely Sensed Data
Remotely Sensed Data collected from Earth Explorer, which is an online repository
developed by United States Geological Survey (USGS). The remotely sensed data
sources used, satellite imageries and Digital Elevation Models (DEMs), these data
sources made data acquisition process easier as compared to old traditional methods,
which were time consuming, difficult and expensive. The author was not able to conduct
detailed field surveys for topography and land cover observation for whole study area due
to the limited resources and inaccessible areas, but sources like, remote sensing made
this challenging task possible. In this research work high spatial and medium spatial
resolution images and 30m DEM data is used.
Mainly two satellite images used for this research work, as their specifications are shown
in the Table 4, and their description is given below;

i) QuickBird is a high-resolution commercial earth observation satellite, owned by
Digitalglobe and it was successfully launched in 2001 (DigitalGlobe, 2015), and
since then it is covering the whole globe. In this study the Quickbird satellite data
used to delineate some watershed features and settlements using digitization
technique. Furthermore, accuracy assessment of landuse/landcover classified data
is performed, because of its finer spatial resolution.
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ii) Landsat-8 satellite was launched in 2013 from California, with extended payload
consists of two science instruments: the Operation Land Imager (OLI) and the
Thermal Infrared Sensor (TIRS). These sensors provide seasonal coverage of the
global landmass at spatial resolutions ranging from 15m (panchromatic) to 100m
(thermal) (NASA, 2016). This raster data typically used for the extraction of land
use/land cover data.
Table 4: Satellite Data Specifications
Satellite Data Specifications
Satellite Name

No.of Spectral
Bands

Panchromatic
Resolution

Multi-Spectral
Resolution

Swath Width

Repeatation
Cycle

Landsat-8

11

15m

30m

185km

16 Days

QuickBird

5

0.61m

2.4m

16.5km

1 - 3.5 Days

3.2.5.1 Digital Elevation Model
Digital Elevation Model (DEM) is a true 3D representation of Earth’s Terrain. DEM is a
grid or raster of square cells whose cell value is the land surface elevation in the center
of cell. The basic requirement for watershed modeling is the DEM. With the advent of GIS,
the DEM usage has become more widespread in solving hydrological problems. However,
DEM is the main component of this study, and used to increase and correlate the accuracy
of 3D earth modeling of the study area (Farhan, 2011). DEM can provide slope data,
which is considered useful for many hydrological studies and can be used in suitable site
selection of dam (Salih & Al-Tarif, 2012).

The Shuttle Radar Topography Mission (SRTM) DEM data (30m spatial resolution) tested
with the ASTER (Advanced Space-borne Thermal Emission and Reflection) DEM data of
30m spatial resolution to check their accuracy. After delineating catchment features from
both DEM data sources, SRTM data found more accurate as compared to ASTER data,
and their comparison is shown in Figure 14. Therefore, SRTM used in this research work
to model surface hydrology.
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Figure 14: SRTM DEM Accuracy Verses ASTER DEM

3.2.6 Topographic Maps
The Survey of Pakistan (SOP) Topographic maps (Figure 15) of the study area acquired
from Department of Geography, University of Karachi. Nine SOP maps (35P-1, 35P-5,
35P-9, 35O-4, 35O-6, 35O-7, 35O-8, 35O-11, and 35O-12) at a scale of 1: 50,000 used
to digitize the detailed stream network of Malir River watershed, because these
topographic maps provide detailed information about natural features like streams
network and topography etc.
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Figure 15: Survey of Pakistan Map
Source: SOP (1995)

3.2.7 Thematic Maps
3.2.7.1 Land use/Land cover Map
Land use/ Land cover (LULC) data extracted using Landsat 8 images of April 2015 with a
spatial resolution of 15 meters. Thematic map (Figure 16) of LULC classes developed by
using supervised classification technique in ERDAS Imagine. About twelve training areas
developed for each LULC class using ArcGIS and finally five (5) major classes extracted
from them.
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Accuracy Assessment of LULC Map
Accuracy assessment performed with 100 random generated points using ArcMap as
shown in an appendix I, and Cohen’s Kappa calculation method applied which compare
the classified results with actual ground condition. This comparison method yielded a
user’s accuracy (UA) of 78.3%, producer’s accuracy (PA) of 82.1%, while overall accuracy
of 84%. The results of accuracy assessment presented in the Table 5.

Table 5: Cohen’s Kappa Calculation
LULC
Classes

BuiltUp
Land

Vegetation
Cover

Open/Barren
Land

Rocky
Land

Total

PA
%

UA
%

BuiltUp Land

6

1

1

0

8

100.0

75.0

0

7

2

1

10

63.6

70.0

0

1

53

5

59

89.8

89.8

Rocky Land

0

2

3

18

23

75.0

78.3

Total

6

11

59

24

100

82.1

78.3

Vegetation
Cover
Open/Barren
Land

Accuracy

Total

6

7

53
100

18

100

%

3.2.7.2 Soil Map
The soil map (Figure 17) of the study area digitized from a soil map published by Soil
Survey of Pakistan (SSP) in 1975. Soil samples collected during field survey at different
part of the River bed because no suitable hydrological soil class found in the published
soil map for the River bed. The collected soil samples then identified for their types and
textures in the Lab of Department of Geology, University of Karachi. The locations of
collected samples and some gradation curves are shown in the appendix II.
The most of the catchment upper to middle part is composed of gravelly/rock land to
gravelly/stony/silt loams Table 6, while the lower part comprise of gravelly clay loam to
fine sandy/silty loams. In addition, the soil of River bed found sandy gravel to gravelly
sand.
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Table 6: Areas Covered by different Soil Types

Soil Types

Main Types

Area (km2)

Total Area %

10.72

0.51

157.47

7.56

1041.84

50.01

88.96

4.27

85.72

4.11

Clay Loams

Old Piedmont Plains

Fine Sandy Loams

Old Piedmont Plains

Fine Sandy Loams

Old Sandy Plains

Fine Sandy Loams
Gravelly Land/Rock
Land

SubRecent River Plains

Old Dissected Gravelly
Piedmont Plains

Gravelly Sandy Loams
Gravely Sand
Loams and Silt Loams

Old Piedmont Plains

100.87

4.84

Loamy Soil

Piedmont Plains

278.63

13.37

Rock Land

Miscellaneous Areas

34.41

1.65

Very Gravelly Clay
Loams
Very Gravelly,Stony
Loams & Silt Loams

Old Dissected Gravelly
Piedmont Plains
Very old Dissected Gravelly
Piedmont Terraces

69.74

3.35

215.03

10.32

2083.39

100.00

Total

3.2.7.3 Geological Map
Geological maps of study area acquired from Geological Survey of Pakistan (GSP), and
converted into vector format using digitization technique and to make a consolidated map
(Figure 18). The geological map considered helpful to understand area geology and used
as important factor in this study for the optimum site selection for water reservoir.
Geological element is one of the key factor among various natural factors that affect dam
construction (Lashkaripour & Ghafoori, 2002). The geology and foundation conditions of
the Dam site may define the type of dam suitable for that site. Competency of rock
foundations with relatively high resistance to erosion, pressure and percolation offer few
limitations for the type of dam that can be built at the site (USACE, 2004). For a suitable
foundation, Baban & Wan-Yusof (2003) suggested the most satisfactory materials,
igneous rock like granite; metamorphic rock like quartzite; sedimentary rocks such as flat
lying sandstones, thick-bedded sandstones, and limestones. The geologic map
reclassified from 11 classes to 4 classes for dam site selection criteria, and classified into
6 classes for RWH according to the characteristics of its geologic composition as shown
in Table 7 and Table 8.
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Table 7: Geological Layer Reclassification for Dam
S.No.

Formation

1

Gaj Formation (Ngg)

2

Mol Member (Nggml)

Limestone with minor clay

Slightly Low Resistance

3

Gulistan-e-Jauhar Member
(Nggg)

Sandstone, siltstone, Clays
and Limestone

Slightly Low Resistance

4

Mundro Member (Nggmn)

Clay, Sandstone, Marl

Moderate Resistance

5

Nari Formation (Ngn)

6

Orangi Member (Ngno)

7

Tobo Member (Ngnt)

8

Manchar Formation (Ngm)

9

Sub-Recent (SREC)

10

Alluvial Deposit (Qal)

11

Stream Bed Deposits
(Qsd)

Composition

Modified Classification
Slightly Low to Moderate
Resistance

Slightly Low to Moderate
Resistance
Sandstone and clay,
Limestone and leses of
glass sand
Limestone/sandy Limestone,
cross bedded sandstone
and clay
Sandstone, clay and minor
conglomerate

Moderate Resistance
Slightly Low Resistance
Moderate Resistance
Low Resistance

Unconsolidated loose
gravels, sand and silt.
Fine to Coarse sand,
gravels, pebbles and
boulders

Low Resistance
Low Resistance

Table 8: Geological Layer Reclassification for RWH
S.No.

Formation

Composition

Infiltration

1

Gaj Formation (Ngg)

2

Mol Member (Nggml)

Limestone with minor clay

Low

3

Gulistan-e-Jauhar Member
(Nggg)

Sandstone, siltstone, Clays and
Limestone

Moderate

4

Mundro Member (Nggmn)

Clay, Sandstone, Marl

Very Low - High

5

Nari Formation (Ngn)

6

Orangi Member (Ngno)

Sandstone and clay, Limestone
and leses of glass sand

Low - Highly

7

Tobo Member (Ngnt)

Limestone/sandy Limestone,
cross bedded sandstone and clay

Low

8

Manchar Formation (Ngm)

Sandstone, clay and minor
conglomerate

Moderate

9

Sub-Recent (SREC)

10

Alluvial Deposit (Qal)

Unconsolidated loose gravels,
sand and silt.

HIgh

11

Stream Bed Deposits (Qsd)

Fine to Coarse sand, gravels,
pebbles and boulders

High

Low

Moderate - High

High
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Figure 16: Land cover Map of Study Area
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Figure 17: Soil Map of Study Area
Modified after SSOP, (1978)
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Figure 18: Geological Map of Study Area
Source: Modified after GSP (2012)
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3.2.7.4 Drainage Density
Drainage density is one of the important factors that help to evaluate and understand the
runoff characteristics, groundwater infiltration, (Suganthi, 2013) and groundwater
potential in a watershed. Areas with high drainage density indicate comparatively lower
infiltration and high runoff (Javaid, Ghauri, & Nasar-u-Minallah, 2016). In addition, the
permeability of rock is inversely proportional to drainage density (Kadam, Sankhua, &
Umrikar, 2016). Generally, drainage density and ground water potential are inversely
related; higher the drainage density, lower the groundwater potential and vice versa and
it has the strongest correlation with water recharge into sub-surface (Bhunia, 2012). For
this study, the detailed drainage network extracted from SOP maps and high resolution
satellite images. Drainage density map (Figure 27) generated and classified as very low
(0.1-0.8 km/km2), low (0.8-1.6 km/km2), moderate (1.6-2.4 km/km2) and high (2.4-3.1km/
km2). The drainage density was calculated by applying the following formula:
Drainage Density (Dd) = Length of Stream / Area of Watershed (km/km2)

3.2.7.5 Slope Map
Slope data considered as one of the most influential in hydrological studies. The total
runoff from any terrain is dependent on their degree of slope (tilt) that also defines the
amount of infiltration and recharge (Munyao, 2010). Rainfall contribution to stream flow,
duration of run-off, infiltration, land use/ land cover pattern and feasibility of geotechnical
constructions for water storage and artificial recharger is mainly controlled by slope
(Rokade, Kundal, & Joshi, 2011).
Slope map (Figure 29) derived using SRTM 30m DEM, and the map is classified into five
slope percentage classes (Table 9) as followed by Kadam, Kale, Pande, Pawar, &
Sankhua (2012).
Table 9: Slope Classes and its Significance
S. No

Slope %

Area %

Area (sq. km)

Significance

1

1 - 3 (Very gentle slope)

45.99

1036.66

Low surface runoff

2

3 - 5 (Gentle slope)

21.36

481.36

Low surface runoff

3

5 - 10 (Moderate slope)

22.61

509.71

Medium surface runoff

4

10 - 15 (Strong slope)

5.37

121.00

Medium surface runoff

5

15 (Steep slope)

4.66

105.14

High surface runoff
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3.2.8 Climatic Data
The most integral part of this study is based on Rainfall and Rainfall run-off data, collected
from Pakistan Meteorological Department (PMD) and Water and Power Development
Authority (WAPDA). For this research work, more than 30 years of data acquired and
processed.

