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ABSTRACT 
 

The study was conducted during 2005 to 2009 in District Muree, Pakistan. 
Rapid degradation of watersheds due to soil erosion, deforestation, 
urbanization is the critical issue in high hill areas. Housing and infrastructure 
development, being the top priority of government is also impacting the health 
of watersheds; resultantly our dams are losing their capacity due to increased 
sedimentation. The study aimed at assessing the current magnitude and 
distribution of development in two important watersheds of Punjab. The 
assessment was carried out by correlating infrastructure development with soil 
erosion and regime of water in the channels. Impervious land use in Simly 
watershed is increasing at a pace of 1.91 % per year and presently it is 13.23 % 
of the total area. It has also been determined that at current pace of 
development, 16.84 % of the area in Simly will be under impervious land use by 
2020. Based on the land use of the area, different channels in Simly stream 
system were categorized into urbanizing, agriculture and forest and main 
channel. The study revealed that the soil erosion is more in areas under 
impervious land use or where the land is disturbed due to developmental 
activities. 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), and forest was the least (1.73 g/l) 
contributor of sediment in the channels. Water quality of the stream system has 
also been deteriorated. Turbidity and hardness was more in urbanizing as 
compared to other land use.  
 
KEYWORDS:  Water sheds; hydrological response; impervious land use;  Khad 

miner; Soan river; Murree. Pakistan.    
 

INTRODUCTION 
 

Pakistan is situated between 24o-37o North latitude and 61o-78o East 
longitude. More than 70 percent area of the country falls in arid and semiarid 
climatic zone, characterized by high solar radiations, low humidity and rainfall 

                                                 
* Department of Forestry, PMAS Arid Agriculture University, Rawalpindi, Pakistan. 
 



F. Hussain et al.  

J. Agric. Res., 2014, 52(2) 

270

(200 mm/annum). Monsoon season (July to October) is the major contributor 
of precipitation in the country, which is nearly 1000 mm in mountains and 150 
mm in the coastal area. The 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.  (2). The highly variable intensity and 
frequency of precipitation produce floods or droughts. The construction of 
reservoirs is envisaged as an arrangement for storage and distribution of 
water through canal network. In addition to supply of water for irrigation and 
other purposes, dams are also used for hydroelectric power generation.  
 
Northern mountainous belt of Pakistan is characterized by unstable slopes of 
partially weathered sedimentary rocks. The soils are not fully developed, 
underlain hard bedrock with massive rock outcrops. Natural underlying 
geomorphic processes result in slope failure and dry mass movement. Land 
mismanagement and blockage of surface and sub-surface drainage systems 
induce landslides. Due to the construction of highways, multistoried buildings 
and unpredictable weather patterns, a few catastrophic landslide events 
during the last few years have happened. The problem has increased during 
the last decades mainly due to the destabilization and disturbance of natural 
surface as a consequence of developmental activities such as infrastructure 
development and housing (3). 
 
Land use within any watershed is important because of its impacts on 
hydrology and ecology of the area. Due to infrastructure development and 
construction, the impervious area is continuously increasing which has 
resulted in increased quantity and velocity of runoff water. Consequently, 
erosive power of water has also increased. The urbanization of watersheds 
can result in morphological changes of channels (14, 22, 15). The net 
outcome of these imprudent interventions, is the increased soil erosion, more 
runoff and less infiltration. This has also increased the deposition of 
sediments into the reservoirs. The study of this important aspect of 
watersheds deterioration could not get attention of the researchers in 
Pakistan.  
 
Keeping in view the importance of water reservoirs for energy production and 
irrigation, the study was carried out to encompass the hydrological impacts of 
infrastructure development in watersheds. The impact of developmental 
activities on soil erosion, slope destabilization, pattern of water regime in 
watersheds under present different land uses was also studied. 
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MATERIALS AND METHODS 
 

 

1. Study area: Simly watershed is situated between 33.920o-33.718o north 
latitude, and 73.322-73.486 east longitude, having a total area of 16,201.26 
hectares (162.01 km2). The catchment is rhomboidal in shape, 23.148 km 
long, about 7 km wide and is flanked on both sides by mountains ranging 
from 668 m to 2190 m in height (Fig. 1). 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 
supply to Islamabad capital territory is 139.5 million liters.  
 
The study area lies mainly in the mountainous tract of the sub-Himalayan 
range. Its elevation ranges from 518 to 2200 meters with a mean elevation of 
1500 meters and a steady rise from south to north.  Major part of the area 
comprises 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 and covered with natural vegetation.  
 

