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2 ABSTRACT 

The production of fresh water is decreasing due to loss in movement of 

water from natural resources, because of the rapid degradation in watersheds, soil 

erosion, deforestation, urbanization and due to the untreated discharge of 

municipal and industrial wastewater into the rivers and water bodies. Housing and 

infrastructure development being the top priority at government level is also 

impacting the health of watersheds; resultantly our dams are losing their capacity 

due to increased sedimentation. Keeping in view the importance of our water 

reservoirs for irrigation and energy production, industrial and domestic use, this 

study that encompass the hydrological and socioeconomic impacts of infrastructure 

(including housing) development in Simly and Mangla watersheds was designed 

and conducted. It aimed at assessing the current magnitude and distribution of 

development in the study area. Infrastructure development was correlated with soil 

erosion, quality and regime of water in the channels. Based on the results, critical 

watershed zones, vulnerable to destabilization were delineated. Socioeconomic 

impacts of infrastructure developments were also studied by conducting survey and 

using Delphi technique. It has been established by the researchers that impervious 

area in a watershed should remain below 10 percent. But impervious land use in 

Simly watershed has already crossed this limit (13.23 percent) and is increasing at 

a pace of 1.91 percent/year. In Mangla watershed the impervious areas is 9.81 

percent, this has almost reached the allowable limit. It has also been determined 

that at current pace of development, 16.84 percent of the area in Simly will be 

under impervious land use. Similarly in case of Mangla Dam due to the 

development of improved road network, tourist facilities and other allied 

infrastructures in the area this watershed will also cross this safe limit within a few 

years. The relative impacts of different land uses was then correlated with the 

intensity of soil erosion, sediment load in stream water, water quality, and water 

regime. Based on the land use of the area, different channels in the Simly stream 

system were categorized into Urbanizing, Agriculture, Forest and Main channels. 

So that the responses of the watershed under different land uses could be 

compared. The study revealed that the soil erosion is more in areas under 
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impervious land use or where the land is disturbed due to development activities. 

Similarly, the sediment load in different categories of channels was studied. It was 

found that sediment load in the urbanizing water channel was highest (26.03 g/l) 

followed by Agriculture (8.86 g/l), Main channel (2.6 g/l) and Forest (1.73 g/l) was 

the least contributor of sediment in the channels. Water regime of different 

categories of channels was also studied. The results of study showed that 

urbanizing streams do not flow at a steady pace, these are either dry or in flood 

conditions. Forests tributaries on the other hand showed more steady flow, both 

dry and flood instances were less in this category of channels. Similarly rate of 

sediment deposit in the reservoir also increased due to the increased development 

activities specially construction of Islamabad Muzzaffarabad Dual Carriage Way 

(IMDCW).  From 1983 to 1999 sediment contribution of watershed was 19.77 

m3/ha/year, which has increased to a tune of 22.03 m3/ha/year during 1999 to 2009. 

This enhanced rate of sedimentation is attributed to the development activities 

specially IMDCW. Water quality of the stream system has also been deteriorated. 

Turbidity and hardness was more in Urbanizing as compared to other land use. 

Similarly Coliform and E.coli count was more in urbanizing category of channels.  

Slope, soils, climate and land use are the important factors that impact the 

hydrology and determine the vulnerability of the areas to destabilization. The areas 

falling in different slope bands were determined. It is generally considered that 

areas having a slope up to 15 percent are fit for agriculture. Areas having a slope of 

15-30 percent should be put under fruit trees whereas at a slope above 30 percent, 

the area should be kept undisturbed under forest trees and shrubs. The areas under 

different slope bands were determined. The areas with slopes above 50 percent 

were delineated as critical areas. Prudence should be observed while taking up 

large scale development activity like construction of highways and development of 

townships. 

The study has also revealed that the socioeconomic condition of the 

communities has improved. Life expectancy has increased. In 1991 only two 

percent of the population was above 70 years which has now increased to 3 

percent. Literacy rate in the area has also increased from 70 percent in 1998 to 74 

percent in 2009. Improvement in literacy has been seen especially in female 
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population. Forty percent of the female population in the age above 18 years was 

illiterate whereas in the females below the age of 18 years illiterate population is 

only 16 percent. This is a positive social change. The female child is also gaining 

the same importance as the male child. Average number of rooms per housing unit 

has increased from 3.7 in 1991 to 6.07 in 2009. Similarly construction quality has 

improved. The people have shifted from stone in mud masonry and wooden roofs 

to stone in cement masonry and corrugated sheet roofs. Only 37 percent of 

households had bath rooms in 1991 whereas the households that have bath rooms 

have increased to 85 percent. Analysis of the data revealed that per-capita land 

holding of the communities living in the watershed is very small (0.132 ha.). The 

small land holding, low agricultural productivity, alternate job opportunities and 

high land prices offered by private land developers for townships has decreased the 

interest in farming. This has further accelerated the deterioration process in the 

watershed. 
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Chapter 1 

1 INTRODUCTION 

Pakistan is situated on the globe between 24o and 37o North latitude and 61o 

and 78o East longitude. There are extreme variations in the altitude from south (sea 

level) to north (8611m), which results in variations in climate. Monsoon season 

(July to October) is the major contributor of rainfall, which is nearly 1000 mm in 

mountains and 150 mm in the coastal area. Contribution of winter precipitation is 

about 30 percent of the total precipitation. It is mostly received in the form of snow 

in hilly tract of northern Pakistan.  The rainfall pattern is erratic. There are years of 

drought and floods. More than 70 percent area of the country falls in arid and 

semiarid climatic zone, characterized by higher solar radiations, low humidity and 

rainfall (200 mm) (Amjad and Khan, 1984). On the other hand Pakistan has 

agriculture based economy and provides jobs to 45 percent of the population. 

Agriculture sector contributes about 24 percent in gross domestic product (GDP). 

The crops could not meet their water requirements from precipitation. Fortunately 

northern part of Pakistan receives sufficient quantity of precipitation, which is the 

major source of water for arable agriculture, livestock, human population and 

industry. The arid and semiarid plains of the country are irrigated through 

extensive canal network for raising crops. The pattern of rainfall is however, 

erratic; therefore, construction of reservoirs was envisaged as an arrangement for 

storage and subsequent distribution of water through canal network. In addition to 

supply of water for irrigation and other purposes, it is also used for hydroelectric 

power generation.  
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There are two main reservoirs for water storage namely Mangla and 

Tarbela. Their watersheds are continuously degrading due to overgrazing, 

deforestation, construction of highways, roads, townships, tourism facilities and 

other allied infrastructures. On the other hand there is great pressure from the 

inhabitants of the watershed area for construction of infrastructures in the area 

because of change in socioeconomic conditions as most of the working class has 

migrated to other cities or foreign countries for their livelihood earnings. Though 

the socioeconomic conditions of the peoples living in watershed areas are still 

poor, however, due to transfer of foreign exchange in the area people invest in 

infrastructure development for their comfortable living.  

Due to increasing population of the country (both human and livestock) the 

per-capita water availability in Pakistan has been decreasing at an alarming rate.  

In 1951 per-capita availability of water was 5300 m3, whereas, it has now been 

reduced to 1105 m3. Whereas per-capita water availability below 1000 m3 is 

considered as water scarcity level. Similarly surface water availability has 

decreased from 120.14 BCM (2003) to 115.8 BCM (2010) in the last eight years 

with an average loss of 3.6 percent (Anon, 2011). It has been observed that ground 

water table has gone down due to over exploitation and lack of ground water 

recharge. The drastic decrease in ground water recharge is mainly due to increased 

runoff, decreased infiltration and limited water storage capacity. The main role in 

runoff and infiltration is played by vegetation cover; whereas Pakistan being a 

forest deficient country is mainly relying on wood and wood products from these 

watershed areas. Therefore, forest cover is continuously decreasing due to over 

exploitation, over grazing and changes in land use pattern. It is an established fact 
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that healthy forests purify drinking water and help in steady flow of streams, 

prevent and protect from floods and stabilize the area. Studies have shown that 

more than 70 percent of mudslides and landslides in some areas were linked with 

logging roads. The areas with roads or hillsides devoid of vegetation lose their 

ability to absorb heavy rains (Agee, 1990). 

The landforms found in Himalayan and sub-Himalayan region is the 

outcome of natural geo-morphological processes like earthquakes, landslides and 

landslips and soil erosion. Northern mountainous belt of Pakistan is characterized 

by unstable slopes of partially weathered sedimentary rocks. The soils are without 

a fully developed profile; these are immature and derived in origin, underlain with 

hard bedrock with massive rock outcrops. Natural underlying geomorphic 

processes result in slope failure and dry mass movement. Rain water infiltration  

into the land body sometimes exceed the water holding capacity of the soil 

resulting in sinking of large chunks of land on hard bedrocks. Underscoring of 

stream banks due to excessive runoff due to increase in impervious areas of 

watershed during heavy rains and floods increase mass movements along adjoining 

slopes. General land mismanagement and blockage of surface and sub-surface 

drainage systems induce landslides. The sub-humid, sub-tropical pine zone and 

moist temperate eco-zone exist in the study area. Due to the construction of very 

wide highways (like IMDCW), heavy and multistoried buildings and unpredictable 

weather patterns have caused quite a few catastrophic landslide events during the 

last few years. The problem has increased many folds during the last few decades 

mostly due to destabilization and disturbance of natural surface development 

activities like infrastructure development and housing (Anon, 1998). 
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According to the 1998 census, total housing units in the country was 19.3 

million in 1998. There was a deficiency of 4.3 million housing units, which is now 

projected to six million units. In this way 0.57 million housing units has to be 

constructed annually. Back logs in housing units has made the housing and 

construction  a priority industry at government level that is adversely impacting the 

condition of watershed, resultantly our dams are losing their capacity due to 

increased siltation (Saeed, 2003). Deforestation, widening of highways, 

construction of townships, sub-surface drainage systems and masonry buildings, 

development of tourist facilities and general land mismanagement is considered to 

be the main reasons behind deteriorated watersheds (Anon, 2006a).  

Land use within any watershed is the most important factor impacting the 

hydrology and ecosystem of the area. Therefore, a detail study of past, present and 

future land use patterns is a necessity for sustained supply of clean water. It is 

important to quantify the rate of land use change over time. Because watersheds 

that are rapidly transitioning between uses frequently impose greater stresses on 

stream ecosystems as changes in hydrologic conditions outpace the ability of the 

stream to adjust (Schueler, 1996). Very few studies have been made to find the 

outcome of the transition period; Wolman and Schick (1967) observed an increase 

in stream sediment concentrations from 2,000 ppm in agricultural watersheds to a 

range of 3,000 to 150,000 ppm in streams draining areas under construction. On 

the other hand Nelson and Booth (2002) found that besides erosion control 

practices construction activities remained the highest sediment yielding land cover 

on a unit-area basis. Owens et al. (2000) found that sediment loads is ten times 

higher during active construction than before or after development. Impacts of 
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infrastructure development on watershed is an important aspect and needs due 

attention. The period in which the development activities are being undertaken 

drastically alter streams due to construction site erosion, soil compaction and 

other related hydrological impacts.  

It is generally considered that the silt load in the reservoirs can be reduced 

with prudent management of the watershed areas. It was observed that due to the 

development and construction of infrastructure, like roads and expansion of towns 

and cities the impervious area is continuously increasing. This increase in 

impervious area of watershed has resulted in increased quantity and velocity of 

runoff water. Erosive power of water is increased due to the increase in velocity 

of water. Destabilization of watershed area due to development activities further 

aggravates the situation. The net outcome of these imprudent interventions is the 

increased inflow of sediment into reservoir. Development of infrastructure on the 

other hand is a necessity for the wellbeing of the communities living in the area. 

They cannot be deprived of their rights to save the interest of others. However, 

study of this important aspect of pressure on watershed could not get attention of 

the researchers in Pakistan.  

Keeping in view the importance of our water reservoirs for energy 

production, irrigation, industrial uses and drinking water, this study was carried 

out to encompass the hydrological and socioeconomic impacts of infrastructure 

development in Simly and Mangla watersheds under following specific 

objectives: 
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i) To determine the current magnitude and distribution of 

development (roads, buildings and sewerage systems.) in Simly and 

Mangla watersheds.  

ii) To correlate infrastructural development with intensity of soil 

erosion, slope destabilization, change in water quality, quantity and 

regime in different slopes, soils and land uses. 

iii) To study the impact of infrastructure development on 

socioeconomic conditions of local communities. 

iv) To delineate critical watershed zones based on vulnerability to 

destabilization due to development activities. 
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Chapter 2 

2    REVIEW OF LITERATURE  

Review of important and relevant documented research work on various 

aspects of present study conducted in different parts of the world is given as 

follows. 

2.1 IMPORTANCE OF FORESTS FOR WATERSHEDS 

  
Lu et al. (2001) studied that in Taiwan 74 percent of the area have steep 

slopes and fragile geological formation. Torrential rainfall during rainy season 

results in floods, and landslides. Seasonal shortages of water, on the other hand 

also occur in some parts of the island, this problem would be aggravated with 

increased population.  Forests were over exploited in the past but realizing the 

problem the forest cover is being maintained up to 58 percent of the total area to 

maintain the health of the watershed and slope stabilization. Engineering structures 

for protection of watershed were considered a remedy in the past. However these 

have detrimental impacts down streams. Clearing of forest for various development 

activities like road construction, township development or crop cultivation results 

in decreased slope stability and increased sediment load and peak flows in the 

stream system.  

Strange et al. (1999) suggested that sustained water supply for urban and 

agricultural needs are very difficult in watersheds having urbanized land use. 

Human imposed alteration in natural flow pattern results in changes in composition 

and abundance of native animal and plant communities. This is because urbanized 

watersheds restoration of natural hydrology is not on the priority list of the 
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managers. It is important to determine which intervention is necessary to restore 

and maintain the ecosystem suited to the plant and animal communities. He 

concluded that integration of hydrology with biology is important consideration for 

sustained ecosystem.  

Agee (1990) found that healthy forests stabilize hillsides, purify drinking 

water, and provide protection against floods. Hillsides with logging roads and clear 

cuts don’t have enough capacity to absorb water from heavy rains. Studies in the 

Northwest have indicated that more than 70 percent of landslides and mudslides 

were linked with roads constructed for extraction of timber from the forests. He 

also indicated that more than 80 percent of the drinking water comes from Forests. 

He also concluded that soil erosion and sediment load in streams decreases as the 

vegetation is established on the disturbed areas.  

2.2 FOREST AND LAND STABILIZATION 
 

Walker et al. (1996) found that in Caribbean regions landslides are 

common in mountainous areas. These landslides usually start as a result of human 

disturbances (e.g., roads), heavy rains and earthquakes. Removal of both 

vegetation and substrate is responsible for a variety of plant succession. He 

indicated that soil nutrient pools in disturbed mineral soils reach mature forest soil 

levels in 55 yr but soil organic matter on the other hand recovers more slowly. 

Plant re-colonization on landslides depends upon availability of suitable sites, 

nutrients and organic matter in addition to the propagules.  

Haigh et al. (1995) surveyed in Kumaun Himalaya, landslide activity and 

forest cover along two hilly roads crossing steep hills. The results revealed that in 

1985 and 1990 landslides affected 43.1 percent and 42.5 percent respectively of the 
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urban and sub-urban road cuts and 76.5 percent & 80.9 percent respectively along 

the road cuts in the forest. The areas allocated to forest are generally too steep and 

unfit for development. This is why during statistical analysis forest cover some 

times correlates positively with landslide activity. But in reserved forest, this 

correlation between forest cover and landslide activity are negative. Reduction of 

tree cover downward along the steeper slopes was also noted and was attributed to 

higher road cuts, steeper slopes, increased slumping and undermining of the road 

cut by erosion and landslides.  

Negi (2001) highlighted the importance of mountains as a source of water 

for the earth. He stated that mountains ecosystems are fragile but globally 

important as a source of water for earth. Drawing sustained benefits from 

mountains depends upon conservation of soil and water resources. Himalayan 

watersheds are most important but unfortunately these are facing continuous loss 

of soil and water at alarming rates. In the absence of cost-effective vegetative and 

bio-engineering measures Soil and Water Conservation (SWC) programs in 

Himalayan region mainly depends upon engineering measures.  

Rao et al. (1999) for effective planning and execution of conservation 

programs made an effort to delineate India into seventeen Soil Conservation 

Regions (SCRs). Attributes of soil like texture, depth, slope and erosion hazards 

were integrated on a land capability classification map. Annual rainfall maps, daily 

rainfall erosion index, and land use were superimposed over it. By superimposing a 

map of agro-ecological region boundaries of SCRs were further refined. It was 

ensured that SCRs boundaries be align with the boundaries of the nearby natural 

watershed and water resource region. The Soil Conservation Regions were further 
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delineated into Soil Conservation Areas (SCAs) and Soil Conservation Units 

(SCUs) as a principal management unit. Each soil conservation unit is about 1,500 

to 2,000 ha in size. Delineation of soil conservation regions into soil conservation 

areas and soil conservation units is based on production potential, predominant 

land use, crop evapotranspiration (ET) requirements, prevailing erosion rates, 

conservation problems, scope for development of water resources, technological 

innovations and population-supporting capacities in a given area. Planning at the 

soil conservation unit level ultimately will pave the way for the creation of soil 

conservation service at national level. This innovative planning will maximize 

production and ensure its sustainability. 

2.3 DEVELOPMENT OF INFRASTRUCTURE AND WATERSHED 
 

Paul and Meyer (2001) concluded that with more impervious land area a 

stream lacks steady flow. The discharge show higher peak storm flows but lower 

average flows in between storm events. Increase in velocity of water in streams 

result in widening of channel, increased stream sediment loads and disrupted 

habitat for aquatic life. Randhir (2007)  found that improperly constructed and 

maintained erosion control structures sometimes collapse and lead to increased 

sedimentation downstream. It also contributes towards increase in sediment during 

construction activities. Stream biological communities have adverse impacts on 

them due to increase in nutrient and sediment loads. Increase in biochemical 

oxygen demand, gill abrasion, reduced light penetration and loss of overall 

spawning habitat results in reduced population of sensitive species in the 

ecosystem. 
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Wear et al. (1998) stated that changes in the extent and pattern of land uses 

in rural mountainous areas of the United States due to development pressures, has 

crucial implications for quality of water. They examined the positional impacts 

along an urban-rural gradient in southern Appalachian watershed. They tested at 

regular distance intervals that effect distance from an urban center on land-cover 

change probabilities. The research revealed that on private lands, position along the 

urban-rural gradient has a significant effect on land-cover changes. But no effects 

have been noticed in case of public lands. Compounding effect has been noticed 

regarding position along the gradient due to interactions of position and slope and 

other variables. Differences in land-cover changes along the urban-rural gradient 

would give rise to unique landscape signatures. Examining a development 

sequence, the researchers identified patterns of land use change having great 

significance on water quality.  

Anon, (1998) concluded that construction and/or expansion of Rawalpindi-

Murree road, Bansragali-Jhikagali road, Jhikagali-Kohala road, Lowertopa-Kohala 

road and Gulehragali-tanda road have seriously disrupted natural surface and sub-

surface drainage system causing huge landslides down the slope. The annual 

distribution and intensity of rainfall have more pronounced influences than total 

annual rainfall. Rock formations are easily weatherable i.e. shales forming gentle 

slopes are overlaid by hard rock’s (sandstone) forming steeper slopes. Dissolution 

of calcic compounds in sandstone induces quick penetration of water down to soft 

rocks, weathered into clayey soils favoring sliding action down the slope. Land 

mismanagement and blockage of natural surface and sub-surface drainage systems 

have been found to induce landslides. Last two eco-zones exist in the vicinity of 
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urban areas of Murree where heavy constructions of highways, buildings and 

unpredictable weather patterns have caused quite a few catastrophic landslide 

events during last few years. 

 

2.4 URBANIZATION AND WATERSHED 
 

Many studies have been conducted to adequately manage impacts of 

ongoing or future land use changes in a watershed. The studies by Prakash (2005) 

indicated that stream flow and stream erosion increased significantly. There was 

reduction in infiltration and increase in peaks of surface runoff. Similarly Carle et 

al. (2005) indicated in their study that urbanization density is important in 

predicting water quality. Majid (2005) concluded that impacts of urbanization are 

less on total stream flow. But the responses of watershed to the precipitation differ 

significantly. For the same precipitation event, in more impervious watershed the 

peak flow will be more with a rapid recession. This results in lower stream flow 

during dry period. 

In a study conducted by United States Army Corps of Engineers it was 

indicated that increase in impervious area resulted in increase in peak flow and 

runoff volume from the watershed for all precipitation events. However, peak flow 

was not affected as significantly as runoff volumes. Randhir (2007) indicated that 

impervious component of watershed alter hydrology, disrupt and effect ecosystem. 

