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Abstract

The rapid urbanization and population growth over the past three to four decades has
caused a change in the Land use and land cover patterns in the twin cities of Pakistan
(Islamabad and Rawalpindi). This in turn has led to a change in land surface temperatures.
The knowledge of various man-made phenomena on the surface of the earth is improved
through the study of Land Use and Land Cover (LULC) changes and their patterns. As
Pakistan is in the top ten countries that are going to be affected by climate change, thus
there is an urgent need to monitor the environment to make better decisions. The area of
interest in this study is the city of Islamabad (33.7205° N, 73.0405° E) and Rawalpindi
(33.5651° N, 73.0169° E). The area was selected for the study because it has seen drastic
changes since the start of the 215 century. The time period of 4 decades was taken, from
1990 to 2021, and calculations were done after every decade. The satellite imagery of the
study area was taken from the United States Geographical Survey (USGS) for each decade.
LANDSAT 4-5 imagery was used for the year 1990 to 2010 and for the year 2021
LANDSAT 8 imagery was used. The study focuses on changes in the Land Cover Changes
and also how these changes correspond with the changes in the temperature over the years.
Land Use and Land Cover were analyzed by a supervised classification system. For Land
Surface Temperature, Thermal, Red, and Infra-Red bands were used to calculate the
changes in temperature. The results of Land Cover changes were found, and the maximum
change was observed in urbanization followed by barren, vegetation, water, and then forest.
A trend of decreasing lower temperature and increasing higher temperature was observed,
where net changes of 13.72, and 11.81 in degree centigrade were analyzed respectively.
These changes are crucial for any urban city development and for climate change study,

and they also provide baseline information for decisions and policymakers.
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Chapter 1 - Introduction

1.0. General overview

As of October 2011, the global population has increased to 7 billion people and is
rapidly increasing (Li, Liu, and Sang, 2012). It is projected that the population will grow
up to 10.9 billion people at the end of this century, from 7.7 billion people current
population (Maja and Ayano, 2021). It is projected that regions of low-income and poor
countries, with population dependent on nature, is seeing more growth than other regions.
These regions include Sub-Saharan Africa and the Southeast Asian region with an annual
population growth of 2.5% (United Nations, 2019). These regions are undergoing sudden
and rapid economic and demographic changes, “demographic transition”, which is why
they are in a rapid population growth phase (Bongaarts and Casterline, 2013). According
to a projection done by the UN, more than half of global population change will be brought
from the population change in Sub-Saharan Africa and the Southeast Asian region (Maja
and Ayano, 2021). The change in Sub-Saharan Africa in terms of fertility is more than in
the Central, Southeast Asian regions, and Western Asia by about 4.6 live births per woman
in Sub-Saharan Africa (DESA, 2019). These areas are expected to increase the global
population increase by half a billion people in the upcoming three decades, despite having
a declining birth rate, and about 25% of the total global population will be concentrated in
these regions. This rapid increase in population coupled with migration from rural areas to
urban areas and fast economic development is causing intense pressure on food, water,
energy utilization, and production, all of which in return affect or harm the environment
and also contribute to the climate change (Jiang and Hardee 2011; Molotoks et al. 2018;
Maja and Ayano, 2021).

1.1. Urbanization

Rural to urban areas migration is increasing at an alarming rate. According to a recent
report published by United Nations Population Division, within the upcoming 30 years, the
growth of urban areas will increase from about half the population living in urban areas
currently to two-thirds living in urban areas. Between the years 2000 and 2030, the global

population growth is expected to grow from about 48.3% currently residing in the urban
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area (about 2.8 billion people compared to a total of 6.0) to 60.4% living in 2030 (60.4%
living in urban areas, about 4.9 billion people of total of 8.1 billion). According to an old
study, by 2007, most of the world’s population will be living in urban areas. Less wealthy
regions will see more (from about a growth of 1.9 billion in 2000 to roughly 3.9 billion in
2030) with the highest growth rate expected to be happening in Asia and Africa. Compared
to Asia, North America and Europe are currently more developed urbanized regions, but
still, the number of urban people living in those regions (about 1.2 billion) is less than the
number of people living in Asia (1.4 billion), already in the year 2000 (Vlahov and Galea,
2002). The United Nations defines a city with a population of over 10, 000, 000 as a
megacity (Li, Liu, and Sang, 2012). The pace at which the urban areas are seeing an
increase is different in different regions. It is estimated that the proportion of people living
in megacities has increased to 5.2% in 2015 from 4.3% in 2000. The rate of growth in
underdeveloped countries was much higher than the developed countries. But there will be
more increase in small cities’ population (cities with a population of less than 5 million),
than the large cities by almost 25% more increase in small cities. Thus, there was more
population increase in small cities, but the number also increased in the megacities, which
undoubtedly, created many challenges in the health and environmental sector (VIahov and
Galea, 2002).

1.2. Causes of Urbanization

Resource depletion and consumption are different in different areas, regions, and
countries and the change is substantial between developed and underdeveloped countries.
The level of resource consumption is higher in developed countries than the
underdeveloped countries as they aspire to have a better and better lifestyle and also depend
a lot on resources that contribute to solid waste production. That’s why their rate of
resource exploitation, regardless of whether it’s exploited inside their country or outside,
is higher than the underdeveloped nations. In contrast, people in underdeveloped countries
are living much more resource-independent life. But this doesn’t mean that underdeveloped
countries are not moving toward where developed nations are heading. Underdeveloped
countries due to lack of education, awareness, increase in population, and also the

aspiration to have a more luxurious and better lifestyle are causing a lot of harm and



degradation of the environment. The idea of consumerism and a capitalistic market has
prevailed in underdeveloped nations as well. So, in both, the underdeveloped and the
developed nations, the current trend of energy, natural resources consumption, agricultural
practices, and the rate of urbanization is inclined more toward unsustainable patterns rather
than eco-friendly and sustainable ones. If this trend continues, these patterns can lead to
many problems like climate change and reduced economic growth due to a decrease in
environmental productivity (Mittal and Gupta, 2017). Earth is a planet with a finite number
of resources (Maja and Ayano, 2021). The sudden increase in the demand for natural
resources, after the industrial revolution, is causing dramatic depletion of these resources
particularly in countries that are overly dependent on them (WWF, 2018). Though
developed nations are consuming more natural resources, the underdeveloped countries
have more natural resources quantitatively but are causing a lot of harm by deforestation,

overgrazing, and loss of biodiversity (Toth and Szigeti, 2016; Mittal and Gupta, 2017).
1.2.1. Deforestation

The terms forest and deforestation are known commonly but in science, these
terminologies need to be clearly defined first before we talk about them, and this definition
must be measurable. There still needs to be a proper single definition of forest that needs
to be created and agreed upon by everyone but we still don’t have one, even though these
terms are a global issue. Let’s first study the definition of FAO (Food and Agriculture
Organization, which is an established institute). FAO (2006) defines forests as an area of
land that is more than 0.5 hectares and has trees higher than 5 meters with a canopy cover
of more than 10 percent. But this definition excludes land that doesn’t lie under forest area
is excluded. Let’s see another definition. According to the United Nations Environmental
Program/the Convention of Biological Diversity (UNEP/CBD, 2001), it excludes those
temporary un-stocked areas (areas that have yet to reach the crown density and height) but
all other parameters are the same: i.e., minimum 0.5 hectares, crown over 10 percent and
height of trees 5 meters. Lastly, let’s see the definition of the United Nations Framework
Convention on Climate Change (UNFCCC, 2006). According to UNFCCC, the minimum
area needs to be from 0.05 to 1.0 hectares, with a tree canopy of 10 to 30 percent and height
from 2 to 5 meters (Indarto et al, 2016).


https://link.springer.com/article/10.1007/s41748-021-00209-6#ref-CR151
https://link.springer.com/article/10.1007/s41748-021-00209-6#ref-CR134

In Europe, the Middle East, and Asia, deforestation has been called the reason for
ecological degradation (Marsh, 1874; von Wissman et al. 1956; Thirgood, 1981; Thomas,
1956). Since the 1970s, the awareness of the severity of the problem of deforestation has
been brought to light and its impacts on environmental damage and wood shortages.
According to FAQO, deforestation was recently only confined to Asia and Africa but now is
also a problem in Latin America (FAO and IUNEP, 1982). With the exception of a few
countries with anomalously high rates of deforestation, deforestation is suggested to be
confined to countries, with forests, near the meridians (Allen and Barnes, 1985).
Agriculture plays the most significant part in the contribution of deforestation. But
agriculture for food is just as important as forests for the ecosystem, therefore,
understanding the conversion of forests and implementing sustainable practices are
important to achieve the goals of SDGs (Sustainable Development Goals) (Solis and
Montania, 2021).

