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Rapid urbanization, coupled with land use land cover changes (LULC), has caused stress on freshwater resources around the globe. As in the case of Islamabad, the capital of Pakistan, the population has increased significantly, creating a deficit of natural resources and affecting the environment adversely. Therefore, the purpose of this study is to examine the effects of urbanization and LULC on the decline of the static water table in Islamabad. It also seeks to analyze water policy issues in order to achieve sustainable water resource development. The excessive pumping of the existing groundwater has exceeded the safe limit, which is justified by the constantly growing population. However, the changes in the LULC of the study area have turned many green pastures into barren land. Our research data were obtained from the Capital Development Authority (CDA), Pakistan Meteorological Department (PMD), and Landsat Satellite images. After analyzing PMD and CDA data for the last 20 years (2000–2020), the results were interpreted using Arc GIS. It has been observed that the Normalized Difference Vegetation Index (NDVI) value increases as the Land Surface Temperature (LST) decreases. Therefore, the overall observation is a decreasing trend in Islamabad temperatures due to the increased vegetation in the study area during the period of 2000–2020. It was observed that there has been a considerable drop in water levels due to over-pumping in a few areas. It is primarily associated with the increasing population of the capital in the last 2 decades. This study uses a survey to explore the potential locations for check dams to enhance and recharge the groundwater aquifers in the capital, Islamabad. It suggests catchment areas throughout the Margalla Hills along with different localities, such as Rumli Village, Trail 5, and Shahdara.
Keywords: urbanization, land use land cover (LULC), water table, rapid growth, NDVI, groundwater, water policy
1 INTRODUCTION
Water is the most important and venerable source of life. According to the UNDP (2002), “About 1.1 billion people have no or less access to drinkable water and about five million people die each year due to contaminated water diseases”. As such, surface water, i.e., streams, lakes, dams, etc., and groundwater, either shallow or deep aquifers, are the two primary sources (Khan and Eghbal Bakhtiari, 2017); however, only 3% is fresh water and only a small portion of this (about 0.01%) is suitable for human use (Azizullah et al., 2011). One of the significant causes of water shortage and water pollution is urban expansion driven by the increasing population (Sohail et al., 2019). Pakistan, an underdeveloped country, is ranked 80 among 122 countries regarding poor drinking water conditions, and its drinking water sources, i.e., surface water and groundwater, have been found to be contaminated (Azizullah et al., 2011; Ahmed et al., 2015; Sohail et al., 2022a).
Islamabad, the capital of Pakistan has undergone rapid urban growth in the last 2 decades and the growth has affected the quality and quantity of groundwater. The World Bank has reported Islamabad as a densely populated urban area that has experienced a 73% increase in population in the last 15 years. Due to such an increase, the city is facing a scarcity of freshwater (Afzal, 2009; https://www.thenews.com.pk/print/53775-islamabad-having-highest-rise-in-urban-population-wb). The current water deficit has emerged as the recharging of dams has decreased due to certain factors, gradually adding to the exploitation of groundwater (Khan, 1996; Sohail et al., 2019; Shah et al., 2021; Sohail et al., 2022b). A recent study indicates that due to the unplanned and uncontrolled exploitation of groundwater, e.g., in the D-12 sector of Islamabad, many dry water aquifers have been discovered (Qadir et al., 2018). Since then, Islamabad has shared its natural assets and climate with Rawalpindi, with a combined population of 1.3 million, the policymakers must preserve the natural habitat of the capital by utilizing data on the physical climate for future improvements (Sheikh et al., 2007).
The study of the pattern of climate change and rainfall requires a broad understanding of vegetation dynamics and elements. NDVI is considered one of the crucial factors in crop health and seasonal variation. The dynamic properties of soil moisture, precipitation, agricultural productivity, and natural vegetation growth all correlate with NDVI fluctuation. Precipitation and soil moisture are strongly linked to the development and growth of vegetation (Sharma et al., 2022). The quantity and quality of vegetation in an area strongly correlate with temperature and precipitation (Sha et al., 2020). Although the impacts of vegetation changes on the climate are still poorly understood and there are significant uncertainties, especially across Central Asia, vegetation changes can play a significant role in influencing local land surface temperatures (Yuan et al., 2017). Rapid urbanization throughout the globe drastically alters the properties of the land surface. One of the key elements that affect how LST distribution varies is natural vegetation. NDVI, which is being employed in LST computation, is the most widely used vegetation index. Numerous elements, including the climate, different types of vegetation, land use, urbanization, etc., affect the LST-NDVI relationship. Recently, several studies have tried to develop the LST-NDVI correlation in major cities throughout the world (Guha and Govil, 2020; Guha, 2021).