Young et al. (2003) studied the hydrologic impacts of urbanization.  The 

results indicated that effects of urbanization were more on direct runoff as 

compared to total runoff. The direct runoff ratio for dry years was larger than that 

of wet years. This indicated that the impact of urbanization in terms of water 
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quality and water yield would be more serious during drier years as compared to 

wetter years. This also indicated that sustained base flow is important to maintain a 

sound stream ecosystem. It was also found that construction activities are the 

highest sediment yielding land use (Nelson and Booth 2002). 

Bhaduri et al. (2001) in their study commented that land use change can 

increase runoff, flooding and non point source pollution and degrade downstream 

water bodies. They found out that a 10 percent increase in imperviousness can 

increase a runoff from 6.1 to 10.2 percent.  

Rao and Pant (2001) studied that in developing countries, quantity, 

intensity and the rate of land use and land cover changes are very high. The human 

impacts upon the land are very great and still increasing. The process of human-

induced landscape transformation was analyzed in this study analyses in a micro 

watershed of central Himalaya in mid elevation zone in India in 1963, 1986 and 

1996. The changing patterns of land use both spatial and temporal were quantified 

using remote sensing (RS) data and geographical information system (GIS). It 

became obvious through the use of RS and GIS that the vegetation cover was 

drastically altered during the last 33 years due to the increasing population pressure 

of both human and animal. 

Schneider and Pontius (2001) studied the Ipswich watershed in northeastern 

Massachusetts, USA. They determined that this watershed is experiencing land-use 

changes, which pose severe environmental problems like ground water depletion, 

loss of wildlife and eutrophication. This paper modeled deforestation between 

1971, 1985 and 1991 in the watershed. Most of the forest loss in this watershed 

was attributable to new residential development. The maps suitable for 
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development (deforestation) are calibrated with maps of actual changes between 

1971 and 1985 by using spatial filters, multi-criteria analysis and logistic 

regression. The most threatened locations are those where the demand for new 

residential development is high, near existing towns and residential development 

and that are unprotected. Owens et al. (2000) in their study found that sediment 

loads is ten times higher during active construction than before or after 

development.  

Weber and Wolf (2000) reported that Maryland is expanding at a very rapid 

pace. The problems associated with rapid growth, especially, the scattered pattern 

of development which usually consumes an excessive quantity of land and 

fragments the landscape are compounding. With the changes in land use, wildlife 

habitat is fragmented and migration corridors are lost consequently necessary 

ecosystem dynamics are disturbed or destroyed. Land use planners are trying to 

reduce such impacts; but they do not sometimes know where key natural corridors 

are situated. The Green Infrastructure Assessment (GIA) provides this information 

that can be utilized to identify a greenway network so that the most critical lands in 

the state can be protected before they are lost forever.  

It is important to quantify the rate of land use change over time. Because 

watersheds that are rapidly transitioning usually impose greater stresses on stream 

ecosystems as hydrologic changes exceed the ability of streams to adjust (Schueler, 

1996). Wolman and Schick (1967) observed an increase in stream sediment 

concentrations from 2,000 ppm in agricultural watersheds to a range of 3,000 to 

150,000 ppm in streams draining the areas under construction. Bockstael and Irwin 

(2003) on the basis of hedonic analysis of prices of residential property predicted 
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the possibility that a forest or farm would be converted to residential land use. 

They also illustrated how forecasting of residential development can be done and 

how it can be made responsive to policies of governments.  

2.5 URBANIZATION AND CHANNEL MORPHOLOGY 
 

Many studies have indicated that sediment yields from impervious 

watersheds remain high even after the completion of the construction works due to 

channel bank and bed erosion. However, any relationship that can predict the 

increase in the channel area in response to the impervious cover has not been 

established. Selbig (2004) indicated that a suburban residential development that 

was specifically designed to infiltrate storm water produced no measurable 

changes in stream morphology. In another research study in the Issaquah Creek 

watershed in western Washington it was found that bank erosion accounted for 20 

percent of the total sediment budget because of urbanizing land use (Nelson and 

Booth, 2002).  

It has been indicated that the amount of change in channel size and 

morphology is dependent on local stream factors, such as stream entrenchment 

ratio, material composition of bank and bed, depressional storage capacity of 

watershed, channel gradient and connectivity of conveyance system of storm water 

(Bledsoe and Watson, 2001). Similarly in another study from 1983 to 1993 

conducted in San Diego Creek in southern California it become obvious that two-

thirds of the total stream sediment yield resulted from bank erosion as the basin 

shifted from agriculture to urban land use (Trimble 1997). Booth (1990) in his 

study indicated that as peak discharges enhance due to increased runoff because of 

urbanization, channels would erode and increase in dimension to enable the 
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streams to accommodate the enhanced flows. In high intensity storms stream might 

widen to twice their original size during a single storm event. 

2.6 WATER QUALITY 
 

Interlandi and Crockett (2003) concluded that land use, flow rate and 

climate are the drivers of water quality in stream systems; however, determining 

the relative influences of these drivers is still a challenge for aquatic scientists and 

managers. The Schuylkill River in Philadelphia is a developed watershed used in a 

long-term study to ascertain the combined and separate influence of these drivers 

on water quality. Water quality parameters including, bacteria, conservative solutes 

and nutrients elicited distinct seasonal patterns primarily driven by river discharge. 

Mass transport rates of chloride and sodium increased with time probably due to 

road salt deposition. In recent decades a steady increase in developed land area in 

the watershed has occurred. This allowed the use of time as a substitute parameter 

for regional development in multiple factor linear models to predict the relative 

influences of developed land area, precipitation and river discharge on river water 

quality. The results indicated that the effects of developed land area, precipitation 

and discharge are almost of equal importance in regulating levels of alkalinity, 

conductivity, chloride and sodium in the river. Models demonstrated that river flow 

was the major determinant of daily variability in conductivity, hardness, alkalinity 

and calcium levels. Increases in solute transport in recent decades the in Schuylkill 

River are a result of suburban developments in watershed. 

Turbidity is a measurement of the reduction in transparency of stream water 

as light is scattered by suspended particles. Results a research study have shown 
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that turbidity measurements have close correlation with stream sediment 

concentrations (Ziegler, 2002).  

Wang (2001) analyzed spatial relationships between river-water quality and 

land uses measured with water chemistry, biological, and habitat indicators in the 

Little Miami River watershed, OH, USA. Data obtained from various agencies 

were integrated with spatial analysis functions using geographic information 

system (GIS). Statistical analysis showed that the biotic quality of water did not 

significantly degrade below treatment plants for waste water. However, 

significantly degraded water quality was noticed in areas downstream from point 

pollution sources, high human impact areas and where urban land use was 

dominated. The study highlighted the importance of integrated land-use planning 

and water-quality management. The researcher suggested that based on the 

knowledge of land-water relationship in a watershed the policy-makers and 

planners at different levels should bring all the stakeholders on board and try to 

prevent pollution for a sustainable future.  

Bobba et al. (2000) reported that dominant world environmental problems 

in recent years are water pollution, climatic change and acid rains. The researchers 

investigated the role of hydro-geochemical and hydrologic processes using 

mathematical models.  They determined the water quality of surface water, 

subsurface water and lake water. In the paper use of models to simulate the 

movements of water and pollutants surface water, subsurface water and lake 

sediments were described. To understand climate change impacts on the watershed 

a hydrological model was applied in Northeast Pond River watershed. Four 
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watershed acidification models were applied to compute alkalinity, sulphates and 

hydrogen ion concentrations from Turkey lakes watershed of Canada.  

2.7 SUSTAINABLE DEVELOPMENT 
 

Troyer (2002) used "Sustainable development" as an integrating theme. He 

further elaborated it as a positive relationship between human welfare and 

ecological integrity over time in ecological context. Human welfare relies on life 

support systems provided by the natural resources and healthy ecosystems, 

therefore, ecological rather than political areal units were used to aggregate data. 

Consensus does not exist regarding definition and measurement of "ecological 

integrity" and "human welfare". However, a geographic information system (GIS) 

was created to explore statistical relationships between selected measures of 

ecological and human condition aggregated up to the watershed scale. Generally 

there exist negative interactions between society and nature at other spatial scales. 

The spatial analysis indicated that people living near metropolitan areas have 

connections with larger scale economies rather than isolated economies depend on 

local natural resources are economically more stable and well off. It was also 

indicated that sustaining high levels of ecological conditions and human welfare in 

watersheds depends on linkages with external areas and their continued 

sustainability. Relations between nature and society at different places range from 

competitive to mutualistic interactions. Cooperative and communal relations are, 

however, preferred if sustainable development is desired.   
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Chapter 3 

3 MATERIALS AND METHODS 

 

3.1 DESCRIPTION OF STUDY AREA 

 

The total study area is comprised of the Mangla and the Simly watersheds 

located in the same geographical area. On the basis of its representative nature, the 

present study focused mainly on the Simly watershed area for detailed research 

work.  

3.1.1 Location and Boundaries 

 

The area lies between 33.054 to 35.246 north latitude and 73.076 to 75.631 

east longitudes. There are two water reservoirs in this study area: the Mangla and 

the Simly. The Mangla dam was constructed to supply water to the water deficit 

but otherwise fertile lands through canal irrigation network and hydroelectric 

power generation. The watershed area of Mangla dam extends over an area of 3.35 

mha (33469.40 km2) out of that only 1.474 mha (44 percent) fall in Pakistani side 

of control line (Figure 3.1 and 3.2). The portion falling in the territory of Pakistan 

comprised of whole of Azad Jammu and Kashmir (AJK), district Abbotabad and 

Mansehra, of Khabar Pukhtoon khawa (KPK) province and district Rawalpindi and 

a small part of Jhelum district of the Punjab province. This is an earth filled dam, 

having a height of 116 m above riverbed. It has a lake area of 100 km2. The gross 

storage capacity of the dam is 7.259 BCM with a dead storage of 0.719 BCM. 

Since its construction in 1967, about 20 percent of the gross storage capacity of 

Mangla reservoir has been lost due to the sedimentation. In addition to the loss of 
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capacity the course silt is also causing the abrasion of power machinery. Presently 

it has a hydropower generation capacity of 1000 MW (Anon, 2006b). 

The Simly dam was built on the river Soan to meet the water requirements 

of capital city Islamabad in 1983. The gross capacity of the Simly reservoir is 

45.76 mm3 at 705.79 m reservoir level with dead storage of 10.6 mm3 at reservoir 

level of 680.79 m. The daily water supplied to the city of Islamabad is 139.5 

million liters. The Simly watershed is situated at 33.920 and 33.718 North, and 

73.322 and 73.486 East, having a total area of 16,201.26 hectare (162.01 km2). The 

catchment is rhomboidal in shape 23.148 km long and about 7 km wide and is 

flanked on both sides by mountains ranging from 668 m to 2190 m in height 

(Figure 3.1 and 3.3). 

3.1.2 Physical Features and Topography 

 

The area included in study area lies mainly in the mountainous tract of the 

sub Himalayan range. Its elevation ranges from 344 m to 6276 m with a mean 

elevation of 2361.03 m, with a steady rise from south to north.  Major part of the 

area is comprised of a series of mountain ridges with narrow intervening valleys. 

There are great altitudinal variation within a short distance giving rise to very steep 

slope and even bluffs. At some places torrential seasonal streams have cut deep 

gorges through the rock strata. The major portion of watershed consists of steep 

hills where physical features of the area exhibit a rich variety of plateau, glaciers, 

valleys, ravines, torrents, streams, plains and all possible types of topographies that 

looks continental in dimension and covered with natural vegetation.  
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3.1.3 Geology, Rocks and Soils 

 

Geologically, the high hills of Mansehra, Abbottabad, Rawalpindi and AJK 

are composed of tertiary sand stone, lime stone and alluvial deposits. More than 

three forth of the area comprising mountain slopes has soils derived from local 

weathering of bedrocks resulting in mixed presidium and colluviums. These 

sandstones apparently belong to the Sirmar and Siwalik series of the sub 

Himalayans system.  The alluvial deposits chiefly occur in the lower portions of 

the Kahuta Tehsil, where most of the forests are on the pebble ridges. Large 

isolated boulders in many places seem to paint a glacial epoch in the region.  

The rock formation is composed of red and purple sand stone and shale. The plains 

were formed mainly during quaternary period. They are composed of alluvial and 

gravel caps. The clay shows five distinct layers. The lowest layer consists of coarse 

pebbles within sand or clay. Stratum is that of alluvium deposit by older system of 

Soan basin over the pebble bed. During this period the Soan was the mighty river 

bigger than the present day Indus. The next upper layer consists of the alluvium 

deposit of the present river system. At the top is the layer of silt or clay called 

loess. At the bottom is the gravelly conglomerate and loose gravel cap deposit. 

Pebble beds, pebble deposit and pebble ridges form a conspicuous feature of 

landscape. The greater part of the area consists of hills, with some rough, rolling 

plains extending from the foot of outer Himalayas towards the salt range. The 

continuity of the rough rolling plains is also broken by ravines. The rocks exposed 

in the area ranges in age from upper Cretaceous (70 to 100 million years old) to 

early Pleistocene (1 million year old). The rocks are sedimentary in origin and 

comprise sand stone, shale, limestone, marl and conglomerate.  
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Figure 3.1 Study area showing Simly and Mangla watersheds 
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Figure 3.2: Showing Mangla watershed area 
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Figure 3.3: Showing Simly watershed area 
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3.1.4 Drainage 

 

The river Jhelum, Pounch, Kanshi and Konhar are the main contributors of 

the Mangla dam. The river Jhelum flows throughout the lofty, mountains and 

precipitous rocks. It is interrupted by numerous rapid, which render it incapable of 

navigation. The Kanshi stream rises from Kahuta hills that drains Gujar Khan 

tehsil and join river Jhelum near Bagham. Another stream Sarin rises from Kahuta 

and joins Kanshi river which drains into the river Jhelum. 

The river Soan takes its rise from within a few kilometers of the Murree hill 

station. Its watershed is comprised of three parallel hill spurs of Murree hills. 

Eastern side of Murree spur, western side of Chrihan spur give rise to Soan 

tributary and western side of Puphundi spur and eastern side of Chrihan spur give 

rise to Khad tributary, which join each other at village  Chhaka  a few kilometers 

above Simly dam.  

3.1.5 Climate 

 

The climate of the area is not uniform; there are large climatic variations 

mainly because of altitudinal differences. The variations are well reflected in soil 

and vegetation. The tract can be divided in to three climatic zones. There is wide 

variation between various parts of the watershed. Most of the area has severe 

winter and mild summer, while Gujar khan, Jhelum and Sohawa tehsils have a hot 

summer and moderate winter. The average rain fall is 1142 mm. The coldest month 

is January when the mean maximum temperature is 17.7 oC and minimum 2.6 oC. 

From February to May temperature rises at the rate of 5.06 oC per month. The 

highest temperature is recorded in the month of June when it may rise to 45 oC in 

lower portion of study area in the districts of Jhelum and Rawalpindi. The 
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monsoon sets in July and the rain showers cool down the atmosphere. The 

temperature varies from 5 to 45 oC and this vast variation makes the climate 

bracing. There is snowfall on hills usually during the months of November, 

December, January and February and occasionally in March. The pleasant climate 

of these hills also brings a graceful change in the climate of other parts of Pakistan 

(Annexure 1).  

3.1.5.1 Moist temperate zone 

 

This zone is comprised of high mountainous region in the north. Its 

elevation is generally above 1500 m. The average annual precipitation varies from 

1500 to 1700 mm. Almost 67 percent of this precipitation occur in summer as rain 

and remaining 33 percent precipitation  occur partly as rain and partly as snow in 

winter. The mean temperature during November to March remains below 10 oC. In 

this zone summer is pleasant but winter is severe. There are large differences in 

summer and winter temperatures (Champian et al., 1965).  

3.1.5.2 Dry temperate zone 

 

This zone is similar to moist temperate zone except for the form and 

distribution of precipitation. This zone also comprised of high mountainous region 

in the north. Its elevation is also above 1500 m and average annual precipitation 

varies from 1500 to 1700 mm. Here in this zone mainly precipitation (about 57 

percent of total precipitation) occurs in winter as snow and remaining 43 percent 

precipitation occurs partly as rain and partly as snow in summer. The mean 

temperature in this zone too remains below 10 oC from November to March. The 
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summer is pleasant but winter is severe. There are large differences in summer and 

winter temperatures (Champian et al., 1965). 

3.1.5.3 Sub-humid subtropical zone 

 

This zone is comprised of low hilly terrains where elevation varies from 

600 to 1500 m above mean sea level. The average annual precipitation varies from 

1000 to 1750 mm (Champian et al., 1965).  

3.1.6 Existing Land Use Pattern 

 

 The existing land use pattern of the area is described hereunder as natural 

vegetation, agriculture crop cultivation and impervious land use. 

3.1.6.1 Natural vegetation 

 

The sharp variations in physiographic features and climatic conditions have 

produced highly varying vegetation types. Following vegetation types have been 

identified on the basis of climax tree species in the area (Champian et al., 1965).  

3.1.6.1.1 Kail zone (Moist temperate zone)  

 

This zone occupies steep and very steep mountain slopes occurring 

generally between 1800 to 2200 meters above mean sea level. It is characterized by 

severe cold winter and mild to cool summer. The precipitation varies from 1500 to 

1750 mm per annum. The Pinus wallichiana trees occur nearly in pure stands and 

are the principal species of this zone. Some Cedrus deodara and Abies pindrow 

trees are also found on higher elevations. Few broad leave trees  species like 

Quercus incana,  Quercus dilatata, Cedrela serrta, Prunus padus, Acer spp., 

Asculus indica, Cornus macrophylla(kander), juglans regia (walnut), Populus Spp, 

Pyrus pashia (batangi), Salix spp. and Machilus duthiei (batti) are also found 
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mixed with the principal species. Some Pinus roxburghi (Chir) trees are also found 

on warmer aspects and on lower elevations of the zone. The gradual conversion of 

Chir forest into Kail forest has been noticed at some places. This is an indicator of 

downward shift in climatic boundary of Kail zone. It means that Kail zone is 

expanding to towards lower elevation. Oak and other broad leaved species were 

common in the past but they were unable to reproduce due to heavy grazing by 

domestic animals and lopping.  

3.1.6.1.2 Chir zone (Sub tropical pine forests)  

 

This zone lies on steep to very steep mountains between 1050 to1600 

meters above sea level on cooler aspects and 1200 to 1800 m on hotter aspects. 

The chir (Pinus roxburghii) is the dominant tree species. This area usually receives 

annual precipitation in the range of 1250 to1500 mm. The climatic conditions favor 

the growth of chir pine species and that is found almost in pure stands. On the 

upper cooler and wet locations Pinus wallichana is found mixed with Pinus  

roxburghii. The broad leaved species like Quercus incana and Pyrus pashia 

(batangi) are also found as an associate. In the lower limits chir pine is found 

mixed with scrub vegetation comprising of Acacia modesta, Olea cuspidata, 

Dodonea viscosa. The under growth in this zone is mainly Myrsine africana 

(Khukhal), Berberis spp., Carissa spinarum (granda) (Champian et al., 1965). 

3.1.6.1.3 Scrub zone (Sub tropical broad leaved evergreen forests)  

 

Scrub zone consists of generally sloping to moderately steep mountain 

slopes below 1500 meters altitude. The rainfall varies from 750 to 1250 mm. The 

area supports a mixed open scrub vegetation comprising of grasses such as Aristida 
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depressa (lamb), Sachharum spontaneum, Demostachya bipinnata (dab) and  

Cynodon dictylon trees like  Acacia modesta, Olea  cuspidate,  Malotus 

philipinensis (kamili), Cassia fistula, Woodfordia floribunda, Dodonea viscose, 

Carrisa spinarum and Adhatoda vesica showing stunted growth . (Champian et al., 

1965). 

3.1.6.2 Agricultural crops cultivation 

 

There is subsistence farming in the area through terrace field crops. About 

1215 ha of the area is under cultivation. The main crops are wheat and maize. This 

sector is one of the contributors of silt in the dams. 

3.1.6.3 Impervious land use 

 

The unproductive land in the form of bare rocks, nullah beds, roads 

and houses has been estimated at present to be 819 ha. This part is also 

contributing large quantities of silt from vulnerable points. 

3.2 SOCIOECONOMIC PROFILE OF WATERSHED 

 

 It includes population growth, rural urban distribution, culture and road 

network, etc.  