3.3 Data Pre-Processing
3.3.1 DEM Reconditioning
In this process DEM was modified by imposing linear feature (Digitized River Streams).
This process is also called Stream Burning. In this study 30m spatial resolution DEM was
used, on this spatial resolution minor streams could not be extracted using auto
delineation method. Therefore, stream burning process was performed to extract detailed
stream network. Figure 19 shows the conceptual workflow of the stream burning process.

Figure 19: Burning streams into DEMs
Source: TNRCC, (1998)
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3.3.2 Fill Sinks
After the DEM reconditioning process, fill sink is one of the most important functions to
get hydrologically correct DEM, as this function fills the sinks in a grid DEM. If a cell is
enclosed with higher elevation cells, then the water is trapped in that cell and cannot flow.
The fill sinks function eliminates these problems by modifying the elevation value (ESRI,
2011).

3.3.3 Geometric Correction
All gathered data (Raster and Vector) rectified in order to remove geometrical errors like,
no data pixel value and unknown spatial reference etc. As, acquired ASTER GDEM
consist of too many no data pixel value, HEC-GeoDozer extension of ArcGIS used to
solve this problem. Topological rules also defined to remove different stream network
topological errors.

3.3.4 Satellite Data Processing and Enhancement
In this research work raw satellite data is acquired so, there is need to process and
enhance this data. In order to make data useful for achieving optimum objectives and
results the satellite data is processed from raw image data to the final output image as
per research requirement.

As satellite images have noise and haze/blur issues and need to be rectified to enhance
the visual and spectral response. There are many image enhancement techniques to be
used as per requirement. Therefore, the result is more suitable than the original one for a
specific application. ERDAS Imagine has an ability to rectify spatial, spectral and
radiometric characteristics of satellite data. Therefore, contrast stretching, histogram
match and Gaussian filter tools of ERDAS Imagine applied in order to enhance and rectify
the satellite data. The main processing steps are mentioned in the Figure 20.
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Figure 20: Image Processing Steps

3.4 Hydrological Modeling
Hydrologic modeling is an integral part of this study and mainly based on Terrain PreProcessing, Watershed Processing and Curve Number (CN) grid generation. All these
processes performed using GIS techniques with the help of ArcHydro and HEC-GeoHMS
(ArcGIS Extensions). Finally, ArcGIS and ERDAS Imagine software used in watershed
modeling processes and for pre-processing of data and post processing of results.

3.4.1 ArcHydro Data Model
ArcHydro uses DEM to delineate many watershed characteristics that collectively portray
the drainage pattern of a basin. The two major functions (Terrain Pre-Processing and
Watershed Processing) used to create datasets for the purpose of watershed analysis.
The extracted datasets used as inputs for HEC-Geo-HMS model.
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3.4.2 Terrain Processing
The processing of DEM to delineate watersheds referred as terrain pre-processing. The
first step in performing any kind of hydrological modeling involves, streams and watershed
delineation, and some basic watershed characteristics extraction like flow length, slope
and stream network density (Merwade, 2010). This processing is performed using
ArcHydro, and the functions involved in Terrain Processing mentioned in the Figure 21.
Reconditioned DEM

Fill Sinks

Filled DEM
(Depressionless DEM)

Flow Direction

Flow Accumulation

Stream Definition

Stream Segmentation

Catchment Grid Delineation

Catchment Polygon
Processing

Drainage Line Processing

Adjoint Catchment
Processing

Drainage Point Processing

Drainage Point
Figure 21: Terrain Processing Steps
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3.4.3 Watershed Processing
Derived datasets from Terrain preprocessing used in watershed processing. In this task
some delineation steps (Figure 22) performed using HEC-GeoHMS, like; batch
watershed, interactive point and finally watershed delineation.

Batch Watershed Delineation

Interactive Point Delineation

Batch Sub-Watershed
Delineation

Watershed Delineation
Figure 22: Watershed Processing

3.4.4 HEC-GeoHMS Data Model
In the study HEC-GeoHMS main processes involve, sub-basin delineation, stream and
adjacent basin merging, extraction of physical characteristics of streams (river length and
slope) and sub-basins (basin slope) into attribute table.
The developed vector and raster layers using ArcHydro are further processed by HECGeoHMS in order to create HEC-HMS project setup.

3.4.5 Rainfall Run-Off Modeling
The Hydrologic Modeling System (HEC-HMS) is developed to simulate the rainfall-runoff
responses of dendritic watershed systems. It is designed to solve the widest possible
range of problems for wide variety of geographic areas like, large river basin water supply
and flood hydrology, small urban and natural watershed runoff. Results produced by this
program can further be used with other software for studies of water availability, flow
forecasting, urban drainage, future urbanization impact, flood damage reduction,
floodplain regulation, and system operation (USACE, 2010). In addition, properly
calibrated/validated HEC-HMS model can further be used in many hydrological
applications (Gichamo, Popescu, Jonoski, & Solomatine, 2012).
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In this study, HEC-HMS model used to predict and evaluate watershed runoff response.
About 30 years of rainfall/runoff data used for this system. Rainfall runoff response
simulated in the form of hydrographs with attribute data and further analyzed by charts.

3.4.5.1 Hydrologic Parameters for HEC-HMS
To execute HEC-HMS project, parameters for sub-basin and stream assigned as shown
in the Table 10.
Table 10: Parameters for HEC-HMS
Inputs/Parameters

Type

Loss Method

SCS Curve Number

Transform Method

SCS Unit Hydrograph

Lag Method

CN Lag Method

Routing Method

Muskingum

Basin Centroid Method

Center of Gravity

Unit System

Metric (S.I)

3.4.5.2 SCS-Curve Number Method
The Soil Conservation Service (SCS) Curve Number (CN) method to estimate surface
runoff from rainfall is based on method developed by United States Department of
Agriculture (USDA) Natural Resources Conservation Service (NRCS), formerly known as
the SCS. The SCS-CN method is considered one of the most commonly used method to
estimate direct runoff or infiltration resulting from rainfall.
The CN method has numerous advantages, but also associated with many
disadvantages. The advantages include its simplicity to apply, acceptability, predictability,
stability and responsiveness to runoff producing watershed properties. However,
associated disadvantages are, unclear description on how to vary antecedent conditions,
varying accuracy due to variation in biomass, its marked sensitivity to CN and the fixed
initial abstraction ratio at 0.2. In addition, the method is never found appropriate in the
absence of accurate hydrological and topographical data that is essential to estimate
runoff (Ponce & Hawkins, 1996; Senay & Verdin, 2004).
Runoff estimation resulting from rainfall over small to medium sized watershed using SCSCN method is being used widely. The SCS method involves the use of simple empirical
formula that requires rainfall amount and watershed curve number. Curve number that
represents the combination of hydrologic soil group and land use/land cover classes. The
rainfall runoff equation derived by SCS to estimate runoff from storm rainfall is:
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1

Where:
Q = Runoff depth in (mm)
P = Precipitation in (mm)
Ia = Initial abstraction (mm)
S = Potential maximum retention (mm)

For the study area soil condition:

0.2

2

The SCS expressed S as a function of curve number as:

S

25400
CN

‐254

3

3.4.6 Curve Number Evaluation for the study area
Curve Number map is evaluated for the study area in form of pixel-based map using LULC
and soil map, which are classified to hydrologic soil group and hydrologic conditions.

3.4.7 Reclassification of LULC and Soli Map to Hydrologic Conditions
The land use and land cover map are reclassified according to hydrologic soil conditions
based on a classification system named Technical Release (TR-55), developed by USDA
in 1986. As TR-55 provide simplified procedures to estimate rainfall runoff volume and
peak discharge, hydrographs and storage volumes in small watershed (SCS, 1986). CN
for LULC classes are mentioned in the Table 11.
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Table 11: Curve Number for LULC Classes
LULC Classes

Built-up Land
Vegetation
Cover
Open/Barren
Land
Rocky Land

Hydrological Soil Group
A

B

C

D

80

87

91

93

57

72

80

85

77

86

91

94

98

98

98

98

3.4.8 Reclassification of Soil map to Soil Group
In runoff calculation process, soil map is reclassified into four hydrologic soil groups, i.e.
A, B, C and D based on infiltration and potentials of runoff generation (Niehoff, Fritsch, &
Bronstert, 2002). The soil classes categorized according to USDA (2007) as presented in
the Table 20.

3.4.9 Building up Runoff Depth Map
Runoff depth map is prepared using CN grid and by solving equation 1 and 3. The data
processing in order to develop runoff depth map performed in ArcGIS using Raster
Calculator tool. For precipitation value, twenty-five (25) years average annual precipitation
data calculated from 1991 to 2015.

3.5 Decision making and RWH site selection
The basic purpose of site suitability analysis is to find the best possible site for an activity.
In this analysis all the characteristics like, location, size and relevant attributes of the
candidate (potential area) are identified. The problem is to rank and rate the alternate
sites based on their characteristics, so that the potential site can be identified. If candidate
site does not have pre-determined set, then the problem is stated as site search analysis.
The purpose of the site search analysis is to specifically identify the areal extent of the
best site (Malczewski, 2004).
The study focuses on site suitability analysis using raster based thematic layers and
applies the analytical hierarchy process (AHP). AHP is considered one of the most
significant MCE tools, when AHP is integrated with MCE in GIS environment to harness
the power of spatial location, and is known as Spatial Multi-Criteria Evaluation (SMCE).
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SMCE efficiently supports planning and decision-making process due to its great
capability of spatial analysis.
Biophysical, environmental and hydrological criteria are considered in form of thematic
layers (raster based), and integrated as either constraints or factors in RWH potential site
selection.
The process is carried out in two phases as documented by Sharifi (2004); “the
identification and comparison/evaluation solution (choice of solution)”. In order to achieve
this objective four steps as implemented by Garfi, Tondelli & Bonoli (2009) and Munyao
(2010) are applied; problem definition, identification and selection of criteria, calculation
of relative weights and evaluation of results.

3.5.1 Problem Definition
RWH is considered the most recognized practice to enhance the capability of water
storage and groundwater recharging in a watershed. This practice is much needed to
support domestic usage, agricultural production and environmental sustainability.
However, it has not been practiced yet efficiently in many watersheds of Pakistan.

3.5.2 Identification and Selection of Criteria
Criteria selection for the site suitability analysis is based on literature, indigenous and
professional knowledge. For the site selection process some specific guidelines of Food
and Agricultural Organization (FAO) considered to maintain the sustainability of the
environment.
Criteria that support the decision-making process are Constraints and Factors. These
criteria represent conditions possible for quantification and contribution for the decision
making (Eastman, Kyem, & Toledano, 1993). The developed Constraints and Factors for
this study are defined in the Table 12 as follows:
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Table 12: General Criteria for Constraints and Factors

General Criteria for Constraints and Factors
Criteria

Thematic Layers for
Evaluation

Distance to built-up land not less
than 50m

Distance to built-up
layer

Distance to roads not less than 30m

Distance to road layer

Existing Dams or RWH sites

RWH structures sites

Not within environmental/ecological
protected areas

Landuse/Land cover

Noth within water bodies

Landuse/Land cover

Slope not more than 15%

Slope classes

Soil with high/low water holding
capacity (varies with conditions)

Soil texture

Rock with competent foundation
(higher resistance)

Geological layers

Lower Drainage density

Drainage density layer

Hydrological

Higher Runoff depth

Runoff depth layer

Socio-Economic

Recreational & Historical sites
(unsuitable)

Landuse/Land cover

Factors/Constraints

Constraints

Environmental

Geomorphological &
Geological

Factors are criterions that enhance or reduce the suitability of specific alternatives for
under consideration activity, and mostly measured on a continuous scale (Geertman &
Stillwell, 2003). Factors are generally continuous in nature such as the Soil type,
topographic slope, the runoff depth, the surface geology, and the land use/ land cover
developed in this research work for MCE analysis.
Constraints serve to limit the alternatives under considerations (Geertman & Stillwell,
2003). Constraints are always Boolean (True/False) Maps or images, which assist to
eliminate specific areas from consideration. However, in this research work these Boolean
maps are not produced, sub-classes of LULC like water body and built-up land used as
constraints by using restrict option of the weighted overlay tool.
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Calculation of Relative Weights
Factors and group of factors weighting is one of the most crucial steps for this study, as
this determines the relative influence that a factor (group of factors) will have towards
achieving the sub-objectives and main objective. To achieve this goal AHP method opted
for assigning weights.
AHP applied separately without MCA for various criteria to determine the relative weight
for each criterion (Mahmoud & Alazba, 2015); (Tsiko & Haile, 2011). On the basis of AHP
weights suitable sites identified for RWH and dam. By applying pair-wise comparison
matrices the relative weights between criteria determined and then assigned the weights
to the thematic raster layers. Pair-wise comparison is most likely to reduce bias in the
weights; it makes AHP a more effective MCA technique (Tsiko & Haile, 2011).
According to Saaty (1977), in order to make consistent comparison between different
criteria, a scale with continuous 9 absolute numbers that show the intensity of relative
importance between two proposed criteria. In this scale, value of 1 show factors with
“equal importance” with another one, and a value of 9 show factors with “extreme
importance” over another factor. Table 13 represents the fundamental scale of absolute
numbers, as developed by Thomas L. Saaty.
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Table 13: Scale for Pairwise Comparison (Saaty, 2008)