The prime objectives of this study are to determine the water table depth and the impact of urbanization, LULC, LST, and NDVI changes on the static water table; to select the most suitable locations for artificial recharge in various underground water aquifers using check dams and injection wells; and to discuss water policy for a sustainable water table in the study area. To achieve the objectives of the study, remote sensing data, data from drilled water wells, and scientific material collected via a literature survey were used. In this study, different data sets were analyzed to discover the impact of urbanization and LULC on the decline in the water table and the possible solutions, and water policy is discussed using a case study from Islamabad, Pakistan.
2 LOCATION OF THE STUDY AREA
Islamabad was selected as the study area, as shown in Figure 1A, because of the water crisis in the metropolitan city. The area is situated at a height of 579 m above sea level. The boundaries of Islamabad are met by Punjab on the east, west, and south and by Khyber Pakhtunkhwa on the north. The city covers a region of around 906 km2. The longitude and latitude of the region are somewhere between 72°45′to 73°30′E and 33°30′to 33°50′N, respectively (Sheikh et al., 2007).
[image: Figure 1]FIGURE 1 | (A) Location map of the study area (Islamabad) (B) Image showing the sub-surface geology of the Rawalpindi and Islamabad area (Abbas et al., 2014).
2.1 Climate of the study area
There are four main reasons for climate change in Islamabad. June to August are the summer months, which are warm and rainy. September to November are the dry autumn months. December to February are the cold winter months. From March to May, it is mostly spring. Higher precipitation is recorded in the summer during the monsoon rainfalls, while other seasons generally remain dry, and the overwhelming breeze direction is northeast (Shah and Shaheen, 2008).
Temperatures in Islamabad vary from mildly warm to cold throughout the year, occasionally dipping under 0°C, with scanty snowfall in some undulating areas. An average of at least 3.9°C to a maximum of 46.1°C is observed from the months of January to June. The average low temperature of 2°C comes in the month of January. The average high temperature of 38.1°C comes in the month of June. The highest recorded temperature is 46.5°C and was recorded in June, and the lowest recorded temperature is −4°C and was recorded in January (Source: Pakistan Meteorological Department).
2.2 Hydrogeology
Islamabad is divided into five zones; Zone I consists of well-developed areas, Zone II consists of under-developed and un-developed areas, Zone III consists of Margallah Hills, and Zone IV and Zone V consist of mainly rural areas. The Soan River passes through Zone V (Naqvi et al., 2017). The two main streams that control the water supply in Islamabad and Rawalpindi are the Soan and Kurang rivers. The hydrogeological study of Islamabad has highlighted the occurrence of some shallow aquifers and some deeper aquifers in the subsurface. The shallower aquifers are composed of Holocene and the upper units are Pleistocene alluvium. The deeper aquifers are confined in the Lei-conglomerate of the Pleistocene era. The unconsolidated conglomerate beds of the Lei-conglomerate play the most important role in the groundwater aquifer in Islamabad. However, the alluvium formation is overlying the Lei Conglomerate, which is present in a shallow water table and is, consequently, often exploited by local municipal and private wells (Sheikh et al., 2007).
Therefore, the presence of these aquifers is demarcated by the intercalation of large clay-type lenses, causing division and, thus, an insignificant connection in some sectors, which are not precisely located. The HESC report (2018) has suggested that there are five aquifer levels in Islamabad. Because of the lithological connectivity of Islamabad, the presence of these aquifer structures does not essentially exist in all parts of the study area. The bedrock in the area is mostly faulted and folded and contains sandstone and claystone from the Rawalpindi Group, sandstone and claystone from the Kuldana Group, harder limestone of the Chorgali Formation extending toward the north, and sandstone and claystone from the Siwalik Group extending toward the south. The depth of the bedrock exceeds 100 m, which is common over much of the area (Sheikh et al., 2007; Khalid et al., 2021).