Pakistan has five provinces, one of which is Khyber Pakhtunkhwa (KPK). KPK is
a very important province for Pakistan and is very vulnerable to deforestation and climatic
changes due to many climates sensitive sectors. A large portion of the whole forest system
of Pakistan lies in KPK and the people of KPK also rely mostly on the forest and agriculture
sector. According to an estimate, 40% of Pakistan’s forest lies in KPK (Ahmad et al.2012).
But the rate of deforestation in this region is high, which makes it prone and vulnerable to
floods, landslides, ice caps melting and loss of biodiversity, etc. An example of climate
change and its impact not only on KPK but on Pakistan as well as the flood of 2010. The
flood caused around 1767 deaths, loos of houses, and damage to property of around
200,733 people, and a total of 43,659,09 people were affected (Kroonstad, Sheikh, and
Vaughn, 2010). All these losses can be traced back to the loss of forests and climate change.
Conifer forests (which lies at an altitude of 1000 to 4000 meters) are facing the highest rate
of deforestation in areas like Dir, Swat, Manshera, etc. (Ahmad et al, 2012; Tarig and Aziz,
2015).

KPK forests are not the only forest under stress, the Himalayan Mountain
ecosystem is also facing such stress because of the rapidly increasing population. This is

causing habitat fragmentation and degradation of the forest. The earliest time that can be



tracked for deforestation started during the British Raj in the 1850s when forests were cut
down for industrial, infrastructure, and other uses. From 1990 to 2000, the total forest area
loss is around 74, 613 ha, and between 2000 to 2010, the total area of forest loss of 95,598
ha. The majority of this deforestation occurred in tribal areas. The second has seen a higher
rate of deforestation, mainly in the regions of North Waziristan, Upper Dir, and Bajor.
Most of the deforestation occurred between the boundaries at both, the international and
national district levels. Regarding the district level deforestation, those areas are now either

grassland or have become agricultural land (Qamar et al.,2016).

1.2.2. Barren land/desertification

Desertification can be described as land degradation in arid, semi-arid, and dry sub-
humid areas resulting from various reasons like variation in climate and human activities,
this definition is from one of the principals of the Conference on Environment and
Development of United Nations, the AGENDA 21. The land consists of soil, water, flora,
fauna, and other ecological processes that occur within the system, and its degradation
means ecological and economical loss by loss in productivity of the soil. Different land use
forms have different symptoms of desertification. One of the reasons for damage or
degradation of irrigated farmlands is the rise of the water table due to improper drainage
and or excess use of irrigation. Waterlogging can also cause salinization and other forms
of chemical imbalance or damage to the soil. Soil erosion is another reason for soil
degradation, which mainly occurs in rain-fed farmlands, and causes loss of organic matter
and essential nutrients, compaction of crust formation, and can also cause invasion of
weeds. Meanwhile, in rangelands, the degradation is associated with the reduction in bio-
productivity, invasion of nonnative species, soil erosion and poor livestock, etc. (Kassas,
Ahmad, and Rozanov, 1991).

Desertification is associated with drylands meanwhile land degradation can occur
in both drylands and moist lands. In areas where there is more water expenditure and usage,
including evapotranspiration, and less water income like precipitation, that area of land is
considered dryland. This is the criteria of aridity. Drylands are classified according to this
measure, called the aridity index, and the classification falls into four zones (UNEP, 1992):

hyper-arid, arid, semiarid, and dry sub-humid. The hyper-arid areas consist of 978 million



ha area, and are practically rainless, therefore are deserts. The arid and semi-arid regions
consist of 1571 million ha area and 2305 million ha area, respectively. These are rangelands
and rain-fed farmlands. And finally, the dry subhumid areas have a total area of 1296
million ha. These are more bio-productive than other lands mentioned before. The drylands
of the Earth, in percent of total area, contribute to about 41% or 6150 million ha. It is worth
mentioning that agriculture and vegetation can even occur in hyper drylands given that
there is water available like river Niel in Egypt. All these areas are prone to desertification
(Kassas, 1994).

When it comes to Pakistan, we have a serious problem of desertification because
Pakistan is predominantly an arid and semi-arid region that depends upon irrigated water
and rain. Its major export, from agriculture, is the cotton crop. And surprisingly, this cotton
is mostly grown in regions like That and the Cholistan Desert. Pakistan has a total area of
79.61 million ha and out of this 79.61 million ha, 68 million ha of land lies in fragile regions
which receive very less rainfall (less than 300mm) of annual rainfall. In Pakistan, one-
fourth area of the total area suitable for agriculture is susceptible to wind and water erosion,
water logging, flooding, and loss of nutrients and organic matter from erosion. Pakistan
receives almost all of its water from the Northern mountainous region, and from these
regions, the Tarbela and Mangla dam, which are the largest dams in Pakistan and
contributes to 90 percent of the water for food and crop production, are filled with streams
coming from Northern areas. But the capacity of dams is decreasing due to silting up and
sedimentation. Meanwhile, overgrazing, bad agricultural practices, and heavy soil erosion
further leads to more degradation of arid lands. The irrigated lands are now prone ad
vulnerable to waterlogging and salinity. In the province of Baluchistan, due to the already
shortage of annual rainfall and the dependence of the entire province on groundwater for
agriculture and horticulture, has dropped the water level dramatically. Rangelands
productivity has decreased from livestock pressure. The reduced freshwater flows, sewage,
industrial pollution, and over sage of natural usage, are causing tremendous stress on the

mangrove forest as well (Babur, Ali, and Baig, 2013).



1.2.3. Agriculture

Agriculture is associated with many facilities and services but all of them come
with a price. Agriculture provides us with food, open space, and scenery but on the other
hand, agriculture contributes to numerous and enormous environmental problems. One of
the biggest contributors to water quality degradation and degradation of aquatic habitats
are Nitrates and pesticide runoff. Not only do they degrade the quality of water for drinking
purposes, but they also damage the habitat of fishes and other organisms and also cause
eutrophication that can affect estuaries, lakes, rivers, and also commercial fisheries. On the
other hand, bacteria also contaminate the drinking water and can contaminate the shellfish
as well. Usually, these bacteria come from animal waste. The animal waste of livestock
can also produce odor in the drinking water and affect the quality of water in residential
areas. Erosion and then sedimentation can cause an increase in the cost of water treatment
of drinking water and also increases the need for dredging. Exposure from pesticides to
farmers can produce both, acute and chronic, illnesses. Meanwhile, pesticide residues
adhered to food can prove detrimental to human life and health. Damage from pesticides
to the ecosystem includes the death of fishes, birds, and animals and also damage to flora
and land as well, including but not limited to, the degradation of forests, wetlands, and
grasslands. Other contaminations like heavy metals have huge impacts on the ecosystem,
including, the death of wildlife and damage to their reproductive system as well as serious
health hazards for human health. The runoff of irrigation water can salinize the crops and
the downstream rivers. The runoff can also cause drainage issues in the downstream areas
(Lichtenberg, 2002).

There are other ways by which ecosystems can be polluted or degraded, including,
urbanization, rapid industrialization, wastes whether organic or inorganic, and bad
agricultural practices. Some of the bad agricultural practices include excessive or wrong
utilization of pesticides and chemical fertilizers, tillage, and ineffective and unsustainable
irrigation. Other bad practices include the burning of post-harvest crop residues, agriculture
without rotation, and wrong animal wastes (Gurbuz, 1992). In contrast, the best agricultural
techniques are complex to implement and depend upon many factors like weather

variability with time and hydrogeological conditions (Zollweg & Makarewicz, 2009).



Decision makers are continuously trying to implement the best agricultural management
techniques in order to reduce pollution and degradation all the while helping farmers to
have a better yield (Esen and Uslu, 2008). Alongside decision makers, the policymakers
also need to consider the local policies and practices and help the farmers to understand
and apply the better science and research done in the agriculture sector (Stoateet al., 2009).
They also need to inform the farmers about the side effects of synthetic fertilizers and
pesticides as their toxicity depends on many factors like temperature, pH, and type of soil
(Boxall et al., 2003). These chemicals have the ability to persist in the environment or
degrade quickly to have acute effects. Moreover, they can run off to other water bodies or
land. For example, fertilizers that have a high amount of Nitrogen in them can cause soil
washing, degradation of surface water like lakes, rivers and streams but also degradation
of groundwater aquifers as well. The latter, that is groundwater contamination, from
chemical fertilizers is a big issue. These chemical fertilizers with a high amount of Nitrogen
can break down into nitrates and as they are water soluble, they can seep down into
groundwater and can remain there for decades causing an accumulative effect. This
Nitrogen, as mentioned before, can also cause Algal Bloom in water, called eutrophication,
and can damage the quality of water and cease the growth of other organisms in the water.
Even if this Nitrogen is not runoff, it can affect the crops as well, like for example, lettuce
and spinach that are grown in a high concentration of Nitrogen can accumulate Nitrogen
oxide and Nitrate and also some carcinogenic compounds like Nitrosamine. By standard,
drinking water should not contain Nitrogen in amounts of more than 20 parts per million.
This is the reason many developed countries have limited the use of nitrogen fertilizers.
Lastly, these Nitrogen fertilizers when introduced to the sea, can make “dead zones” in the
marine ecosystem. In these dead zones, the nitrogen increases the growth of plant life
which ends up using all the dissolved oxygen, and none is left for fishes and other life,
which ends up in their death. This is of most importance when that marine ecosystem is

the one upon which a community depends (Khan, Ali, and Baig, 2013).