Intensity of
Importance

Description

Explanation

1

Equal importance

Two activities contribute equally to the
objective

2

Equal to moderate
importance

3

Moderate importance

4

Moderate to strong
importance

5

Strong importance

6

Strong to very strong
importance

7

Very strong importance

8

Very strong to extremely
strong importance

9

Reciprocals
of above

Experience and judgement slightly
favor one activity over another

Experience and judgement strongly
favor one activity over another

An activity is favored very strongly
over another; its dominance
demonstrated in practice

The evidence favoring one activity
Extreme strong importance over another is of the highest possible
order to affirmation
If activity i has one of the
above non-zero numbers
assigned to it when
compared with activity j ,
then j has the reciprocal
value when compared
with i

This fundamental scale (Table 13) applied in pairwise comparison for all criteria. Intensity
of importance assigned to criteria i when compared j and the reciprocal value assigned to
criteria j as intensity of importance. Once the comparison between all possible criteria
sets is done, the weight of criteria i, which used in post analysis for suitability analysis,
calculated using equation 4 (Saaty, 1977).
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4

Where, Pij shows relative importance in pair-wise comparison of criteria i comparing to
criteria j.
The preference matrix of i is shown in
Table 14 and the criteria weights are shown in Table 15.

Table 14: Pairwise Comparison Preference Matrix

Criteria/Factors

Slope Runoff Depth

Slope
Runoff Depth
Soil
Geology
LULC
Drainage Density

1.00
0.33
0.33
0.33
0.20
0.14

3.00
1.00
0.33
0.07
0.05
0.05

Soil
3.00
3.00
1.00
0.33
0.07
0.05

Geology LULC
3.00
5.00
3.00
1.00
0.20
0.05

5.00
7.00
5.00
5.00
1.00
0.33

Drainage
Density
7.00
7.00
7.00
7.00
3.00
1.00

Table 15: Criteria Weighting for Site Suitability Analysis

Criteria/Factors

Weight (%)

Slope
Runoff Depth
Soil
Geology
LULC
Drainage Density

36.0
32.0
18.0
10.0
3.0
1.0

3.5.3 Evaluating Consistency of Pairwise comparison
The derived value using pairwise comparison might depend on biased judgement, which
can lead to haphazard and biased results. Therefore, a numerical index named;
Consistency Ratio (CR) used to evaluate the consistency of pair-wise comparison matrix,
as followed by the proposal presented in AHP (Saaty, 1977). This index shows the ratio
of the Consistency Index (CI) to the average consistency index also called Random Index
(RI), as presented in the equation 5 (Dai, 2016).
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5

The value of Random Index (RI) depends on the number of factors, which are being
compared (Garfi, Tondelli, & Bonoli, 2009). The random index table derived by Saaty
(1980) is presented in the appendix III.

The value of CI is calculated according to the preference matrix, shown in equation 6.
/

1

6

Where is the average value of consistency vector, and n is the number of factors
involved.
The CR value for pairwise comparison is acceptable if CR ≤ 0.1 otherwise pair-wise
comparison might be revised before applying the derived weights (Saaty, 1980). The
derived CR value of Table 14 is 0.07, which is less than the suitable maximum CR value,
as suggested in AHP. Hence, the consistency in pairwise comparison is accepted.

3.5.4 Selection of Criteria Choices
Assigning evaluation scale values for factors or criteria is one of the most important and
critical steps after assigning weights. Based on this evaluation scale each value class of
input raster was assigned a new value, as mentioned in the Table 16 and Table 17. An
evaluation scale with value range of 1 to 9 is used, where 1 shows least suitable and 9
shows the most suitable. A restricted value is used for the areas to eliminate from the
weighted overlay analysis, and these processes are performed using ArcGIS
environment.

3.5.4.1 Slope
Slope is used in this research work as a highly weighted factor, as previous and recent
studies show its importance in potential site selection of RWH and dam. Many published
research papers/publications are considered to make the correct implementation of slope
classes (appendix IV). Generally flat to gentle slopes are considered suitable for RWH
and dam site selection. Hence, areas with steep slope are exempted, specifically due to
the fact that they are incapable of silt and sand deposition due to higher surface runoff
rate. Furthermore, steep slope can cause dam break because, dam wall has to bear
intensive water load because of gravitational force.
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Check dam can be built only at some level of steep slope, i.e. 0 to 15%, as check dam
reduces the velocity of water in case of heavy rain and minimizes the chances of flood.
Therefore, high to low scale values are allocated to slope classes from 0 to 15%. For
percolation tank 0 to 10% slope classes are suitable, as it percolates sufficient amount of
water within this slope range. Whereas, in farm pond selection 0 – 5% slope range is
considered favorable because the purpose of farm pond is to store or retain runoff water
as long as it can.

3.5.4.2 Runoff Depth
Runoff depth is the second highly weighted factor in this research work. For all RWH types
and dam medium (107 – 134mm) to high (134 – 162mm) runoff depth classes are
considered favorable. Therefore, areas having higher runoff depth values are allocated
higher scale values.

3.5.4.3 Soil Type
Soil classes are defined on the basis of their water holding capacity which depends on
their textural composition. Soil classes with high water holding capacity are considered
as less suitable for check dams and percolation tanks, these soils types do not allow water
to penetrate because of finer texture. Hence, soils with low water holding capacity are
allocated higher scale values. While, in selection of farm pond sites the scaling criteria is
vice versa, as farm pond requires soils with high water holding capacity. While for dam,
soils with moderate to high water holding capacity are allocated higher scale values.

3.5.4.4 Geology
Geological layer is classified according to its composition into two ways; one on the basis
of infiltration for RWH sites and second on the basis of its resistance level for bearing dam
load. Geologic composition with higher infiltration rate allocated higher scale values for
check dams and percolation tanks because both require high infiltration to recharge
groundwater. For farm ponds the condition is vice versa.
Geologic foundation has much importance in selection of dam site. According to the dam
performance statistics, foundation problems are observed to be the most common
reasons of dam failure (Wyllie, 2003). Therefore, geological layer classes which having
the maximum resistance to erosion, percolation and pressure are considered suitable for
dam site selection.
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3.5.4.5 Land Use/ Land Cover
In selection of RWH sites the most favorable LULC class is open/barren land because
there are no existing features present on ground that could limit the construction process.
Therefore, high scale value is assigned to open/barren land and then rocky land class is
considered as second important class. For dam site rocky land and open/barren land both
are considered equally suitable, as both areas lack existing settlements or other manmade features and rocks provide strong reservoir/ base for the dam. On the other hand,
built-up land and water body both are restricted for RWH and dam site selection, former
due to unavailable space and latter due to lack of strong foundation.

3.5.4.6 Drainage Density
Areas with low drainage density are considered favorable for RWH and dam sites. As,
higher drainage density areas generate limited infiltration which create unsuitable
condition to construct check dams and percolation tanks because they both are to be
constructed for recharging purposes. In case of farm pond and dam site selection the
purpose is to store runoff water for maximum period of time. Higher scale values are
assigned to low drainage density areas to avoid sand and silt deposition. In addition, low
drainage density resulting in less sediment flow to increase the life-time of the dam
(Strahler, 1975).

66

Table 16: Assigned Scale Values for the Criteria/Factors of RWH
Check Dam

Percolation Tanks

Farm Ponds

Scale Value

Scale Value

Scale Value

Level to Very gentle slope (0 – 3%)

9

7

9

Gentle slope (3 – 5%)

7

5

7

Gentle to Moderate Slope (5 – 10%)

5

3

1

Moderate slope (10 – 15%)

3

1

1

Steep slope (15% ˃)

1

1

1

Very Low (52 - 80mm)

1

1

1

Low (80 - 107mm)

1

3

1

Medium (107 - 134mm)

5

5

5

High (134 - 162mm)

9

7

9

Very Low

7

9

1

Low

7

7

3

Low to Moderate

5

5

5

Moderate

3

3

7

Very High

1

1

9

Low

1

1

9

Very Low - High

1

1

7

Moderate

3

3

5

Low - High

3

5

5

Moderate - High

5

7

3

High

7

9

1

Built-up Land

Restricted

Restricted

Restricted

Water Body

Restricted

Restricted

Restricted

Vegetation Cover

1

1

1

Rocky Land

7

7

7

Open/Barren Land

9

9

9

Very Low

7

7

9

Low

5

5

7

Medium

3

3

3

High

1

1

1

Slope

Runoff Depth

Soil Type (Water Holding Capacity)

Geologic Infiltration

Land use/Land cover

Drainage Density

Evaluation Scale for Overlay Analysis (1 - 9)
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Table 17: Assigned Scale Values for the Criteria/Factors of Dam

Dam
Slope

Scale Value

Level to Very gentle slope (0 – 3%)

9

Gentle slope (3 – 5%)

7

Gentle to Moderate Slope (5 – 10%)

5

Moderate slope (10 – 15%)

3

Steep slope (15% ˃)

1

Runoff Depth
Very Low

3

Low

5

Medium

7

High

9

Soil Type (Water Holding Capacity)
Very Low

1

Low

1

Low to Moderate

5

Moderate

7

Very High

9

Geologic Foundation
Low Resistance

1

Slightly Low Resistance

3

Slightly Low to Moderate Resistance

7

Moderate Resistance

9

Land use/Land cover
Built-up Land

Restricted

Water Body

Restricted

Vegetation Cover

5

Rocky Land

7

Open/Barren Land

7

Drainage Density
Very Low

9

Low

7

Medium

5

High

1
Evaluation Scale for Overlay Analysis (1 - 9)
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4 RESULTS AND DISCUSSION

4.1 Malir River Catchment Analysis
4.1.1 Catchment Area
Malir River catchment was delineated using DEM as elaborated in the material and
methods chapter. The delineated catchment of Malir River is spread over 2255 km2 area,
as its 1336 km2 (59.2 %) area exists in a Karachi administrative boundary, and 919 km2
(40.8%) area exists in Jamshoro district boundary.
Two catchments delineated by plotting outlet 1 and outlet 2 as shown in (Figure 24).
Acquired catchment from the outlet 2 covers an area of 1968 km2 as presented in (Table
18). The outlet 2 catchment selected for hydrological study instead of outlet 1 because at
outlet 1, the river basin got polluted due to inclusion of contaminated sewerage water and
industrial waste. In Figure 23, these two outlets are shown on satellite imagery.

Outlet

Outlet

National Highway

Figure 23: Locations of Malir Catchment Outlets

Table 18: Malir River Outlets
Catchment
Outlets

Latitude

Longitude

Catchment Area
(km2)

No. of Sub-Catchments

Outlet 1

24.805

67.088

2255

Not Delineated

Outlet 2

24.867

67.209

1968

41
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Outlet 2
Outlet 1

Catchment

Catchment

Figure 24: Malir River Catchments

4.1.2 Stream Network
Detailed stream network extracted to understand the study area drainage pattern, using
SOP maps and 30m SRTM DEM data (to delineate streams). The study area has a
dendritic drainage pattern as shown in Figure 26, which is the most common stream
pattern. Dendritic drainage pattern is found usually in near-horizontal sedimentary rocks
periphery. The Dendritic pattern tends to develop on surfaces that erode consistently thus
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form gentle to moderately angled slope; almost 90% study area is lying over gentle to
moderately angled slopes (Table 19, Figure 29).
The drainage pattern of Malir River catchment shows dense minor streams at upstream
side and broader streams at the downstream. Stream order with 6th order level generated
using Strahler method, these stream order levels used to locate RWH and dam sites.

4.1.3 Drainage Density
The observed drainage density was higher at center part of the catchment, due to steep
rocky terrain as depicted in Figure 27. The rocky surface has comparatively higher
drainage density as compared to plain areas. High drainage density areas have lower
infiltration rates, and they result in significant runoff amount. Areas with high drainage
density considered less suitable for RWH sites, while areas with low drainage density
considered suitable for RWH sites (Javaid, Ghauri, Muneer, & Nasar-u-Minallah, 2016).
Most of the study area falls in between low to moderate density values. Drainage density
and stream network examined as important factors for the selection of RWH sites.