2.3 Subsurface geology and digital elevation model (DEM) and stream channels
Most of the aquifers in Islamabad are made up of boulders and gravel, which date from the Pleistocene to the present age. Alluvial fans mostly contain silt and clay particles along with gravel and sand. A cross-section diagram of the Rawalpindi and Islamabad areas shows that thick layers of clay have been sandwiched between the first and last aquifer layers, mostly composed of boulders and gravel, as shown in Figure 1B (Abbas et al., 2014). The main water channel, which covers the whole study area, is the Soan River, with the following tributaries: Lei Nullah, Ling Kas, the Korang River, and Gumrah Kas. The stream network has been identified using watershed analysis with SRTM DEM to study the elevation profile of the study area, which lies from 397 to 1,440 m above sea level, as seen in Figure 2. Figure 2 shows the mean stream network of Islamabad; the blue color highlights the Rawal Lake, which supplies water to Rawalpindi City.
[image: Figure 2]FIGURE 2 | The main water streams and elevation profiling map of Islamabad.
3 DATA SET AND METHODOLOGY
The data used in this study were divided into satellite data, remote sensors, and ancillary data. Water resources data were collected from the Capital Development Authority (CDA), while meteorological data was collected from Pakistan Meteorological Department (PMD). For satellite data, Landsat data were obtained from Google Earth Pro. Landsat, a joint program from the USGS and NASA has been observing the Earth continuously from 1972 to the present day. Landsat satellites provide images of the entire Earth’s surface at a 30 m resolution around once every 2 weeks, including multispectral and thermal data (Wulder et al., 2016). Some data sets were gathered from previously published literature through a literature survey of the study area. Demographic data were obtained from a reliable online open-source data platform, “Macrotrends”. Data on population and CDA water supply schemas were gathered from different websites. In this study, SRTM (Shuttle Radar Topography Mission) data on the Islamabad Capital Territory were acquired from the NASA platform, with a spatial resolution of 30 m. The land surface temperature was calculated using Landsat satellite data for the summer season (between 1 May and 31 July) for all the observed years. The Landsat five TM satellite data were used for the years 2000 and 2010, whereas for the year 2020, Landsat eight OLI was used. The Landsat five TM Satellite data were used for the years 2000 and 2010, whereas for the year 2020, Landsat eight OLI Satellite was used. NDVI was calculated using near-infrared (NIR) and red bands of the Landsat satellite. Firstly, we chose 25 sample locations randomly in each zone. We then extracted the value of NDVI and LST for the observed years, i.e., 2000, 2010, and 2020. The LST-NDVI relationship was determined using Pearson’s correlation coefficient approach for the period 2000–2020.
[image: image]
Ancillary data included data from tube wells and rainfall data, which were obtained during a series of visits conducted by the concerned departments: the CDA and the PMD. The data obtained from the CDA was sketched on the map to show the points of the wells in various locations in Islamabad. A total of 94 well data items were used in this research, which includes information on Latitude and Longitude, Well Depth, and Static Water Level. The locations of the data points are shown in (Figure 3A). Stream pattern data were collected from the CDA, and after processing the data in ArcGIS, the map of stream patterns was generated. A comprehensive literature review was performed between May 2020 and June 2020 to identify issues relating to water crises and water policy discussion.
[image: Figure 3]FIGURE 3 | (A) Well points location map of the study area. (B) Zonation map of Islamabad.
The use of LULC change data facilitates the study and analysis of different phenomena (their timings and causes, etc.) and finding solutions to avoid further destruction caused by urbanization (Zhou et al., 2008). This study aims to conduct a comparative analysis of the LULC of Islamabad using Remote Sensing (RS) and GIS tools. This aim was achieved through identifying different LULC categories and patterns of land use changes in Islamabad from 2000-2020 to integrate supervised classification using spatial data analyzed through GIS and RS techniques. The LULC classification for Islamabad was done using the supervised classification method. To identify the LULC changes in Islamabad, the images of the Landsat satellite were used for the years 2000, 2010, and 2020, and the image was acquired for the month of March/April to understand the scenario surrounding LULC changes. For satellite image classification, a maximum likelihood classifier was used for the identification of land features. Accuracy assessment was done using the confusion matrix process, in which 70% of field samples were used for classification and 30% were used for accurate assessment of the study area.
3.1 Zones and dams of Islamabad
This data focuses on Islamabad, the capital of Pakistan, which was established in 1960 under the Capital Development Authority (CDA) Ordinance 1960 and divided into the five following zones (Figure 3B). CDA data on the zoning of Islamabad were used and were available on the CDA website (https://www.cda.gov.pk/housing/ictmap.asp).