In the context of Pakistan, even though Pakistan is mainly an agricultural country,
the crop yield of Pakistan per ha is among the lowest. The major crops grown in Pakistan
includes cotton, rice, wheat, sugarcane, and maize. All of these account for 24% of the total

value added in the overall agriculture of the country and contributes about 4.67% of the
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total GDP. Other minor crops include Bajra, Jowar, and pulses, which have a value of
11.36% of the total agriculture and account for the 2.25% of the GDP. In contrast, the other
form of agriculture, that is, livestock, adds 58.55% to the agricultural value and contributes
about 11.61% of the GDP. Forestry contributes to about 0.41% of the GDP and adds 2.17%
of the agricultural value. And lastly, the fish industry contributes about 0.43% of the GDP
and adds 2.17% to the overall agricultural value (Azam and Shifique, 2017).

At the time of its independence, Pakistan’s agriculture contributed about 53% of
the GDP but slowly fall to about 21%. Thus, from the major three sectors of Pakistan’s
GDP, the industrial, the agricultural, and commerce; the agricultural sector saw a decline.
Now, there are other problems in this sector as well, mainly climate change. Pakistan
depends upon its river water and monsoon water for crop production as it is an arid and
semi-arid country. Monsoon rain contributes to about 90 to 97% of the total rainwater in
the summer season. But as Pakistan did have not enough dams, the year 2010 saw the
biggest flood in the country, and the agriculture sector took a huge loss. The total
agriculture growth was 1.2% and the total growth of major crops was 4% due to floods.
Furthermore, the rapid increase in population is putting stress on the water and energy
sectors. The irrigation system may be advanced in the past but now it’s too old and requires
modernization and improvements. If steps are not taken on time, there is a huge risk of

water logging and water salinization (Azam and Shifique, 2017).
1.2.4. Freshwater

Freshwater degradation from pollution and human use has, for the first time in
history, a problem where the water shortage will be causing a threat to food security,
ecosystem health, and the supply of water to urban areas. The major factor contributing to
this is pollution and moreover, the addition of 3 billion more people in the coming decades,
will further casing water stress, especially in developing countries. Water pollution and
bad water quality is not only affecting humans but other species as well, and that too, on a
global scale. Even today, more than one billion people lack an access to clean drinking
water and more than two and a half billion people do not have access to their own sanitation
and hygienic services. This pollution of water not only causes illnesses, but it is actually

the leading cause of death worldwide and is the ground for many waterborne diseases and



diseases from contaminated water. More than 85% of our freshwater is used by the
agriculture sector worldwide. Plus, there is a rapid population growth going on, which
means there need for more food production. In the coming 5 decades, we will require to
increase our food production by 50%, assuming that the already land used for agriculture
will not degrade to the point where it can’t grow anything anymore, as many factors are
playing the role of soil degradation already. But just eating for survival is not enough for
human communities, if we were to eliminate poverty and malnutrition, we will have to
grow much more than that as there is already an issue of just not food security but also
malnutrition in many countries. But for many reasons, the expansion of agricultural lands
will only account for a small portion of fulfilling this huge demand, what’s more, required
at the moment, is the yield per area to be increased. Without proper coordinated planning
and help from international cooperation, humans will be facing severe water-related issues
which will also affect other life forms as well, but the most affected regions will be the

poor regions of the world (Jury and Vaux, 2007).

Another problem related to water is the runoff, globally, of the blue water resources
and their accessibility. It is difficult to estimate how much water is runoff and has
uncertainties as well (Postel, Gretchen, and Paul, 1996). But the more quoted value if 42,
700 cubic kilometers (Shiklomanov and Mcgranahan, 1997). Some of the reasons why it
is hard to estimate the global runoff level is that all regions are not the same. Some regions
see more runoff than others. Some regions have an excess amount of surface water while
others are facing a severe level of scarcity. In regions where there is an excess amount of
water, like Pakistan for example, a much amount of water is runoffs into the ocean without
much of it being utilized by society and communities. Another example can be of Amazon
River where twenty percent of the total global runoff of water happens, but most of it is
not utilized by the local native people (Gleick, 1998). On the other hand, the majority of
the Earth’s lands see low rainfall annually and are water deficient. Regions by area that are
facing the most amount of water shortage are the Middle East, Africa, and some parts of
Europe but the population that is and will face the most severe water scarcity per individual
is Southeast Asia (Pakistan and India) as their population is huge and is increasing (Jury
and Vaux, 2007).
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It’s only been about 5 decades, since the world at a large scale started to pump
groundwater for agricultural and other uses, like municipal, industrial, and urban supplies,
by the use of pumps and motors. About 750 to 800 KM?3 of fresh water is pumped annually
globally per year (Shah et al., 2000). Thus, it is safe to say that using this groundwater had
a dramatic advantage for utilization and economic reasons but all of that came with a price.
Now, groundwater aquifers are depleting at an alarming rate and the groundwater aquifer
level has already gone quite below, which has not only increased the pumping cost by
having to drill deeper, the cost of pumping itself has risen too from having to pump more
and using more electricity. The groundwater quality is also degrading, the surface water
aquatic life has already been damaged by quite some margin and the land is facing
irreversible damages in many areas. All of this was inevitable as the rate of groundwater
pumping and dependence grew very large. The regions that are mostly affected by it are
the Middle East, Central Asia, North Africa, North China, North America, Australia, and
other local areas throughout the world. Although there is no official quantification of
groundwater level in North America, it is estimated by experts, that about 800 cubic
kilometers worth of groundwater has already been depleted in the United States alone, in
the 20th century. It is reported in one of the best-documented cases that 240 cubic
kilometers amount of water has been removed in the United States in the 20™ century; the
case is of the Central United States, the 450k square kilometer High plain aquifer system.
This is a reduction of about 6% of the predevelopment volume of water (McGuire et al.,
2003). The depletion of groundwater, especially in some areas, has made it impossible to
use the groundwater for agricultural purposes, as it is either very costly or almost
impossible to get to the groundwater level (Dennehy et al., 2002). The depletion of
groundwater not only removes groundwater but also has other effects as well. The residual
groundwater from the groundwater pumping leaves behind the inferior quality of water,
and also makes the groundwater prone and vulnerable to salinization, because of confining
layers or adjacent aquifers that may be high in salinity or contamination. This is especially
true in the context of coastal areas, when the freshwater s depleted, it is replaced by saline

ocean water, as seawater starts to intrude (Konikow and Kendy, 2005).

In the context of Pakistan, the nation is very near to nationwide chronic water stress

level. Rapid industrialization, urbanization, and population increase have already affected
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the gap between supply and demand in the country. The country requires adaption of new
sources of water and water conservation strategies and measures to use the finite and scarce
freshwater most effectively as the number of drought years is increasing and the demand
for freshwater is also increasing (Kahlown and Majeed, 2003). At the bottom of the Indus
River, due to the low of river water into the Arabian ocean, the seawater intrusion from the
Arabian sea into the river and deltas has already begun and is causing damage to land,
aquifers and increasing the salinity of water, which also affects the mangrove forests. The
fish industry is also being affected in the Indus Delta, Karachi, and other cities and areas.
The people of the affected areas are moving towards urban areas and this migration is
pressurizing the already water-stressed cities of Pakistan like Karachi. As there is a huge
gap between supply and demand and the population is increasing, this will most likely lead
to frustration among the people which will lead to violence if the situation is not handled
(Gizewski and Homer-Dixon, 1998; Qureshi, Shah, and Akhtar, 2003).

In Pakistan, irrigation of agriculture from groundwater has a long history. In the
nation, the most difficult part of managing groundwater lies in the fact that there are
numerous small-scale users of freshwater spread throughout the country. More than 80%
of the groundwater pumping, takes place through these small-scale users, that is, private
tube wells. There is no mark identification of these users, nor there is any registration
process and there is no method of talking with these small-scale users to come to a
consensus. In Punjab only, more than one-fourth of the total farmers are dependent on
groundwater and Punjab counts for more than three fourth of the total land of agriculture
in the nation. In addition to that, more than 60% of the farmers in Punjab use groundwater,
in conjunction with canal water. This is a serious issue as the groundwater level is
decreasing and a huge portion of the country’s agriculture and the people will be facing
water scarcity for agriculture and other purposes. The province of Punjab alone contributes
to about 90% of the total agricultural production in the country meanwhile other provinces,
Sindh and KPK, only produce 7%. Mainly because like in the province of Sindh, the
groundwater is unfit to be used for agricultural purposes (Qureshi, Shah, and Akhtar, 2003).