3.2.1 Population Size, Growth and Distribution 

 

The total population of Murree and Kotlisattian tehsils of Rawalpindi 

district was 257,949 with a growth rate of 2.7 percent (Census, 1998). The total 

area of these tehsils is 738 km2 with a population density of 349.5 km2, while it 

was 235.7 persons per km2 during 1981, indicating the fast growth rate of 

population in the area. The urban population of Murree town was 12.1 percent of 

the tehsil population (tehsil Murree population) and 8.2 percent of the population 
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of Murree and Kotlisattian tehsils during 1998 census. The number of males for 

every 100 females was 105 in 1998 whereas it was 107 in the year 1981. 

According to the population census conducted in 1998, the population comprised 

of persons under the age of 5 years 12.2 percent, 6- 18 years 33.2 percent, 19-70 

years 55.2 percent and more than 70 years were only 1 percent. Thus the total 

dependents were 44.6 percent of population. Whereas working population (19-70 

years of age) was 55.4 percent. Government civil hospitals are established in 

districts and tehsil headquarters. There are rural health centers at union council 

level. Basic health unit is working in almost all major villages. In addition to this 

general setup military have also established their hospitals from where general 

public can also benefit. 

3.2.2 Culture 

 

 The people are more attached to the religion and its values. Due to 

unfavorable agricultural conditions, very small and fragmented land holdings the 

people have little stake in agriculture and every house hold depends upon alternate 

jobs to earn their livelihoods, therefore, the people has little time for the pursuit of 

cultural activities which are generally considered as identity of an agrarian society. 

Due to cash based jobs and flow of liquidity, lifestyle of people has changed from 

simple livings to more comfort seeking and artificial lifestyle having an element of  

pomp’s and show and extravagancy. This style of living some time also compels 

the people to sell their land to meet their expenses. 
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3.2.3 Road Network 

 

This is the highest potential area for tourism industry due to its pleasant 

climate, lofty mountains, beautiful landscape and rich flora and fauna. That is why 

the area has attracted the attention of all the governments. As a result, the system 

of communication in the area is satisfactory. All the major cities and towns are 

connected with fine asphalt roads. The small villages are also connected with 

single lane asphalt roads.  The pace of development has been very fast from the 

year 2000 onward. The Islamabad Murree Muzzafarabad Duel Carriage Way 

(IMDCW), Mansehra ,Balakot Naran road, Garihabibullah-Muzzzafarabad road, 

Murree-Muzzafarabad road, Gellehragali-Kotalisattian road, Rawalpindi- Karor- 

Ban-Gelhragali road, Mirpur Kotli rod, Kahuta-Azad Patan road , Kotli-Bagh road 

are some of the major roads constructed or widened in the last 10 years. 

3.3 DETERMINATION OF LAND USE CHANGE AND IMPERVIOUS 

AREA 

 

Simly watershed is the area where development and rapid land use changes 

are taking place, thus this area was studied in detail. Specific attention was given to 

estimate impervious cover and quantifying the area of the watershed actively under 

construction.  

3.3.1 Determination of Land Use Change 

 

Three different methods were used to quantify the rate of land use change 

within the watershed.  

3.3.1.1 Road density survey 
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Many surveys were conducted from October 2005 to 2009 by frequent 

visits of the area. The detailed information was collected about the activities going 

on in the watershed. The length and width of different roads in the watershed area 

was measured with the help of Garmin etrax GPS device, the tracks of roads were 

taken and then laid on the map using Map-Window GIS software. The condition of 

the road such as under construction or widening was recorded. The area under 

different towns and villages was also determined by taking the location coordinates 

and then laying those coordinates on the map to determine the area. The area 

devoid of vegetation and the area being leveled for undertaking some sort of 

development such as housing colony or roads were recorded. The data collected 

from these surveys were entered into MapWindow GIS software and analyzed 

using different functionalities provided in the software. 

3.3.1.2 Land use assessment and change detection 

 

 The Satellite imagery was also used to quantify land use change over a 

period of time between years 1991 to 2009 using the satellite images and Google 

earth facility to track changes in land use with time. The remote sensing image 

classification technique was used to detect, identify, classify and evaluate various 

land covers. Geo-rectification was done for positional accuracy to make the image 

compatible with the geometry of earth. Different image enhancement techniques 

such as contrast stretching, histogram equalization were used to improve the visual 

quality and interpretability of image. For image classification three techniques are 

available, that are unsupervised classification, supervised classification and visual 

interpretation. Visual interpretation was mostly used though it is time consuming 
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and requires more field knowledge but it is more reliable and ensures good result. 

Information collected was converted into shape files and geo-data base. 

 Image processing software ER Mapper was used to process the image to 

determine the area under different land uses with special emphasis on impervious 

areas. The area under different land uses was easily identifiable because of 

difference in tones, patterns, shape, size, colour, texture and association of 

different features.  

3.3.1.3 Detail survey and questionnaire 

 

Whole area of the Simly watershed was thoroughly surveyed to determine 

the impervious area in the watershed. For each land use classification 10 villages 

and 120 households were randomly selected to get information about impervious 

cover through questionnaire. 

Using the information gathered through vehicular surveys, data collected 

through questionnaire, information provided by highways and other nation 

building departments combined with the photographs and image processing, land 

use pattern was extracted over time. 

3.3.2 Determination of Impervious Area 

 

The population is scattered in the whole watershed area. There are scattered 

houses and small settlements even in forest areas which are actually private 

property locally called “Chak Kharji.”  

(a) Housing categories:  The housing categories were classified based on 

random sampling in the area,  as; (i) Scattered houses (that have 2-5 dwelling units 

per hectare and have impervious area of 5 percent due to house construction), (ii) 
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Low density housing (Villages that have 8-10 dwelling units per hectare and have 

impervious area of 15.64  percent due to house construction) and (iii) Medium to 

high density housing (Towns that have more than 30-35 dwelling units per hectare 

and have impervious area of 30.45 percent of the total area under houses). 

(b) Road coverage: The area under roads was determined by measuring the 

width and length of major roads in the study area. Area under small connecting 

roads, village streets and trial paths was determined through random sampling of 

the area and measurement of the area under roads and paths. 

 (c) Impervious Surface: Impervious surface was then calculated using the 

above data.  

3.4 RELATIONSHIP OF INFRASTRUCTURE DEVELOPMENT WITH 

SOIL EROSION, STREAM FLOW REGIME AND STREAM WATER 

QUALITY  

 

 The impact of infrastructure development on soil erosion was assessed by 

studying its impacts on channel dimensions and morphology, sediment load in 

different categories of channels and sediment deposited in the reservoir. Stream 

flow regime and stream water quality was determined. 

3.4.1 Changes in Channel Morphology 

 

The channels width and depth were measured during the year 2005 and 

2009 in the months of October to March.  The channels were categorized as: (i) 

Urbanizing, (ii) Agriculture, (iii) Forest and (iv) Main Channel. The criteria of 

channel categorization were based on the land use. They were first grouped into 

four categories, so changes in bank-full width due to land use could be compared.  
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Categorization of Channels: Urbanizing: Tributaries of the Soan (Sub watershed 

1) near Murree town and Tributaries of the Khad (Upper portion of Sub watershed 

2) near Patriata Gulehragali were designated as “Urbanizing”, Agriculture: The 

major Soan tributary near Anguri (Lower portion of Sub watershed 1) and a major 

Khad tributary Chachal (Lower portion of Sub watershed 2) were categorized as 

“Agriculture”, Forest: Similarly the Tributaries namely Kalabassant (Sub 

watershed 4), Bissa (Sub watershed 5) and Mangal (Sub watershed 3) below the 

junction of Soan and Khad rivers (Sub watershed No 3, 4 and 5) were labeled as 

“Forest” and Main channel: The channel below the junction of Soan and Khad 

River was labeled as “Main channel.”  

In order to determine, if the channel width and cross-sectional areas of this 

urbanizing watershed have significantly changed over the past 5 years in response 

to hydrologic changes, measurement of both the main rivers “Soan and Khad” 

along with their main tributaries were taken in the months of October to march 

during 2005 and 2009. The locations were identified with a Garmin etrax GPS unit 

and reference points were established on either of the banks to facilitate re-

measurement at the same point during the next measurement. At each location the 

channel cross-section was measured perpendicular to the estimated bank-full. 

Consistent elevation was established with the help of GPS and connecting a string 

line across the channel. Cross-sectional area of the channel was defined as the area 

of the stream channel below bank-full width and depth. Right and left banks were 

defined facing downstream. Changes in vegetation, changes in bank materials, and 

changes in bank slope were the important indicators used to determine bank-full 

discharge (Ward and Trimble, 2004; Harrelson et al., 1994). The parameters 
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measured relative to the established elevation included the bank-full width, bank-

full depth and bank-full width to depth ratio. 

The changes in channel form were assessed by determining the percentage 

of channel enlargement (Schueler and Holland, 2000; Booth, 1990).  The relative 

change in bank-full width was compared in different channels by calculating the 

magnitude of change in different channels. The magnitude of change in each 

channel was compared relative to the percent impervious area.  

The increase in channels dimensions was calculated using the following 

equation. 

Percent Enlargement = (M2-M1) X 100 

         M1 

 

Where: M1 = Channel area in 2005 and M2 = Channel area in 2009  

3.4.2 Stream Flow Regime 

 

The stream flow regime (pattern) of all the major tributaries of Soan and 

Khad rivers were observed for five years from 2006 to 2009. With the help of 

volunteers from the local community and forest field staff, specifically trained for 

the purpose, ocular observation of flows was made at defined locations close to the 

junction of tributaries to the main channels, thrice in each month (Dates 8th, 18th 

and 28th). The stream responses of Urbanizing, Agriculture, Forest and Main 

tributaries were recorded as Dry, Just flowing, Significant flow and High flow.  
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3.4.3 Suspended Sediment in Stream Water 

 The water becomes highly turbid in the tributaries due to the 

ongoing construction activities. To determine the sediment load in different 

categories of channels, samples were taken next day after the rainfall. Five liter 

water samples were taken twice a year in the months of March and September 

from year 2006 to year 2009. The sediment g/liter of water was determined. For 

this purpose water samples were collected after rainfall. Measured volume of water 

(5 liter) was allowed to settle for 24 hours. Then the water was filtered through 

filter paper to separate the sediment using WAPDA Laboratory facility. Air dry 

weight of sediment in each sample was measured in grams. Then sediment was 

calculated in grams per liter of water. 

The runoff generated by hill slope contains suspended sediment.  The water 

entering the channels has the ability to hold and transport this suspended material 

downstream. The quantity of sediment transported depends mainly on 

the volume of flow which in turn is dependent on the amount of precipitation, 

slope of the area, land cover and amount of impervious area in the watershed. The 

quantities of suspended sediment in different categories of channels were measured 

in order to determine the correlation between the amount of sediment and 

urbanization. Although it may not be very accurate, even then, it has given an idea 

about the sediment load in different categories of channels. The samples were 

collected in the month of March and September for four years (2006 to 2009) from 

all the four categories of the channels as Urbanizing (Murree tributary), 

Agriculture (Chachal), Forest (Basant) and Main channel. 
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The water samples were collected after rainfall. Measured volume of water 

(5 liter) was allowed to settle for 24 hours. Then the water was filtered through 

filter paper to separate the sediment using WAPDA Laboratory facility. Air dry 

weight of sediment per liter was calculated in milligrams per liter of water. 

Sediment concentration = mg/L 

Where L is the volume of water filtered (5 liters water) and mg is the weight of dry 

sediment trapped on filter paper in milligrams. 

3.4.4 Sediment in Reservoir 

 

The actual sediment deposited in reservoir was previously measured in 

1999 through the technique of sonar survey. The re-measurement of the silt 

deposited in the reservoir was done again in 2009 to determine the total silt deposit 

since last survey. The annual rate of silt deposit from 1999 to 2009 was calculated.   

3.4.5 Water Quality 

 

In order to assess the stream water quality, samples were collected from 

different categories of channels during November and March each year (2006 to 

2009). They were analyzed for physical and chemical parameters of water quality 

from different channels using PCRWR Lab facility. The parameters studied were 

turbidity, pH, alkalinity, hardness, TDS, including the presence of E. coli and of 

Coli-forms (Tandon, 2004).  

3.5 IDENTIFICATION OF CRITICAL WATERSHED AREAS 

 

 The area was identified and categorized based on slope, soil and land use. 
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3.5.1 Delineation of Watersheds 

 

The watershed is delineated with the help of Map Window SWAT (Soil 

and Water Assessment Tool), using DEM grid of Water Base Organization. The 

Simly watershed was delineated using threshold method. A threshold of 10 km2 

was adopted for Simly watershed. The area of the watershed was thus divided in to 

five sub watersheds. The Mangla watershed is a huge area; therefore, keeping in 

view the resources a higher threshold level of 150 km2 was adopted. This resulted 

in the delineation of 91 sub watersheds (Leon, 2007). Impervious area in these 

watersheds was determined for each sub watershed.  The variations in responses of 

these sub watersheds were studied as discussed in result and discussion chapter. 

3.5.2 Delineation of Critical Watershed Zones  

 

The areas falling under different slopes were determined using DEM Grid 

and MapWindow GIS software. The hill slopes were categorized as 0-15 percent, 

16-30 percent and 31-40 percent, 41-50 percent and above 50 percent. On the basis 

of slope, land use and watershed responses, critical watershed areas were 

delineated that are vulnerable to destabilization due to development activities and 

where development activities must be avoided to help protect water reservoirs. The 

slope of the area was steep to very steep most of the area having precipitous slope. 

The areas in different slope bands were determined using Digital Elevation Model 

(DEM). Based on the soil slope and pressure of urbanization the critical areas 

having more vulnerability to destabilization were identified. 
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3.6 IMPACT OF INFRASTRUCTURE DEVELOPMENT ON 

SOCIOECONOMIC CONDITIONS OF LOCAL COMMUNITIES 

 

 For impact assessment of development activities on socioeconomic aspects 

of local communities, secondary data was collected from different organizations. 

The primary data regarding demographic changes, education, health, living 

standards, litigation and general opinion of the local communities was collected 

through specially designed questionnaires, interviews and Delphi technique. Two 

villages were selected in each sub watershed and 12 respondents from each village. 

Complete randomization was observed within the village for data collection 

through questionnaire. The questionnaire was first developed in English but when 

it was tested the results were not satisfactory. Then we decided to translate the 

questionnaire into Urdu. The questionnaire was again tested and after few 

amendments it was finalized. Complete randomization was observed in data 

collection through questionnaire. A sample size of one hundred and twenty was 

considered as appropriate through discussion with statistical experts. The 

questionnaire is attached as annexure 2. 

Opinions of experts through Delphi technique: The experts in different fields 

were contacted to participate in the discussion on assessment of impact of 

infrastructure development on socioeconomic conditions of local communities and 

then reaching to some unanimous decision. The experts who very kindly consented 

to participate in the debates were presented with only three questions. 

1.  Is it advisable to carry out large scale infrastructure development in water 

shed areas like the Simly and the Mangla?   

2.  How will it affect the local inhabitants of the area? 

3.  What is the appropriate strategy? 
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The responses were summarized and merged. The responses were again sent to 

the participants for revisit and refinement. After fifth circulation the consensus 

opinion was developed.  

3.7 STATISTICAL ANALYSIS 
 

The data obtained from these studies were analysed using Fisher’s analysis 

of variance technique using least significance difference (LSD) at 0.05 P level to 

compare the differences among treatments means (Steel and Torrie, 1984). 

Computer package MSTAT-C (Freed and Eisensmith, 1986) was used for 

statistical analysis while HAWARD GRAPHICS was used to prepare the graphs. 
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Chapter 4 

4 RESULTS AND DISCUSSION 

 

The impacts of infrastructure development in the watershed have been 

studied from two aspects one is the hydrological and the other is socioeconomic.  

4.1  HYDROLOGICAL IMPACTS OF DEVELOPMENT 

 

Land use within a watershed is the most important factor impacting the 

hydrology and ecosystem of the area. Therefore, a detailed study of past, present 

and expected future land use patterns is a necessity. It is important to quantify the 

rate of land use change over time. This is because watersheds that are rapidly 

transitioning between uses frequently impose greater stresses on stream ecosystems 

as changes in hydrologic conditions outpace the ability of the stream to adjust 

(Schueler, 1996). 

4.1.1 Land Uses  

 

 The land use data for the study area was collected using satellite imagery, 

vehicular survey and questionnaires. The major land uses and land covers 

identified in the Mangla watershed were agriculture, forests, rangelands, snow 

covered areas, barren land, impervious area and water bodies (Table 4.1). The 

magnitude of major land uses identified in the Mangla watershed were in the order 

of forests > agricultural lands > rangelands > impervious lands > snow and glacier 

> barren lands > water bodies. The forest covers over 36.70 percent area followed 

by agricultural land (29.14 percent), while rangelands cover 15.26 percent area. On 

the other hand impervious area is 9.81 percent of total watershed area (Table 4.1). 
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Schueler and Holland (2000) studied that as impervious cover rises above 10 

percent of the watershed area, streams begin to show signs of stress; when 

impervious cover exceeds 25 percent, streams become highly unstable and non-

supporting of aquatic life. The present study shows that impervious area under the 

Mangla watershed is approaching 10 percent and beyond this limit the watershed 

will fall under the category of deteriorated watersheds. It has also been observed 

that forest areas are being simultaneously converted into cultivated and impervious 

areas at a rapid pace. Similarly, land uses and land covers identified in the Simly 

watershed were agriculture, forests, impervious areas and water bodies (Table 4.2).   

The magnitude of major land uses identified in the Simly watershed were in the 

order of forests > agricultural lands > impervious lands > water bodies. The forest 

cover spread over 63.41 percent area followed by agriculture land (22.20 percent). 

On the other hand impervious area is 13.23 percent of total watershed area (Table 

4.2). The present study shows that the impervious area under the Simly watershed 

has already crossed the permissible limit of 10 percent and the watershed falls 

under the category of deteriorated watersheds. 

4.1.2 Current Magnitude and Distribution of Infrastructure Development  

 

The current magnitude and distribution of development (roads and 

buildings) was determined for the Simly watershed. For this purpose the whole 

watershed area was divided into five sub watersheds. The area of each sub 

watershed, texture of the soil, area of each sub watershed with more than 30 

percent slope and impervious area in each sub watershed was determined  in the 

year 2009 (Table 4.3). From the Table 4.3 it is clear that in sub watersheds 1 and 2 

more than 72 percent of land areas have more than 30 percent slope while in sub 
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watershed 4 areas there is more than 30 percent slope over 63 percent of its total 

area. However, sub watersheds 3 and 5 showed 41 percent and 30 percent area 

having above 30 percent slope. The overall results showed that 61.57 percent area 

of the Simly watershed have more than 30 percent slopes. It means that 61.57 

percent of the Simly watershed is not suitable for cultivation and only woody 

vegetation cover can be maintained without disturbing soil of the area, therefore, 

crop cultivation and infrastructure development in this watershed is highly risky 

for soil erosion, water runoff and sediment control. 

It has been observed that land use has been changing with time. The major 

change is the increase in the area under road networks due to new development of 

roads or improvement and widening of the existing ones. Similarly, due to the 

increase in population, and betterment in socioeconomic conditions of the people 

of the area, the construction of new housing colonies, renovation and addition of 

new rooms in the existing houses has taken place (Tables 4.23  and 4.24).  Increase 

in the area under houses has specially been noticed in the areas around Murree 

town, along the newly constructed Islamabad-Muzaffarabad Dual Carriage Way 

(IMDEW) and along Murree-Kotlisattian road. The area under roads and housing 

has been grouped as impervious area (Table 4.4). According to table 4.4; 26.55 

percent of total impervious area was under residential category while 60.13 percent 

area was recorded under roads and 13.32 percent area was under streams/trail 

paths. To determine the pace of development changes in the area under impervious 

land use in different sub watersheds with the passage of time was determined 

(Table 4.5). It shows the percentage of impervious land uses in each sub watershed on 

the basis of average development occurred in the past using 1991 as the base year.   
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Table 4.1: Area under different land uses in the Mangla watershed 

Land cover Area (ha) Percentage 

Agriculture Land 229420.90 29.14 

Forest land 288972.88 36.70 

Range Land 120163.54 15.26 

Barren Land 9571.31 1.22 

Impervious land 77239.70 9.81 

Snow  and Glacier 53744.19 6.83 

Water bodies 8244.72 1.05 

Total 787357.20 100.00 

 

 

Table 4.2: Area under different land uses in Simly watershed 

Land Use Area (ha) Percentage 

Agriculture land 3597.10 22.20 

 

Forests 

Conifer forest 6239.72 38.51 

Scrub forest 4034.03 24.90 

Impervious 2143.47 13.23 

Lake 186.94 1.15 

Total 16201.26 100.00 
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Table 4.3: Area, soil texture, slope and impervious area in different sub watersheds 

Sub watersheds Area 

(ha) 

Percentage of 

total watershed 

Soil texture Area above 30 

percent slope 

(ha) 

Percent area 

above 30 percent 

slope 

 

Impervious land 

area (ha) 2009 

Soan 4878.87 30.12 Loam 3521.57 72.18 735.17 

Khad 5627.33 34.74 Loam 4124.83 73.30 833.99 

Mangal 1530.50 9.45 Loam 633.78 41.41 243.07 

Bassant  1334.99 8.24 Loam 840.64 62.97 167.79 

Bissa  2829.57 17.45 Loam 854.20 30.22 163.45 

Total 16201.26 100.00  9975.03 61.58 2143.47 
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Table 4.4: Percentage of impervious area under different categories of 

infrastructure. 