 
 

 
              Fig. 1.   Map of Simly dam watershed area 
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Soan river takes its rise from within a few kilometers of Murree Hill station. Its 
watershed comprises 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 Charihan spur give rise to 
Khad tributary, which join each other at village  Chhaka  a few kilometers 
above Simly dam.  
 
The climate of the area is almost uniform; with climatic variations mainly 
because of altitudinal differences. The variations are well reflected in soil and 
vegetation. The tract can be divided in to two climatic zones. Most of the area 
has severe winter and mild summer. The average rainfall is 1500 mm. The 
coldest month is January when the mean maximum temperature is 17.7 oC 
and minimum upto -5 oC. From February to May, temperature rises 5 oC per 
month. The highest temperature recorded in the month of June when it may 
rise to 40oC in lower portion of study area in the district of Islamabad. The 
monsoon sets in July and the rain showers cool down the atmosphere. There 
is snowfall on hills usually in the months of November to February and 
occasionally in March. The pleasant climate of these hills also brings a 
graceful change in the climate of other parts of Pakistan. 
 
Three different methods were used to quantify the rate of land use change in 
the watersheds of study area.  
 
2. Road density survey: The ground surveys of the study area were 
conducted between 2005 and 2009. The detailed information was collected 
about the activities going on in the watershed. The length 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 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 analyzed by the help of Map Window (GIS software). 
 
3. Land use assessment and change detection: The satellite imagery was 
also used to quantify land use change over a period of time from years 1991 
to 2009. 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 
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earth. Different image enhancement techniques such as contrast stretching, 
histogram equalization were used to improve the visual quality and 
interpretability of image. Visual interpretation was mostly used because it is 
more reliable and accurate (21). The 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.  
 
4. Survey and questionnaire: Whole area of Simly watershed was 
thoroughly surveyed to determine the impervious area. For each land use 
classification 10 villages and 120 households were randomly selected to get 
information about impervious cover through a well designed questionnaire. 
 
Using the collected information by vehicular surveys, data collected through 
questionnaire, information provided by highways and other building 
departments combined with the photographs and image processing. 
 
5. Determination of impervious area: The population is scattered in the 
whole watershed area comprising 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  as: (i) 
scattered houses (that have 2-5 dwelling units per hectare and have 
impervious area of 5 percent due to house construction), (ii) Low density 
housing (villages that have 8-10 dwelling units per hectare and have 15.64% 
impervious area due to house construction) and (iii) medium to high density 
housing (towns that have more than 30-35 dwelling units per hectare and 
have 30.45% impervious area  of the total area under houses). 
 
(b) Road coverage: The area under roads was determined by measuring 
the width and length of major roads. Area under small connecting roads, 
village streets and trial paths was measured through random sampling of the 
area. 
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(c) Impervious surface: Impervious surface was then calculated using the 
above data.  
6. Relationship among infrastructure development soil erosion: 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 also determined. Studies 
have revealed that when urban area exceeds 10 % of a watershed, threshold 
of geographic responses may exceed (18, 12, 30). 
 
7. Stream flow regime: The stream flow regime (pattern) of all the major 
tributaries of Soan and Khad rivers were observed for four 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 (8th, 18th and 28th). The stream responses of 
urbanizing, agriculture, forest tributaries and the main river were recorded as 
dry, just flowing, significant flow and high flow.  
 
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. 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. 
 
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 (31). Computer 
package MSTAT-C (16) was used for statistical analysis while Haward 
Graphics was used to prepare the graphs. 
 

RESULTS AND DISCUSSION 
 

Hydrological impacts of development 
 
Land use within a watershed is the most important factor influencing the 
hydrology and ecosystem of the area. Therefore, a detailed study of past, 
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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 stream to adjust (28). 
 
The land covers or uses identified in Simly watershed were agriculture, 
forests, impervious areas and water bodies (Table 2).   The magnitude of 
major land uses identified in 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 %). The 
impervious area is 13.23 percent of total watershed area (Table 2). The 
results showed that the impervious area under Simly watershed has already 
crossed the permissible limit of 10 percent and the watershed falls under the 
category of deteriorated watersheds. 
 
Table 1.  Area, soil texture, slope and impervious area in different sub watersheds. 
 

Sub 
watersheds 

Total area 
under 

watershed 
(ha) 

Percentage 
of total 

watershed 
area 

Soil texture Area above 
30 percent 
slope (ha) 

Are 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 

 
Current magnitude and distribution of infrastructure development  
 
The overall results showed that 61.57 percent area of Simly watershed have 
more than 30 percent slopes. It means that 61.57 percent of 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 has threat for soil erosion, water 
runoff and sediment control. 