Lastly, coming towards a part of our study area, Rawalpindi. Rawalpindi is the

number 4™ city in Pakistan in terms of area and the rate of urbanization in the city is

12


https://www.tandfonline.com/doi/full/10.1080/0790062042000206138?casa_token=To9e1KelyzYAAAAA%3AtHdWI_tIgcvvl-dXOZadBezYAE8mKqGxentqdeQ2SiBdTw41-54zPo6V_wUWJXdrMZKXXbuu-IFMQX1B

increasing due to the rapid increase in population. According to reports, the last three
decades have seen an increase of 37.89% in urban areas. Most of this expansion of the city
has occurred through deforestation and turning agricultural lands into residential and
commercial lands. According to reports, the vegetation has decreased by about 45% in the
urban city. Urbanization means more cementation and pavements which ultimately causes
less seepage of rainwater into the groundwater and thus the recharge rate of groundwater
decreases (Jat et al., 2009; McGrane, 2016). More of the rainwater runoffs and less of it
can infiltrate into the groundwater aquifer. From the year 1990 to 2017, according to
groundwater data, the groundwater level has shown a rapid decrease as the population and

urbanization increased (Haq et al.,2021).

The city of Rawalpindi has experienced huge changes, in terms of Land Use and
Land Cover, with the urban area increasing at an alarming rate of 50.22 ha per year. As
mentioned above, there is also a huge decrease in the amount of vegetation. If this trend
continues, then by the end of this century, the majority of the area of Rawalpindi will be
urbanized. The rate of depletion of groundwater is estimated to be 1.38m per year. Meaning
at this rate, the groundwater level will drop to 160m, by the end of this century, from the

natural surface of the land (Haq et al., 2021).
1.3. Land Use and Land Cover (LULC)

The changes in physical and biological cover on land, including, forests, water
bodies, soil, infrastructure, and agriculture etc. It is identified and marked by changes and
activities performed by the community and how they change it or maintain it. Therefore, it
is safe to say that people and their environment are linked via land use and land cover. So,
in other words, we can say that Land Use and Land Cover means the Earth’s land and soil
cover change by anthropogenic activities. The drivers of these changes in land and soil are
related to anthropogenic constructs like socioeconomic, demographic, as well as natural,
like global and local climate and, big or minor, changes in the forest ecosystem (Chang et
al., 2018).

The agricultural revolution, although started many centuries ago, never had effects

that would alter and disturb the global system but now due to technological advancements,
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humans have the capacity to bring about changes in the environment just from agriculture
alone that if such activities are to be continued without bring sustainable changes and
practices, there are going to be local, and global level unprecedented changed in ecosystem,

ocean, and marine life etc. (Chang et al., 2018).

From 1850 to 1992, approximately, forests/woodlands and grasslands were cleared
at amount of 6 million square kilometer and 4.7 million square kilometers, respectively
(Ramankutty and Foley, 1999). From 2000 to 2010, the area under forest were decreased
by 13 Mha per year (FRA, 2010). The croplands are being converted into residential and
commercial areas, in some regions (Ramankutty and Foley, 1999). Meanwhile,
simultaneously, the agricultural land has also increased in many regions, rapidly, from
around 8 Mha to 47 Mha and finally to 2000 Mha since 1800, 1900 (Shiklomanov, 2000),
and 2000 respectively (Siebert et al., 2005). Since 1900s, the rate of urbanization has
evolved to more than 10 percent. Most of this rapid change has happened in Asia, Europe,
and North America (Satterthwaite, 2007). With the advancement in technology and
development of satellites, remote sensing has allowed the analysis or vast areas with
precise practical and easily provided information; the software of remote sensing can also
do analysis by sampling and assessment, find the cause of changes and the results of those
changes (Chang et al., 2018).

The human survival depends upon environmental integrity and the food security,
all of which can be measured by LULC analysis and that LULC is actually influenced due
to human activities. Changes in LULC can affect the hydrothermal water cycles globally
and locally. According to some research, for the last 10 decades, the emissions of Carbon
Dioxide due to changes in LULC are equivalent to the burning of coal and other fossil fuels
during the 1800s, which accounts to about 35% of the emission of Carbon Dioxide. And
these emissions have direct influence on the global hydro-geo-chemical cycles of the world
and also for the ecological balances. Thus, the addition of sustainable measures is essential
for further advancement of to maintain the current level of modernization. The level of
urbanization or forest cover, and other physical parameters, also determine the energy flow,

balance, surface radiation, water cycle, water permeability etc. of the Earth. In addition to
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spatial, temporal difference are also important as they play role in sustainable development
control and others (Chang et al., 2018).

Thus, we can say that research in LULC has tremendous importance in the field of
environmental sciences. Since the availability of satellite imagery and the software to
manipulate it, researchers have done enormous amount of work to find results for policy
makers. By two organizations: International Geosphere-Biosphere program (IGBP) and
International Huma Dimension Program on Global Environmental Change (IHDP), at the
end of 20" century, was LULC proposed to have a between understanding of relation of
human with their immediate environment. By this analysis and assessment, human
activities and their influence on the ecosystem, ecology, and the changes in the
environment has been observed; regarding both, the temporal changes, and the spatial
changes. All of this analysis and assessment is to have an understanding for communities,

policy makers and decision makers (Chang et al., 2018).
1.4. Significance of Land Use and Land Cover (LULC)

By using Land Use and Land Surface, we can calculate and analyze the effects of
climate, economic and socio-political changes on people. When analyzed from a global
point of view, these changes in LULC accounts for the changes in the system of the Earth
as well. But it should be remembered that all changes are not bad. Some changes may
contribute to food security safety and other for efficient utilization of resources and in
overall wellbeing of humans. The followings points elaborate further as to why we use
Land Use and Land Cover (Lambin et al., 2003).

1.4.1. Mapping urban areas:

Urban mapping is very important especially in our current era because mapping the
urban area makes it easy for the policy makers and the decision makers to optimize the
distribution of resources and also optimize the transport sector for sustainable
development. This mapping has been now done for quite some time successfully using
remote sensing (Schneider et al., 2009). Using remote sensing we can see how the urban
areas have evolved over the past few decades. There are many methods for identifying and

analyzing these urban changes like using (Cillis et al., 2021):
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e Supervised Classification (Maximum Likelihood Classification)
e Vector Machine

e Decision Tree

e Wavelet Transform Developed

e Atrtificial Neutral Network

e Linear Spectral Unmixing

e Support Vector Regression

e Vegetation Impervious Surface Soil Models (VIS)
These classification methods can be further divided into 3 subcategories:

e Pixel-based
e Subpixel-based
e Object-Oriented Methods

Among these, the pixel-based mapping is mostly used in urban mapping areas. But
as the urban lands are developing more and more complex with variety of different
structures and spatial extents, the second method, that is, the sub-pixel-based methods are
becoming more popular. Especially in case of analysis in low resolution satellite imagery.
For medium resolution imagery, Object-Oriented methods are becoming more famous as

they allow to distinct between different textures of urban information (Cillis et al., 2021).

1.4.2. Urban expansion:

As we have talked about Urban Mapping, another aspect or urbanization is how
rapidly it is extended in the rapidly rising population. This physical expansion of human
made structures lies in Urban Expansion. This rapid urbanization is leading towards more
and more complex landscapes which in return is causing changes in the structure and the
functioning of the ecosystem. More urban area and more population means more
consumption of resources and energy, which means more emissions of GHGs, which in
return causes many problems like Climate Change and Urban Heat Islands. More urban
land means more transportation and more industry which causes emission of other
pollutants into the environment. This pollution is not only harmful for the environment but

also for the human health as well. The urban areas also lead to changes in the
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hydrogeological conditions as less water is able to leaches into the soil. Deforestation and
transformation of cropland into urban area leads to loss in biodiversity as well as habitat
fragmentation (Cillis et al., 2021).

Therefore, mapping the extension of urban area is crucial for sustainable
development. And for that, satellite detection data methods rely on various change
detection technologies, these detection technologies can be divided into three categories
(Cillis et al., 2021):

e Visual Analysis & Digitized Changed Areas
e Classification Methods

e Post-Classification Methods.

1.4.3. Agriculture land:

In our rapidly changing population and urban areas, the assessment of food security
is very important. And for this food security, guiding policies on sustainability are
important, for that the use of agricultural land extension, changes and transformation is
very crucial (Liu et al., 2005a; Yan et al., 2009). In the past, the changes in the agricultural
land were determined by comparing the census data which was recorded over many years.
But that method is not accurate and also don’t give us information about the geographical
spread. For that, remote sensing is excellent as it provides us both the spatial-temporal and
geographical distribution (Amissah-Arthur et al., 2000; Doygun, 2009; Zhao et al., 2004;
Zomeni et al., 2008). One of the most popular and straightforward method of detection in

cropland changes is Post-Classification Method (Vorobyova and Smagulov, 2021).