Type of infrastructure Impervious area (ha) Percent of total area 

Scattered houses 88.56 4.13 

Low density (Villages) 221.11 10.32 

Medium density (Towns) 259.46 12.10 

Roads 1288.89 60.13 

Streams, trail paths, etc. 285.45 13.32 

Total 2143.47 100.00 
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The change in impervious area during 2002, 2009 and projected values up 

to 2020 are given in Table 4.5. It has been determined that most of the 

development between 2002 and 2009 was located in the western side of the Soan 

sub watershed and at the northern portion of the Khad sub watershed near Patriata 

and Gulehragali.  

In Soan sub watershed the area under impervious land use increased by 

2.97 percent per annum during the last 18 years. The increase in impervious areas 

from 1991 to 2002 has been 1.81 percent per annum. This was accelerated to 4 

percent from 2002 to 2009. In Khad sub watershed the area under impervious land 

use increased by 2.15 percent per annum during the last 18 years. The increase in 

impervious area from 1991 to 2002 has been 1.26 percent per annum. This was 

accelerated to 3.11 percent from 2002 to 2009.  

The agricultural land use in the Soan sub watershed is decreasing at a fast 

pace because of the low profitability, very small fragmented holdings and 

availability of alternate jobs. The pace of development in the khad sub watershed is 

relatively slower.  The Mangal and the Kalabassant sub watersheds showed even 

lesser changes and the rate of increase has only been 0.82 percent. The Bissa sub 

watershed remained relatively unchanged; it is predominantly under Chir pine and 

scrub forests, keeping in view the trend of development over the past 18 years the 

area under impervious land uses will grow to a substantial proportion of the the 

Soan and the Khad sub watersheds over the next 11 years (2020). Urbanization 

below Murree town, along the newly constructed IMDCW has increased the total 

watershed area in urban land use from 11.15 percent of the watershed in 1991 to 

17.12 percent in 2009 and it is expected to increase to 22.17 percent in 2020. 
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Similarly in the Khad sub watershed, urban uses have expanded from 10.22 

percent in 1991 to 14.17 percent in 2009. In the Khad sub watershed urbanization 

will be the most intense in the area around the Patriata tourist resort even if the 

proposed project of new Murree city is dropped because of the tremendous 

tourists’ inflow. In this area of the Khad sub watershed an increase in urban land 

use is expected to be 17.51 percent by the year 2020 (Table 4.5). The annual rate of 

increase in impervious land use for the entire watershed from 1991 to 2002 was 

1.15 percent; this pace was accelerated during the years 2002 to 2009 and became 

1.99 percent per annum (Table 4.6).  

The researcher has established that the impervious land use in a watershed 

should be kept below 10 percent to prevent stream degradation. Most of the Soan 

sub watershed has already crossed this limit with exception of Bissa sub watershed 

which is also very close to the limit (9.64 percent). Impervious cover within the 

Khad sub watershed is disconnected by open ditches and wood lands, as opposed 

to the relatively connected Soan sub watershed. However, the impacts of this 

disconnectedness of impervious cover may not help because of the very steep 

topography of the watershed. 

The study have shown that as impervious cover increases above 10 percent 

of the watershed area, streams begin to show signs of stress; when impervious 

cover exceeds 25 percent, streams become highly unstable and non-supporting of 

aquatic life (Schueler and Holland, 2000).  The Simly watershed is rapidly being 

converted from its original forestry and agricultural land use to urban land use. By 

2020, over 15 percent of the watershed around IMDCW, Murree and Patriata will 

be in urbanized land. The rate of land use change within this area of watershed was 
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3 percent per year from 2002 to 2009. The present research results show that due to 

the rapid land use change the Simly is a watershed under threat. The extent of the 

impervious cover showed that both of the tributaries (Soan & Khad sub-

watersheds) of the Simly dam will fall into this classification by 2020. 

  For the protection of this important source of drinking water of the capital 

city of Pakistan, the pace of this unchecked development in the watershed should 

be reduced through stringent regulations. One option is to declare the whole area of 

Murree and Kotlisattian tehsils as a National park to stop all types of interferences 

within this critical area. In this way the overall extent of imperviousness and its 

effects on hydrology and stream ecology could be kept within admissible limits. 

This study seeks to urge the decision makers to protect the unique habitat in these 

watersheds. This will specially go a long way to protect the water resources of the 

twin cities of Rawalpindi and Islamabad. 

4.1.3 Infrastructural Development and Soil Erosion 

 

Past and present land use, with special emphasis on the impervious covers, 

was evaluated for each sub watershed. The pace of soil erosion was compared 

between different sub-watersheds measuring change in channel dimensions, 

suspended sediment in water in different categories of channels and sediment 

deposited in the reservoir. 
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Table 4.5: Changes in impervious area in different sub watersheds with time 

Sub 

watersheds 

Area 

(ha) 

Percentage 

of total 

watershed 

Impervious area in 

1991 

Impervious area in 

2002 

Impervious area in 

2009 

Projected impervious 

area in 2020 

 

(ha) percentage (ha) percentage (ha) percentage (ha) percentage 

Soan 4878.87 30.11 544.03 11.15 652.60 13.38 835.17 17.12 1081.52 22.17 

Khad 5627.33 34.73 574.88 10.22 654.59 11.63 797.12 14.17 985.17 17.51 

Mangal 1530.50 9.45 168.12 10.98 177.73 11.61 192.93 12.61 213.92 13.98 

Bassant 1334.99 8.24 127.01 9.51 133.25 9.98 145.79 10.92 161.68 12.11 

Bissa 2829.57 17.47 256.52 9.08 262.92 9.30 272.46 9.64 285.95 10.12 

Total 16201.26 100.00 1670.57 10.31 1881.10 11.61 2243.47 13.84 2728.24 16.84 
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Table 4.6: Increase in impervious area in different sub watersheds 

Sub 

watersheds 

Area 

(ha) 

Impervious 

area (ha) 

1991 

Impervious 

area (ha) 

2002 

Impervious 

area  (ha) 

2009 

Increase in 

impervious 

area (ha) 

Percent 

increase 

( percent) 

Percent 

increase/ 

annum 

Soan 4878.87 544.03 652.60 835.17 291.14 53.52 2.97 

Khad 5627.33 574.88 654.59 797.12 222.24 38.66 2.15 

Mangal 1530.50 168.12 177.73 192.93 24.81 14.76 0.82 

Bassant 1334.99 127.01 133.25 145.79 18.78 14.79 0.82 

Bissa 2829.57 256.52 262.92 272.46 15.94 6.21 0.35 

Total 16201.26 1670.56 1881.09 2243.47 572.91 34.29 1.91 
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4.1.3.1 Changes in channels dimensions 

 

Correlation between impervious land use and changes in channel 

morphology was assessed to determine if alterations in watershed hydrology were 

impacting the Khad River, the Soan River and their tributaries. A change in 

channel dimensions of different categories of channels were calculated by using  

bank-full width and depth measurements for the year 2005 and 2009, and the 

percent increase in area of the channels (Table 4.7).  

The greatest change in area (12.01 percent) of channels occurred in the Murree 

tributary of the Soan River (Soan sub-watershed Top portion) followed by the 

Khad top tributary (11.49 percent). The channels designated as agriculture showed 

an increase of 10.78 percent in Anguri, 5.92 percent in lower portions of watershed 

and 4.81 in Mangal tributary of Mangal sub-watershed, giving an average of 7.17 

percent for agriculture category. Bassant, Bissa and Tharial designated as Forest 

tributaries showed an increase of 3.05 percent.  The main channel has shown the 

least changes in dimensions with only 1.89 percent. The bank-full width, bank-full 

depth, and channel area measurements recorded during 2005 and 2009 showed that 

the sites on the urbanizing tributaries significantly increased in bank-full width as 

compared to the other categories at a 95 % confidence level. However, the forest 

and main channel categories did not statistically differ from each other. 

Urbanization in the Simly watershed has caused hydrological impacts such as 

increase in bank-full widths and cross-sectional areas have been observed on all 

the urbanizing tributaries (Table 4.7).  The Figure 4.1 shows the land use and 

stream network of the Simly reservoir. 
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Figure 4.1: Land use and stream network of the Simly dam 
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Table  4.7: Changes in channel dimensions (m) in different categories of channels with time 

Sub 

Watersheds 

Channel 

Category 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tributaries 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Percent 

impervious 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Width 

2005 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Depth 

2005 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Channel 

area, 2005 

2005 

 

Width 

2009 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Depth 

2009 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Channel  

area, 2009 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

percent 

increase 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Soan Urbanizing Murree 27.55 11.26 1.80 20.27 11.86 1.92 22.71 12.01 

 

 

 

Soan 

Agriculture Anguri 12.75 10.93 1.52 16.62 11.39 1.62 18.42 10.78 

 

Soan 
 

Soan main  33.10 2.15 71.13 33.40 2.23 74.40 4.61 

4.61 
 

Soan 
 

Average 

Soan 

 18.43 1.82 33.61 18.88 1.92 36.25 7.87 

Khad 

Khad 

Urbanizing Khad Top 24.75 8.51 1.86 15.81 8.85 1.99 17.62 11.49 

 

 

Khad 

Agriculture Khad Bottom 13.40 15.09 1.61 24.25 15.42 1.67 25.68 5.92 

 

Khad 
 

Khad main  25.41 2.58 65.62 25.85 2.61 67.34 2.63 

 
 

Khad 
 

Average 

Khad 

 16.34 2.02 32.92 16.71 2.09 34.87 5.92 

Mangal 

 

Mangal 

Agriculture Mangal 12.61 18.82 1.60 30.11 18.99 1.66 31.56 4.81 

Bassant 

Bassant 

 

Bassant 

Forest Kalla Bassant 10.92 11.48 2.46 28.24 11.71 2.52 29.49 4.41 

Bissa 

Bissa 

Forest Tharial  16.88 1.82 30.63 17.03 1.85 31.44 2.64 

2.64 
Bissa 

 

Bissa 

Forest Bissa 9.64 17.80 1.81 32.15 17.94 1.83 32.83 2.10 

 

Bassant and 

Bissa 

 

Forest 

Main Channel  55.33 3.26 180.36 55.62 3.30 183.76 1.89 
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The urbanizing tributaries are expanding in size due to increase in quantity 

and velocity of runoff water. Considering the pattern of channel enlargement it was 

concluded that impervious land use has caused significant changes in the 

morphology of the tributaries of Soan and Khad Rivers. However, fewer impacts 

have been noticed farthest downstream on the main channel. 

The Simly watershed is the major source of water for the twin cities of 

Rawalpindi and Islamabad. Efforts should be made to improve the quality, quantity 

and regime of water in this important stream system. A holistic watershed-based 

approach will be necessary to adequately protect this stream system. Selbig (2004) 

identified a combination of best management practices (BMPs) which gave 

satisfactory results. These BMPs include infiltration medians in boulevards, 

reduced street widths, development of infiltration basins, and protection of existing 

forest cover, bio-retention swales, and vegetated stream buffers. Such BMPs are 

important to help maintain quality, quantity and regime of water in target 

watershed. The only engineering practices are not enough to help maintain 

watershed areas healthy. The lack of proper design, installation and maintenance of 

erosion control practices may result in more harm than benefit and may enhance 

sediment loading in streams due to the collapse of soil conservation structures, and 

subsequent increase in the velocity of water resulting into enhancement of erosive 

power of water. It has been observed that a culvert on the Anguri tributary 

collapsed due to choking of passages reducing flow of water. The sudden release 

of accumulated water due to the collapse of the culvert accelerated erosion 

downstream. Therefore, proper design and construction quality of the erosion 

control structures must be implemented with biological measures. 
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The statistical analysis (Mstat-C) of data regarding changes in channel 

dimensions showed significantly (P < 0.001) higher percent increase in urbanizing 

channels compared to forest and main channel categories. However, it did not 

differ significantly (P > 0.115) from agriculture category of channels. Similarly 

though forest and main category of channels did not differ significantly from 

agriculture category but showed the least percentage increase in channel 

dimensions in the watershed. There is a positive correlation between 

imperviousness and increase in channel area (P < 0.001). On the other hand there 

was significant difference (P < 0.001) in percent impervious areas of all the four 

categories of channels (Table 4.8).  

4.1.3.2 Sediment load in different channels 

 

The soil texture and bulk density of the deposits were measured. The 

percentage of sand, silt and clay in the deposit was 4 percent, 46 percent and 50 

percent, respectively, with a bulk density of 1.2 g/cm3.  

After the rainfall the water becomes highly turbid in the urbanizing 

tributaries due to the ongoing construction activities. Total sediment per liter of 

water samples taken after the rainfall in different categories of channels was 

determined as given in Table 4.9. Based on sediment load in different water 

channels the contribution of areas under different land use has been worked out as 

given in the Table 4.10. Impervious land in the form of roads, houses, and paths 

has been worked out to be 2143.48 ha. This area is contributing large quantities of 

silt from under construction sites and other vulnerable points. At present, sediment 

load in different category of channels is in the order of Urbanizing (6.6 g/l) > 

Agriculture (2.24 g/l) > Main channel (4.38 g/l) > Forest (0.71 g/l). This is 
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Table 4.8: Average changes in channel dimensions in different categories of 

channels 

Category of 

Channels 

 

Channel 

area, (m
2

) 

2005 

Channel 

area, (m
2

) 

2009 

Percent 

Increase 

( percent) 

Percent 

impervious 

area. 

Urbanizing 
18.04 20.17 11.75a 26.15a 

Agriculture 
23.66 25.22 7.17ab 12.92b 

Forest 
30.34 31.25 3.05b 9.62c 

Main Channel 180.36 183.76 1.89b 4.82d 

The values having different letters are significantly different from each other. 

 

Table 4.9: Sediment concentration in different categories of channels 

S. No. Channel Category Sediment Concentration (mg/l) 

1 Urbanizing 6596.74a 

2 Agriculture 2245.04b 

3 Forest 437.99d 

4 Main Channel 706.94c 

 

 The values having different letters are significantly different from each other. 
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indicative of the fact that sediment in the urbanizing category is significantly (P < 

0.001) higher than the forest channels. Similarly the sediment in agriculture 

channels is also significantly higher than the forest channels (P < 0.001). Sediment 

contribution of the impervious and urbanizing area is disproportionately higher 

than forest. Impervious and urbanizing area is 13.23 percent of the total watershed 

but it is contributing 52.93 percent of the sediment to the stream system. (Table 

4.10) 

 The sedimentation is quite high which is due to improper land use, 

natural geological erosion, cultivation on sloping lands, overgrazing, deforestation, 

landslides, gulleying, sheet wash and normal valley development. For effective 

control of this rate of erosion in the catchment area and to prepare a proper 

management plan of the catchment, the study of the present land use and siltation 

capability of the watershed is very essential. Thus this study provided the baseline 

data for further studies. It is evident from the results that the sites under 

construction are the major contributor of silt to the reservoirs, therefore prudent 

interventions with all the possible control and mitigation measure must be adopted.  

4.1.3.3 Sedimentation in the Simly reservoir 

  

The Simly reservoir has a length of 11 km, and maximum depth of 76.2 m. The 

gross capacity of the Simly Reservoir is 47.94 million cubic meters at 706.22 m 

reservoir level with dead storage of 10.79 million cubic meters at reservoir level of 

680.62 m (secondary data). The sediment measurement was done through eco-

sounding.  The losses in capacity were measured in 1999. The capacity of the 

reservoir was measured again in 2009. It was estimated that there was a total loss 
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of capacity of 5123972.18 m3 from 1983 to 1999 (in 16 years). This means that 

there has been an average silt deposit of 320248.26 m3 per annum, or 19.77 m3 per 

hectare per year. From 1999 to 2009, there has been a silt deposit of 3569899.1m3. 

This gives an annual rate of soil loss of 22.04 m3 per hectare per annum. The 

increase in sediment load is about 11.5 percent which may be attributed to the 

development activities being carried out in the watershed (Table 4.11). However, 

statistical analysis shows that difference is not-significant (P > 0.116).  At the 

present rate of siltation the dam will remain operational for another 100 years. The 

average annual loss is 0.716 percent; however, the life can further be enhanced by 

reducing the pace of development in the watershed. The soil partial composition of 

the deposit was measured. There was 4 percent sand, 46 percent silt and 50 percent 

clay.   This sediment deposit could be excavated from the reservoir bed during dry 

period and can be utilized to spread over the surface of marginal lands to enhance 

the productivity of those marginal lands. Currently the sedimentation is quite high, 

which is due to improper land use, natural geological erosion, cultivation on 

sloping lands, overgrazing, deforestation, landslides, gulleying, sheet wash and 

normal valley development. For effective control of this rate of erosion in the 

catchment area and to prepare a proper management plan of the catchment, the 

results of the present study on present land use and siltation will be helpful. This 

study recognized that increased impervious cover in the Simly watershed is 

adversely impacting stream water quality and channel stability. It also established 

that the urban development is having detrimental impacts on the hydrology and 

aquatic ecosystem of the Simly watershed.  
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Table 4.10: Sediment contribution by different land uses 

Land use 

 

Area (ha) 

 

percentage 

of total area 

Water 

outflow 

MCM 

Sediment 

concentration 

mg/l 

Sediment 

losses Tons/ha 

Percent 

contribution 

Forests 10273.75 63.41 90.09 437.99 39459.06 16.84 

Cultivated 3597.10 22.20 31.54 2245.04 70815.80 30.23 

Impervious 2143.48 13.23 18.80 6596.74 123994.49 52.93 

Lake 186.94 1.15 1.64 

  

0 

Total 16201.26 100 142.07 

 

234269.36 100 

 

 

 

Table 4.11: Sediment deposit in Simly dam 

Time (yrs) Impervious area Annual Sediment deposit 

m3/ha 

1983-1999 10.96a 19.77a 

1999-2009 13.23a 22.04a 

 

The values with same alphabet indicate that statistically they do not differ 

significantly from each other.  
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  This has further augmented a study by Morley (2000) that found severe stream 

degradation of riparian areas may be prevented through protection and 

reforestation of these areas, but these measures are not enough to maintain 

biological integrity in streams draining highly urban basins.  

The major portion of the Simly watershed is largely protected with state 

and Guzzara forests. But the aquatic ecosystem is still under threat due to the 

unchecked development activities on private lands. The Soan river, is the most 

important river of Pothwar and it is and will be the major source of water for 

Islamabad for another hundred years. Thus preserving and improving the water 

quality of the Simly dam cannot be overemphasized. It will require controlling 

development and impervious land use in the watershed within permissible limits. 

One option is that area, of Murree and Kotlisattian tehsil should be declared as 

National Parks to prohibit all types of intervention within this critical area. In this 

way the overall extent of imperviousness and its effects on hydrology and stream 

ecology could be kept within admissible limits. The Simly watershed will continue 

to be urbanized even if the plan of new Murree city is aborted as there is a great 

growth potential of the housing sector and there are not enough restrictions on land 

use change in this fragile area. This study provides baseline data for future research 

to investigate variations in stream water quality and channel morphology with the 

change in land use. The knowledge of these hydrologic responses could be applied 

to other similar watersheds in the country. 
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4.1.4 Water Quality 

 

In addition to the silt load which is evident from the change in channel 

morphology and increase in siltation of the reservoir. Similarly urbanized areas 

contributed proportionally more total Coliform and fecal Coliform and E.coli as 

compared the area dominated by other land uses (Table 4.12). Results for pollutant 

concentrations and loads indicate that urbanization is adversely impacting the 

water quality of Simly dam/reservoir. It was observed that even sediment 

concentrations were significantly higher on the urbanizing Soan River than on the 

Khad River. After rainfall the runoff water is in the form of mud slurry in area of 

the active development activities. Although the Soan river watershed has an area of 

30.11 percent of the total watershed, 45 to 50 percent of the sediment load was 

attributed to the Soan River watershed because of the infrastructure development 

especially IMDCW. Urban land use is about 13.23 percent of the total watershed 

area, but its share of the sedimentation is disproportionately high (52.93 percent) in 

Simly. Similarly, the urbanized area contributed proportionally more coliform 

E.coli as compared to the area dominated by other land uses. Enhanced sediment 

loading due to the urbanization of Simly watershed has also adversely affected the 

aquatic ecosystem. Total fish population has shown a decrease from 2005 to 2010 

(Personal communication with the Director Fisheries Department).  