(1)Zone I: CDA acquired land for development.
(2)Zones II and V: private housing societies and other development activities.
(3)Zone III: reserved area covering the area mostly under the Margalla Hills.
(4)Zone IV: land used for multiple activities, such as a National Park, Agro-farming, study institutions, and research and development.
In our work, CDA zoning data are used to show the distribution of water into various zones from different sources. Dams are available for the supply of water in Islamabad, including Simly Dam, Rawal Dam, and Khanpur Dam. The CDA supplies water to various zones of Islamabad by dividing the city into three main parts.
(1)Simly Dam supplies water to Zone IV and Zone V areas.
(2)Khanpur Dam supplies to Zone I and Zone II.
(3)Tube well zone supplies most of the water to Zone V of Islamabad.
Zone III covers the area that lies under the Margalla Hills and, therefore, its main water source is rainfall water.
4 RESULTS AND DISCUSSIONS
The digitization of CDA data using Arc-GIS was performed for groundwater depletion analysis. Figures 3, 4 illustrate the well points of Islamabad, zones of Islamabad, and stream patterns of Islamabad, respectively. This digitized data provides helpful information on water pumping, water supply, and natural water resources for groundwater recharge and for public use in Islamabad.
[image: Figure 4]FIGURE 4 | Comparison of LULC classification map of Islamabad, 2000, 2010, and 2020.
4.1 Impact of urbanization on LULC, NDVI, and LST
4.1.1 Impact of population growth on land use and land cover (LULC) changes
Population growth causes changes in LULC, which, in turn, affects water demand and availability. In our study, population and land cover area variations and their impacts on water resources in Islamabad are discussed extensively. For LULC, demographic data were also utilized and digitized using ArcGIS.
It is a fact that there is a strong link between the population, fundamental natural resources, urban expansion, and the natural landscape. Cities and urban centers around the world have experienced significant transitions due to socioeconomic development, industrial expansion, rural-urban migration and transformation, and other related factors, expanding beyond their typical administrative boundaries (Shirazi and Kazmi, 2014). Here, population growth plays a significant role (Bongaarts, 2006); due to factors that stimulate urban growth, i.e., the replacement of natural land covers with impermeable urban materials, biophysical environmental changes adversely impact land surface characteristics and cause changes in land surface energy development (Cai and Huang, 2016). With the increase in anthropogenic activities, the natural environment in cities continues to deteriorate, as vegetation is replaced by building cover (Akhtar et al., 2016; Divine et al., 2016; Ahmad et al., 2022), impacting food production as well. Such changes in LULC are caused by human activity and strongly affect a particular area’s regional environment (Zhang et al., 2016; Dawood et al., 2021; Mehmood et al., 2021). Land cover is active and varies at altered spatial and temporal scales (Clark and Kilham, 2016).
In our study area, according to LULC data, a significant increase in population was observed in Zone 1, 2, 4, and 5 due to rural-urban migration and transformation in the last 2 decades. Contrarily, vegetation cover decreased substantially, excluding the north side of the city, which is mainly covered by the Margalla Hills, where public rights are reserved, i.e., cutting, trimming, and taking down trees is strictly prohibited. In the previous decade, vegetation reduction increased compared to other decades (Figure 4).
The population and growth rate of Islamabad for the years 2000, 2010, and 2020 are shown in Table 1. Table 2 was generated based on land use and land cover changes (LULC) from 2000 to 2020. The percentage values were calculated from the whole of the metropolitan area of Islamabad. The extent and yearly average rates of change for rural and urban land cover changes are shown in (Table 2). It shows that most of the land cover changes were unidirectional. The urban areas (land and water bodies) vegetation shrubland had higher levels of change in comparison to the built-up land, bare land, and many water bodies from the year 2000 to the year 2020 (Table 2; Table 3; Figure 7). The average rates of change for the land cover types are shown in Table 3 and Figure 7. The unidirectional change was observed in land cover changes except for in water bodies and bare lands. Vegetation shrubland and bare land had higher rates of change than water bodies, built-up land, and forests during 2000–2020 (Tables 2, 3; Figure 4).
TABLE 1 | Population and growth rate of Islamabad for the years 2000, 2010, and 2020.
[image: Table 1]TABLE 2 | Land use and land cover pattern changes from 2000 to 2020.
[image: Table 2]TABLE 3 | Area and amount of change in different LULC categories in the study area from 2000 to 2020.