Stream Order/ Total Length
5%
9%

1
29%

2
14%

3
4
5
19%

24%

6

Figure 25: Stream Orders and its Length (%)
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Figure 26: Stream Network of Malir River Watershed
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Figure 27: Drainage Density in Malir River Watershed
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4.1.4 Topography
Topographical features of catchment extracted from SRTM 30m DEM. Figure 28 below
shows processed DEM of study area, where elevation ranges from 11m at a catchment
outlet up to 632m to the northern part of the catchment. Terrain variations from plain areas
to uneven surface and some major river channels are clearly distinguishable. However,
Figure 29 shows slope ranges of study area from 0 to >15 %. Slope is one of the important
factors in a site suitability analysis of different RWH sites, as it influences infiltration and
recharge of surface.
Areas under different slope ranges are presented in the Table 19. The Malir River
watershed is mainly covered by gentle to moderate slope at around eastern and southern
part. However, it is observed that the two river channels, i.e. Mole and Khadeji surrounded
with steep rocky terrain. Hence, these river channels contribute a huge amount of runoff
water to the Malir River after heavy rain.

Table 19: Slope Classes
S.No.

Slope %

Area %

Area (km2)

Significance

1

1 - 3 (Level to Very
gentle slope)

45.99

1036.66

Low surface runoff

2

3 - 5 (Gentle slope)

21.36

481.36

Low surface runoff

3

5 - 10 (Gentle to
Moderate Slope)

22.61

509.71

Medium surface runoff

4

10 - 15 (Moderate slope)

5.37

121.00

Medium surface runoff

5

15 (Steep slope)

4.66

105.14

High surface runoff

Total

100.00

2254
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Figure 28: Elevation Map of the Study Area
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Figure 29: Slope Map of Study Area
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4.1.5 Land use and Land cover
Study area classified into five major land use/land cover (LULC) classes as shown in
Figure 16. It is very important to know about the LULC of the study area for both
hydrological and geographical studies. In this study, LULC map helped to understand the
population distribution pattern by considering built up land, vegetation cover, rock land,
open/ barren land and water body. As, Figure 30 shown agricultural and rocky land in the
catchment.
The study area comprises of some planned areas within Karachi city and some dispersed
slums, which are located away from the metropolitan. Small slums or villages located
around the river beds and connected with tracks (un-metalled roads), as most of them
involve in agricultural activities and some of them in poultry farming as well. Malir River
catchment has seasonal rivers, they flow only in rainy season after a significant amount
of rain, which is the solitary source of water that is being used in rainy season and
afterwards, these stream-beds made some RWH sites in form of check dams or weirs.
In order to identify potential RWHS sites in the study area, the most crucial step is to
define curve number (CN) for each LULC class, because every class has its own CN
value developed by SCS-TR55. In addition, LULC highly influence curve number
determination. LULC represents the surface conditions of a watershed and plays a
significant role to determine the amount of initial abstraction (Munyao, 2010).

a

b

67.255254, 24.902598

67.428864, 25.042230

Figure 30: a & b Agricultural and Rocky Land
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4.2 Hydrological Analysis
4.2.1 Hydrological Soil Group
Soil classes are classified into Hydrological Soil Group (HSG), which highly depend on
infiltration rates and textural soil composition. In Figure 31 and Figure 32 it is clear that
HSG group D is dominant in this area with gravelly land/rock land (Table 20) that shows
high runoff potential and low infiltration rate. In the HSG D, major parts of Mole River and
Khadeji River catchments exist that means they generate high surface runoff. Soil texture
found in the catchment area is mainly of clay loams, silt loams to gravelly sand and
gravelly land/rock land. Therefore, the hydrologic soil groups from A to D that exist in the
study area have low to high surface runoff potential.

Area (%)
16%

18%

52%

14%

A

B

C

D

Figure 31: HSG Catchment covering Area

Table 20: Classified Soil Textures for HSG
HSG

Soil Textures

Area (km2)

Area (%)

A

Fine Sandy Loams, Gravelly Sandy Loams, Gravely Sand

332.1

16

B

Loams and Silt Loams, Loamy Soil

379.5

18

C

Clay Loams, Very Gravelly Clay Loams, Very Gravelly, Stony
Loams & Silt Loams

295.5

14

D

Gravelly Land/Rock Land, Rocky Land

1076.2

52

2083.4

100.0
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Figure 32: Hydrologic Soil Groups of Malir Catchment
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4.2.2 Rainfall Analysis
The basic purpose of this research is to derive the runoff index optimistically in data deficit
area where the spatial distribution of rain gauge is inadequate. It is assumed that if same
intensity and frequency of rainfall spells occurs in watershed area, then what would be
the surface response.
The daily rainfall data of more than 30 years analyzed including flooding years (Figure
43), in which worst flooding occurred in Karachi around Malir River basin. The rainfall in
Karachi is highly erratic (Figure 33) due to its weather conditions. According to the Figure
34, which shows last 25 years (1991 - 2015) data, the average annual rainfall for Karachi
is 173.9 mm. Monsoon contributes the most of the amount, i.e. 142.3 mm annual average.

Total Annual Rainfall (mm)
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1991

Rainfall mm

350.00

Figure 33: Karachi Total Annual Rainfall
Source: PMD
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Average Annual Rainfall (25 years)
60

Rainfall (mm)

50
40
30
20
10
0

Jan
Feb
Mar
Apr
Series1 9.312 6.548 3.708 1.344

May
Jun
Jul
Aug
Sep
Oct
0.26 12.464 55.952 48.268 25.672 3.216

Nov
0.72

Dec
6.448

1991 ‐ 2015

Figure 34: Karachi Average Annual Rainfall

4.2.3 Runoff Potential
4.2.3.1 Curve Number
Curve Number (CN) grid generated to predict direct runoff or infiltration from rainfall
excess in Malir River catchment. CN grid plays a key role in determining the runoff
potential in a catchment. The CN grid map (Figure 35) shows values from lower (57) to
higher (98), as higher CN value indicates low infiltration, and more runoff is expected from
the catchment surface. While, in case of lower CN value, the condition is vice versa.
Two sub-basins (Basin 15 and Basin 40) are selected for this research, having lowest and
highest CN values among all Malir River Sub-basins as mentioned in the Figure 36. In
Figure 36, there is a variation in CN values as compared to Figure 35 because it
represents average CN for each sub-basin. The purpose to show this comparison is to
know that how the CN values effect on rainfall-runoff responses. Two years selected for
a minimum and maximum recorded rainfall in the last 25 years, i.e. 1999, for a minimum
recorded rainfall (14.5mm) and 1994, for maximum recorded rainfall (481.5mm).
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Figure 35: Curve Number Grid
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Figure 36: Sub-Basins Curve Number Grid
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Simulation Run for the Year 1999
In the year 1999, the minimum rain (14.5mm) was recorded from 1991 to 2015. Two (2)
sub-basins with lowest (Basin 40) and highest (Basin 15) CN values were selected in the
watershed and simulated by HEC-HMS. However, in the Basin 40 no runoff excess
amount and direct flow observed because of higher losses, as can be seen in the Table
21 and Figure 37. The main reason of these losses is the lower amount of rain and lower
CN value. While, in the case of Basin 15, losses observed lesser than the Basin 40
because, Basin 15 have higher CN value. Runoff excess amount and direct flow can be
seen according to the Table 21 and Figure 38.

Table 21: Sub-Basins Comparison for the Year 1999

1999

Basin 40 (CN = 72.5)

Basin 15 (CN = 96.6)

Date

Rainfall
mm

Loss
mm

Excess
mm

Direct Flow
(M3/Sec)

Loss
mm

Excess
mm

Direct Flow
(M3/Sec)

21-Jan-99

4.5

4.5

0

0

3.56

0.94

0.2

27-Jan-99

2

2

0

0

0.81

1.19

0.3

16-Feb-99

0.6

0.6

0

0

0.19

0.41

0.1

17-Feb-99

1.2

1.2

0

0

0.34

0.86

0.2

7-Mar-99

1.8

1.8

0

0

0.41

1.39

0.3

18-May-99

0.2

0.2

0

0

0.04

0.16

0

13-Jul-99

0.2

0.2

0

0

0.04

0.16

0

3-Oct-99

4

4

0

0

0.61

3.39

0.7
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Figure 37: Simulation Run for the Year 1999 (Basin 40)

Figure 38: Simulation Run for the Year 1999 (Basin 15)
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Simulation Run for the Year 1994
1994 was the year among 25 years (from 1991 to 2015), in which exceptionally heavy
rain (481.5mm) recorded. The same two sub-basins Basin 15 and Basin 40 selected for
the year 1994, to simulate runoff data. The simulated result of Basin 40 with lower CN
showed complete rain losses and no direct flow in the first two rain events (Table 22 and
Figure 39), and the Basin 15 also showed scarce amount of direct flow despite having
higher CN. Because, the watershed received very small amount of rain in the previous
year of 1993 (35.5mm), and the last rain event was recorded on Nov. 15, 1993, but small
amount of 7.3mm was recorded. Therefore, the surface of watershed had no moisture at
the time of first two rain events of 1994. Hence, total rainfall converted in infiltration or rain
loss. Then, the same intensity of rainfall occurred on 6th Aug. and 27th Dec. 1994, but
minor losses observed because, these two rain events backed up by previous rain
episodes in the basins.
In case of heavy and frequent rain spells, lower rain loss observed in the basins, as can
be seen in Figure 39. On the other hand, Basin 15 having minimum rain loss (Figure 40)
from Jan. to Dec. 1994 and higher direct flow because of higher CN value.

Table 22: Sub-Basins Comparison for the Year 1994

Basin 40 (CN = 72.5)

1994

Basin 15 (CN = 96.6)

Date

Rainfall
mm

Loss
mm

Excess
mm

Direct Flow
(M3/Sec)

Loss
mm

Excess
mm

Direct Flow
(M3/Sec)

11-Jan-94

2.2

2.2

0

0

2.12

0.08

0

20-Feb-94

2.5

2.5

0

0

1.53

0.97

0.2

3-Jul-94

18.7

18.65

0.05

0

3.09

15.61

3.4

4-Jul-94

16

13.31

2.69

1

0.61

15.39

4.2

5-Jul-94

34.5

19.52

14.98

5.7

0.48

34.02

8.4

6-Jul-94

30

11.15

18.85

8.5

0.17

29.83

8.7

7-Jul-94

23.5

6.52

16.98

8.4

0.08

23.42

7.3

8-Jul-94

1.6

0.39

1.21

2.6

0

1.6

2.2

9-Jul-94

6

1.42

4.58

2.2

0.02

5.98

1.7

10-Jul-94

16.6

3.55

13.05

5.3

0.04

16.56

4

14-Jul-94

18.7

3.44

15.26

5.6

0.03

18.67

4

15-Jul-94

13.5

2.18

11.32

5.7

0.02

13.48

4

16-Jul-94

1.1

0.17

0.93

1.8

0

1.1

1.3

17-Jul-94

39.3

5.23

34.07

12.8

0.04

39.26

8.7

18-Jul-94

36.8

3.81

32.99

15.6

0.03

36.77

10.3
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1994

Basin 40 (CN = 72.5)

Basin 15 (CN = 96.6)

Date

Rainfall
mm

Loss
mm

Excess
mm

Direct Flow
(M3/Sec)

Loss
mm

Excess
mm

Direct Flow
(M3/Sec)

2-Aug-94

9

0.81

8.19

3

0.01

8.99

1.9

3-Aug-94

20.2

1.68

18.52

7.6

0.01

20.19

4.9

4-Aug-94

21.3

1.59

19.71

9.2

0.01

21.29

5.9

6-Aug-94

2

0.14

1.86

1.1

0

2

0.7

7-Aug-94

0.3

0.02

0.28

0.4

0

0.3

0.2

20-Aug-94

7.7

0.53

7.17

2.6

0

7.7

1.7

21-Aug-94

38.2

2.34

35.86

13.8

0.02

38.18

8.7

22-Aug-94

0.4

0.02

0.38

3.9

0

0.4

2.5

29-Aug-94

48.7

2.45

46.25

16.9

0.02

48.68

10.5

3-Sep-94

30

1.28

28.72

10.5

0.01

29.99

6.4

4-Sep-94

16

0.63

15.37

8.5

0

16

5.2

5-Sep-94

9.1

0.34

8.76

5.3

0

9.1

3.3

6-Sep-94

6.6

0.24

6.36

3.6

0

6.6

2.2

24-Dec-94

4

0.14

3.86

1.4

0

4

0.9

26-Dec-94

5

0.18

4.82

1.8

0

5

1.1

27-Dec-94

2

0.07

1.93

1.2

0

2

0.7

Figure 39: Simulation Run for the Year 1994 (Basin 40)
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Figure 40: Simulation Run for the Year 1994 (Basin 15)