4.1.5 Water Regime 

 

The statistical analysis of the data of flow regime revealed that the 

instances of high flow in different categories of channels do not have significant 

differences (P > 0.126). 
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Table 4.12: Water quality of different categories of channels 

Parameters Units WHO 

limits 

Urban 

(mean) 

Agriculture 

(mean) 

Forest 

(mean) 

Main 

(mean) 

Turbidity  NTU  5 NTU 105.64 11.51 7.27 27.54 

pH     6.5 - 8.5 8.24 8.61 8.62 8.56 

Alkalinity  mg/1  500mg/1 263.00 361.63 263.33 268.44 

Hardness as 

CaCO3   

 

mg/l 

  

500mg/l 

 

312.89 

 

255.33 

 

247.70 

 

261.56 

 

Conductance  µS/cm  2000µS/cm 709.44 683.89 648.00 698.11 

Calcium  mg/1  75 mg/1 65.16 115.06 72.03 61.39 

TDS  mg/1  1000 mg/1 476.67 334.56 234.00 314.89 

Chlorides  mg/1  200 mg/1 14.22 14.00 15.33 12.89 

Nitrite as  
- NO

2 

 

 

mg/1  

 

< 1 mg/1 

 

0.32 

 

0.32 

 

0.17 

 

0.27 

 

Fecal 

Coliform 

Count  

 

 

 

Colonies 

/ 100 ml 

  

Nil /100 ml 

 

2156.13 

 

492.00 

 

286.11 

 

506.29 

 

E.coli 

  

Colonies 

/ 100 ml  

Nil /100 ml 

 

94.63 

 

23.00 

 

16.63 

 

54.00 
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However, instances of high flow were more in urban areas followed by 

agriculture and forest, whereas least instances of high flow were observed in main 

channel. Likewise, observed behavior of streams regarding dry instances has no 

significant difference (P > 0.121) in urban and agricultural category of channels. 

However, forest channels showed significantly (P < 0.002) less instances of 

dryness than urban and agriculture. The main channel had the most significant 

results as no dry instance recorded in this category (P < 0.000). The order of 

frequency of dryness was urban > agriculture > forest > main channel.  Significant 

flow in different channels has been observed in the following order: forest > main 

channel > agriculture > urbanizing channels. The difference between urbanizing 

and forest category was highly significant (P < 0.001). Similarly the difference 

between forests and agriculture was also significant P < 0.002). This indicates that 

forests play a positive role in steady flow of streams. Main channel has been seen 

flowing throughout the year. This condition of flow is significantly higher than 

urbanizing channels, indicating the detrimental impacts of urbanization on steady 

flow of channels. Main channel has been flowing throughout the year. It was 

observed that it was just flowing (very low flow) in 246 out of total 426 

observations followed by urbanizing (185) Agriculture (169) and forest (161). The 

difference between forests and main channel is significant (P < 0.002). Channels in 

urbanizing category remain flowing at very low flow because of the sewerage 

water being added to them from urbanized areas, otherwise there would have been 

more dry instances than observed (Table 4.13). 
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It can be inferred that urbanization is causing detrimental impacts on 

streams flow. Streams under urbanized conditions show more erratic behavior. 

Instances of dry and high flow are more than the steady and significant flows, On 

the other hand forest channels showed steady flow most of the times. Channels 

under the agriculture category were in between the two extremes of urbanizing and 

forest categories.  

 Figure 4.2 revealed the highest percentages (45 percent) of dry instances in 

urbanizing channels following 35 percent in agriculture category of channels while 

lowest percentage (20 percent) of dry instances has been recorded in forest 

category of channels. Similarly, maximum percentage of high flood instances was 

recorded in urbanizing channels followed by agricultural channels while lowest 

was in case of Forest category of channels (Figure 4.3). 
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Table 4.13: Number of observations about water flow in different categories 

of channels (Streams) 

Water flow 

category 

Categories of channels Total 

observations Urbanizing Agriclture Forest Main 

Dry 105d 81d 47e 0g 233c 

Just flowing 185b 169bc 161bc 246a 761a 

Significant 

flow 

100d 142c 188b 164bc 594b 

High flood 36ef 34ef 30efg 16fg 116d 

Total 

observations 

426 426 426 426  

Means in column /row followed by different letter(s) are statistically significant at 

P < 0.05 
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Figure 4.1: Dry Instances in different Categories of Channels 

 

 

 

 

Figure 4.2: High flood Instances in different Categories of Channels 
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4.1.6 Delineation of Critical Watershed Zones Based on Vulnerability to 

Destabilization due to Development Activities. 

4.1.6.1 Identification of critical areas in the Simly watershed 

 

The most important factors in a watershed that cause hydrological impacts 

are: topography, slope, soil and land use of the area. The topography, slope and 

soil are the factors which have prime importance as these are not interveneable by 

the human being in normal circumstances. The land use is the only factor that can 

be prudently managed to achieve the objective of drawing maximum benefits for 

humanity and causing minimum degradation in the natural ecosystem. As a result 

of human intervention for infrastructure or other development activities that need 

the use of earth moving equipment, disturb soil and or increase the proportion of 

impervious area in the watershed. It is established that the quantum of degradation 

is higher in areas that have steep slopes. Increase in surface water runoff, loss of 

soil, increase in gully formation, and increase in channel cross section area and 

changes in channel morphology has been noticed in area with higher slopes. 

Similarly, the soil is a factor which is not easily controllable. Soils with a higher 

ratio of clay and silt, inter-bedded with sand stones and shale are more prone to 

soil erosion and mass movement.  

   During the vehicular survey and ground truthing of data of the Simly and 

the Mangla watersheds, developed through image processing it has been observed 

that landslides and gully erosion are of frequent occurrence in the areas having 

more than 40 percent slope. Based on this observation and research carried out in 

the Simly watershed the areas has been delineated,  where it is not advisable to 

carry out large scale infrastructure or other development activities that need soil 

disturbance or increase the proportion of  the area under impervious land use. 
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Similarly it is not advisable to practice agriculture in the areas having more than 15 

percent slopes. But here agriculture practices are being done even at a slope of 

more than 50 percent. Areas with so much steep slopes should have been put under 

forest and orchards with no to minimum soil disturbance.  

The Simly watershed extends over an area of 16201.26 ha. The slope of the 

area is steep to very steep most of the area having precipitous slope. Only 14.3 

percent of the area is having slope up to 50 percent while about 60 percent of the 

area is having slope more than 30 percent. The extent of area in different slope 

bands is given in Table 4.14. In the Simly watershed the sub watershed areas 

where prudence is required while making decisions to go for land disturbing 

interventions, like roads and townships development etc. are given in Table 4.15.   

4.1.6.2 Identification of critical areas in the Mangla watershed 

 

There is a similar situation in the Mangla watershed, only 20.64 percent of 

the area has a slope up to 15 percent, and 32 percent area has a slope up to 30 

percent.  Nearly 50 percent of the area has a slope above 50 percent. Thus, the 

watershed has a limited percentage of area suitable for agricultural practices, 

urbanization and other land uses that require land disturbances. The extent of areas 

in different slope bands in the Mangla watershed is given in Table 4.16. 

Fortunately, the Mangla watershed has a vast area and pressure of urbanization is 

far less than the Simly watershed. However, the pressure of urbanization and 

impervious land use is very high around the major towns of the state, especially 

Muzzaffarabad and Rawlakot. Similarly, development of tourist resorts at Balakot, 

Showgran, Kaghan and Naran are under way and a two lane asphalt road has been  
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Table 4.14 Area of the Simly watershed in different slope bands 

S.No. Slope band 

( percent) 

Area in ha. Percentage Cumulative 

percentage 

1 0-15 2316.06 14.30 14.30 

2 15-20 1090.02 6.63 20.93 

3 20-30 3197.62 19.74 40.67 

4 30-40 3846.56 23.74 64.41 

5 40-50 2925.55 18.06 82.47 

6 50-60 1698.92 10.49 92.96 

7 60-70 770.87 4.76 97.72 

8 70-80 243.12 1.50 99.22 

9 80-90 74.2 0.46 99.68 

10 90-100 30.03 0.19 99.87 

11 >100 8.40 0.05 99.92 

 

Table 4.15: Watershed areas prune to destabilization in Simly watershed. 

S. basin S.Subbasin Area ha. Lat Long SLOPE Imp_area %Imp 

1 1 133.68 33.912 73.408 50-60 48.99 36.65 

1 2 115.42 33.911 73.421 50-60 16.92 14.66 

1 3 493.48 33.893 73.395 30-40 118.84 24.08 

1 7 133.68 33.870 73.390 30-40 25.19 18.85 

1 42 723.14 33.894 73.419 30-40 143.86 19.89 

1 43 34.74 33.880 73.412 20-30 8.73 25.13 

Total 

 

1634.14 

   

362.54 22.19 

2 5 333.31 33.873 73.439 30-40 80.55 24.17 

2 6 253.81 33.869 73.457 30-40 64.13 25.27 

2 9 127.20 33.862 73.387 30-40 23.75 18.68 

2 10 301.51 33.857 73.469 40-50 36.43 12.08 

2 11 141.92 33.854 73.426 50-60 14.03 9.89 

2 16 234.37 33.829 73.461 40-50 33.47 14.28 
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S. basin S.Subbasin Area ha. Lat Long SLOPE Imp_area %Imp 

2 18 112.48 33.820 73.454 40-50 13.59 12.08 

2 21 124.25 33.813 73.442 40-50 16.38 13.18 

2 25 248.51 33.800 73.428 30-40 40.95 16.48 

2 44 59.48 33.862 73.460 30-40 16.33 27.46 

2 46 120.13 33.823 73.440 50-60 15.84 13.18 

2 60 15.90 33.851 73.446 20-30 3.67 23.07 

2 69 45.34 33.812 73.412 40-50 3.49 7.69 

2 71 136.62 33.805 73.405 40-50 10.51 7.69 

Total 

 

2254.82 

   

373.12 16.55 

3 33 118.95 33.762 73.348 20-30 17.90 15.05 

3 53 68.90 33.767 73.358 40-50 4.84 7.02 

  

187.85 

   

22.74 12.10 

4 27 203.75 33.790 73.367 40-50 20.48 10.05 

4 50 23.56 33.781 73.398 50-60 2.13 9.05 

4 52 68.90 33.783 73.391 40-50 6.23 9.05 

4 73 32.39 33.788 73.390 50-60 1.95 6.03 

Total 

 

328.59 

   

30.80 9.37 

5 39 154.29 33.741 73.351 50-60 13.32 8.63 

5 76 82.44 33.759 73.367 40-50 7.12 8.63 

Total 

 

236.73 

   

20.44 8.63 

G. Total 

 

4642.14 

   

809.65 17.44 
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Figure 4.3: Simly watershed critical areas 
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Table 4.16: Area of the Mangla watershed in different slope bands 

S.No. Slope band Area in ha. Percentage Cumulative  

percentage 

1 0-15 460795.66 20.64 20.64 

2 15-20 85780.18 3.84 24.48 

3 20-30 162257.49 7.27 31.75 

4 30-40 193320.19 8.66 40.41 

5 40-50 214273.49 9.60 50.01 

6 50-60 1115855.86 49.99 100 

Total 2232282.87 100  

  

 

 

Table 4.17: Watershed areas prone to destabilization in the Mangla 

watershed within Pakistan 

SWS 

No. 

Area in 

ha. 

Location 

Latitude 

Location 

Longitude 

Slope% Impervious 

L.use 

%impervious Elevation 

in meter 

30 26600.70 33.80654 73.71436 >50 2669.59 10.04 1536.63 

46 31718.93 33.21461 73.82425 20-30 4334.37 13.66 488.14 

86 2774.64 34.32446 73.47196 >50 604.52 21.79 891.84 

87 84037.24 34.07035 73.51506 40-50 9192.25 10.94 1413.10 

88 16491.30 33.81361 73.57221 >50 1806.85 10.96 1019.49 

89 92382.15 33.50315 73.60652 >50 9504.74 10.29 623.61 

 254005 
 

 
 

28112.31 11.07 1536.63 
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Figure 4.4  The Mangla watershed critical areas 
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developed from Abbotabad to Naran which has destabilized the area, and at an 

average there is one big landslide per five kilometer of road traverse. Frequent 

traffic jams have been observed during summer months, therefore, this road will 

have to be expended to six lanes or at least four lanes to cope with the traffic load. 

This expansion of the road will further destabilize the area. Because this area 

generally has a slope of around 50 percent. Similar situations occur along 

Islamabad-Murree-Muzzafarabad road, Garhi Habibullah-Muzzaffarabad roads 

and roads in Nilum and Jhelum valleys. In addition to the observance of prudence 

in development of road network in hilly areas in general, areas of watershed given 

in Table 4.17 needs special consideration as they have slope of more than 50 

percent. 

4.2 SOCIOECONOMIC IMPACTS OF INFRASTRUCTURE 

DEVELOPMENT ON LOCAL COMMUNITIES 

 

The major indictors selected for this study to determine the socio-economic 

impacts of infrastructure development are: population growth, literacy/ education, 

health, discrimination towards sex, housing pattern, household items, life style 

and general perception of the people of the local community. 

4.2.1 Population Size, Growth and Distribution 

 

The total population of Murree and Kotlisattian tehsils of Rawalpindi 

district was 0.3 million with a growth rate of 2.7 percent during 1998 census. The 

total area of these Tehsils is 738 km2 with a population density of 349.5 km-1 

verses 235.7 km-1 observed during 1981 indicating the fast growth rate in the area. 

The urban population of Murree town was 12.1 percent of the tehsil population 
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(tehsil Murree population) and 8.2 percent of the population of Murree and 

Kotlisattian tehsils during the 1998 census.  

4.2.2 Demographic Characteristics of Simly Watershed 

 

The watershed area is spreading over 162.01km2 and there are 49 villages, 

10710 households and 64260 people living in the area falling in the Simly 

watershed.  

4.2.2.1 Population age structure 

 

According to the population census conducted in 1998, the population is 

comprised of persons under the age of 5 years (12.2 percent), 6- 18 years (33.2 

percent), 19-70 years (54.2 percent) and more than 70 years (1 percent) (Table- 

4.18). Thus the total dependents were 44.6 percent of population. Whereas working 

population (19-70 years of age) was 54.4 percent (Anon., 1999). 

The results of study revealed that dependent population (1-18 years) 

decreased from 48 percent to 32 percent while working class increased from 54  

percent to 65 percent in 2009 (Table 4.18). However, the ratio of people above 70 

years age increased from 1 percent to 3 percent. This indicated that food, health 

and awareness / education facilities have improved in the target areas resulting into 

increase in life expectancy of masses. The population in the age classes below 18 

years has declined from 48 percent (1998) to 32 percent (2009). This indicates that 

population growth rate in this area has declined as compared to the national growth 

rate in 1998. This is a positive trend and indicates awareness in the masses about 

population growth hazards. Similarly, increase in population of people in the age 
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group of 70 years and above from 1 percent to 3 percent is indicative of better 

health and food facilities in the area. 

There were 102 females for every 100 males in 1998 while this ratio 

decreased to 85 females for every 100 males in 2009. However, the sex ratio in 

different age classes has shown very interesting trends. Overall, there were fewer  

females than males.  There were 44 percent female in the age group above 18 

years. But the number of females in the classes up to 18 years increased to 51 

percent whereas male population was 49  percent, indicating that young female 

population has increased in 2009 (Table 4.19). This is a positive social change. The 

female child is getting the same attention as the male child, thus there is a decrease 

in discrimination on sex basis. The female life expectancy was still less than males 

in 2009; this may be attributed to more work load on females at the household 

level. However, in working classes, males dominate but this dominance is very 

nominal.  
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Table 4.18: Showing comparison between population age structure during  

1998 and 2009 (in percent) 

Population Age Structure 

Age group (Years) 1998 2009 

1-5  12 5 

6 -18 33 27 

19-70 54 65 

> 70 1 3 

Total 100 100 

 

Table 4.19: Showing age wise comparison between female and male 

population of the area. 

Age group (Years) 

Sample 

Population 

Females 

 

Males 

 

1- 5 34 (5) 19 (6) 15 (4) 

6 -18 182 (27) 92 (29) 90 (25) 

19 -60 415 (60) 189 (60) 226 (61) 

61-70 33 (5) 11 (3) 22 (6) 

> 70 22 (3) 6 (2) 16 (4) 

Total (100) (100) (100) 

Note: Figures in parenthesis are percentage values of population 
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4.2.3 Literacy /Education  

 

According the 1998 census of the total educated persons 15.6 percent were 

below primary, 26.6 percent were primary, 24.6 percent were middle, 19.4  percent 

were matriculate,7.7 percent were intermediate, 5.1 percent graduate, 1.5 percent 

were postgraduates and 0.5 percent hold certificates and diplomas in professional 

educations. In the urban areas the people were better qualified. Generally, the 

males were more highly educated than females. The overall literacy rate at present 

was 77 percent (2009) whereas it was 70.4 percent in 1998. However, the literacy 

rate in age group 6 to 18 is 83.34 percent. Here too the females were in a better 

position; the literacy rate in females was 83.7 whereas the literacy rate in male was 

83.40 percent (Table 4.20 and 4.21 and Figures 4.6 and 4.7). 

Overall, the illiterate population is 23 percent of the total population.  In 

males illiteracy is 14.97 percent whereas illiteracy in females is 32.55 percent. 

However, when we dug deeper it revealed that the illiteracy in the young female 

population is decreasing. This is evident from the fact that 39.8 percent of the 

female population above the age of 18 years is illiterate, whereas the illiterate male 

population in this age group is only 14.39 percent, while in young males illiteracy 

is 16.6 percent that is more than females in the population (Table 4.21). This trend 

indicates that the female population use to be considered less importance in the 

past, but the present situation is quite different. These results also indicate that at 

present there is no educational discrimination on the basis of sex. All these indices 

of age structure, education and illiteracy are indicating a positive social change due 

to infrastructure development in the target area. 
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Table 4.20: Sex wise educational attainment 

Education 

level 

Sex wise education Total 

 Female Male 

Illiterate 104 (34) 58 (16) 162 (24) 

Primary 91 (29) 71 (20) 162 (24) 

Middle 41 (13) 73 (21) 114 (17) 

Matric 47 (15) 108 (30) 155 (23) 

Intermediate 16 (5) 35 (10) 51 (8) 

Bachelor 11 (4) 3 (1) 14 (2) 

Master 1 (0) 8 (2) 9 (2) 

Total 311 (47) 356 (53) 667 (100) 

Note: The values in parenthesis are percentage values 

 

 

Figure 4.5: Population education levels in the Simly watershed  
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Figure 4.6: Sex wise percent educational attainment in Simly watershed  

 

 

 

 

Table 4.21: Illiterate population above and below 18 years of age in 2009 

Age 

(years) 

Total 

females 

Illiterate 

females 

Percentage Total 

males 

Illiterate 

males 

Percentage Both 

Sex 

Illiterate Percentage 

6-18 92 15 16.30 90 15 16.60 182 30 16.66 

> 18 206 82 39.80 264 38 14.39 470 120 25.53 

Overall 298 97 32.55 354 53 14.97 652 150 23.00 
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4.2.4 Economic Independence of Women 

 

 The women are now better qualified, however they are not economically 

independent. Most of the women are not employed or earning something for 

themselves or their families. Women are mostly in household jobs (House wife). 

Women in housekeeping jobs are 56 percent of the population, students 35 percent, 

service 2 percent and crafts or labor jobs are 1 percent. On the other hand in males 

22 percent are serving, 7 percent are retired, 17 percent craftsmen, 10 percent 

agriculture, 5 percent trade, 31 percent students, 2 percent on other jobs mostly 

working abroad, and 6 percent of males are jobless (Table 4.22 and figures 4.8, 4.9  

and 4.10). 