[image: Table 3]Table 3 shows a considerable difference in Landsat images observed in the years 2000–2020 based on an area exposed by various features. An increase in population was observed in the south and north south, and a small change was observed in the west side of Islamabad in 2000 and 2020. Conversely, vegetation cover is reduced throughout the whole city except for the north, which lies under the Margalla Hills. Over the last decade, vegetation cover has decreased compared to previous decades. The vegetation cover reduced from 43.66% in 2000 to 29.03% in 2020 due to rapid urbanization.
According to some of the statistical data, migration generally takes place mostly for economic reasons, and movement from a rural to an urban area is mainly causing a higher population growth rate specifically in urban areas. Because of this, the process of urbanization goes hand in hand with social, health, and many environmental issues, so proper planning is required for making urbanization in cities beneficial to the economic growth of the country (Gong et al., 2012). Being a well-planned city, Islamabad is an eye-catching destination for in-land migrants because of better economic opportunities.
4.1.2 The relationship between LST and NDVI
Rapid urban development is complex in its nature because it reduces vegetation cover inside and around cities. Due to the population explosion, lush green pastures have been converted into built-up areas. Policymakers, geographers, administrators, and urban planners are currently faced with the task of monitoring the changes in land cover and urban land use as the natural environment in cities continues to deteriorate due to anthropogenic activity. The literature indicates that significant fluctuations in temperature and rainfall patterns have had a significant impact. The groundwater aquifer is being depleted because of the rising temperature’s negative effects on the rainfall pattern’s temporal and spatial distribution. NDVI and the LST impact the climate of the study area. These climate changes lead to groundwater and surface water depletion and exacerbate the demand-supply imbalance. Due to climate change, rain pattern changes affect aquifer recharge (Appiah et al., 2015; Sohail et al., 2019; Nguyen et al., 2020; Liu et al., 2021).
Nowadays, the Earth faces a significant threat related to the environmental issue of a global rise in temperature as well as regional temperature fluctuations. The Earth’s land surface temperature is controlled by environmental processes, directly and indirectly (Sahani, 2021). The LST is frequently used to determine urban heat, which may be derived from various remotely sensed data. Any research study related to LST must always utilize NDVI (Guha and Govil, 2020). An indicator of vegetation, known as NDVI, is frequently used to explore the link between LST and vegetation worldwide. The link between LST and NDVI is quite complex and interesting, and it attracts researchers in different directions, which is influenced by a variety of factors like LULC, urbanization, etc. (Deng et al., 2018). The sample’s location map for LST and NDVI analysis of the study area is shown in Figure 5. The LST comparison map for the years 2000, 2010, and 2020 is shown in Figure 6. The NDVI comparison map for the years 2000, 2010, and 2020 is shown in Figure 7. NDVI shows the vegetation health in the area of interest and its range falls from −1 to +1, where −1 to 0 show no vegetation and the values from 0 to +1 show vegetation as near to +1 vegetation, which is considered the highest possible density of vegetation, and near to 0 indicates less vegetation. The statistical description of the temporal variation of LST, NDVI, and the LST-NDVI relationship for the period 2000–2020 is presented in Table 4. Figure 6 and Figure 7 show the mean LST and NDVI spatiotemporal comparison maps for the years 2000, 2010, and 2020 over the study area. The northeast and southwest regions are identified as having high LST zones and low NDVI. The healthy, green plants that lessen the intensity of LST are related to high NDVI. In the years 2000, and 2010, a lower NDVI value was observed. Due to tree cutting and land conversion, the NDVI value fell during the period 2000–2010. Recently, in 2020, there was a noticeable upward trend in NDVI and a lower LST value was observed.
[image: Figure 5]FIGURE 5 | Samples location map for LST and NDVI analysis of the study area.
[image: Figure 6]FIGURE 6 | LST comparison map for the years 2000, 2010, and 2020.
[image: Figure 7]FIGURE 7 | NDVI comparison map for the years 2000, 2010, and 2020.
TABLE 4 | The statistical description of temporal variation of LST, NDVI, and LST-NDVI relationship for the period 2000–2020.