1.4.4. Forest area:

In many parts of the world, the forests are being cleared like in tropical areas:
Brazil, boreal Canada, and Siberia but at the same time, forests are also growing in many
parts like the abandoned agricultural lands in the Eu and North America. All of these
accounts for the changes in the local and global climate. For scientists to analyze the
Carbon sinks and sources and how they are evolving and changing, and also for decision
makers, the use of remote sensing is very important for monitoring these changes

(Vorobyova and Smagulov, 2021).
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1.5. Land Surface Temperature (LST)

Land Surface Temperature is a crucial parameter for the analysis of physical
processes of energy on the surface level and water balances in any given place, either
locally or globally; all of this is done by long-wave radiation and turbulent heat fluxes at
the immediate air of the surface level and their interaction (Anderson et al., 2008; Brunsell
and Gillies, 2003; Karnieli et al., 2010; Kustas and Anderson, 2009; Zhang et al., 2008).
This information of the surface temperature and equilibrium state in Land Surface
Temperature gives us the information about spatial and temporal changes (Kerr et al.,
2000). Because of this it is widely used and studied in many aspects and phenomenon likes
evapotranspiration, changing climate, the hydrogeochemical cycles, cropland and forest
covers etc. (Arnfield, 2003; Bastiaanssen et al., 1998; Hansen et al., 2010; Kalma et al.,
2008; Kogan, 2001; Su, 2002; Voogt and Oke, 2003; Weng, 2009; Weng et al., 2004), and
is also recognized as one of the most important and of high priority parameter in IGBP
(International Geosphere and Biosphere Program (Townshend et al., 1994; Li and Tang,
2014).

A proper characterization of Land Surface Temperature is dependent on sampling
in area variation and time variation as there are many factors that bring changes in the
surface temperature that can be linked to the type of surface like forest, water body, urban
area (Liu et al., 2006; Neteler, 2010) and the time variation, evolution, and distribution
(Prata et al., 1995; Vauclin et al., 1982). Because of this time and spatial dependability, the
measurement of surface temperature over a large area of land is impracticable using ground
level monitoring devices. This is where remote sensing comes in to save the day. Using
remote sensing and satellite imagery, which have evolved over time into much more high
resolution, more spectrum of energy etc., the only possible way of measuring LST is
through remote sensing. The thermal Infrared (TIR) sensor installed in satellites has a direct
connect to Land Surface Temperature via RTE (Radiative Transfer Equation). The method
of acquisition of LST using the TIR data dates back to 1970s and since then it has been
used quite a lot and has gained reputation (McMuillin, 1975; Li and Tang, 2014).

More than 10 percent accuracy of evapotranspiration and the Earth systems at very

large scales can be attained and understood, given that the level of accuracy of LST is 1 K
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or better (Kustas and Norman, 1996; Moran and Jackson, 1991; Wan and Dozier, 1996).
But this level of accuracy is quite difficult as there are many factors that influence the
values of Thermal Infrared like cloud cover, other atmospheric effects, and surface
parameters (Li and Becker, 1993; Ottlé and Stoll, 1993; Prata et al., 1995). And for that
reason, we have to calibrate the radiometric, cloud screening (removal of cloud cover),
Emissivity and atmospheric correction (Li and Becker, 1993; Vidal, 1991; Li and Tang,
2014).

So far, we have defined what LST is, but we have yet to conclude its definition. But
the thing is, there are no agreement about the definition of LST due to ambiguous physical
meaning of temperature obtained from satellite, specifically in the case of different type

and different thermal surfaces. The value of LST also depends upon:

e LSE (Land Surface Emissivity)
e R-Emissivity (Becker and Li, 1995)
e E-emissivity emissivity (Norman and Becker, 1995)

e Apparent Emissivity (Li et al., 1999)

The abovementioned emissivity is the same for same type of surface (homogeneous
surfaces) but since in rea life the surfaces are of different types (heterogenous). Especially
in low resolution satellites, the assumption of thermal equilibrium and homogeneity are
transgressed. Thus, the differences between these definitions are crystal clear (Liand Tang,
2014).

1.6. Significance of Land Surface Temperature (LST)

The Land Surface Temperature moderates the temperature of the air in the urban

area’s lower later and plays an important role in (Cillis et al., 2021):

e Energy exchange systems and radiation at surface

e The climate of the anthropogenic buildings, internally

e The thermal patters of urban areas, their spatial extension, and their relation to the
temperature of the surface

e Surface air temperature
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o The well beings of humans and their comfort.

In simple terms, the Land Surface Temperature has been defined as the temperature
of the grounds skin. The physics of our Earth surface processes are ruled by the LST and

the combination of surface to atmosphere relationship and fluxes of energy between them.

e At micro level, within the urban areas, the urban heat islands are associated with
the Land Surface Temperature.

e It also plays an important role at macro level of global thermal analysis, and also
for heat balance studies in radiation budgeting.

e It controls the high temperatures by active radiation on the surface of the Earth,
which is important for the energy stability of Earth.

e It also helps in finding the entrance of energy into the Earth surfaces and the
fundamental heat fluxes.

e By studying LST, we also concluded that the changes in land cover and land use
like development of anthropogenic infrastructure, cutting down forests etc., affects
the climate of the globe.

e Thus, LST is an essential part of the Earth processes as many aspects depends upon
them like thermohaline circulation, Climate, Urban climatology, anthropological
and environmental interactions etc. (Weng, 2003; Ranjan et al., 2016; Cillis et al.,
2021).

1.7. Geographical Information System (G1S) and Remote Sensing (RS)

GIS is a database that contains data of geographical locations and parameters, along
with software tools and features to manipulate that geographical data. All of this is used to
analyze, manipulate, and visualize those manipulations. The beauty of Remote Sensing, as
indicated from its very own name, is that we can gather and acquire data of physical
features of Earth without even having contact with it or moving to that location. Meaning
anyone can see, analyze, manipulate, and visualize that information from any place on the
Earth. The principal behind Remote Sensing is the electromagnetic radiations. These
radiations are emitted from the source, mainly sun but sometimes satellite can emit these

radiations themselves too. When these radiations strike Earth or atmosphere, they deflect
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and reflect. Those radiations that reflect back into space are then captured by the satellites,
which then analyze it and capture it in digital form. Over the years, the data from these
satellites have become quite widespread, accurate, accessible in the recent years and are

used in quite a lot of applications of different fields (Shannon, 2022).
1.7.1. ArcGIS software

Information concerning geography, or information related to a particular location
or collection of locations on the surface of the Earth, as well as the zones of the atmosphere,
is referred to as geographic information. Although in theory it might be interpreted to
encompass information that is related to frames apart from the earth's surface, such as the
human body (as in medical imaging) or a building, "spatial™ is typically used synonymously
with or even in preference to "geographic” in this context. Regardless of the reason for the
transformation of geographical information in digital form, the word "GIS" is frequently
used today. Thus, "GIS" refers to the process of creating a map using a computer. This
involves analyzing geographic data on the same computer and applying sophisticated
models of geographic processes to predict the future. While the earth images gathered by
remote sensing satellites include geographical data, the systems that analyze the images are
not to be referred to be GIS in such circumstances as long as they are restricted to this
specific type of data. The term "GIS" is typically only used to describe systems that process
previously cleaned and processed data or merge remote sensing data with other forms of
data. Similar to this, an oceanographer or atmospheric scientist will typically identify
"GIS" with the system utilized more for policy studies and transdisciplinary work, as
opposed to other software environments for modelling and analysis within one's own

profession (Liang and Wang, 2020).

GIS software, also referred to as geographic information systems, collects,
analyses, and displays geospatial data to create two-dimensional or three-dimensional
maps. GIS technology can recognize patterns and enhance performance in land-based
operations since these tools serve as asset management platforms for the geographic
information they collect. To advance its analytics capabilities, desktop GIS mapping
software frequently interacts with a variety of drafting and design tools, such as BIM or

CAD solutions. Additionally, these tools enable users to perform valuable analyses of
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information like land usage and the location of geographical features like rivers or
mountains, all from their desktop. In order to manage company operations, GIS software
often focuses on collecting, analyzing, and displaying geographical data. GIS can be set up
locally or in the cloud. Operational expenses may be reduced as a result of common
implementations. To improve its analytics capabilities, GIS frequently interacts with CAD,
BIM, and other drafting and design tools (Liang and Wang, 2020).

1.7.2. Remote sensing

The science and art of gathering data about an object, or more generally, the surface
of the Earth, without coming into direct physical contact with it, is known as remote
sensing. To do this, energy that is reflected or released is sensed, recorded, processed,
analyzed, and put to use. Remote sensing uses sophisticated sensors to monitor the
electromagnetic energy present in distant objects or geographic areas and then uses
mathematical and statistical techniques to extract useful information from the data. It works
with other geographic information sciences including cartography, surveying, GIS etc.
(Liang and Wang, 2020).

Electromagnetic waves are typically categorized in remote sensing according to
where on the electromagnetic spectrum they occur. The micrometer (m) is the most often
used unit for determining wavelength along the spectrum. 1x106 meters make up a
micrometer. There is no distinct boundary between one notional spectral region and the
next, despite the fact that names (such "ultraviolet” and "microwave") are typically given
to portions of the electromagnetic spectrum for convenience. Diverse ways of detecting
each form of radiation have led to divisions in the spectrum, rather than intrinsic variations
in the energy properties of different frequencies. It should be noted that the parts of the
electromagnetic spectrum used in satellite imagery are distributed along a continuum with
magnitude variations that range from several powers of 10 to many orders of magnitude.
As a result, logarithmic graphs are frequently used to represent the spectral range (Liang
and Wang, 2020).
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1.8. Role of GIS and remote sensing in LULC and LST

Over the past 200 years, substantial changes in Earth's land cover have been a result
of economic development and population growth, and all indications are that this trend will
continue. A key element of contemporary strategies for regulating natural resources and
tracking environmental changes is the change in LULC. Assessing and analyzing changes
in land use and land cover has proven to be particularly significant when using remote
sensing and geographic information systems. Recent advancements in digital image
processing and remote sensing provide previously unheard-of chances to identify changes
in land cover more precisely over expanding areas with decreasing prices and processing
times. The current evaluations have examined a variety of detection techniques and come

to a number of insightful results (Attri, Chaudary, and Sharma, 2015).