These results are indicative of the fact that due to better infrastructure there is 

access to educational institutions, but more females are getting education (35 

percent female students). Being a male dominated society more males are engaged 

in household earnings so their educational priority is on the decline (31 percent 

male students) due to economic stress (Figure 4.9). This shift in education priority 

on the part of male population is draining out the male work force for high earning 

jobs out of the watershed area which ultimately lead to more investment in 

infrastructure development. 
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Table 4.22: Population in various job categories during 2009 

Occupations 

Female Male 

Number percentage Number percentage 

No job 17 6 21 6 

Agriculture 1 0.5 36 10 

Craftsman 2 1 60 17 

Service 6 2 77 22 

Retired 0 0 25 7 

Trade 0 0 17 5 

Student 105 35 106 31 

Other (Household) 170 56 6 2 

2 
 

 

 

 

 

Figure 4.7: Females share in various job categories in the Simly watershed 
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Figure 4.8: Showing male share in various job categories in the Simly  

watershed 

 

 

 

 

 

Figure 4.9: Sex wise employment in different professions in the Simly 

watershed 
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4.2.5 Broad Analysis of Housing Data 

4.2.5.1 Housing data level of congestion 

 

The level of congestion of housing units is determined in terms of persons 

per housing unit or person per room or rooms per housing unit. The average no of 

rooms per house was 2 in 1991 whereas the number of rooms in 2009 was 3.12.  In 

1991, 63 percent of the housing units were without bathrooms, whereas in 2009 

only 15 percent houses were without a bathroom. This indicated a very positive 

social change on the cost of infrastructure developments in the watershed area that 

resulted in a degraded watershed. Similarly, the housing units with a living or 

drawing room locally called “Bathak” were only 41 percent in 1991, whereas in 

2009 there were 76 percent households with a “Bathak”. Likewise, households 

having a formal Kitchen were only 72 percent in 1991 whereas 93 percent 

households had a formal kitchen in 2009. (Table 4.23 and 4.24) 

The number of persons per housing unit has decreased from 6.4 in 1998 to 

5.5 in 2009.   The numbers of persons per room are 1.79 at present against 2.5 in 

1998. These results reveal that land use pattern is changing, the impervious area is 

on the increase due to infrastructure developments and watersheds that are under 

threat. (Table 4.24) 

4.2.5.2 Quality of houses 

 

The construction quality of houses has undergone changes since 1991 in the 

form of improvements in construction materials and use of substitutes such as 

corrugated sheets in roofs, cement concrete and cement mortar in construction.  
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4.2.5.2.1 Roof material 

  

Wood was the predominant roof material in 1991 when 74 percent of the 

houses had wooden roofs, 23 percent had corrugated sheets roof and only 2.4 

percent had reinforced cement concrete (RCC) roofs. The situation has changed 

and at present there are only 32 percent houses with wooden roofs, 48 percent of 

houses with corrugated sheet roofs, 9 percent houses have RCC roofs and 10 

percent of houses having T-Iron (Steel having cross section of T shape) as roof 

material. (Table 4.25) This shift from wood to other kinds of roofs is an indication 

of economic well-being of the people of the area as a result of improvement of 

infrastructure. 

 This has a positive impact on forests of the watershed too as this trend has 

reduced the pressure on forests for procurement of timber for roofs.  

4.2.5.2.2 Wall material 

 

Similarly, wall material has shown changes. There were 80 percent of 

houses with stones in mud, 16 percent, of house, were constructed with stone in 

cement, whereas houses with bricks or cement blocks were only 4 percent during 

1991. At present only 32 percent of the houses have stone in mud masonry, 51 

percent of houses have stone in cement, and 17 percent of houses had bricks or 

cement blocks walls in 2009. (Table 4.27 and Figure 4.13 and 4.14) 
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Table 4.23: Changes in housing pattern with time ( In Percentage) 

Index 1991 1998 2004 2009 

House with Kitchen 
72 79 88 93 

House with living room 
41 50 64 76 

House with bath room 
37 50 73 85 

House with other rooms 
6 7 7 7 

 

 

Table 4.24: Housing pattern and changes with time in number of rooms  

 

Type of Rooms 1991 1998 2004 2009 

Bed rooms 260 301 345 384 

Kitchen 87 97 110 116 

Living room 51 61 79 93 

Bathroom 47 65 105 123 

Others 10 12 13 13 

 

 

Table 4.25: Housing pattern and changes with time in roof material (percent) 

Roof material 1991 1998 2004 2009 

Wooden 
74 66 48 32 

Corrugated Sheets 
23 31 43 48 

T-Irons 
1 1 4 9 

RCC 
2 2 4 9 

Others 
1 1 1 1 
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Table 4.26: Housing pattern and changes with time in floor material (percent) 

Floor material 1991 1998 2004 2009 

Mud plaster 
77 65 46 27 

Plain cement 
21 31 46 57 

Cement Mosaic 
0 0 2 4 

Tiles 
2 4 7 12 

Other 
0 0 0 0 

 

Table 4.27: Housing pattern and changes with time in wall material (Percent) 

Wall Material 1991 1998 2004 2009 

Stones in mud 
80 72 51 32 

Stone in cement 
16 23 40 51 

Bricks in cement 
2 2 5 10 

Cement blocks 
2 2 4 7 

Other 
0 1 0 0 

 

 

  

Table  4.28: Changes with time in household items (percent) 

Household items. 1991 1998 2004 2009 

Refrigerator 
7 19 36 57 

Television (TV) 
12 33 40 57 

Video Cassette Recorder (VCR) 
2 2 5 8 

Satellite dish/cable 
0 0 1 3 

Car 
2 2 2 5 

Motor bike 
0 1 2 3 

Cooking range/oven 
1 2 4 4 
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4.2.5.2.3  Floor material 

 

Mud plaster was the predominant floor material in 1991 and 77 percent of 

houses had mud plaster as floor material, 21 percent houses had plain cement as a 

floor finish and only 2 percent houses had other sorts of floors like mosaic or tiles. 

On the other hand, in 2009 mud plaster had reduced to 27 percent, plain cement 

had increased from 21 percent in 1991 to 57 percent in 2009, and tile or mosaic 

floor has increased to 16 percent. (Table 4.26 and Figure 4.15 and 4.16) 

4.2.6 House Hold Items 

 

House hold items are a good measure of prosperity and civic sense. In 

1991, only 7 percent of the houses had a refrigerator, whereas now 57 percent 

houses have refrigerator. Similarly, television (TV) has increased from12 percent 

to 57 percent. In 1991, only 2 percent houses had cars whereas now 5 percent of 

houses have cars. Motorbikes have increased from almost zero to 3 percent. These 

results show economic wellbeing of people and significant increase in 

infrastructure development in watershed that will ultimately lead to degradation in 

watershed (Table 4.28). 

4.2.7 Water Supply System and Garbage Disposal System 

 

It has been observed that only 14 percent of houses had a water supply 

system in 1991, whereas now 44 percent houses have the facility of a tap water 

supply system. On the other hand, the area is lacking an organized or formal 

arrangement for garbage disposal. Most of the households are either burning the 

garbage or just throwing it out. (Table 4.29 and 4.30) 
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Figure 4.10: Roof materials in 1991   

 

 

Figure 4.11: Roof materials in 2009 
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Figure 4.12: Wall materials in 1991 

 

 

 

 

Figure 4.13: Wall materials in 2009 
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Figure 4.14: Floor materials in 1991 

 

 

 

 

Figure 4.15: Floor materials in 2009 
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Table 4.29: Source of water for home Use (percent) 

Source of water for home use 1991 1998 2004 2009 

Public well 78 71 55 48 

Buy water 1 1 1 3 

Water supply system 14 22 35 44 

Own Source (Well) 3 3 6 9 

Other 3 3 3 2 

 

Table 4.30: Arrangements for garbage disposal (percent) 

Garbage disposal 1991 1998 2004 2009 

Take it away 
73 68 58 52 

Burn it 
14 18 33 37 

Compost it 
13 14 9 11 

 

Table 4.31: Area under different land uses (area in Kanals) 

Land use   1991 1998 2004 2009 

Wasteland. 1093.25 1028.25 996.75 1044.15 

Cultivated, 1059.00 1062.00 1021.50 973.50 

Pasture 395.00 391.00 392.00 375.00 

Forested land 227.05 226.50 211.25 210.25 

Under road 46.50 49.00 77.00 78.00 

Under buildings 123.13 112.68 123.93 126.55 

Total 1738.25 1728.25 1743.75 1753.75 

 

Table 4.32: Average number of livestock per house hold 

Livestock  1991 1998 2004 2009 

Cattle’s 1.65 1.59 1.43 1.36 

Goats/sheep 3.30 3.33 2.96 3.15 

Horse/mule/donkey 0.03 0.02 0.02 0.02 

Camels 0.00 0.00 0.0 0.00 

Chickens 11.50 11.22 10.39 9.09 
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4.2.8 Interest in Farming 

 

The land holding of the people living in the area is very small. Average per 

capita land share is 0.132 ha, (2.56 kanals ) whereas, per-capita cultivated land is 

only 0.067 ha (1.32 kanals). Thus, the people have very little stake in agriculture. 

People cannot meet their food requirements from their own land. They purchase 

their food grains from the market, and the interest in farming is decreasing. Only 

the retired and illiterate populations are doing agriculture.  On the average a house- 

hold spent 10 to 15 days in a year on doing agricultural work. The only input, in 

addition to seed was a little fertilizer. Women participation in agricultural field 

work is more than the male members of the population. Harvesting of crops and 

weeding is usually done by females. People are taking two crops, wheat and maize, 

in a year thanks to the high rain fall in the area. Average wheat production is 1000 

kg/ha, and maize production is 820 kg/ha. 

4.2.9 Source of Fuel 

 

Wood is still the predominant source of fuel for cooking and heating. In 

1991, 86 percent households were fully dependent on wood as fuel, while in 2009 

wood has reduced to 69 percent. At present, 18 percent of households are using 

fossil fuels, which was only 4 percent in 1991. Forest is the source of fuel wood for 

the communities living in the area. The percentage of households that spend 2-3 

hours daily for fuel wood collection from forest is 64 percent. The remaining 

households go to the forest for collection of fuel wood on a need basis. Fuel wood 

collected from forest is the only source of fuel for special occasion like weddings 

and mourning. (Figure 4.17 and 4.18) 
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4.2.10 Livestock Rearing 

 

Interest in livestock has also been reduced. There were on average 1.65 

cattle, 3.3 goats and 11.5 chickens per household. The situation in 2009 has 

changed and a decline in the interest in livestock has been noticed. The households 

that are keeping these animals both for home consumption and sale are 65 percent 

and households keeping the animals only for sale are 35 percent (Table 4.32). 

4.2.11 Social impacts of Infrastructure Development: People’s Perception 

 

The majority of the respondents were of the view that the changes taking 

place are positive. For example, 98 percent of the respondents were of the view 

that civic sense has increased. Similarly, 85 percent of the respondents feel that 

travelling facilities have improved. People also feel that the education facilities 

have increased. Litigations, conflicts and crimes have increased a little. However, 

as per perception of the people of the area there is no significant change in peace, 

security, safety and health facilities in these areas (Table 4.33). 

It is evident from the statistics given earlier and there is a decrease in 

farming activities. Here too the results endorse the above findings. Although the 

people are earning very little from their land, they are very attached to their land 

and do not like to sell it. However, they consider the development activities as a 

good opportunity and do not feel any type of cultural or social threat. The 

respondents in favor of these development activities of the total were 93 percent. 

The majority of the respondents were of the opinion that there should be more 

investment in the education and tourism sectors (Table 4.33). 
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Figure 4.16: Sources of fuel 1991 

             
 

 

 

Figure 4.17: Sources of fuel 2009 
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Table 4.33: People perception regarding new settlement and infrastructure 

development 

New settlement and infrastructure 

development  

Increase 

percent 

Decrease 

percent 

No Change 

percent 

Civic sense 98 1 1 

Cost of Land 87 0 13 

Traveling facilities 85 0 15 

Marketing of produce     ( Improved ) 85 5 10 

Dislocation/ Abandonment of  old 

settlement 73 6 21 

Education (School) 72 1 27 

Cohesion and feeling of oneness 71 6 23 

Litigation Cases 61 11 28 

Conflicts 55 34 11 

Crimes 50 5 45 

Health Facility ( Hospital/ dispensary) 48 40 12 

Feeling Safe at personal level 46 8 46 

Peace of mind 44 44 12 

Sources of living income 43 30 27 

 Safety over all 38 4 58 

Job Opportunities 35 32 38 

Interest in farming 21 44 35 

Coordination in the community 20 50 30 

Diversification of  settlement 15 50 35 

Contentment 14 48 38 
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4.2.11.1 Perception about forest and wildlife 

 

People are well aware of the importance of forest. They knew that the 

tourists are visiting their area due to forest and scenic beauty. Forests and wild life 

is an important resource and they are worried that these resources are being 

degraded. The major cause of degradation as per their perception is forest fire and 

illicit practices like fragmentation of habitat, poaching and other illegal practices 

(Figures 4.19 and 4.20). 

4.2.11.2 Laws about communal land 

 

The majority of the respondents did not know about the laws concerning 

communal lands. About 70 percent of respondents were of the view that people do 

not obey the laws because the laws are unrealistic and powerful people have no 

fear of being trapped or punished. 

4.2.11.3 Hopes for the future 

 

 The residents of the area are hopeful of their future. However, all their 

hopes are attached to facilities for better education and a system based on merit, 

equality and justices. There is however, a sense of insecurity in the people and if 

they get some chance they will use that for economic establishment and wellbeing 

of their families instead of wellbeing of the area 

4.2.12 Culture 

 

The people are more attached to the religion and its values. Due to 

unfavorable agricultural conditions the people have little time for the pursuit of 

cultural activities. The young people in the past use to play Kabbadi, wrestling, 

tent pegging, and ‘Bini’. Now the trend is shifted towards volleyball and cricket,   
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which is the most popular activity of the youngsters. The elder folk who used to sit 

in the village choupal and sit around Huqqa and gossip about the current issues are 

being replaced by sitting in front of TV listening to the current issues and news. 

Music, dancing and Dhamal are also common especially during the happy occasion 

of weddings or anniversaries (Urs) of the saints, Bhangra, Summi, Luddi, Jummar, 

Baadbazi, Tappay and Mahiya are some of the important to be named. However 

the trend is changing here also, popular music has taken the place of folk music in 

this area. 

4.2.13 Dress 

 

The males usually wear Shalwar Qameez, waist coat, Karakuli cap and 

Chadder. The chadder is a cloth sheet about three meters long. It is a multipurpose 

dress. The colour of male dress is generally white or light in colors. In winter the 

people of this hilly tracts usually wear a long coat, however, the woolen shawl is 

also common. Females wear colored Shalwar long Qameez and dopatta (head 

cover). The usual ornaments like earrings, bangles, and necklace are worn by the 

women on special occasions like festivals and marriages. Pent shirts and coats 

which were rare in the past have become a popular dress in the young folk. 

4.2.14 Education facilities 

 
Government educational institutions are the major source of getting education 

for the poor people. The primary and elementary schools have been established in all 

the significant villages and hamlets. There has been 33 percent increase in educational 

institution for women whereas the men institutions have increased by 25 percent 

(Table 4.34 and 4.35).  
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Figure 4.18: Threats to forests 
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4.2.15 Medical Facilities 

 
Government civil hospitals were established in districts and tehsil 

headquarters. There are rural health centers at union council level. Basic health units 

are working in almost all major villages. In addition to this general setup the military 

has also established their hospitals where the general public can also take benefit. 

(Table 4.36) 

4.2.16 Road Network 

 
The development of road network in the area is going at a great pace for the 

last 15 years. The pace of development has been very fast from 2000 onward. The 

watershed is bordered on the west by Rawalpindi Murree Muzzafarabad Duel Carriage 

Way (IMDCW), towards the top and north by Murree-Gellehragali-Kotalisattian road 

and towards the South and East by Rawalpindi- Karor- Ban- Gelhragali road. All the 

major villages and hamlets are provided with asphalt roads. It has been worked out 

that 969.995 hectares of land was disturbed either due to construction or improvement 

and renovation of roads between years 2000 to 2009. This improvement in 

infrastructure and road network is making the life of the local inhabitants easier. But 

on the other hand, it has accelerated soil erosion and deteriorated water quality 

downstream.  

 

 

 

 

 

 



103 

 

    

 

Table 4.34: Girls educational institutions in the Simly watershed 

Educational Institutions 1991 2009 Percent Increase 

Primary 49 64 31 

Elementary 10 12 20 

High 2 4 100 

Higher secondary 0 2 200 

Colleges 2 2 0 

 

 

Table 4.35: Boys educational institutions in the Simly watershed 

Educational Institutions 1991 2009 Percent increase 

Primary 66 78 18 

Elementary 10 14 40 

High 2 4 100 

Higher secondary 0 2 200 

Colleges 2 2 0 

 

 

Table 4.36: Health Facilities in the Simly watershed 

Health Facility 1991 2009 Percent Increase 

Tehsil Head Quarter Hospitals 1 1 0 

Rural Health Centers 3 3 0 

Basic Health Units 8 20 150 

Government Rural Dispensary 0 1 100 
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4.2.17 Socio-economic Impacts of Infrastructure Development: Expert’s 

Opinion.  

 

The opinion of experts in the field of watershed and social sciences were 

extracted through the Delphi technique. It was the unanimous opinion of the 

experts that, the infrastructure development is very important for the economic 

wellbeing of the people in an area. Quality of life, education, awareness, job 

opportunities, health services are all related with and dependent upon necessary 

infrastructure.  Therefore, it is the basic right of the people to have necessary 

facilities at par with other parts of the country. They should not be deprived of 

their rights to safe guard the interest of the people living in lower parts of the 

country. Furthermore, because of the pleasant environment and plenty of 

picturesque places this area has great potential for the tourist industry. Tourism has 

a potential of doing business worth billions of rupee. Therefore, infrastructure 

development in the area is very necessary. This development will have positive 

impacts on the socioeconomic condition of the local inhabitants. 

However, keeping in view the importance of this very critical watershed 

area, necessary preventive and remedial measures that are available in the literature 

as best management practices (BMPs) should be adopted before the actual start of 

large scale development project like Islamabad Muzzafarabad Dual Carriage Way 

(IMDCW). 
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5 SUMMARY 

Pakistan is an agriculture based economy providing jobs to 45 percent of 

the population and contributing 24 percent in the gross domestic product. Most of 

the area of Pakistan falls in arid and semiarid climatic zones, and crops could not 

meet their water requirements from precipitation. Fortunately the northern part of 

Pakistan receives sufficient quantity of precipitation, which is the major source of 

water for the remaining parts of Pakistan, being supplied through an extensive 

canal network. The pattern of rain fall and precipitation is however, erratic; 

therefore, construction of reservoirs was envisaged as an arrangement for storage 

and subsequent distribution of water through the canal network. In addition to the 

supply of water for irrigation and other purposes, it is also being used for 

generation of hydroelectricity. The production of fresh water is decreasing due to 

loses in movement of water from natural resources, because of the rapid 

degradation in watersheds, soil erosion, deforestation, urbanization and due to the 

untreated discharge of municipal and industrial waste in the rivers and water 

bodies. Housing and infrastructure development is the top priority at the 

government level and is also impacting the health of watersheds; resultantly our 

dams are losing their capacity due to increased sedimentation.  Watersheds are 

continuously being degraded due to overgrazing, deforestation, construction of 

highways, roads, townships, tourism facilities and other allied infrastructures. On 

the other hand, there is a great pressure from the inhabitants of the area for 

construction of infrastructures in the area. Per-capita water share in Pakistan was 

5300 m3 in 1953 where it is now reduced to 1105 m3, the per-capita water 

availability below 1000 m3 is considered as water scarcity level. Correspondingly, 
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surface water availability is also being decreased continuously. The housing and 

construction industry a priority at the government level is adversely impacting the 

condition of watershed; consequently our dams are losing their capacity due to 

increased siltation. Keeping in view the importance of our water reservoirs for energy 

production, irrigation and drinking water, this study was designed to encompass the 

hydrological and socioeconomic impacts of infrastructure (also include housing) 

development in the Simly and the Mangla watersheds. 

 In this study the current magnitude and distribution of infrastructure 

development along with the other land uses in the Simly and the Mangla watersheds 

was determined. It has been revealed that impervious land use is increasing at a fast 

pace. Impervious area in the Simly watershed is 13.23 percent whereas the impervious 

area of the Mangla watershed falling in territory of Pakistan is 9.8 percent. The 

researchers have established that for the sustained ecosystem the impervious area in a 

watershed should remain below 10 percent. The Simly dam has already crossed this 

safe limit and it has been determined that at current pace of development 16.84 percent 

of the area in the Simly will be under impervious land use. Currently the Mangla dam 

has 9.8 percent area under impervious land use. But due to the development of 

improved road network, tourist facilities and other allied infrastructures in the area this 

watershed will also cross this safe limit within a few years. The relative impacts of 

different land uses has been correlated with the intensity of soil erosion, sediment load 

in stream water, water quality, and water regime. Based on the land use of the area, 

different channels in the Simly stream system were categorized into urbanizing, 

agriculture, forest and main channels, so that the responses of the watershed under 

different land uses could be compared.  The study revealed that the soil erosion is 

more in the areas under impervious land use or where the land is disturbed due to 
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development activities. Similarly the sediment load in different categories of channels 

was studied. It was found that sediment load in the urbanizing water channel was 

highest (26.03g/l) followed by agriculture (8.86g/l), main (2.6g/l) and forest (1.73g/l) 

were the least contributor of sediment in the channels. Water regime of different 

categories of channels was also studied. From the results of study it appeared that 

urbanizing channel streams do not flow at a steady pace either, because they are dry or 

in flood conditions. Forests tributaries, on the other hand, showed more steady flow, 

both dry and flood instances were less in this category of channels. Likewise, the rate 

of sediment deposit in the reservoir also increased due to the increased development 

activities specially construction of Islamabad Muzzaffarabad Dual Carriage Way 

(IMDCW).  From 1983 to 1999 sediment contribution of watershed was 19.77 m3 

/ha./year, which has increased to 22.03 m3/ha./year from 1999 to 2009. This enhanced 

rate of sedimentation is attributed to the development activities specially IMDCW. 