[image: Table 4]4.2 Water demand and water resources
Surface water and groundwater are the primary water sources of Islamabad. Islamabad, the capital city, depends on Simly Dam and Khanpur Dam for its water supply obtained through surface water. The CDA has also provided a water supply using groundwater, which involves the use of 180 tube wells. The need for water is also fulfilled by private and public wells (Shabbir and Ahmad, 2016). Previous studies have indicated that the surface water supply of the metropolitical city of Islamabad is declining due to decreased upstream inflow and sediment accumulation in the reservoirs. Furthermore, excessive and uncontrolled groundwater exploitation has caused the water table to drop at the rate of 1.7 m/year. Additionally, certain metropolitan sectors of the city have observed a water table drop of up to 20 m (Khan et al., 2020). According to the statistics, Islamabad, a city with a population of 1.22 million, requires 125 million gallons per day, with a supply of only 72.114 million gallons per day, creating a deficit of 52.86 million gallons. The city can produce only 80 million gallons for 1 day’s usage. The production capacity of Simly Dam is 42 MGD, but it is producing only 27 MGD. Several tube wells that are registered have a production capacity of 36 MGD. The production capacity of Khanpur Dam is 16.5 MGD, but its present output is only 10 MGD. Production capacities of small tributaries like Korang, Shahdara, Saidpur, and Noorpur are 2.4 MGD, 1.6 MGD 0.8 MGD, and 0.7 MGD, respectively, while their present production rates are 1.2 MGD, 1.2 MGD, 0.7 MGD, and 0.5 MGD, respectively (Naqvi et al., 2017).
4.3 Static water level (SWL) contour map
The pumping of underground water sources can affect subsurface water levels. Subsurface water is recharged by penetration from surface water or streams, and at certain points, the water table has dropped. The water table is affected depending on the geologic and hydrologic states of the surface water source, and the constant withdrawal of water at the same rate, for a relatively long time, can bring the water table down to a considerably low level (Sheikh et al., 2007).
The decline in groundwater is mainly related to urbanization, which ultimately increases freshwater demand for daily life. According to data from the CDA, the contour map shown in Figure 8 was generated using ArcGIS and shows the qualitative static water level near the wells (Figure 8). Zone 1 is the area to which the tube wells are supplying water; therefore, a number of tube wells were installed by the CDA, due to which, a considerable drop in groundwater levels was observed. Zone 1 consists of populated sectors (F, G, H, I), which is conducive to water table stress and over-pumping groundwater to fulfill the community needs within the zone. The static water tables range from 25–54 m. There has been a decrease in the static water level of Islamabad according to data provided by the CDA and some data sets gathered from previously published literature. The decline is linked to the unbalanced use of water, groundwater extraction, a reduction in water percolation in soil, rapid urbanization, and the population increase.
[image: Figure 8]FIGURE 8 | Contour map for static water level (feet) using well points.
According to published reports, the average rate of groundwater decline is 1.7 m per year. In Gulshanabad Mohallah, Islamabad, a drop of 20 m was observed. The decline in groundwater has been linked to an increase in the number of wells drilled in the area. Because of this, groundwater extraction has become difficult and there has been a reduction in groundwater usage in and around the Capital Territory (Khan and Fee, 2014; HESC, 2018). According to CDA officials’ report, groundwater in the Capital Territory has lowered by five times over the last 5 years, which is a very alarming rate (https://www.dawn.com/news/1452462). The study indicates that the groundwater in Rawalpindi City, which is adjusted to Islamabad groundwater levels, decreased by 10–14 m during 1998–2003 and decreased by 5 m during 2003–2007. Furthermore, the groundwater level reduced dramatically from 58–73 m from 2017–2021 (Abbas et al., 2014; Khan et al., 2022).
4.4 Streams pattern and catchment area
GIS was used to count and calculate the overall number of streams in the study area as well as the number of streams of various orders. Calculations reveal that as stream order increases, the number of streams gradually reduces. The variance in stream order and the size of tributary basins are largely dependent on the geomorphological and geological conditions of the area (Rai et al., 2017). Different streams flow in different localities of the study area, as shown in Figure 9. The main rivers flowing through the study area are the Korang and Soan rivers. The Korang River is an outlet from Rawal Dam and the Soan River is located at the foot of Patriata, Murree and feeds Simly Dam. The Lai Nullah also flows toward the south and eventually falls into the Soan River (Aziz et al., 2014).
[image: Figure 9]FIGURE 9 | Stream pattern map of Islamabad (Legend: 1. Small streams; 2. Major streams; 3. Tributaries; 4. Main streams).