4.2.3.2 Annual Run-off Depth
Spatial distribution of annual runoff depth in mm is shown in Figure 41. Runoff depth is
one of the important factors in identifying RWHS and used to predict the water supply
during a rainfall event. There is a variation in the study area due to its LULC and soil
texture classes from as low as 52 mm in around Malir river bed, because of high infiltration
rate, while, on the other hand, 162 mm around steep rocky terrain can be seen easily with
ultra-blue patches in Figure 41.
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Figure 41: Annual Runoff Depth of Malir Catchment
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4.2.4 Rainfall Runoff modelling
4.2.4.1 Rainfall runoff relationship
Analysis for rainfall runoff relationship defines how much amount of rainfall is turned into
runoff after initial losses. The GIS integration with SCS curve number method is an
effective technique, applied for modeling the runoff on a spatial scale, as this method has
been used by different authors like Kadam, Kale, Pande, Pawar, & Sankhua, (2012) and
found it satisfactory for selecting rainwater harvesting sites.
Rainfall runoff relationships results derived by applying CN method in HEC-HMS,
revealed a vibrant picture of the runoff amount generated by various LULC and soil types
in the watershed. The daily data of 25 year’s rainfall processed in HEC-HMS model, and
results acquired in form of tables and charts, as mentioned in the Figure 42 and Table 23.
GIS integration with hydrological model and pixel based CN for runoff modeling signifies
one of the key strengths of this study. By applying this CN method more reliable results
expected, “If rainfall runoff relationships are determined on a small scale instead of
averaging over the entire watershed” (USDA, 2004).
There are chances of uncertainties in the generated runoff volumes, mainly due to the
large scale of the soil map (Jamshoro District) used to develop CN grid, which plays a key
role to determine the amount of rainfall runoff. And there is no data available for the
recorded amount of rainfall on the sub-basin level. However, for a generic over-all
scenario depiction it is quite helpful and accurate up to the mark, as per available
resources and datasets, for detailed and more accurate results, more detailed datasets
can be used (subject to availability) and results can be calculated using the very same
methodology as concluded in this research.
Table 23: Rainfall Runoff at three Locations
Year

Rainfall
(mm)

Discharge at Outlet 2
(National Highway)

Discharge at Malir River
(Motoway-M9)

Discharge at Mole
River Outlet

(1000 M3)

(1000 M3)

(1000 M3)

1991

24.5

20934.3

13205.3

6042.8

1992

237

520445.3

311617.2

133088.8

1993

35.5

38220.7

24213.8

10876.5

1994

481.5

907282.1

540775.4

231361.6

1995

259.8

466984.6

282726.6

121875.3

1996

99

165678.1

101423.7

43776

1997

150.1

260447.9

158660.7

68497.3
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Year

Rainfall
(mm)

Discharge at Outlet 2
(National Highway)

Discharge at Malir River
(Motoway-M9)

Discharge at Mole
River Outlet

(1000 M3)

(1000 M3)

(1000 M3)

1998

82.4

126568.1

78555.5

34245.6

1999

14.5

7259.2

4580.2

2198

2000

46.9

55026.3

34931.5

15646.8

2001

100.4

161479.5

99511.6

43076

2002

55.8

72670.6

46232.3

20711.1

2003

324.9

614981.2

369954.1

158772.8

2004

65.9

82837.9

52761.1

23472.2

2005

97.2

150219.3

92989.7

40435.7

2006

301.1

559447.5

336307.8

143511.4

2007

465.6

893157.3

532027.8

227199.1

2008

121.6

201517.9

122714.5

52728.4

2009

279.9

537400.5

320668.7

136162.7

2010

372.9

692809.7

414034.3

177594

2011

290.6

536231

321394.1

137103.6

2012

152.2

251074.5

154431.1

67192.6

2013

168.9

319072.9

192431.2

82150

2014

30.7

30052.7

19130.1

8659.6

2015

53.2

65178.2

41104.3

18052.1
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Figure 42: Hydrograph Showing 25 years Rainfall-Runoff
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4.2.4.2 Factors Affecting Runoff
Rainfall has very strong relation with surface runoff, according to the (FAO, 1993), rainfall
itself has some factors like, its intensity, duration and distribution during a particular
rainstorm event. However, there are some other watershed factors that affect directly or
indirectly on runoff in form of size and shape, altitude, terrain/slope, type and density of
drainage network (AgriInfo, 2015) and other surface conditions like LULC and HSG, as
these factors have been discussed in the section 4.1 and 4.2.

4.2.4.3 Rainfall Runoff and Flooding
The watershed of Malir River faced many flood events in the previous years, as shown in
the Table 24 and Figure 43. Torrential rainfall is the main factor with some human
interventions like illegal settlements on the river bed, which made river narrower that
caused blockages and intensifies flooding. There is another one of the key factors that is
considerable and observed in the field work, i.e. sand and gravel excavation activity in the
watershed.

Rainfall
As discussed earlier, the rainfall in the region is highly erratic; due to this it is hard to
predict the frequency of potential flooding events. Some previous studies revealed that
there is a chance of flood being about one percent per year. In this study, it is noticed that
if there is a rain spell of around 100mm in 24 hours, then flooding may occur, along with
the fact that every flood year received more than 400mm rainfall (Table 24).
Table 24: Runoff Discharge Data in Floods

Flooding
Years

Rainfall
(mm)

Discharge at
Outlet 2 (National
Highway),
Volume (1000 M3)

Discharge at Malir
River (Motorway),
Volume (1000 M3)

Discharge at
Mole River,
Volume (1000
M3)

Maximum
Rain Span in
24 Hours

1930

408.3

757553.2

454647.8

193975.9

NA

1944

676.3

1297301

771021.7

328736.1

NA

1956

414.2

791000.8

473783.3

202439.5

NA

1959

688.8

1337595.2

793696.8

337627.1

NA

1961

621.8

1205049.3

715121.9

304014

98.6

1967

713

1403071.2

832340.7

354295.8

120.4

1970

475

913614.7

546038.6

232604

96.9

1977

489

987396

587160.6

250332.2

207

1994

481.5

907282.1

540775.4

231361.6

39.3

2007

465.6

893157.3

532027.8

227199.1

124.2
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Figure 43: Floods in Karachi

Sand Excavation Activities in the Catchment
Sand and gravel excavation activity has become a very serious issue with the passage of
time, and threatening the Malir River watershed because, there is no check and balance
to maintain the depth of sandy gravel soil. Figure 44 (a and b) showing sand excavation
activities on the dry bed of Malir River. While severity of excavation activity (exposed hard
surface) observed during the field visit as in Figure 44 (c). At some spots there is visibly
no more sand or gravel covering the river bed, which can easily be seen in Figure 44 (d),
a closer view of the scene (c) showing a lime stone rock is exposed, and all sand and
gravel excavated from this area.
Sandy and gravelly soil grabs the moisture specially after rainfall and maintains the
groundwater table. Removal of this soil from the watershed by excavation is rapidly
lowering down the groundwater table, increasing surface water runoff, and intensifying
the chance of flooding in case of torrential rainfall.
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a

b

67.255167, 24.902073

67.236257, 24.883782

c

d

67.407902, 25.019782

67.407806, 25.019787

Figure 44: a & b) Sand Excavation Activities c) exposed limestone rock d) a closer view of rock

4.2.4.4 Sub-Basins Characteristics and Runoff
The forty one (41) Sub-basins of Malir River watershed generated with their
characteristics for detailed hydrological analysis of the watershed. Each sub-basin has its
own characteristics as shown below in the Table 25, the main characteriscs of basins (five
from higher values and five from lower values) which affect on surface runoff discussed
in this section.
Basin Slope

Basin slope is a key factor in surface runoff generation and helps to identify basin lag time
as well. The five basins (10, 12, 15, 16, and 18) with higher average slope percentage
values identified as sloppy areas. Where, basin 10, 15, and 18 exist in Thaddo River
catchment, basin 12 in Mole River Catchment and basin 16 in Khadeji River catchment.
Whereas, basins (8, 14, 19, 22, and 24) having lower slope percentages, and all lie in
Khadeji River catchment.
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Basin Curver Number (CN)

Curve Number used to predict direct runoff and infiltration from rainfall excess. Therefore,
average CN values calculated for each sub-basin. The basins (4, 10, 15, 18, and 28)
having higher CN values identified as high runoff potential zones, where, basin 4 exists
in Mole River catchment, basin 10, 15, and 18 in Thaddo River catchment and basin 28
lies in Khadeji River catchment. Whereas, basins (35, 38, 39, 40, and 41) with lower CN
values identified as low runoff potential zones exist in Malir River sub-basin, Sukkan River
catchment and Thaddo River catchment.

Longest Flow Path and Basin Lag Time

Longest flow path length is heavily relied on shape and size of the basin (Figure 45) and
also referred as hydraulic length of catchment or basin, it assisted to calculate basin lag
time by applying it with avg. CN and slope values. Basin lag time also calculated on subbasin scale, as the basins (1, 21, 39, 40, and 41) have higher lag time due to their
elongated shape and larger area. The basin 1 exists in northern part of Mole River
catchment, basin 21, which also represents whole Langheji catchment, basin 39, which
covers half of the Sukkan River catchment; basin 40 also covers half of the Malir River
sub-catchment. While basin 41 lies in the Thaddo River catchment. The basins (17, 20,
23, 27, and 29) having lower lag time due to their small basin size and higher CN values,
and all exist in the Khadeji River basin.

Average Runoff Volume

The most runoff water generated basins (1, 5, 8, 10, and 12) are those that have higher
runoff volume. Three (1, 5, and 12) of the top five basins lies in the Mole River catchment,
while, basin 8 in Khadeji River catchment and basin 10 exists in the top most of Thaddo
River catchment. On the other hand, four (17, 20, 23, and 29) of the five basins (17, 20,
23, 29, and 35) with lower runoff generation competency exist in the Khadeji River
catchment, covering small area, whereas basin 35 lies in the Malir River sub-catchment.
These basins with higher and lower runoff volume values can be seen in the Figure 46.
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Figure 45: Sub-Basin Area Verses Longest Flow Path

Table 25: Sub-Basins Characteristics of Malir River Watershed
(30 Yrs. Avg)
Runoff
Volume
(1000 M3)

Longest
Flow Path
(m)

Basin Lag
Time

90.7

42869.8

4.7

26898

5.1

94.1

22954.3

2.6

12026

36

4.6

89.8

14312.7

2.3

6821

Basin 4

27

4.6

94.7

11874.7

1.6

5345

Basin 5

167

6.3

94.4

39979.4

3.6

33132

Basin 6

24

3.8

88.7

10587.2

2

4537

Basin 7

27

5.6

93.1

14022.9

1.8

5348

Basin 8

102

3.2

90.8

29159.1

4.6

19415

Basin 9

60

6.3

94.3

17774.4

1.9

12112

Basin 10

95

7.5

95.3

24699.2

2.2

19179

Basin 11

48

4.6

89.8

22148.0

3.2

9042

Basin 12

114

8.4

94.4

39354.9

3.1

22999

Basin 13

79

6.2

92.3

39910.3

4

15425

SubBasin
Name

Area
(km2)

Basin
Slope %

Basin CN

Basin 1

142

5.7

Basin 2

60

Basin 3

96

(Hrs)

(30 Yrs. Avg)
Runoff
Volume
(1000 M3)

Longest
Flow Path
(m)

Basin Lag
Time

91.7

7650.0

1.6

3489

7.2

96.6

15194.8

1.4

5141

31

8

92.6

18787.3

1.9

6085

Basin 17

9.2

4.3

92.4

7339.2

1.2

1779

Basin 18

26

8.7

95.2

17621.4

1.5

5277

Basin 19

36

2.8

87.2

15305.6

3.4

6499

Basin 20

6.7

6.5

94

4971.5

0.7

1345

Basin 21

131

6.3

86.6

38161.2

4.8

23042

Basin 22

24

2.9

87.8

15720.1

3.4

4432

Basin 23

8.8

4.8

93.5

6316.7

1

1724

Basin 24

52

3.2

87.4

16277.9

3.3

9507

Basin 25

25

4.1

82.1

18554.0

3.9

4165

Basin 26

35

5.7

91.6

13652.6

1.8

6739

Basin 27

23

4.1

93.9

8714.9

1.3

4595

Basin 28

29

6.4

94.7

14165.5

1.5

6081

Basin 29

9.3

5.1

94

7206.6

1

1874

Basin 30

47

6.3

90.8

21471.7

2.6

9014

Basin 31

47

5.1

94

19337.1

2.3

9243

Basin 32

26

4.2

86.7

11938.3

2.3

4817

Basin 33

38

4.8

89.5

15648.2

2.4

7033

Basin 34

36

4.3

89.9

17803.8

2.8

6719

Basin 35

16

4

75.9

15448.4

4.1

2457

Basin 36

42

6.9

93.1

24126.2

2.5

8240

Basin 37

24

5

93.1

15090.1

2

4859

Basin 38

3.8

3.8

79.1

4712.2

1.5

617

Basin 39

85

4.4

79.3

29982.9

6.1

13647

Basin 40

42

3.5

72.5

21124.3

6.3

5970

Basin 41

74

3.8

77.8

23107.9

5.6

11447

SubBasin
Name

Area
(km2)

Basin
Slope %

Basin CN

Basin 14

18

2.9

Basin 15

24

Basin 16

97

(Hrs)

Figure 46: Sub-Basins Runoff Volume (30 years Avg.)