Water quality of the stream system has also been deteriorated. Turbidity and hardness 

is more in urbanizing lands as compared to other land use. Similarly coliform and 

E.coli count is higher in urbanizing category of channels.  

To study the socioeconomic impacts of infrastructure development on local 

communities, data was gathered through specially designed and pretested 

questionnaires and use of Delphi techniques. The socioeconomic condition of the 

communities has improved. Life expectancy has increased. In 1991 only 2 percent of 

the population was above 70 years which has now increased to 3 percent. Literacy rate 

in the area has also increased from 70 percent in 1998 to 74 percent in 2009. 

Improvement in literacy is seen especially in the female population. Forty percent of 

the female population above 18 years was illiterate, however, in the females below the 

age of 18years illiterate population is only 16 percent. This is a positive social change. 
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The female child is also gaining the same importance as the male child. Number of 

room per housing unit has increased from 3.7 in 1991 to 6.7 in 2009. Similarly 

construction quality has improved. The people have shifted from stone in mud 

masonry and wooden roofs to stone in cement masonry and corrugated sheets roofs. 

Only 37 percent of households had bathrooms in 1991 whereas the households having 

bathrooms has now increased to 85 percent. Analysis of the data revealed that per-

capita land holding of the communities living in the watershed is very small (0.132 

ha.). Due to small land holding, low agricultural productivity and availability of 

alternate jobs, coupled with high prices of land in the area and inclination towards 

selling of the land to the private property developers for development of townships, 

the interest in agriculture has decreased. Construction activities in private as well as 

public sector coupled with decrease in the interest in farming and high prices of land is 

enticing the people to sell their land to the developer of the property for townships 

development has further accelerated the deterioration process in the watershed. Slope, 

soils, climate and land use are the important factors that impact the hydrology and 

determine the vulnerability of the areas to destabilization. The areas falling in different 

slope bands were determined. It is generally considered that areas having a slope up to 

15 percent are fit for agriculture. Areas having a slope of 15-30 percent should be put 

under fruit trees, and slope above 30 percent, the area should be kept undisturbed 

under forest trees and shrubs. The areas with slopes above 50 percent were delineated 

as critical areas. Prudence should be observed while taking up large scale development 

activity like construction of highways and development of townships in these areas. 

 It is recommended that preventive measures should be taken and completed 

before the start of work on the actual development project.  
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Feasibility study may be conducted for physical removal of sediments from the 

dam area. Water in the Simly dam recedes during the months of May, June, November 

and December and sediment, become dry. At this period of time the sediment could be 

easily removed. The major component of this deposit is silt; this could be spread on 

marginal cultivable lands to get better crops.  

Construction of mini dams and small dams in the watershed upstream may be 

considered. This will prevent the sediment from entering the main dam thus enhancing 

its life. 

Declaration of the area of the Simly watershed as a National Park is another 

good option. This will provide a legal cover so that any intervention harmful to the 

objectives of management could be prohibited. 

This study provides baseline data for future research to investigate variations 

in stream water quality and channel morphology with the change in land use. Research 

studies should be designed to determine the impacts of urban development on aquatic 

ecosystems. Similarly, micro catchment level detailed studies could be designed with 

respect to different land uses. The possibility of use and applicability of this 

knowledge of hydrologic responses of channels under different land use to other 

similar watersheds in the country could also be a field of future research studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 



110 

 

    

6 Literature cited 

Agee, J. K.1990. The historical role of fire in Pacific Northwest forests. Oregon                                      

State University.  Univ. Press.  3(6): 13-27  

Amjad, M.  and  N. Khan, 1984. State of Forestry in Pakistan.  Pakistan Forest 

Institute. Peshawar. 

Anon, 1998. Land Slide Survey. Government of the Punjab. Upland Rehabilitation 

and Development Project, Islamabad. 

Anon, 1999. Census publication number 23. District Census Report of Rawalpindi 

1998. Government of Pakistan, Population Census organization Islamabad.  

Anon, 2006a. Economic Survey of Pakistan. Government of Pakistan, Finance 

Division. Islamabad : 205-211 

Anon, 2006b. River inflow and sediment measurement records, Mangla Dam 

Organization of WAPDA Lahore. Pakistan. 

Anon, 2011. Economic Survey of Pakistan. Government of Pakistan, Finance 

Division. Islamabad.  

Bhaduri, B., M. Tatalovich  and J.  Harbor.  2001. Long-Term Hydrological Impact 

of Urbanization: A Tale of Two Models. Journal of Water Resources 

Planning and Management, 127(1): 13-19. 

Bledsoe, B. P. and  Watson, C. Chester. 2001. Effects of Urbanization on Channel 

Instability. (JAWA) Journal of the American Water Resources 

Association. 37(2): 255-270. 

Bobba, A. G., V. P. Singh and I. Bengtsson. 2000. Application of environmental 

models to different hydrological systems. Ecological Modeling: 125(1):15-

49 



111 

 

    

Bockstael, N. E and E. G Irwin. 2003. Public policy and changing landscape. 

Estuaries and Coasts. 26 (2): 210-215. 

Booth,  Derek. 1990. Stream-Channel Incision Following Drainage-Basin 

Urbanization. Water Resources Bulletin. 26(3): 407-417. 

Carle, M. V., P. N. Halpin and C. A. Stow. 2005. Pattern of watershed 

urbanization and impacts on water quality. American Water Resource 

Association (JAWRA) 41, (3): 693-708. 

Champion, H. G., S. K. Seth and G. M. Khattak. 1965. Manual of Silviculture for 

Pakistan. Pakistan Forest Institute Peshawar, Pakistan. 

Freed, R. D. and S. P. Eisensmith. 1986. Mstat microcomputer statistical program. 

Michigan State Uiniversity Agri., Michigan Lansing, USA. 

Haigh, M. J., J. S. Rawat, M. S. Rawat, K. S. Bartarya and S. P. Rai. 1995. 

Interactions   between forest and landslide activity along new highways in 

the Kumaun  Himalaya. Forest Ecology and Management.  78(1-3):173-189  

Harrelson, C. C., C. L.Rawlins and J. P. Potyondy, 1994. Stream Channel 

Reference Sites: An Illustrated Guide to Field Technique. U.S. Forest 

Service General Technical Report RM 245, Fort Collins, CO.USA. 

Interlandi, S. J. and C. S. Crockett. 2003. Recent water quality trends in the 

Schuylkill River, Pennsylvania, USA: A preliminary assessment of the 

relative influences of climate, river discharge and suburban development. 

Water Research. 37(8):1737-1748 

Leon, L. F. 2007. Step by step geo-processing and set-up for the required 

watershed data for MWSWAT. http://www.waterbase.org/geo-

processing.pdf 



112 

 

    

Lu. S. Y., J. D. Cheng and K. N. Brooks. 2001. Managing forests for watershed 

protection        in Taiwan. Forest Ecology and Management. 143(1-3): 77-

85  

 

Majid, M. Rafee. 2005. Residential imperviousness: potential usage of remote 

sensing and evaluating the influences of density and subdivision designs. 

Ph.D. Dissertation University of North Carolina. Chapel Hill, NC. 

Morley, A. Sarah, 2000. Effects of urbanization on the Biological Integrity of Puget 

Sound Lowland Streams: Restoration with a Biological Focus. Master’s 

Thesis, University of Washington.  

Negi, G. C. S. 2001. The need for micro-scale and meso-scale hydrological 

research in      the Himalayan mountains. Environmental Conservation.  

28(2): 95-98  

Nelson, J. Erin , and  Derek Booth. 2002. Sediment Sources in an Urbanizing, 

Mixed Land Use Watershed. Hydrology. 264: 51-68. 

Owens, D. W. , P. Jopke, D. W. Hall, J. Balousek and A. Roa. 2000. Soil Erosion 

from Two Small Construction Sites, Dane County, Wisconsin. US 

Geological Survey Fact Sheet FS 109-00, Middleton, WI. 

Paul, M. J., and Judy L. Meyer.  2001. Streams in the Urban Landscape. Annual 

Review of Ecol. Syst. 32:333-365.  

Randhir, T. 2007. Watershed-scale effects of urbanization on sediment export: 

assessment and policy. Water Resource Research. 39:1169 



113 

 

    

Rao, K. S. and R. Pant, 2001. Land use dynamics and landscape change pattern in 

a typical micro watershed in the mid elevation zone of central Himalaya. 

Agriculture, Ecosystem. and Environment.  86(2):113-123 

Rao, M. S. R. M., V. N. Sharda, S. C. Mohan, S. S. Shrimali, G. Sastry, P. Narain 

and I. P. Abrol. 1999. Soil conservation regions for erosion control and 

sustained land productivity in India. Soil and Water Conservation. 54 (1): 

402-409 

Saeed, K. A. 2003. Economy of Pakistan. Lahore, Pakistan: 63-74. 

Schneider, L. C. and R. G. J. Pontius. 2001. Modeling land-use change in the 

Ipswich watershed, Massachusetts. Agriculture Ecosystems and 

Environment. 85(1-3):83-94  

Schueler, R. Thomas. 1996. Crafting Better Urban Watershed Protection Plans. 

Watershed Protection Techniques, 2(2): 329-337. 

Schueler, R. Thomas and K. H. Holland (eds). 2000. Dynamics of Urban 

Stream Channel Enlargement. The Practice of Watershed Protection. 

Ellicott City, MD: The Center for Watershed Protection Article 19. 

Selbig, R. William, 2004. Hydrologic, Ecologic and Geomorphic Responses of 

Brewery Creek to Construction of a Residential Subdivision, Dane County, 

Wisconsin, 1999-2002. US Geological Survey Scientific Investigations 

Report 2004:51-56, Reston, VA. 

Steel, R. G. D. and J. H. Torrie, 1984. Principles and Procedures of Statistics, 

McGraw Hill Book Inc., Singapore. 

Strange, E. M., K. D. Fausch and A. P. Covich. 1999. Sustaining Ecosystem 

Services in Human-Dominated Watersheds: Biohydrology and Ecosystem 



114 

 

    

Processes in the South Platte River Basin USA. Environmental 

Management. 24(1):39-54  

Tendon, H. S. L. (ed) 2004. Methods of Analysis of soil, plants, water and 

fertilizers.  development and consultation organization. New Dehli. India. 

pp: 83-116 

Trimble, S. W. 1997. Contribution of stream channel erosion to sediment yield 

from an urbanizing watershed. Science. 278(5342); 1442-1444. 

Troyer, M. E. 2002. A spatial approach for integrating and analyzing indicators of 

ecological and human condition. Ecological Indicators. 2 (1-2): 211-220  

Walker, L. R., D. J. Zarin, N. Fetcher, R.W. Myster, and A.H. Johnson. 1996. 

Ecosystem development and plant succession on landslides in the 

Caribbean. Biotropica.  28(4-A):566-576  

Wang, X. 2001. Integrating water-quality management and land-use planning in a 

watershed context.  Environmental Management. 61(1): 25-36  

Ward, D., A. Trimble and W. Stanley. 2004. Environmental Hydrology. Boca 

Raton, FL: Lewis Publishers. 

Wear, D. N., M. G. Turner and R. J. Naiman. 1998. Land cover along an urban-

rural gradient: Implications for water quality, Ecological Applications. 

8(3): 619-630  

Weber, T. and J. Wolf. 2000. Maryland's green infrastructure - Using landscape 

assessment tools to identify a regional conservation strategy. 

Environmental Monitoring and Assessment. 63 (1): 265-277  

Wolman, M. Gordon and A. P. Schick. 1967. Effects of construction on fluvial 



115 

 

    

Sediment in urban and suburban areas of Maryland. Water Resources 

Research. 3(2): 451-464. 

Young, C. J., B. A. Engel, S. Muthukrishana and J. Harbor. 2003. GIS based long 

term hydrological impact evaluation for watershed urbanization. American 

Water Resource Association (JAWRA). 39(3): 623-635. 

Ziegler, A. C. 2002. Issues related to use of turbidity measurements as a 

surrogate for suspended sediment. Turbidity and Other Sediment 

Surrogates Workshop, Reno, NV, April 30 – May 2. 



116 

 

    

116 

7 ANNEXURE - 1 

METROLOGICAL DATA 

Islamabad monthly total rain 2005 to 2009 in millimeters (mm) 

 

Years January February. March April May June July August September October November December Total 

2005 
97.80 236.90 108.30 12.40 20.70 10.40 289.90 246.60 111.70 75.00 7.80 0.00 1217.50 

2006 
93.40 32.70 55.80 25.30 73.00 91.50 935.20 420.90 38.60 36.50 12.30 148.70 1963.90 

2007 
0.80 125.50 192.70 18.20 54.60 85.50 295.20 382.80 232.00 0.00 13.00 14.00 1414.30 

2008 
124.50 47.50 19.20 114.00 15.60 230.40 525.00 237.00 44.00 17.20 15.10 86.60 1476.10 

2009 
74.50 75.30 63.40 126.50 27.70 14.50 84.40 120.00 63.60 9.00 15.60 1.00 675.50 

Mean 
78.20 103.58 87.88 59.28 38.32 86.46 425.94 281.46 97.98 27.54 12.76 50.06 1349.46 
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Murree monthly total rain 2005 to 2009 in millimeters (mm) 

 

Years January February March April May June July August September October November December Total 

2005 
211.70 387.40 192.20 31.70 62.00 98.40 243.70 164.80 116.00 92.00 15.70 0.00 1615.60 

2006 
192.00 80.10 53.20 46.20 55.10 138.50 376.00 311.10 143.90 50.40 73.60 172.20 1692.30 

2007 
5.10 175.50 236.40 33.30 62.60 242.80 368.10 151.30 198.40 7.00 17.50 22.60 1520.60 

2008 
240.30 118.70 30.00 132.60 68.30 218.40 271.50 218.90 39.70 89.40 42.20 123.80 1593.80 

2009 
92.30 95.50 132.60 209.70 29.30 97.10 208.20 193.10 173.20 16.40 14.40 8.80 1270.60 

Mean 
148.28 171.44 128.88 90.70 55.46 159.04 293.50 207.84 134.24 51.04 32.68 65.48 1538.58 
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 Muzzaffarabad monthly total rain 2005 to 2009 in millimeters (mm) 

 

Years January February March April May June July August September October November December Total 

2005 
175.10 270.10 145.60 61.90 63.90 40.60 197.40 226.40 143.00 7.60 19.10 0.00 1350.70 

2006 
171.90 101.60 100.10 68.10 74.00 223.00 613.80 374.90 70.80 62.30 105.30 187.40 2153.20 

2007 
6.02 107.10 256.50 63.00 125.80 165.40 227.90 108.50 72.00 0.00 18.50 29.00 1179.70 

2008 
217.90 67.40 11.00 123.30 122.60 330.70 256.60 224.00 132.80 30.40 47.70 145.80 1710.20 

2009 
113.00 148.90 68.80 198.20 48.10 76.00 175.20 177.60 77.80 8.20 29.10 31.80 1350.70 

Mean 
142.73 136.55 128.30 79.08 96.58 189.90 323.90 233.45 104.65 25.08 47.65 90.55 1548.90 
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 Islamabad monthly mean minimum temperature 2005 to 2009 in oC  

 

Years January February March April May June July August September October November December 

2005 
2.80 6.00 10.90 13.10 17.10 23.10 23.90 22.90 21.30 13.60 6.20 0.90 

2006 
3.10 8.70 10.10 14.00 21.70 22.00 24.30 23.80 20.00 15.70 9.60 4.50 

2007 
1.60 6.90 9.90 15.00 19.30 23.30 23.30 23.60 20.40 11.70 7.30 3.20 

2008 
1.00 4.40 11.70 14.40 19.70 23.50 24.10 23.60 19.40 8.00 8.00 5.30 

2009 
4.50 7.00 10.20 14.00 18.30 21.40 24.20 24.20 20.90 6.70 6.70 3.30 

Mean 
2.60 6.60 10.56 14.10 19.22 22.66 23.96 23.62 20.40 11.14 7.56 3.44 
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 Murree monthly mean minimum temperature 2005 to 2009 in oC  

 

Years January February March April May June July August September October November December 

2005 
-3.50 -5.10 3.60 6.80 10.10 14.90 13.90 12.90 13.20 7.60 1.00 -2.90 

2006 
-3.40 4.50 3.40 7.90 13.90 12.50 14.60 15.30 13.20 10.30 5.80 1.80 

2007 
0.07 1.00 5.70 14.10 14.50 16.30 16.50 16.40 13.30 10.50 6.30 -0.50 

2008 
-4.50 -0.90 8.20 8.80 13.40 15.60 16.20 15.90 13.90 12.20 8.50 6.00 

2009 
2.10 2.70 6.70 9.60 14.60 15.50 16.60 16.30 14.80 11.50 5.90 2.60 

Mean 
-1.85 0.44 5.52 9.44 13.30 14.96 15.56 15.36 13.68 10.42 5.50 1.40 
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Muzzaffarabad monthly mean minimum temperature 2005 to 2009 in oC 

 

Years January February March April May June July August September October November December 

2005 
3.30 4.90 10.40 13.60 16.20 21.90 22.90 21.90 20.60 12.80 6.40 0.09 

2006 
1.20 7.50 9.40 14.20 20.80 20.60 23.20 23.20 19.30 14.90 9.10 4.20 

2007 
2.00 7.00 8.50 15.90 21.90 21.90 22.80 23.40 20.00 12.50 6.70 3.80 

2008 
1.10 4.90 11.90 13.90 22.00 22.00 23.40 22.70 18.50 14.90 7.70 5.70 

2009 
4.10 5.70 10.00 13.00 19.70 19.70 22.00 23.40 19.50 13.20 6.90 4.60 

Mean 
2.34 6.00 10.04 14.12 20.12 21.22 22.86 22.92 19.58 13.66 7.36 3.68 
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 Islamabad monthly mean maximum temperature 2005 to 2009 in oC  

 

Year January February March April May June July August September October November December 

2005 
16.50 16.40 23.90 29.90 33.10 39.90 34.30 34.50 34.10 31.20 25.70 22.00 

2006 
18.20 25.00 25.40 32.20 38.90 37.80 33.00 33.00 33.60 31.50 24.30 19.00 

2007 
20.10 19.90 19.90 33.80 35.70 37.60 34.00 34.00 32.40 31.40 25.70 19.70 

2008 
15.20 19.50 19.50 28.90 35.50 34.50 33.20 33.20 32.60 31.20 26.40 21.60 

2009 
19.30 20.90 20.90 29.00 35.70 37.90 34.60 31.50 34.10 31.50 25.50 21.10 

Mean 
17.86 20.34 21.92 30.76 35.78 37.54 33.82 33.24 33.36 31.36 25.52 20.68 

 

 

 

 



123 

 

    

123 

 

  Murree monthly mean maximum temperature 2005 to 2009 in oC 

 

Years January February March April May June July August September October November December 

2005 
6.70 5.20 13.20 18.20 20.80 27.00 22.50 23.30 22.80 20.20 15.40 13.10 

2006 
7.90 14.90 13.80 20.20 26.80 25.10 23.70 22.50 22.60 21.40 14.50 10.70 

2007 
10.30 9.40 12.70 23.10 24.30 25.60 23.30 24.10 22.30 21.30 19.00 10.60 

2008 
4.80 8.70 17.80 17.70 23.50 23.20 22.80 22.70 22.20 20.90 17.40 13.30 

2009 
9.10 9.70 14.30 17.90 23.70 25.60 25.10 23.00 23.10 20.50 15.60 11.80 

Mean 
7.76 9.58 14.36 19.42 23.82 25.30 23.48 23.12 22.60 20.86 16.38 11.90 
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Muzzaffarabad monthly mean maximum temperature 2005 to 2009 in oC 

 

Years January February March April May June July August September October November December 