The processes through which items on the surface of the Earth change have their
own temporal dynamics. Accurate change detection and object retrieval can both benefit
from a better knowledge of these change processes. For change detection, multi-source
data, particularly with distinct properties, are frequently required. The possible sensitive
areas to shift as a result of the various driving forces can be identified using GIS-based
analysis of the temporal data of LULC acquired from remote sensing of a region. The
research agenda for change detection techniques in remote sensing is constantly expanding.
Shift detection is a challenging process with no one best method that works in all
circumstances. In order to comprehend the origin of this irreversible transformation, it is
essential to evaluate the variations in LULC in terms of their spatial extent, intensity, and
amplitude. A flexible framework for integrating data from multiple sources, processing
steps, intelligent methods, and existing geographic information should be provided by the
change detection methodology. The choice of an appropriate change detection method or
algorithm for a particular research endeavor is crucial to obtaining reliable results because
digital change detection is impacted by geographical, spectral, radiometric, and temporal
restrictions. There is no one change detection method that works in every situation. Before
using a suitable technique for the detector, it is important to take into consideration the
characteristics of the study area, the sensor's spatial resolution, atmospheric effects, and

sun angle in order to choose an appropriate way to detect change in an object or event on
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the earth's surface. This paper briefly discusses three methods for detecting changes at the
pixel, feature, and object levels. All of the binary change/no-change threshold methods
have trouble separating actual altered areas from detected change areas. The methods that
are advised are PCA and single band image differencing. Such issues can be avoided with
classification-based change detection techniques, but they are more difficult to apply.
When there is an enough amount of training data, post-classification comparison is an
appropriate technique. GIS approaches can be useful when several sources of data are
accessible. Higher quality results for change detection can be obtained using sophisticated
approaches like ANN or a combination of change detection techniques. The object-oriented
change detection approaches outperform pixel-based methods by reducing the effects of
slight miss-registration between the two images, ‘salt and pepper' noise, context
relationships, and object shape information, as well as the effects of tree shadows and
variations in sensor viewing geometry. By fusing approaches, soft computing approaches
provide up new possibilities in this area. The applications' ability to go beyond the norm
and try new things due to technical breakthroughs over the past few decades has fueled the
development of remote sensing technologies (Blaschke et al, 2011). Development of
efficient and effective change detection algorithms and frameworks that can search through
enormous amounts of remote sensing data with various spatial, spectral, and temporal
resolutions and enable change analysis are problems posed by the launch of new satellites
(Vieira et al, 2012; Attari, Chaudary, and Sharma, 2015).

1.8.1. Mapping:

Measuring the location, scope, and dynamics of recent LULC is crucial for
understanding land change research, and satellite remote sensing is frequently the only way
to quickly inventory the land cover and track land cover change. long-term, systematic

monitoring of land cover (Vorobyova and Smagulov, 2021).

1.8.2. Study of reactions and outcomes:

What are the effects of climate change and variability on LULC, and what possible
feedbacks exist? How do land use activities adapt to and influence global environmental

change, and what effects do changes in land use activities have on ecosystems? What
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effects does LCLUC have on ecosystem sustainability and human societies? (Vorobyova
and Smagulov, 2021).

1.8.3. Impact evaluation:

Both positive and negative effects of land use change might be biophysical and
socioeconomic. Through the fragmentation of the landscape, variations in forest cover can
have an impact on local water resources, biodiversity, and carbon sources and sinks.
Changes in fire regimes can have an impact on water quality, aerosol emissions, trace
gases, and ecosystem structure. Marginal lands that are overused become degraded and
impoverished, which has an impact on human livelihood. Although fertilizer use in
agriculture can increase agricultural productivity, it also has the potential to worsen water
quality. By altering insect habitats or disease vectors, changes in land use can have an
impact on human health. Land cover changes as a result of agricultural abandonment, such
as an increase in woody vegetation. Agricultural fields and wetlands may be lost as a result

of suburban and urban development (Vorobyova and Smagulov, 2021).

1.8.4. Urban development:

The local and regional climate can change as a result of land use changes. In order
for scientists to calculate the change rates and their variations across time, they are crucial

(Vorobyova and Smagulov, 2021).
1.9. Land-use Satellite (LANDSAT)

The mission of the spacecraft is to carry on the worldwide satellite imagery
gathering program that the United States has been carrying out since 1972 with the aid of
the Landsat series. The purpose of Landsat's Global Survey Mission is to repeatedly
photograph the land and coastline regions of Earth in order to track changes to those regions

over time (Vorobyova and Smagulov, 2021).

1.9.1. Landsat 8

Landsat 8 was launched in 2013 and Landsat 4-5 was launched in 1984. From 1900
to 2010, Landsat 4-5 were used, and from 2020—2022, Landsat 8 was used for Islamabad
and Rawalpindi (EOS, 2022).
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The LDCM satellite (Landsat Data Continuity Mission) was deployed from USS
Vandenberg aboard an Atlas-V rocket on February 11, 2013. The mission of the spacecraft
is to carry on the worldwide satellite imagery gathering program that the United States has
been carrying out since 1972 with the aid of the Landsat series (EOS, 2022).

Operational Land Imager (OLI), a multichannel scanning radiometer, and TIRS, a
two-channel IR radiometer, are among the remote sensing tools mounted on LCDM
(Thermal Infrared Sensor). Advanced space photography technologies are used by the Ball
Aerospace & Technologies-developed OLI instrument to produce images with a maximum
resolution of 15 m at nine wavelengths between 0.43 and 2.300 m. They were created with
the EO-1 experimental satellite (EOS, 2022).

The satellite's payload has a revolutionary design with fewer moving parts,
extending its reliability and useful life by at least five years. The final photos have mapping
accuracy of at least 12 meters. The Landsat series satellites can now make observations in
two new wavelength ranges thanks to OLI, which is essential for examining cirrus clouds

and the condition of lake and marine areas (EOS, 2022).

The images produced by the TIRS sensor have a spatial Landsat 8-pixel density of
100 m. In order to better understand the process of heat and humidity transfer for the
agricultural industry, water management, etc., its primary goal is to measure surface

temperature characteristics (EOS, 2022).

TIRS has the capability to undertake surveys in not just one, but two infrared
wavelength Landsat 8 band combinations, in contrast to the hardware on board prior
Landsat satellites. Compared to the transverse scanning instruments used on earlier Landsat
satellites, both equipment shoots in scanning mode along the trajectory of the spacecraft,

which lowers the level of radiometric distortion (EOS, 2022).
1.9.2. Landsat 4-5

Landsat 4 also featured a new scanning sensor with enhanced spectral and spatial
resolution in addition to the MSS sensor. Seven spectral bands on these high-resolution
scanners cover a 185 x 185 km2 region. The Thematic Mapper (TM) scanner has the

capacity to view the ground in higher detail and to monitor a wider segment of the
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electromagnetic spectrum. The equipment contained seven spectral bands for gathering
data from the electromagnetic spectrum's blue, green, red, near-infrared, mid-infrared (2
bands), and thermal infrared regions (EOS, 2022).

Two solar panels and both of Landsat 4's direct downlink transmitters were lost in
1983. Therefore, until the TDRS (Tracking and Data Relay Satellite) system was
operational, data downlink was not feasible. In that situation, Landsat 4's Ku-band
transmitter could send data to TDRS. Then, TDRS might transmit this data to its ground
stations. Until it was decommissioned on June 1st, 2001, Landsat 4 remained in orbit for
backup and data tracking. At that time, it was put into a disposal orbit to lessen the chance

of colliding with other residing space objects (EOS, 2022).

Since its launch in 1984, Landsat 5 has collected more than 700,000 images,
recording changes in the climate, agricultural methods, city growth and urbanization,

ecosystem evolution, and the rising demand for natural resources (EOS, 2022).

Onboard Landsat 4 and Landsat 5, the Landsat Thematic Mapper (TM) sensor
produced images with six spectral bands, each with a spatial resolution of 30 meters, and
one thermal band (Band 6). The picture spans 170 kilometers north to south and 183
Kilometers east to west (106 mi by 114 mi). TM could track locations where homes had
been built or forestry had been removed, but it could not resolve specific dwellings or trees
(ECS, 2022).