From the survey of the study area, the Margalla Hills were found to have the potential for groundwater development through the construction of check dams. Several catchment areas, based on water channels passing through these areas, were identified along the Margalla Hills, such as Shah Allah Ditta Caves, Ramli Village, Shadrah, Saidpur Village, Trail-5, etc. (Figure 10).
[image: Figure 10]FIGURE 10 | Streams spotted along Trail-5 during the survey.
The Simly and Khanpur dams are the main water bodies that supply water to Islamabad. The daily water demand for Islamabad is 250 million gallons (MGD) and the supply is only 120 million gallons. Due to this water demand-supply gap, the relevant authorities need to pay attention to the long-term availability of resources for the future, control of the population, and control of the pollution that is being released directly into water bodies.
4.5 Groundwater recharge
The main focus of this study is groundwater recharge. In this regard, the catchment area of Trail-5 was taken into consideration and its data were utilized to observe groundwater recharge. Here, the main source for recharging groundwater is precipitation. The average annual rainfall of Islamabad is presented in Figure 11A. From the year 2000–2020, most of the precipitation occurs between the months of June and October. During this time, 70% of the average rainfall occurs. From May to November, 350 mm of precipitation has been recorded.
[image: Figure 11]FIGURE 11 | (A) Graph generated from the data obtained from the Pakistan Meteorological Department (PMD) showing the average monthly rainfalls for the period 2000–2020. (B) Average monthly maximum and minimum temperatures in Islamabad for the period 2000–2020.
In the process of recharge, temperature plays an important role in watershed areas; the temperature causes water loss from ponds, reservoirs, and moisture in the soil. The average monthly minimum and maximum air temperature recorded by PMD at Islamabad airport are given in Figure 11B.
4.5.1 Land use and soil type
The data taken from literature for land use and soil type were provided by JICA, 2003; Ahmad et al., 2016; Khalid et al., 2021, according to which, the area has four zones of physiography, including the Margalla Hills, the valley area, the higher plains, and the lower plains.
The Margalla Hills are located in the north of the study area. The majority of the known formations in this area are Shale, Sandstone, and conglomerates, which are covered by coniferous and scrub forests. Below the Chaklala Bridge Valley area, small streams fall into the Soan River, which mostly contains sand/silt and boulders/gravel. Expanding over the built-up area of Islamabad, with a gradual slope varying from north to south, lie the higher plains. The areas that make up the higher plains are Tenawali, Bendarawali, and Saidpur. The area that extends from the upper part of the Rawalpindi area above Chaklala Bridge is the lower plains area. It is flatter than the valleys and the higher plains (JICA, 2003; Butt et al., 2015; Ahmad et al., 2016; Khalid et al., 2021).
4.6 Check dams
Check dams (small ponds) have also been built with recharge wells to completely utilize the rainwater at a place that is favorable for natural aquifer recharge, where the surface runoff is greater throughout the catchment area, as check dams are more affordable than recharge wells. In the study area, it has been estimated that the groundwater level will not only stabilize but also rise over time owing to recharge wells and check dams (Alam et al., 2022). A suitable location for making check dams was found near Trail 5, as shown in Figure 12 in the Shahdara valley stream and the Rumli valley stream. The Trail five running stream can be considered the main water source for making check dams; however, the Margalla Hills range has a high potential for seasonal check dams. By using these small dams, water can be stopped and released in the subsurface to recharge the underground aquifers.
[image: Figure 12]FIGURE 12 | Point suggested for check dam.
4.7 Water policy analysis
Previous studies have indicated that the groundwater table has declined at an alarming rate and existing aquifers are drying out due to the low rate of recharge. There is an urgent need to develop an integrated, adaptive water management scheme and policy for the protection of groundwater resources, in Islamabad, Pakistan. To achieve the sustainable development of water resources, all stakeholders like hydrogeologists, policymakers, lawmakers, and related institutions must come together to solve this issue. The CDA has planned and launched different projects for the use of surface water and groundwater and also used injection wells to maintain the water table of the capital city.
The country’s water resource management is greatly destabilized by problems including low-quality water, poor water access, and poor water management. Urbanization, rapid industrialization, and overpopulation are posing a serious threat to Pakistan’s water supply system (Khan et al., 2019). According to the “Indus Water Treaty”, three eastern rivers, the Beas, Ravi, and Sutlej, were allocated to India, while three western rivers, the Indus, Chenab, and Jhelum, were allocated to Pakistan (Qureshi, 2011). About 90% of the water from these three rivers is used for irrigation and food production, which contribute about 25% of the country’s gross domestic product (Basharat, 2019; Manzoor et al., 2022).