98

4.2.5 Malir Watershed Sub-Basins and Runoff Response
Malir River watershed is a major source of runoff water contributed by seven major subbasins. Where, the Mole River basin contributes the maximum amount (Figure 47 & Table
26) due to its physical conditions like higher CN (due to LULC and soil types) value and
greater catchment area. In order to make better understanding of surface water runoff
response, the watershed analyzed on sub-basin scale. Therefore, the watershed divided
into seven sub-basins according to the existing river channels in Malir River watershed
as shown in the Figure 48.

Average Annual Sub‐Basin Runoff (25 years)
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Figure 47: Avg. Annual Sub-Basin Runoff

Table 26: Sub-Basins Contribution to Malir River Watershed
Sub Basin

Area (km2)

Basin CN

Basin Lag

Avg. Runoff
(1000 M3)

Contribution (%)

Mole Basin

608.1

93.7

8.8

95038.6

32.8

Khadeji Basin

548.6

91.1

7.4

82092.7

28.3

Thaddo Basin

320.2

88.8

7.8

46092.7

15.9

Sukkan Basin

194.0

85.4

7.0

26375.8

9.1

Langheji Basin

131.4

85.4

5.1

17861.3

6.2

Jarando Basin

79.5

92.9

3.9

12254.8

4.2

Malir Basin

85.8

76.5

8.2

9958.5

3.4

99

Figure 48: Sub-Basins Runoff Response
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4.2.5.1 Mole River Basin
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Figure 49: Mole River Basin Contribution

Mole River basin is the largest basin of Malir River watershed, and also a major source
of surface runoff and sediments. Its outlet exists at Ansari Bridge (Motorway-M9).
According to the last 25 years of rainfall runoff data, it contributed the most of runoff water,
i.e. 95038.6 (1000 M3) and its contribution is around 32.8% (Figure 49) of the total runoff
amount. According to the PMD data since 1929, the maximum observed annual discharge
volume is 391997 (1000 M3), that was recorded in 1944, and this year 676.3mm amount
of the rainfall was also recorded.
Figure 50 representing twenty-five years of basin runoff response, including flooding
years, which are marked with red circles. As the observed runoff data was acquired from
PMD, also used for the calibration of simulated runoff data. In comparison of flooded
years, simulated data provided satisfactory results with HEC-HMS except two to three
and found major differences in other year’s data. In flooded years, data has more
accuracy than the other years. Because, in Karachi and its surrounding it is noticed that
whenever, this region received heavy amount of rainfall due to strong thunderstorm, it
covers a large area as compare to small or weak storm system. So, in flooded years most
of the catchment area received homogeneous rainfall amount that is proved by the data
in Figure 50.
The basin covers an area of about 608.1 km2, where 67% (410.1 km2) area is covered by
open/barren land and 31% (185.3km2) covered by rocky land as shown in Figure 53. As,
rocky land have much runoff potential due to its impermeable texture and sloppy terrain,
therefore, it has high CN value of 98, which mean very high runoff and very low infiltration.
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There are about 32 small villages situated in the Mole River basin, and most of the villages
spread out around Mole River bed. Two check dams/weirs built on main river channel as
mentioned in the Figure 58. The purpose to build these check dams is to store rainfallrunoff water for agricultural and domestic usag82e and also for groundwater recharging.
The majority of the dwellers of this basin engaged in agricultural activities.
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Figure 50: Mole River Observed Flow Comparison with Simulated Flow

4.2.5.2 Khadeji River Basin
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Figure 51: Khadeji River Basin Contribution

Khadeji River basin covers second largest area after Mole River basin in Malir River
watershed. Its outlet is also at Ansari Bridge (Motorway-M9) due to the fact that Malir
River form by the confluence of these two rivers. The basin generated 82092.7 (1000 M3)
avg. runoff water and contributed about 28.3% (Figure 51) to Malir River watershed, and
102

it is the second maximum amount among other Malir River basins. There are three check
dams/weirs built on Khadeji River bed as marked in the Figure 59.
Nineteen (19) small scattered villages are there in the basin, consisting of 4 to 12 no. of
houses except sari town, which has comparatively a larger area of 112 acres than the
other villages. Most of the basin area comprises of open/barren land, i.e. 477.2 km2 (87%)
and only 1.8% area is covered by vegetation cover (Figure 54) likewise, Mole River
vegetation.

4.2.5.3 Thaddo River Basin

Thaddo Basin Contribution
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Figure 52: Thaddo River Basin Contribution

Thaddo River basin is the third major source of surface runoff water for Malir River. The
basin generated about 46092.7 (1000 M3) avg. runoff volume (15.9%) (Figure 52). There
is one small dam named Thaddo dam, built on Thaddo River in 2007. The main purpose
to build the dam is to store storm runoff water for agricultural activities around the dam in
Gadap area. There are also three (3) check dams/weirs in the basin, one built on main
Thaddo River channel, and other two are on connecting tributaries of Thaddo River as
can be seen in Figure 60.
The Thaddo River basin is the most populated vegetation basin among Malir River subbasins. Its vegetation patches cover an area of 29.1 km2 (9.1%) as shown in Figure 55,
and the second most populated river basin after Sukkan River basin. The basin shares
its 4.8 km2 (1.5%) area with built-up land, covering twenty six (26) villages, including some
gadap villages and some part of Khokhrapar and saudabad Malir area. Its 15.2 km2 (5%)
area is going to be converted from open/barren land/rocky land to built-up land, due to
the newly planned housing scheme of Bahria town Karachi (Figure 60).
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Figure 53: Land Use/Land Cover of Mole Basin

Khadeji Land Use
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Figure 54: Land Use/Land Cover of Khadeji River Basin
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Figure 55: Land Use/Land Cover of Thaddo River Basin

4.2.5.4 Sukkan River Basin

Sukkan Basin Contribution
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Figure 56: Sukkan River Basin Contribution

Sukkan River basin spread over an area of 194.0 km2. The river flows from east to southwest direction. Its basin generated 26375.8 (1000 M3) avg. runoff water and contributed
9.1% (Figure 56) to the watershed of Malir River. Two check dams/weirs (Figure 62) have
been built on Sukkan River bed around agricultural land.
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The Sukkan River basin is the most populated basin in Malir River watershed, as its
populated area covers an area of 7.5 km2 (4%) as shown in Figure 57. There are five
small scattered villages and some part of densely populated areas of Quaidabad, Landhi.
The basin having second largest open/barren land area among sub-basins of Malir River
watershed, spread over an area of 155.6 km2 (80%). Its 20% (38.7 km2) area is going to
be populated by DHA city housing scheme, due to this development, its 20% area will be
changed in urban land and will effect on surface water runoff. Because, right now
open/barren land has a specific curve number (CN) value that will change after
development of urban land, as the runoff water generation process is highly dependent
on CN values.

Sukkan River Land Use
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Figure 57: Land Use/Land Cover of Sukkan River Basin
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Figure 58: Mole River Basin
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Figure 59: Khadeji River Basin
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Figure 60: Thaddo River Basin
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Figure 61: Sukkan River Basin
Figure 62: Sukkan River Catchment
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4.2.5.5 Langheji River Basin

Langheji Basin Contribution
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Figure 63: Langheji River Basin Contribution

Langheji River basin is the third smallest basin and its contribution is about 17861.3 (1000
M3) avg. runoff volume which is 6.2% (Figure 63). The Langheji River flows from north to
south-west direction almost parallel to the Thaddo River. Only one check dam/weir built
on the river as presented in the Figure 69.
The basin is highly threatened due to the extensive development of Bahria town, Karachi,
its 40% area (52 km2) is being altered to built-up land, as can be seen in the Figure 69.
As, most of the basin area comprises of open/barren land which is about 75.6% area
(Figure 66), and many small villages and agricultural land were present in the vicinity,
which are being demolished by the builders. As now, only six small scattered villages
remain in the basin.
The development of Bahria town, Karachi will highly effect on runoff water generation,
due to extensive concrete structures of building, roads and bridges and then lack of open
land (permeable surface). This development in the basin will also disturb its groundwater
potential and its nearby villages of Gadap town. The inhabitants of Gadap area mostly
belong to agricultural activities, and they use well/ tube well water for agricultural and
domestic usage. Sand excavation activity in this area has already lowered its groundwater
table to an average depth of 300 feet. Hence, this massive urbanization in the basin is a
great threat for groundwater potential by depleting its recharging area.
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4.2.5.6 Jarando River Basin

Jarando Basin Contribution
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Figure 64: Jarando River Basin Contribution

The smallest basin in the Malir River watershed is the Jarando River basin. It covers an
area of 79.5 km2 and generates only 12254.8 (1000 M3) avg. runoff volume and its
contribution is 4.2% (Figure 64). The basin area is smaller than Malir River sub-basin, but
it generates more runoff volume due to higher curve number (CN) value of 92.9, while
Malir River sub-basin has 76.5 CN value.
The Jarando River basin is the only basin in Malir River watershed, which has 54% rocky
land area (Figure 67), while, 41.8% area comprising of open/barren land. There are two
check dams/weirs in the basin (Figure 70) where, some vegetation patches found in the
form of agricultural land. Six small scattered villages in the basin are scarcely covering an
area of 0.1 km2.

4.2.5.7 Malir River Sub-Basin
The second smallest basin (85.8 km2) area wise among sub-basins of Malir River
watershed, and generates the smallest amount of runoff volume, i.e., 9958.5 (1000 M3)
and its contribution is only 3.4% as mentioned in the Figure 65. However, this sub-basin
is the most significant as it collects all sub-basin’s runoff water via Malir River and finally
discharges into the Arabian Sea.
The major part of the basin is covered by dry bed of Malir River, which is categorized as
open/barren land (Figure 72), and covers 68% of basin’s area (Figure 68). The basin
holds second largest vegetation cover in form of agricultural land after Thaddo River
basin, it covers an area of 20.3 km2, which is 24% area. Five (5) check dams/weirs built
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Figure 65: Malir River Sub-Basin Contribution

on Malir River bed to store runoff water after rainfall. The main purpose to build these
check dams is to recharge groundwater of surrounding land, because there is agricultural
land around these check dams, in this area well and tube well water is the major source
for agricultural activities. Another reason to build these check dams is to break down the
intensity of runoff water after torrential rain in the watershed, and to minimize the
probability of potential flooding.
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Figure 66: Land Use/Land Cover of Langheji River Basin
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Figure 67: Land Use/Land Cover of Jarando River Basin
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Figure 68: Land Use/Land Cover of Malir River Sub-Basin
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Figure 69: Langheji River Basin
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Figure 70: Jarando River Basin
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Figure 71: Malir River Sub-Basin
Figure 72: Malir River Sub-Basin
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4.3 Rainwater Harvesting Potential Analysis
Rainwater harvesting (RWH) sites suggested around villages and agricultural land. There
are many small scattered villages in the watershed area where, no water supply facility is
available, neither for domestic usage nor for agricultural. Therefore, to overcome this
problem, state-of-the art geomatics techniques used and integrated with Analytic
Hierarchy Process (AHP) to make it more efficient and optimistic. AHP method applied as
a multi-criteria decision-making method, based on this AHP analysis that included various
data layers, the spatial extent of RWH sites suitability areas identified.
The main purpose to suggest RWH sites is to utilize excessive rain water (runoff water)
optimistically. Malir River watershed have potential to build RWH sites in form of check
dams/ weir, percolation tanks, farm ponds and rather small dams to store runoff water.
The most suitable RWH sites evaluated on the basis of Table 14.
In this study, slope is considered as one of the most important criterion, because major
part of the watershed fall under very gentle to gentle slope class (low surface runoff) i.e.,
about 67% area (Table 19), indicating water retention for longer time and therefore,
increasing the chance of infiltration and recharge (Pawar, 2008). It is suitable to build
RWH sites such as check dams and percolation tanks along drainage (Kadam, Kale,
Pande, Pawar, & Sankhua, 2012).