 

It has been observed that land use has been changing over time. The major 
change is the increase in area under road networks due to new development 
of roads or improvement and widening of the existing ones. Similarly, due to 
increase in population, and betterment in socioeconomic conditions of people 
of the area, the construction of new housing colonies, renovation and 
addition of new rooms in the existing houses has taken place (Tables 1  and 
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2).  Increase in the area under houses has especially been noticed in areas 
around Murree town, along 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 1). 
According to Table 4; 26.55 percent of total impervious area was under 
residential category while 60.13 percent was recorded under roads and 13.32 
percent was under streams/trail paths. The pace of development changes in 
the area under impervious land use in different sub watersheds with the 
passage of time was determined (Table 2). 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.   
 

Table 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 

 
 
Table 3. Percentage of impervious area under different categories of infrastructure. 
 

Type of infrastructure development 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 

 
Sediment load in different channels 
 
The soil texture and bulk density of deposits were measured. The percentage 
of sand, silt and clay in the deposit was 4, 46 and 50, respectively, with a bulk 
density of 1.2 g/cm3.  
 
After rainfall, water becomes highly turbid in the urbanizing tributaries due to 
ongoing construction activities. Total sediments per liter of water samples 
taken after the rainfall in different categories of channels was determined as 
given in Table 4. Based on sediment load in different water channels the 
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contribution of areas under different land use has been worked out as given 
in Table 4. Impervious land in the form of roads, houses and paths has been 
also worked out to be 2143.48 ha. This area is contributing large quantities of 
silt from under construction sites and other vulnerable points. Sediment load 
in different category of channels was in order of urbanizing (6.6 g/l) > main 
channel (4.38 g/l) agriculture (2.24 g/l) > forest (0.71 g/l). This was the 
indicative of the fact that sediment in 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). 
Sediments contribution of impervious and urbanizing area was 
disproportionately higher than forest. Impervious and urbanizing area was 
13.23 percent of the total watershed but the contribution was 52.93 percent 
of the sediment to the stream system. (Table 4). 
 
Table 4. Average changes in channel dimensions in different categories of channels. 
 

Category of channels Channel area (m2) Percent 
increase 

Percent 
impervious area 

 2005 2009   
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. 
 
The sedimentation was quite high due to improper land use, natural 
geological erosion, cultivation on sloping lands, overgrazing, deforestation, 
landslides, gulleying, sheet wash and normal valley development. Further 
study of the present land use and siltation capability of the watershed is very 
essential for effective control of increased erosion in catchment area and to 
prepare a proper management plan of the catchment. This study provided 
the baseline data for further studies. It is evident from the results that sites 
under construction are the major contributor of silt to reservoirs, therefore 
prudent interventions with all possible control and mitigation measure must 
be adopted. 
 
Water regime 
 
The statistical analysis of data of flow regime revealed that the instances of 
high flow in different categories of channels do not have significant 
differences (P > 0.126). 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 
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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 has 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 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). Results indicated 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 channel flowing was 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 5). 
 

Table 5. Sediment concentration in different categories of channels. 

 
 Channel category Sediment concentration (mg/l) 

Urbanizing 6596.74a 
1 Agriculture 2245.04b 
2 Forest 437.99d 
3 Main Channel 706.94c 

           The values having different letters are significantly different from each other 

 
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. 

 
Fig. 2 revealed the highest percentage (45%) of dry instances in urbanizing 
channels following 35 percent in agricultural channels while lowest 
percentage (20) of dry instances has been recorded in forest category of 
channels. Similarly, maximum percentage of high flood instances was 
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recorded in urbanizing channels followed by agricultural channels while 
lowest was in case of forest category of channels (Fig. 3). 
 
Table 6. Number of observations about water flow in different categories of 

channels (streams). 
 

Water flow category Categories of channels Total 
observations Urbanizing Agriculture 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 

 

 
              Fig. 2.  Dry instances in different categories of channels 

 

 
Fig. 3.  High flood instances in different categories of channels 

 
CONCLUSION 
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The production of fresh water is decreasing due to losses 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. 
Per-capita water share in Pakistan was 5300 m3 in 1953 whereas now it is 
reduced to 1105 m3. The per-capita water availability below 1000 m3 is 
considered as water scarcity level. Watersheds are continuously being 
degraded due to overgrazing, deforestation, construction of highways, roads, 
townships, tourism facilities and other allied infrastructures. This study 
provided 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 catchments level detailed studies 
could be designed with respect to different land uses.  
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