1.10. Problem statement

The rate of urbanization and urban expansion in the twin cities has increased
dramatically in the past few decades, due to which LULC has been affected, mainly forest,

vegetation, and barren land.
1.11. Objectives

This study has one main objectives:

1. Spatial-temporal analysis of LULC, to analyze how much changes have been

observed in vegetation, forestry, settlement, barren lands, and water bodies, and in
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Land Surface Temperature (LST), since 1990 to 2021, using LANDSAT 4-5, and
LANDSAT 8 imagery, in geospatial tool (ArcGIS).
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Chapter 2 - Literature review

2.1. Literature Review

A study conducted on Islamabad and its surrounding areas to determine the
dynamics of land use and land cover changes using geo spatial analysis technique from
1992-2012 was accomplished by using supervised classification algorithm and application
of post classification change detection technique in GIS. Analysis showed that urban areas,
agricultural areas, and water increased during the study time period. While the was a
substantial decrease in the forest and barren area. Generally, the change in water class was
insignificant but for the major drinking water reservoir of the study area, there was a decline
of 19.5% during 1992-2012. Moreover, environmental degradation resulted from the
conversion of forest and barren land to urban due to population growth and economic
development with a major negative urban development being the growth of the slums
(Hassan et al., 2016).

A study conducted to analyze the influence of land use and land cover changes on
urban heat island effect over Islamabad used remote sensing technique by taking 5 different
images from 1995 to 2018.Spatiotemporal mapping of LULC and estimation of LST along
with calculation of NDVI was done on the study area. The study area was classified in to4
classes namely, water, barren, vegetation and built-up. The results of this classification
showed rapid growth in urbanization from 1995-2018 and the land cover patterns had
changed significantly. While Islamabad's observed maximum air temperature in
summer remained in the range of 20 to 45°C. While Islamabad's observed maximum air
temperature in summer which remained in the range of 20 to 45°C. Regions with relatively
higher LST were mostly concentrated in the north-east, due to the sparse vegetation along
the south-east and south-west sides of the study zone. The development of small urban
areas' roads is haphazard. The thermal disparity between the city and the environment

outside the city showed a higher temperature contrast (Haider, 2021).

According to the study done on mountainous region of lower Himalayas for
assessment of LULC and LST for the period of thirty years i.e., from 1987-2017, there was

a considerable change In the LULC and LST. The urban area was increased by 4.43%,
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agricultural area got reduced by 2.74%and waste land also decreased by 4.42%. land use
changes effect land surface temperature which was observed when LST was highest for
urban areas followed by barren, agriculture, and vegetation. the identification of patterns
was done through support vector machine method using LANDSAT satellite images. The
study also predicted the future LULC scenarios for the period from2032-2047 using
artificial neural network method. This method shows an increase in urban area that will
increase the LST of 42-60% area to greater than 27 degrees Celsius in 2032-2047. Hence,
all the results show that the study area is effected by climate change and global warming
(Siddique et al., 2019).

For the investigation of LDV in wabe sheble river basin, geospatial techniques and
analytical hierarchy approach was used to model as well as access land degradation
vulnerability. GMP, MODIS derived NDVI and LST were used for precipitation. Depth,
texture, drainage, topography was also assessed along with precipitation for LDVI.
According to the study, 17.06% of the area was very highly vulnerable to land degradation
and 15,01% was highly vulnerable. NDVI followed by slope followed by temperature and
precipitation are the most significant factors that determine the vegetation distribution and
hence land degradation. Then through the use of AHP method and google earth images,

land degradation vulnerability zone was modelled (Debele et al., 2021).

The review done on determining the dynamics of land-use and land cover change
in the tropical regions, summarizes the estimates in land use changes that include cropland,
intense agriculture, urbanization, and tropical deforestation. It establishes an interaction
between climate driven climate driven land-cover and land use changes. moreover, the
changes in ecosystem caused by the change in land use in turn act as drivers to land use
changes. Use of complex adaptive systems and transitions can help understand the land use
changes. The authors argues that a systematic analysis of local land use changes can help
built general principles that that provide an explanation of new land-use changes (Lambin
et al., 2003).

A study conducted in district of Lodhran, southern Punjab, Pakistan, for detection
of land use and land cover changes for a time span of forty years develops a conclusion

that vegetation cover gives a positive grounded connection with NDVI while open surfaces
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and built-up areas give a negative grounded connection with NDV1 for the mentioned time
period. The study considered four major LULC types that is water bodies, built-up areas,
vegetation, and soil. Patterns of LULC, NDVI, NDBI changes in Lodhran showed an
increase in built -up area by 4.3 %as compared to 1977. LULC change with soil types,
temperature, and NDVI, NDBI, and slope classes was common in the study area, and the
conversions of bare soil into vegetation area and built-up area were major changes in the
past 40 years in Lodhran district the conversion of barren land into agricultural areas or
built-up areas over the period of 40years has led to changes in land surfaces temperatures.
The change in surface temperatures is prominent in the district with farmers facing the
problem of rising temperatures, less irrigation water available and low precipitation.
According to the study, the determination of LULC and LST changes help in division of
policies and frameworks as well as strategies for the farmers in order to cope with the

climate change (Hussain et al., 2020).

A study was done remote sensing-based quantification to derive the relationship
between LULC and LST in the lower Himalayan region for the years from 1990-2017 as
well as for the year 2032 and 2047. For the period of 1990-2017, the assessment of LULC
and LST were done using Landsat data and support vector machine method while for the
period of 2032 and 2047, a combined cellular automata and artificial neural network
prediction model was used. The results showed that due that due the inflow of population
8 in the Himalayan region over the past decades has led to an increase | urbanization with
an increase in built-up area by 5.57% and in bare soil by 4.22% while there was a decrease
in vegetation cover by 9.88% during 1990-2017.the built up area had the highest mean
among all the other classes of LULC and LST. the prediction model anticipated that there
will be a further increase in built-up areal2.485% in 2032 and by 14.65% by 2047. The
area with temperatures above 30 degrees Celsius could be44.01% and 58.02% in 2032 and
2047 respectuvely.as the land surface temperatures increased for all land cover classes, this
is clearly shows that urban warming and climate change are very much happening. The
purpose of the study was to identify the challenge that urban planners have to deal with
that is mitigation of urban heat islands. The solutions given by the study to the urban
planners regarding this challenge is to work on both urban plantation and decentralization
of urban areas (Ullah et al., 2019).
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A case study of Guelma city of Algeria was done to build a relationship between
LULC characteristics and LST using remote sensing and GIS. the city has been affected
by massive urban growth which has increased LULC changes leading to climate change.
the time frame was from 1986-2019.the LULC and LST were determined using Landsat
images TM, ETM+ and OLI/TRS data, use of urban rural gradient, multi-buffer ring,
statistics and techniques in urban landscape metrics were used for analysis. The results of
the study showed that there was a remarkable increase in the urban areas of the city of
Guelma with a decrease in green cover. With the change in LULC, there was a change in
LST as well. according to the study, the years that witnessed a decline in vegetation cover
that is 1986, 2000, 2005, 2010 and 2016 had the same temperatures which confirms the
role of vegetation cover in decreasing the land surface temperatures. Moreover, over the
years the gap between the temperatures of urban areas and forest areas has also widened as
the urban area of the city saw an increase of 12% and a decline of agricultural and forest
area by 15% and 3% respectively. Providing evidence of the increase in the gap between
urban and forest areas, the study showed that their average temperatures of urban setting
increased from 38.27 degrees Celsius in 1986 to 41.09 degree Celsius in 2019. Broad
regions, a low landscape fragmentation degree and complex outlines have reduced forest
LST values and increased urban LST values. In comparison to the LST of the sprawl form,
the LST of the compact form is low. The results of the LST/NDVI and LST/NDBI
relationship have shown a negative correlation and positive relationship, respectively. The
study has shown the impact that urbanization and composition as well as form of landscape
has on land surface temperatures. The knowledge obtained from the study will help policy
makers of the Guelma city understand the complexities of LULC transition ,anticipate
and schedule future changes in Guelma, achieve long-term stabilization of soil and water

supplies and their effects on climate change (Imen et al., 2022).

A case study of Islamabad Pakistan related to LULC and its contribution to urban
heat islands. The estimation of changes in LULC is done from 1993-2018.Anthropogenic
influences on urban climate results in LULC changes due to urbanization and in turn effects
LST the effects of the LULC on LST and relative LST for the city of Islamabad were
observed using random forest classifier and standardized radiative transfer equation for

LULC and LST respectively. The results showed an increase in built up area by 11.9% in
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the time span of 26 years. The study reveals that due to the conversion of forests land,
waterbodies and vegetation areas into in-built areas has caused a warming effect with a
contribution of 1.52degree Celsius while the conversion of barren land and built-up area in
to forests or water bodies have contributed to a cooling effect of -0.85degree Celsius on
relative LST. Hence the positive(warming) contribution to UHIs is higher than negative
(cooling)contribution. The study concluded that the LULC induced warming has increased
over the region from 1993-2018 but there is still a need to do comprehensive investigation
on the local and regional climate changes caused by LULC and LST changes. Lastly ,an
intensive research in the future was also suggested specifically to investigate the
proportion of green space and impervious surface and its impact on RLST for sustainable
future cities (Khan et al., 2020).