4.3.1 Check Dams
Eleven (11) check dam sites identified as suitable in the watershed (Figure 74). Area
considered as suitable (high and very high suitable classes) covered a total of about
1528.5 km2, which represented 77.6% watershed area (Figure 73).
Suitable areas or proposed sites mainly located around villages and agricultural land in
order to fulfill their need. Total twenty (20) check dams built in the watershed area but,
there are many small villages and agricultural land where, no check dam or RWH site
constructed yet. Therefore, this dissertation is focusing mainly on these neglected areas.
The check dams suggested at the 3rd to 5th order streams (Table 27) with gentle to
moderate slopes (0% to 15%). It is expected that these check dams may help in
enhancing the irrigation potential by recharging groundwater of surrounding areas. In
addition, these check dams may minimize the chances of flooding by reducing runoff flow
velocity, especially in the case of torrential rain.
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Figure 73: Area and Percentage of Suitability Levels (Check Dams)

Table 27: Check Dams Locations

S.No

Name

Stream Order

Longitude

Latitude

1

Check Dam 1

5

67.26686

25.01086

2

Check Dam 2

3

67.30879

25.20484

3

Check Dam 3

4

67.33311

25.20794

4

Check Dam 4

3

67.35424

25.29720

5

Check Dam 5

4

67.37721

25.11224

6

Check Dam 6

4

67.46326

25.22624

7

Check Dam 7

4

67.48806

25.26715

8

Check Dam 8

5

67.45673

25.33983

9

Check Dam 9

4

67.45935

25.57565

10

Check Dam 10

5

67.56856

25.17757

11

Check Dam 11

3

67.55259

25.21444
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Figure 74: Check Dams Suitability Map
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4.3.2 Percolation Tanks
Percolation tank is a Rainwater Harvesting (RWH) Site that is not being practiced yet in
the Malir River watershed. It shows government’s apathy towards water resource
management. Eleven (11) percolation tank sites identified (Figure 77) on potentially
suitable derived land, suitable area (high and very high suitable classes) spreading over
791 km2, which covered 40% (Figure 75) of total watershed area. As percolation tanks
are not constructed near agricultural land normally, considering this fact, all percolation
tank sites are suggested at a smaller distance from the agricultural land and all eleven
sites are proposed near villages and agricultural land.
Eleven (9) Percolation tanks proposed at 4th and 5th order streams and other two beside
the 3rd and 4th order streams (Table 28) with less than 10% slope, which is considered
suitable for the construction of the percolation tank. The reason to locate these two
percolation tanks beside the stream is the availability of suitable locations, such as surface
with higher infiltration rate, higher runoff depth, availability of open land near agricultural
land and villages.
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Figure 75: Area and Percentage of Suitability Level (Percolation Tanks)
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Table 28: Percolation Tanks Locations
S. No

Name

Stream Order

Longitude

Latitude

1

Percolation Tank 1

5

67.25527

25.00034

2

Percolation Tank 2

4

67.32389

25.16665

3

Percolation Tank 3

5

67.35300

25.06201

4

Percolation Tank 4

4

67.47229

25.48034

5

Percolation Tank 5

4

67.46076

25.53935

6

Percolation Tank 6

4 (Beside 4th Order Stream)

67.46452

25.56912

7

Percolation Tank 7

5

67.48681

25.08325

8

Percolation Tank 8

3 (Beside 3rd Order Stream)

67.53931

25.14391

9

Percolation Tank 9

5

67.30117

24.90274

10

Percolation Tank 10

5

67.34585

24.93165

11

Percolation Tank 11

4

67.45278

24.96135

4.3.3 Farm Ponds
Nineteen (19) potential farm pond sites proposed in the Malir River watershed (Figure
78). According to the Figure 76 the identified suitable (high and very high suitable classes)
area is about 1071 km2, which represented 54% watershed area. This RWH structure
(farm pond) has also not been practiced yet in a proper way. The farm ponds also
suggested near agricultural land and villages. The seventeen (17) farm pond sites
suggested out of nineteen at the northern part of watershed, due to availability of suitable
land.
These nineteen (19) farm ponds identified on 2nd order to 5th order streams (Table 29)
with 0% to 5% slope. According to the Table 19, 67% of the study area comprises of 0%
to 5% slope range (level to gentle slope), which is considered suitable for the construction
of farm ponds. Thirteen (13) sites proposed on 3rd order stream out of nineteen. In many
previous studies, this site is also proposed on 1st order stream, but in case of Malir
Watershed, where rainfall is highly erratic and drainage basin is not spread out over larger
area. Therefore, it might be useless to suggest any farm pond site on 1st order stream. In
addition, it is also considered that the farm pond sites must be filled once in a year after
good spell or rain.
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Figure 76: Area and Percentage of Suitability Levels (Farm Ponds)

Table 29: Farm Ponds Locations
S. No.

Name

Stream Order

Longitude

Latitude

1

Farm Pond 1

3

67.29471

25.11335

2

Farm Pond 2

3

67.37181

25.29674

3

Farm Pond 3

4

67.41895

25.27728

4

Farm Pond 4

3

67.43904

25.30160

5

Farm Pond 5

4

67.44171

25.33058

6

Farm Pond 6

3

67.44708

25.37921

7

Farm Pond 7

3

67.44565

25.40327

8

Farm Pond 8

2

67.45788

25.42711

9

Farm Pond 9

3

67.45182

25.44808

10

Farm Pond 10

3

67.46694

25.47566

11

Farm Pond 11

3

67.50486

25.45932

12

Farm Pond 12

5

67.47154

25.48600

13

Farm Pond 13

5

67.44922

25.50108

14

Farm Pond 14

3

67.43503

25.59059

15

Farm Pond 15

3

67.42897

25.61018

16

Farm Pond 16

4

67.41589

25.64798

17

Farm Pond 17

3

67.40761

25.64494

18

Farm Pond 18

3

67.55036

25.12070

19

Farm Pond 19

3

67.57504

25.32695
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Figure 77: Percolation Tanks Suitability Map
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Figure 78: Farm Ponds Suitability Map
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4.4 Dam Site Analysis
4.4.1 Dam Sites Suitability Map
Suitability map of dam sites prepared as shown in Figure 80, and a histogram showing
area and level of suitability also produced and presented in Figure 79. The suitability map
shows low suitability level around Malir River sub-basin (lower part of the watershed).
While, different levels of suitability are highly mixed with high suitability level, which is
probably caused by variation in slope and runoff depth, as these criteria having higher
weightage (Table 15) due to their importance.
Built-up area which identified as not suitable (highly restricted) to construct dam covers
only 1% of watershed area. Highly suitable area (high and very high suitable classes)
covered 75.7% area (1481 km2) of watershed, despite this, slope is a major limitation.
Yasser, (2013) described as “When the shape of a river valley is suitable to construct a
dam, which requires valley with tenacious high walls”. Generally, river valley having a flat
slope which defined as suitable slope class and the walls across the valley with steeper
slope, which defined as unsuitable for the construction of a dam. To alleviate this problem
the drainage outlet points are plotted manually at suitable spots in the river valley.
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Figure 79: Area and Percentage of Suitability Levels (Dam Sites)
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Figure 80: Dam Sites Suitability Map
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4.4.2 Proposed Dam Sites
Potential dam sites suggested on the basis of integrated data approach composed of
suitability layer, which is developed by applying different criteria and factors (Table 14)
using AHP method. In addition, drainage order layer, high-resolution satellite data and
river profile graph based on DEM are also considered. Hence, three (3) dam sites
proposed as mentioned in the Figure 80. The two dam sites M-1 and M-2 suggested at
Mole River valley, while one dam site K-1 located at Khadeji River valley. These all three
dams located in and around a mountainous area where proper valley shape exists, and
higher runoff volume may pass through after heavy rain.
The three (3) proposed dams located at area with elevation in the range of 141m to 234m
(Table 30). As Gaj and Nari formations are exposed in the study area just like Hab dam,
which also made across the ridges of Gaj and Nari formations. In the selection of the dam
sites, the porosity and permeability of country rocks considered, as the study area mainly
comprised of Gaj formation, which is rich in silty clay or shale and shows pervious but
impermeable. Silty clay or shale play an important role to seal the water from the reservoir.
In field visits of proposed sites different rock and soil samples collected and identified as
sandstone (thick-bedded)16 and gravelly sand (exposed on river bed).
As, Baban & Wan-Yusof (2003) placed thick-bedded sandstone among the most
satisfactory materials for a suitable reservoir foundation.

Table 30: Proposed Dam Sites and its Characteristics

Dam

Longitude

Latitude

Elevation
(m)

Surface
Area (km2)

Runoff at Dam Site
(30 years Avg.)
(1000M3)

M-1

67.438225

25.237874

234

424

100553

M-2

67.414372

25.105914

141

579

142202

K-1

67.513609

25.099606

162

402

96741
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4.4.2.1 Dam Site M-1
Dam site M-1 located at Mole River (Figure 81). The site comprises of Gaj formation and
gravelly/rock land. The site is closer to Bahria Town and DHA city as compare to Karachi
urban areas. The catchment of the dam site covers 424 km2 surface area and generated
100553 (1000 m3) runoff volume according to the 30 years average data, simulated by
HEC-HMS.
The dam site is located at high to very high suitable classes of suitability map, and its
upstream surrounding area also belonged to suitable classes. The ridges (Figure 81)
across the dam site enhanced its suitability to construct a dam. However, this dam site
will highly be suitable to store runoff water.

Figure 81: Dam Site M-1 Location

4.4.2.2 Dam Site M-2
Dam site M-2, the second site which also located at Mole River (Figure 82), comprises of
Gaj formation. The site is closer to Bahria Town and DHA City Karachi as compared to
Karachi urban areas. The Bahria Town and DHA city Karachi can get the maximum
benefits from the dam site M-2, as, this site covering the largest area, i.e. 579 km2 among
the proposed dams and generate the maximum runoff volume, i.e. 142202 (1000 m3)
according to the 30 years average data, simulated by HEC-HMS.
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The site is located at moderate to high classes of suitability map. Most of the area of
moderate class is due to steeper slope because of the highest weightage assigned to the
slope. However, in this scenario the steeper slope or high ridges across the dam site
considered suitable to construct a dam.

Figure 82: Dam Site M-2 Location

4.4.2.3 Dam Site K-1
Dam site K-1 is the only site, which is located at Khadeji River (Figure 83). The Khadeji
River basin having second highest recorded runoff volume (Table 26) among all subbasins of Malir River watershed. In addition, the dam site K-1 is listed on second rank by
its area and average runoff volume of 30 years (simulated by HEC-HMS).
The proposed site will be benficial for nearby agricultural land and will support the more
agricultural activities across the surrounding area. The site is closer to the M-9 Motorway,
which can provide more benefits if agricultual activities are promoted in this area.
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Figure 83: Dam Site K-1 Location

4.4.3 Profile of Proposed Dam
Profile of proposed dam sites generated according to the location of dams at different
intervals of 5m, and 20m. The profile (Table 31) consists of cross section of dam sites
with some other characteristics containing elevation of dam, height and width of dam,
maximum storage level height, maximum storage capacity and maximum surface area of
reservoir sites. Possible height of dams suggested by using generated contours and cross
sectional profile, while possible width of dams suggested according to the height of dams
and cross sectional profiles as shown in Figure 84, Figure 85, Figure 86. Maximum
storage level of dam sites identified using contours lines and then calculated their storage
capacities and surface areas using ArcHydro, Terrain Morphology tool. Maximum extents
of the reservoir sites are presented in Figure 87, Figure 88, and Figure 89.
According to the cross section of dam sites the maximum height of dams varied from 26m
to 94m; maximum width of dams varied from 975m to 1295m; the maximum storage
capacity of reservoirs, coinciding to the existing topographical conditions of surrounding
area varied from 40212 acre-feet (ac. ft.) to 1341558 ac. ft.; While maximum surface area
varied from 101 acre to 1643 acre.
Among 3 proposed dam sites, the site M-1 found the most potential site with maximum
storage capacity of 1341558 ac. ft. and covering the maximum surface area, i.e. 1643
acre. For the site M-1, there is a limitation for more storage above suggested height (94m
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elevation from bottom) despite high ridges across the river valley. The phenomena is
caused by the surrounding topography, which has lower elevation than maximum height
of the dam. On the other hand, the site M-2 despite of having greater catchment and
higher runoff recorded volume having lesser storage capacity (40212 ac. ft.) and smaller
surface area (101 acre) for storage, because of low elevation ridges across the valley and
unsupported topography. Whereas, the site K-1 having maximum reservoir storage
capacity of 95616 ac. ft. with maximum surface area of 295 acre.
The maximum possible height for dam derived using 3D Analyst tool. The tool provides
the flexibility to adjust the angle between dam body and river channel for a cross section
that supports maximum possible dam height. There is a chance of uncertainty while
choosing angle, which might lead to an unrecorded maximum dam height, which is larger
than the derived results from this study (Dai, 2016).