Pakistan has derived most of its surface water usage from the Indus System through different rivers and distributed it to far-off places for irrigation purposes using a canal system. In Pakistan, the major consumer of water is agricultural fields, which use both surface water and groundwater in agricultural fields. Before irrigation, the water table was significantly deep, but now, it has risen to a certain level due to a lack of proper water management, and it is one of the main causes of water logging and salinity. According to some reports, by 2025, the water requirement for irrigation purposes will be approximately 250 billion cubic meters, while the Indus System will be able to provide only 185 billion cubic meters of water. Therefore, the overuse of water for irrigation purposes will be the main cause of water shortage in Pakistan. During the period of 2005–2006, hand pumps were used for drinking water but, in time, hand pumps were replaced by motor pumps to extract water for drinking purposes both in rural and urban areas, due to which, consumption of water increased from 62% to 65% (Zaqoot et al., 2009). There is an urgent need to debate the use of surface water for domestic purposes instead of only focusing on agricultural activity. Policy-making institutions in Pakistan should pay attention to the sustainable use of water in households.
Pakistan’s Water Vision 2025 program identifies the problems responsible for the contamination and shortage of water, i.e., poor management of municipal supply; sanitation destroying the standards of clean water; a reduction in forests, which leads to soil erosion, silting of dams and reservoirs, and an increase in the outward flow of water from these reservoirs. The construction of dams to confront the water problems began in the 1960s with the construction of some major and minor dams: Warsak Dam, Khanpur Dam, Hub Dam, Mirani Dam, etc. (Siegmann and Shezad, 2006). However, unfortunately, the water policy was not able to meet its objectives.
Focusing on the future water crisis in Islamabad, the CDA has proposed a model for bringing water from other sources, and after analyzing several different routes, the use of water from the Tarbela Dam has been found to be an effective, sustainable, and inexpensive way to potentially fulfill the future water needs of Islamabad (http://www.cda.gov.pk/projects/waterSupply.asp). According to the press release, the CDA is also participating in joint projects in collaboration with the Pakistan Council of Research in Water Resources (PCRWR) to develop one hundred (100) artificial groundwater recharge sites to maintain the water table in Islamabad. The CDA tries to fulfill the requirements of water through different sources, which include dam water, groundwater, and water supplied by water tankers.
In the study area, there are two ways to fulfill the water needs: the first is surface water reservoirs and the other is groundwater. These resources have also been used all over the world to meet water demand. To overcome these issues, developing countries are using some artificial techniques as well as trying to increase their natural water storage capacity. The most appropriate artificial groundwater recharge techniques and the techniques used to enhance the efficiency of natural water resources for the study area are check dams and injection wells. Another cheaper method of fulfilling the water requirement of the capital city is the surface water supplied by Tarbela Dam.
5 CONCLUSION
The fundamental reasons for the water shortage in Islamabad are urban development and an increase in population. Climate change is also affecting the water supply in surface and subsurface water reservoirs. Islamabad Zone 1 is a densely populated area where tube wells are supplying water; therefore, a considerable drop in groundwater levels of 25–50 m has been observed. The increase in population is the reason for the increase in water consumption. In a nutshell, it has been concluded that the study area LULC changed significantly during the period of 20 years from 2000 to 2020. The built-up area increased from 2000 to 2020, growing from 3.58% to 35.17% as a result of urbanization growth. This growth in populated areas has occurred primarily at the expense of barren land, which has decreased from 19.02% to 38.99%. Vegetation cover reduced from 43.66% in 2000 to 29.03% in 2020 due to rapid urbanization. A minor change in surface water bodies during the period of 2000–2022 was observed. It was also observed during the field survey that enough surface runoff is accessible for check dams and injection wells for recharging the groundwater.
6 RECOMMENDATIONS
Recharge of groundwater can be replenished if injection wells, rainwater harvesting, and check dams (small ponds) are constructed in the area. It is suggested that piezometer hydrographs in the study area should be checked out over a period of 12 months and data should be recorded for better future development. According to previous studies, if the water storage scenario remains the same until 2025, Pakistan will face a huge shortage of fresh water. Similarly, the CDA also makes plans to overcome water shortages and increase water availability. To achieve this aim. The city government must approve the construction of canals from large dams in Pakistan.
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