2005 
14.40 12.80 21.60 28.00 30.80 37.00 34.20 35.10 34.60 30.70 24.20 17.60 

2006 
13.20 21.20 22.70 30.40 38.40 36.30 35.60 33.20 33.80 30.90 22.20 16.80 

2007 
18.30 18.40 21.80 33.90 35.00 36.80 35.00 36.00 33.40 32.30 26.20 17.30 

2008 
13.10 18.60 29.30 27.90 35.30 34.90 34.80 33.90 33.10 31.60 24.90 19.20 

2009 
17.00 18.10 23.60 27.00 35.80 36.00 38.00 36.30 35.50 31.40 24.70 18.90 

Mean 
15.20 17.82 23.80 29.44 35.06 36.20 35.52 34.90 34.08 31.38 24.44 17.96 
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ANNEXURE - 2 

 District wise detail of area (in hectare) under various land uses in the Mangla watershed   

 

Land cover Rawalpindi Abbotabad Mansehra M-abad Bagh Rawlakot Mirpur Total Percent 

Agriculture 

Land 
124122.39 10708.02 12574.41 7921.89 22243.02 31279.60 31279.60 240128.90 28.55 

Alpine 

Pasture 
0.00 0.00 59617.46 0.00 0.00 

    
59617.46 7.09 

Barren Land 2679.91 100.07 4138.82 1226.75 1198.14 163.85 163.85 9671.38 1.15 

Forest 43538.08 16164.32 74560.55 45690.66 24459.64 25671.97 25671.97 255757.20 30.41 

Range Land 2537.15 12774.93 39983.38 104.24 1843.43 8038.94 8038.94 73321.01 8.72 

Impervious 

areas 
14843.91 898.85 333.29 53563.31 7380.63 559.28 559.28 78138.55 9.29 

Shrubs & 

Bushes 
9934.66 11986.05 21390.28 1750.99 860.34 7721.86 7721.86 61366.03 7.30 

Snow & 

Glacier 
0.00 0.00 25350.50 20133.49 8260.20 0.00 0.00 53744.19 6.39 

Water bodies 1966.11 1049.03 2962.81 959.87 788.58 783.67 783.67 9293.75 1.11 

Total 199622.21 53681.27 240911.51 131351.20 67033.97 74219.17 74219.17 841038.50 100.00 



 

 

ANNEXURE  - 3 

SOCIO-ECONOMIC SURVEY FORM FOR THE LAND USE AND LAND 

COVER CHANGE STUDY  

1: Village Name:  

Street + house number:  

Location: Coordinates: (  )  

2: Name of head of household:  

1. Age__________ 2. Sex________   3. Civil Status _________  

4. What is the highest grade of education you have attained? _________________  

5. Where are you originally from? _________  

6 How long have you lived in this village? ____________  

7. Where did you live before this village? ________  

8. Why did you move to this village? ________ 

9a. How many days per month do you live in this village? ____________ 

9b. Do you have a house in another place besides this village? _____________ 

9c.Do you wish to have a house in a bigger town/city? _________________ 

3: BASIC HOUSEHOLD INFORMATION  

1. Primary occupation of head of household /___  

2. Secondary occupation of head of household /___  

2a. Does someone in the household have a wage labor?    1. Yes 0. No  

2b What kind of job is it?/__ 
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Code Occupation:  

1. Agriculture, 2. Craftsman, 3. Wage laborers, 4. Trade, 5. Retired, 6. Other,7. 

Factory/ office employee 

4: Status in the village  

1 = Non-migrant   2 = Migrant  

4.2. If you answered "migrant" to question 3: how long have you been here? 

/________where did you live before /_________________________  

Reason for migration_____________________ 

5. Household items.  Answer code   0=no      1= yes 

 

5.2. Roof material  

S.No Roof Material 1991 1998 2004 2009 

1 Wood     

2 Corrugated Sheets     

3 T Irons     

4 RCC     

5 Other     

 

5.3. Floor material  

S.No Floor Material 1991 1998 2004 2009 

1 Mud plaster     

2 Plain cement     

3 Cement Musaic     

4 Tiles     

5 Other     

S.No  Household items 1991 1998 2004 2009 

1 Fridge     

2 TV     

3 VCR     

4 Satellite dish/cable       

5 AC     

6 Car     

7 Motor bike     

8 Cooking 

range/oven 
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5.4. Wall material  

S.No Wall Material 1991 1998 2004 2009 

1 Stones in Mud      

2 Stone in cement     

3 Bricks in cement     

4 Cement blocks     

5 Other     

 

5.5. Rooms  

S.No Rooms 1991 1998 2004 2009 

1 Bed rooms     

2 Kitchen     

3 Living room     

4 Bath room     

5 Other     

 

5.6. Where do you get your water for home consumptions?  

S.No Water 1991 1998 2004 2009 

1 Public well     

2 Buy water     

3 Water supply system     

4 Own Source (Well)     

5 Other     

 

5.7. What do you do with your garbage?  

S.No Method  1991 1998 2004 2009 

1 Take it away     

2 Burn it     

3 Compost it     
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 If you stated that you have another house…  

5.8 Household items.  Answer code   0=no      1= yes 

S.No  Household items 1991 1998 2004 2009 

1 Fridge     

2 TV     

3 VCR     

4 Satellite dish/cable       

5 AC     

6 Car     

7 Motor bike     

8 Cooking 

range/oven 

    

 

5.9. Roof material  

S.No Roof Material 1991 1998 2004 2009 

1 Wood     

2 Corrugated Sheets     

3 T Irons     

4 RCC     

5 Other     

 

5.10. Floor material   

S.No Floor Material 1991 1998 2004 2009 

1 Mud plaster     

2 Plain cement     

3 Cement Musaic     

4 Tiles     

5 Other     

 

5.11 Wall material  

S.No Wall Material 1991 1998 2004 2009 

1 Stones in Mud      

2 Stone in cement     

3 Bricks in cement     

4 Cement blocks     

5 Other     
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5.12. Rooms  

S.No Rooms 1991 1998 2004 2009 

1 Bed rooms     

2 Kitchen     

3 Living room     

4 Bath room     

5 Other     

 

5.13. Where do you get your water for home consumption?  

S.No Water 1991 1998 2004 2009 

1 Public well     

2 Buy water     

3 Water supply system     

4 Own Source (Well)     

5 Other     

 

5.14. What do you do with your garbage?  

S.No Method 1991 1998 2004 2009 

1 Take it away     

2 Burn it     

3 Compost it     

 

6. POPULATION AND LABOUR FORCE   

 We would like to understand better the importance of the labour force 

used in your household and its variation over the years  

S.No 1991 1998 2004 2009 

1     

2     

3     

4     

 

6.1. Number of people living in the household  

6.2. Number of wage labourers used (Man days) 

6.3. Number of village help used (Man days) 
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6.4 Where do the paid workers (wage labour) come from?  

1= From the village and/or neigbouring villages   

2= From elsewhere, inside the   province mostly 3= From elsewhere, from others 

province also  

7. USE OF INPUTS AND OWNERSHIP OF AGRICULTURAL 

EQUIPMENT  

7.1 Could you tell us whether you used the following inputs for cultivation in the 

years mentioned?  

To answer yes, you must use it at least for all your production of one crop.  

     Use of inputs. 

Code Use of Input/Ownership of agricultural equipment  

1 = Yes 0 = No (This code should be used for the rest of the questionnaire)   

S.No Inputs 1991 1998 2004 2009 

1 Fertilizer      

2 Herbicides     

3 Insecticides     

4 Fungicides       

 

7.2 Could you tell us whether you own or have owned the following agricultural      

equipment in the years mentioned?  

S.No Agricultural equipment 1991 1998 2004 2009 

1 Plough     

2 Tractor     

3 Thresher      

4 Irrigation pump     
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8. BREEDING OF ANIMALS  

8.1 How many of these animals did you own in the following years?  

S.No Animals 1991 1998 2004 2009 

1 Cattles     

2 Goats/sheep     

3 Chicken     

4 Horse/mule/dunkey     

5 Camels     

 

8.2 If your breed cattle, is it to use it to pull your equipment in agriculture (animal 

traction)?    1 = Yes            0 = No  

8.3 Can you give us the proportion of the livestock food that came from the 

following sources in the following years?  

S.No Livestock food 1991 1998 2004 2009 

1 Free ranging     

2 Forage gathered in the forest      

3 Homegrown forage      

4 Enclosed pastures      

5 Purchased food      

 

Code for answers  

1= Less than half      2= Half        3= More than half     0= Nothing  

 

9. TYPE OF FIELDS  

9.1 Can you tell us for each type of field you cultivated in the following years?  

The area (in acre) you cultivated and the distance from your house in meters.  

S.No Crop 1991 1998 2004 2009 

  Area dist Area dist Area dist Area Dist 

1 Wheat         

2 Maize         

3 Rice         

4 Orchard         

5 Trees         
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10. ORGANISATION OF AGRICULTURAL WORK  

10.1 For each activity in each type of field, tell us at which period of the year it is 

done, and how many days it took you last year to do it.  

S.No. Field Activity Period No. of Days 

1 Soil preparation    

2 Sowing   

3 Weeding   

4 Treatment   

5 Harvesting   

6 Slashing and  

burning the vegetation 

  

7 Planting   

8 Pruning   

9 Others   

 

(1) Treatment includes applying herbicides, fungicides, insecticides or fertilizer 

Code for answers: 

Period: 1. (January to March) 

2. (April to June)  

3. (July to September)  

4. (October to December)  

5. In all seasons  

 

11. IRRIGATION  

11.1 If you have irrigated fields, can you tell us the quality of the irrigation in your 

irrigated fields in the following years, with the following criteria?  

S.No Irrigation 1991 1998 2004 2009 

1 Salination     

2 Sedimentation     

3 Water Availability     
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Code for answers   Code 1=  No such problem    2= Moderate problem      3= 

Severe problem 

12. LAND USE CHANGE   

12.1 What is the difference in the size of the areas that you have used for the 

following crops?  

S.No Crop 1991 1998 2004 2009 

1 Wheat     

2 Maize     

3 Rice     

4 Orchard     

5 Trees     

1. Larger,  2. Smaller,   3. Same,  

 4. Crop not cultivated in these two years, and       5. I don't know  

13. Is there a change in the quantity of harvests?  

S.No Crop 1991 1998 2004 2009 

1 Wheat     

2 Maize     

3 Rice     

4 Orchard     

5 Trees     

 

Code for answer:  1: More   2: Less   3: Same number  

14. GENDER INVOLVMENT  

14.1 Indicate for the following crop categories if most of the labor force is 

provided by men, women or both.  

In the past, was it the same situation concerning the contribution of men and 

women to cultivation of the different crop categories? 

Code:  1. Men mainly   2.Women mainly   3.Equally men and women  
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S.No. Field Activity 1991 1998 2004 2009 

1 Soil preparation      

2 Sowing     

3 weeding     

4 treatment     

5 Harvesting      

6 Slashing and burning the vegetation     

7 Planting     

8 Pruning     

9 Others     

 

15. CROP PRODUCTION  

15.1 Indicate in kg the production that your household produced for different 

crops.  

S.No Crop 1991  1998  2004 2009 

1 Wheat     

2 Maize     

3 Rice     

4 Orchard     

5 Trees     

 

16. SALES STRATEGY  

16.1 Indicate the proportion of your production that you sold during the following 

periods  

S.No Crop 1991 1998 2004 2009 

1 Wheat     

2 Maize     

3 Rice     

4 Orchard     

5 Trees     

  

CODE SALES  

1= None              2= Less than half            3= Half            4= More than half                    

5= All     6= I don't know  

 



136 

 

 

17. COMPARISON OF REVENUES  

17.1 Indicate the revenue in rupee per kg or other unit of weight that your 

household obtained.  

S.No Crop 1991 1998 2004 2009 

1 Wheat     

2 Maize     

3 Rice     

4 Orchard     

5 Trees     

 

18. AGRICULTURE UNDER CONTRACT  

18.1 Did you grow any crop under a contract with a food industry in the following 

years? For which crop?          Code for answer 1 = Yes 0 = No  

S.No Crop 1991 1998 2004 2009 

1 Wheat     

2 Maize     

3 Rice     

4 Orchard     

5 Trees     

 

19. EXTENSION, CREATION OR ABANDONMENT OF FIELDS  

19.1 Could you give us the area of fields extended, created or abandoned and the 

area it represents?  

 Code for answer:   created =1             Extended= 2    Abounded = 3  

S.No Crop 1991 1998 2004 2009 

Area code Area code Area code Area code 

1 Wheat         

2 Maize         

3 Rice         

4 Orchard         

5 Trees         
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20. TREND IN FALLOW  

20.1 Indicate the trend in the number of years of fallow and in the number of year 

of cultivation.  

S.No Crop 1991 1998 2004 2009 

1 Wheat     

2 Maize     

3 Rice     

4 Orchard     

5 Trees     

 

21. SOIL CONSERVATION PRACTICES  

21.1 Did you use any soil conservation practice in your fields in the following 

years?  

 Answer Code:        1 = Yes                   0 = No  

 

22. PERCEPTION OF LAND SUFFICIENCY IN THE VILLAGE  

22.1 Is there enough land for everybody in the village? /____/  

1 = Yes 0 = No  

23. LAND TENURE (LAND OWNERSHIP)  

23.1 For the following years, can you tell us which proportion of your field was in 

the following land tenure categories?  

Code for answer:    1=Less than half        2=Half        3=More than half        

0=Nothing  

S. No Soil conservation 1991 1998 2004 2009 

1 Inter cropping     

2 Green fertilizer     

3 Mulch and Manure     

4 Sod and Mulch     

5 Less weeding     

6 Terracing     
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S.No Land Tenure 1991 1998 2004 2009 

1 Forest reserve 

  

    

2  Owned (with a legal property title)      

3 Rented from other person      

4 Rented to other person      

5 Mortgaged to other person     

6 Received mortgage from other person      

7 Gave other person free use  

Other person provided free use 

    

8 Shared with other person      

9 Other (Please Specify)     

 

24. CROP PREFERENCE IN THE FUTURE  

24.1 Which crops would you like to plant in the future given the current context? 

(Interviewer: open question, do not suggest any crop, let the respondent tell you the 

crop(s) he/she would like to grow on the future).  

Head of house hold Spouse of household  

  

  

  

  

 

25. FUEL CONSUMPTION 

25.1 What proportion of different fuel you have been using for cooking and 

heating in these years? 

Answer Code: 1=less than half, 2=Half, 3= More than half  and 0 = Nothing  

S.No Fuel 1991 1998 2004 2009 

1 Wood     

2 Charcoal     

3 Crop residue     

4 Fossil fuel      

5 Dung     

6 Electricity     
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 26. FOREST PRODUCTS AND FUEL  

26.1 For the following forest products, can you give us, if applicable: the distance 

covered and the time spent in the forest to collect them (or to do the activity), the 

moment of the day when the gathering is done and the proportion of the collect 

which is sold.  

Code for answers  

Time of the day: 1. Morning (until the end of dawn); 2. End of morning till 

afternoon; 3.Evening (begins at dusk) and 4. All day  

Proportion sold  

Frequency: 1. Daily    2. Every week     3. Every month    

4. From time to time according to the season, but every year.     0. Never  

S.No Fuel wood collection 1991 1998 2004 2009 

1 Distance in Kilometer     

2 Time Spend in hours     

3 Time of the day     

4 Frequency     

5 Saving     

6 Proportion sold     

 

27. REFORESTATION  

27.1 Did you had in the following years any incentive to reforest your fields and 

village? 

 Did you reforested any plot of land in the following years?  

If the answer is "yes", give also the total area reforested (Acres).  

S.No Reforestation 1991 1998 2004 2009 

1 Compact     

2 Linear     

3 Homestead     
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28. Incentives  

Planting stock free of cost 

Planting stock free of cost with cost of Planting 

Planting stock free of cost with cost of planting and cost of maintenance 

Other: (Please specify.) 

No Incentive 

29. FISHING  

29.1 Has fishing been a source of food and/or of income for the household in the 

following years?  

Code answer  1 = Yes  0 = No  

S.No Fishing 1991 1998 2004 2009 

1 Source of Food     

2 Source of Income     

3 Both     

 

29.2 If you answered one time or more « yes » to question 28.1 can you tell us how 

many days a week you spend at this activity, and at what time of the day?  

29.3 Number of days in a week: ____  

29.4 Time of the day: ____  

Code for Answers:     1. Morning 2.End of morning till afternoon 3.Evening  

More than one answer is permitted.  
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30. New settlement and infrastructure development  

New settlements are emerging everywhere, especially in the mountainous 

tract with allied infrastructure development. Kindly tell how in your opinion it has 

brought changes in the following spheres.  

Answer code:  0= No change, 1= Increased slightly, 2= Increased significantly, 

 3= Increased tremendously, 4=Decreased slightly, 5= Decreased significantly, 

  6= Decreased tremendously  (In comparison to the previous years) 

S.No Activity 1991 1998 2004 2009 

1 Travel on foot     

2 Marketing of produce     

3 Education     

4 Health Facility     

5 Civic sense     

6 Job Opportunities     

7 Cost of living     

8 Cost of Land     

9 Coordination in the community     

10 Cohesion and feeling of oneness     

11 Peace of mind     

12 Contentment     

13 Crimes     

14 Litigation Cases     

15 Conflicts     

16 Safety     

17 Feeling Safe     

18 Abandonment of the farming     

19 Dislocation/ Abandonment of  old settlement 

 settle settlement 

    

 
20 Diversification of  settlement     

 

30.1 How do you see the development in housing and infrastructure in your area?  

Answer code  0= No    1= yes 

S.No Point of view 1991 1998 2004 2009 

1 It is a good opportunity     

2 Inclined to sell     

3 Planning to sell     
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S.No Point of view 1991 1998 2004 2009 

4 Sold land to developers/agents less than 

a quarter 

    

5 Sold less than half     

6 Sold more than half      

7 Sold the land completely     

8 Sold under compulsion     

9 Fear of accusation     

10 Do not like to sell     

11 Oppose this trend     

12 Resist this trend     

13 Advocate against this trend     

14 Value addition in land     

15 Started your own business in real estate     

 

31. PERCEPTIONS ABOUT THE FOREST RESOURCES  

31a. What is the Forests used for? 

 1=Recreation  2= Clean Water  3= Fuel wood 4= Timber 

31b. Do you have any problems accessing or being prohibited from using the 

forests?   

0 = No   1 = Yes 

31c. What condition is the forests in now? 

 0 =Bad 1= Satisfactory 2 = Good 

31d. have the condition improved since you arrived or remember.  Yes   No 

31e. How do you believe it will be in 10 years? 

  0 = No change, 1= Improve, 2= Degraded 

31f. What activities affect the forests? 

1= Land use change  2= Fuel wood collection  3= Timber harvest   

  4= Forest fires 5=  Grazing  

32. WILD FLORA AND FAUNA 

32a. What are the wild flora and fauna used for? 
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1= Recreation, 2= Education, 3=Scientific research, 4= source of gene, 5= all these 

32b. Do you have any problems accessing or being prohibited from using the 

wild flora and fauna?  Yes   No 

32c. What condition are the wild flora and fauna in now? 

0 = Bad 1= Satisfactory 2 = Good 

32d. have the condition improved since you arrived or remember.  Yes   No 

32e. How do you believe it will be in 10 years? 

0 = No change, 1= Improve, 2= Degrade 

32f. What activities affect the wild flora and fauna? 

1= Fragmentation of habitats  2= Poaching   3= Illegal trade                       

4= Forest fires  5=  Grazing by domestic animals  

33. TOURISM 

33a. Why do you think tourists come to this area? 

1= Forest and scenic beauty   2= Pleasant weather experience  

3=Safety and security  4= Hotel availability 5= Other  

33b. How has tourism influenced your life?  

1= Improved income  2= Learning through knowledge and experience shearing  

3= Cultural diversification 4= Damage to values and traditions  5= Other 

33c. Would you like to see tourism develop further in this area?   Yes   No 

33d. What are other economic activities you would like to see develop in this 

village?  

34. COMMUNITY PARTICIPATION 

34a. According to your understanding, what are the rules relating to the use of the  

communal land (Shamlat)?  
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34b. Do the people here comply with the laws?   Yes   No  

 34c. If you feel they do not, what is the frequency of the violations?  

    1=All the times  2= Most of the times  3= Not infrequently 4= Rarely 

34d. Why do you believe people violate the laws? 

1= Unrealistic Laws  2= No fear   3= No acknowledgement 4= Other 

34e. Who are the groups of people that make up this community?  

34f. How do you participate in the local decision making process?  

34g. Would you like to become more active in the decision making process?   

Yes   No 

34h. What are your future concerns for you and your family?  

34i. What are your hopes for the future?  

34j. If at this moment you had five lac rupees, what would you do with them?  

34k . If at this moment you had fifty lac rupees, what would you do with them?  

 