Figure 84: Cross Sectional Profile of Dam Site M-1
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Figure 85: Cross Sectional Profile of Dam Site M-2

Figure 86: Cross Sectional Profile of Dam Site K-1
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Figure 87: Maximum Reservoir Extent of M-1

Figure 88: Maximum Reservoir Extent of M-2
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Figure 89: Maximum Reservoir Extent of K-1
Table 31: Characteristics of Proposed Dams
Proposed
Dam

M-1

M-2

K-1

Elevation
(m)

Dam
Height (m)

Dam
Width (m)

Max. Surface
Area (Acre)

Max. Storage
(Acre-feet)

322

94

1280

1643

1341558

320

92

1260

1531

1233523

300

72

1200

716

489199

280

52

1080

319

142783

260

32

760

73

25162

240

12

340

9

1287

172

37

975

101

40212

170

35

945

89

34147

165

30

835

72

25841

160

25

620

48

15904

155

20

515

31

9234

150

15

310

17

3546

145

10

210

12

2030

140

5

120

6

602

191

26

1295

295

95616

190

25

1275

283

85961

185

20

1205

209

42554

180

15

1185

112

16690

175

10

750

43

4813

170

5

230

12

615
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5 Conclusion and Recommendations
5.1 Conclusion
It has been revealed from this study, agreeable results found using Remote Sensing (RS)
and GIS integration with the rainfall-runoff model. As, the detailed study for Malir River
watershed that explored watershed characteristics (surface water potential, runoff
response, LULC, drainage density, topography) is conducted first time at the large scale,
but this study covered all those parameters up to sub-basin level. RS technique provided
data to remote areas and GIS analyzed it with different data types to accomplish research
objectives. In Malir River watershed no RWH techniques applied before, except check
dams/weirs, but this study suggested many RWH techniques and small dams which can
definitely contribute to enhance the water catchment’s potential. RWH and dam potential
sites are presented in the form of suitability maps and identified by integrating a powerful
Spatial Multi Criteria Evaluation (SMCE) technique with Analytic Hierarchy Process (AHP)
method in GIS environment.
SCS (Soil Conservation Service) Curve Number (CN) method adopted to evaluate rainfall
runoff potential. The method is considered the most common and reliable one among all
other methods. HEC-HMS based model developed to simulate rainfall runoff responses
at sub-basin level. The developed model of watershed can further be used in many
hydrological applications. Moreover, pixel based runoff depth map is developed, which
can help to predict water supply in case of a rainfall event. Along with all other findings,
areas with low to high runoff generation capability are also identified.
Raster layers prepared for all groups of factors/criteria and integrated by a weighted
summation by using the weights derived by using pair-wise comparison. Consistency ratio
(CR) calculated for pair-wise comparison to deduce acceptable (CR ≤ 0.1) value, i.e. 0.07,
then suitability maps prepared for different RWH and dams. In addition, maps show
different levels of suitability for construction of RWH and dam sites. The suitability maps
are useful for decision makers, urban planners and for society as well. Proposed eleven
(11) check dam and percolation tank sites and nineteen (19) farm pond sites can
contribute to local inhabitants of Malir River watershed. According to the generated check
dam suitability map, there is a higher suitability class with high to very high suitability level,
which covers 77.6% potential area for check dams. In case of percolation tanks, 40%
catchment area having high to very high suitability level.
Three potential sites (M1, M2 and K1) identified for the construction of dams. Among
these sites M-1 site at Mole River found the most feasible one that has an ideal terrain
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and maximum water storage capacity, i.e. 1341558 ac. ft. However, site M2 at Mole River
having highest recorded runoff discharge, i.e. 142202.3 (1000 m3) but, lack of storage
capacity due to the low elevation of ridges along the dam site. Therefore, these two dams
can be constructed on the very same river. Besides the location of proposed dam sites,
the cross sectional profile for each dam site is generated, possible dam height and width,
elevation of the dam site, maximum water storage capacity with a surface area of the
reservoir is also projected in this study.
It is also revealed by this research that major part of the catchment is under threat due to
massive urbanization especially Langheji catchment; its 40% (52 km2) area is being
altered due to the extensive development of Bahria town. On the other hand, 20% (38.7
km2) area of Sukkan catchment is going to be developed by DHA city, Karachi. This
massive land alteration will highly affect the groundwater potential and related agricultural
land of Langheji and Gadap town. Furthermore, it will increase the chance of urban
flooding in case of torrential rain because this urbanization will generate more runoff than
the existing barren land.
Deriving from the results, the application of developed methodology shows that it works
efficiently in the identification of potential sites for RWH techniques and surface water
potential in a watershed. Due to the flexibility of methodological framework, its application
can be modified as per changing scenarios in the watershed. It means that applied criteria
and weights for constraints and factors are dynamic in nature that can be changed
according to the changing characteristics of the study area.
The core issue with the implementation of RWH techniques is the lack of knowledge and
apathy among the decision makers (government authorities) and the society towards the
existing potential for RWH in the watershed. The developed suitability maps in this study
provide a clear picture of the existing potential and its spatial extent, and it can be effective
for creating awareness among the stakeholders at the local and regional scale.

5.2 Limitations of the Study
The major limitations in this study are; unavailability of in-depth data for example medium
scale (1: 1,000,000) soil map of Jamshoro district used due to unavailability of detailed
maps, similarly daily rainfall-runoff data was not available for model validation and
calibration. Runoff model calibration performed based on annually measured runoff data
which was not adequate. LULC map classified into five major classes though it required
detailed LULC classification to develop CN grid, but there was a limitation because of
coarse spatial resolution (15m) of satellite data. The rainfall data used for the rainfall137

runoff modelling obtained from only one weather station, i.e. only Karachi airport. Hence,
the spatial variation of rainfall in the catchment was not taken into account whereas,
rainfall in the study area very much variable climatic factor due to the semi-arid region
and torrential rain that vary from place to place either within the same city. Better results
could have been achieved with more refined, detailed and small scale data.

5.3 Suggestions and Recommendations


For future studies, it is recommended that high resolution satellite data sets should
be used to improve the accuracy of the results. Like, in this study satellite images
of 15m spatial resolution and DEM with 30m resolution used. If these data sets
would have a higher resolution then the finer and more accurate results could have
been achieved.



In Malir River watershed, only one weather station exists which is not enough to
record rainfall variation during a rainstorm. And unfortunately, no runoff discharge
data for Malir River and its adjoining rivers is available onward 2008. At least six
more weather stations are recommended at sub-basin level. Hence, there should
be proper installations of remote weather stations at sub-basin centroids (as
located in each sub-basin map) and that can provide data access remotely.
Furthermore, at least one rain gauge at basin centroid and one runoff gauge at
basin outlet should be installed that can record amount of rain and runoff discharge
volume during and after a rain spell.



As a major part of the watershed has been converted into built up land and more
area is being developed by housing schemes. Therefore, there is a need to
develop a strategy to control this sort of massive development that will spoil the
river system and its ecology particularly groundwater recharging area.



There should be Centralized spatial data library on provincial or country level like
USDA provides all country detailed soil data.



There should be a check and balance to maintain the depth of sandy gravel soil,
which is being openly and extensively excavated by sand and gravel mafia.
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In field visits, massive changes observed in the soil depth at many spots due to
extensive sand and gravel excavation activities. Therefore, there is a need to
update soil-depth maps of those spots.



The site M-2 can be enhanced and be more beneficial by constructing levees
across the dam wall that will enhance the water storage capacity.
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7 Appendix
Appendix I: Aerial Image with random generated points for accuracy assessment of
classified image.

Appendix II (a): Aerial image with soil sampled points and covered areas in field visits.
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Appendix II (b): Collected soil samples with coordinates.
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S.No

Soil/Rock Types

Sample Code

Longitude

Latitude

1

Gravelly Sand

P01

67.417558

25.037609

2

Gravelly Sand

P02

67.418066

25.038197

3

Gravelly Sand

P03

67.418883

25.038544

4

Gravelly Sand

P04

67.418008

25.036981

5

Gravelly Sand

P05

67.428067

25.042158

6

Sandy Gravel

P06

67.407482

25.020143

7

Limestone (Non-Clastic)

P07

67.408101

25.019928

8

Clay

P08

67.407424

25.019121

9

Sandy Gravel

P09

67.236211

24.883716

10

Gravelly Sand

P10

67.235926

24.884436

11

Gravelly Sand

P11

67.255127

24.901307

12

Sandy Gravel

P12

67.281911

24.925012

13

Gravelly Sand

P13

67.324692

24.958433

14

Sand

P14

67.415430

25.106771

15

Silty Sand

P15

67.415807

25.106476

16

Sand Stone

P16

67.416165

25.105918

17

Gritty Sand Stone

P17

67.444542

25.233494

18

Gravelly Sand

P18

67.442628

25.235150

19

Gravelly Sand

P19

67.436946

25.239498

20

Gravelly Sand

P20

67.374474

24.999099

21

Gravelly Sand

P21

67.531937

25.119298

22

Gravelly Sand

P22

67.513212

25.099230

23

Gravelly Sand

P23

67.269425

25.077634

Appendix II (c): Gradation Curves.
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Appendix III: Values for Random Index (Saaty, 1977).
Number of Criteria

1

2

3

4

5

6

7

8

Random Index

0

0

0.58

0.9

1.12

1.24

1.32

1.41

Appendix IV: Slope criteria and references.
RWH Sites

Criteria

References

Slope < 15%

(Al-Marsumi & Al-Shamma, 2017); (Buraihia & Shariff, 2015);
(Jha, Chowdary, Kulkarni, & Mal, 2014); (Agarwal, Garg, &
Garg, 2013); (Kadam A. K., 2012); (Weerasinghe, Schneider,
& Loew, 2011); (Jasrotia, Majhi, & Singh, 2009);
(Ramakrishnan D. D., 2008); (Ramakrishnan,
Bandyopadhyay, & Kusuma, 2009); (Gupta, Deelstra, &
Sharma, 1997)

Slope < 10%

(Rokade, Kundal, & Joshi, 2011)

Percolation
Tanks

Slope < 10%

(Al-Marsumi & Al-Shamma, 2017); (Kadam A. K., 2012);
(Rokade, Kundal, & Joshi, 2011); (Ziadat, Mazahreh, Oweis, &
Bruggeman, 2006); (Ramakrishnan, Bandyopadhyay, &
Kusuma, 2009); (Al-Adamat, et al., 2012)

Farm Ponds

Slope < 3%

(Buraihia & Shariff, 2015); (Jha, Chowdary, Kulkarni, & Mal,
2014); (Agarwal, Garg, & Garg, 2013); (Jasrotia, Majhi, &
Singh, 2009)

Slope < 5%

(Durbude & Venkatesh, 2004); (Ramakrishnan,
Bandyopadhyay, & Kusuma, 2009); (Moges, 2009); (AlAdamat, Diabat, & Shatnawi, 2010); (Isioye, 2012) (Kadam A.
K., 2012)

Slope < 3%

(Abushandi & Alatawi, 2015); (Dai, 2016)

Slope < 10%

(Singh, Singh, & Litoria, 2009); (Dai, 2016)

Slope < 16%

(Weerasinghe, Schneider, & Löw, 2010)

0 - 11%

(Qureshi, 2010)

Check
Dams

Dams
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Appendix V: Field Photographs.

Malir River Visits (Aug. 2015 and May. 2016)

Khadeji River Visits (Aug. 2015)
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Mole River Visits (Nov. 2017)
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