Research done to analyze the LST in response to LULC changes in the region of
Greater Cairo, Egypt using remote sending and GIS techniques. The region has
experienced a surge in urbanization over the past few decades causing several
environmental consequences. For the mitigation and proper management of such
consequences. The process of assessment included generation of LULC maps which are
derived from Landsat 5 TM for 1990 and 2003 and Landsat 8 OLI for 2016, using several
classification techniques. A spectral radiance model and a web-based atmospheric
correction model were used to successfully evaluate LST from thermal bands of Landsat
data. Overall accuracy of Landsat derived land use data was 90.3%, 96.5% and 94.9% for
years 1990, 2003 and 2016, respectively. The LULC change analysis revealed vegetation
loss to urban land by an amount of 7.73% and from barren lands to urban uses by 8.70%
within a 26-year timespan (1990 -2016). Results demonstrated the most distinct change
was related to vegetation cover that drastically decreased by an amount of 32,097 ha
(23.3%) from 1990 to 2016. In the same time period, significant reduction in barren land
by 55,491 ha (8.70%) occurred. However, urban areas have significantly increased by
87,689 hectares (128.3%) because of the development of new industrial and commercial
settlements, especially in the central and northern regions of the study area near water
resources. over the entire study period from 1990 to 2016, the magnitude of LST increased
by a rate of 2.06°C in areas that went from plant cover to urban and 2.60°C because of the

conversion of barren lands from green areas. According to these findings, policies should
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be put in place to lessen the negative effects of rising LST on sustainable development,
population density should be controlled in ways other than just horizontal growth, green
space should be improved with parks and gardens, and roof top areas should be planted
with horticultural plants to lessen the impact of LST (Aboelnour and Engel, 2018).
Relative studies done in China regarding the land use and land cover change for the mid-
90s to establish national operative dynamic information serving systems on natural
resources and environment. For the study of Land use/land cover changes, the research
used 520 scenes of remotely sensed images of Landsat thematic mappers which were
interpreted in to LULC categories at a scale of 1:100,000 under digital environment. The
data was georeferenced and Orth-rectified as well...the vector map of the resolution
mentioned was then converted to a 1km raster database that calculated the area percentage
for each kind of land use category. A series of studies have been implemented based on
LULC a database. moreover, based on this database a spatial and temporal database has
been established to support the research related to earth sciences. The knowledge
innovative projects from these national information and database will also integrate the
accumulated data covering environmental, regional, social and economic fields (Jiyuan et
al., 2002).

A review done for metrology and climatology on remote sensing of land surface
temperatures reviewed the satellite, sensors, and studies relevant to land surface
temperature measurements with the focus laid on the use of thermal infrared part of EMR
spectrum. The reason being to ensure useful use of land surface temperature which can be
beneficial for number of uses including the measurements of urban heat islands. According
to the authors, there is a huge research gap in quantification of the relationship between
measured air temperatures and remotely sensed LST data. This information is important
for policy makers and urban planners to make decisions that must be communicate outside
the scientific community. The authors of the research review say that there is an increasing
need for data analysis which in turn puts necessity of using remote sensing data along with
other data sets. therefore, this results in an integral role for remote sensing techniques in

meteorology and climatology (Tomlinson et al., 2011).
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Table 2.1:

Literature review table

Sr.No | Study Region Method Study Topic
1 (Hassan et al. Islamabad, supervised The dynamics of land use and land
2016) Pakistan classi_fication cover c_:hanges_using geo spatial
algorithm and analysis technique in Islamabad
post - and surrounding areas
classification
change
detection
technique
2 (Haider 2021) Islamabad, Satellite based Analysis of the influence of land
Pakistan remote sensing | use and land cover changes on
and object- urban heat island effect over
oriented Islamabad used remote sensing
classification technique
3 Siddique ullah a | Lower Remote sensing | Simulating current and future land
. Himalayan and artificial cover changes and their impacts on
, Khalid ahmad a - .
region neural network | land surface temperature in a lower
, Raja umer research study | technology. Himalayan region authors
sajjad a , Arshad
mehmood abbasi
a, Abdul 2019)
4 (Debele et al., Wabe sheble | Geospatial Modelling and accessing land
2021) river basin techniques and | degradation vulnerability using
analytical remote sensing
hierarchy
approach
5 (Lambin et al., Tropical geospatial Dynamics of land use and land
2003) regions techniques cover changes
6 (Hussain et al., Lodhran Supervised Detection of land use and land
2020) district, classification cover changes using GIS tools
Pakistan and LST
equations
7 (Rahman et al., Northern Maximum Modelling of land use/cover and Ist
2022) KPK, probability variations by using gis and remote
Pakistan classification sensing

and radioactive
transfer
equation method
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8 (Ullah et al., Lower Support vector | Remote sensing-based
2019) Himalayan machine method | quantification of the relationships
region and artificial between LULC and surface
neural network | temperatures
prediction
model
9 (Imenetal., Guelma, urban rural Relationship between LULC
2022) Algeria gradi_ent and characteristi_c and LST using
multi-buffer remote sensing and GIS
ring
10 (Khan et al., Islamabad, Random forest | Land-use / land-cover changes and
2020) Pakistan classifier and its contribution to urban heat island
standardized
radiative
transfer
equation
11 (Aboelnour & Greater Cairo | Classification Application of remote sensing
engel, 2018) region, Egypt | techniques and | techniques and GIS to analyze land
spectral surface temperature in response to
radiance model | land use/land cover change
12 (Jiyuan et al., China Digital software | The land use and land cover
2002) environment change database and its relative
studies
13 (Tomlinson et Global Use of thermal | Remote sensing land surface

al., 2011)

infrared part of
EMR spectrum

temperature for meteorology and
climatology

2.2. Rationale of the study

The focus of our study was to determine the rate of urbanization and causes of its

expansion. We also wanted to see the rate of deforestation and how urbanization

contributed to the Land Surface Temperature of the study area. Previously, some similar

studies have been conducted and their findings are as follow.

Ghafoor et al. (2022) conducted a study on impacts of LULC on Soan Valley

Ecosystem. The restricted anthropogenic activity in HM forest caused an increase of about

32% in vegetation density thus from 2007 to 2019 carbon was accumulated in biomass.

This is due to the implementation of Punjab Forest Act 2010 and considerable decline in

livestock grazing from past 10 years.
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Ullah et al. (2019) conducted a study on LULC and LST on Lower Himalayan
region. Their study included settlement, vegetation cover, barren land, and water bodies
for LULC, which was conducted over the year of 1990 to 2017. For the period of 1990-
2017, the assessment of LULC and LST were done using Landsat data and support vector
machine method while for the period of 2032 and 2047, a combined cellular automata and
artificial neural network prediction model was used. The results showed that due that due
the inflow of population in the Himalayan region over the past decades has led to an
increase in urbanization with an increase in built-up area by 5.57% and in bare soil by
4.22% while there was a decrease in vegetation cover by 9.88% during 1990-2017. The
built-up area had the highest mean among all the other classes of LULC and LST. the
prediction model anticipated that there will be a further increase in built-up area 12.485%
in 2032 and by 14.65% by 2047. The area with temperatures above 30 degrees Celsius
could be 44.01% and 58.02% in 2032 and 2047 respectively. As the land surface
temperatures increased for all land cover classes, this is clearly shows that urban warming
and climate change are very much happening. The purpose of the study was to identify the
challenge that urban planners must deal with that is mitigation of urban heat islands. The
solutions given by the study to the urban planners regarding this challenge is to work on

both urban plantation and decentralization of urban areas.

Khan et al. (2020) conducted a study on LULC and urban heat islands in the city of
Islamabad, Pakistan. The estimation of changes in LULC is done from 1993-2018.
Anthropogenic influences on urban climate results in LULC changes due to urbanization
and in turn effects LST the effects of the LULC on LST and relative LST for the city of
Islamabad were observed using random forest classifier and standardized radiative transfer
equation for LULC and LST respectively. The results showed an increase in built up area
by 11.9% in the time span of 26 years. The study reveals that due to the conversion of
forests land, waterbodies and vegetation areas into in-built areas has caused a warming
effect with a contribution of 1.52 degree Celsius while the conversion of barren land and
built-up area into forests or water bodies have contributed to a cooling effect of -0.85
degree Celsius on relative LST. Hence the positive (warming) contribution to UHIs is
higher than negative (cooling) contribution. The study concluded that the LULC induced

warming has increased over the region from 1993-2018 but there is still a need to do
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comprehensive investigation on the local and regional climate changes caused by LULC
and LST changes. Lastly, intensive research in the future was also suggested specifically
to investigate the proportion of green space and impervious surface and its impact on RLST

for sustainable future cities.

Rahman et al. (2022) conducted a study on Northern Pakhtunkhwa mountainous
region of Pakistan for modelling of LULC and LST variations examined 30 years changes
in LULC and LST i.e., from 1987-2017.significant changes were found in LULC especially
the built-up area and bare soil area which in turn has affected LST. The examination of
these changes was done by developing LULC maps based on maximum probability
classification, LST from Landsat thermal bands and radioactive transfer equation method
for the set timeframe. For future prediction weighted evidence, cellular automata and
regression prediction models were used. The results of LULC classification showed an
increase in built-up area and bare soil classes by 13 km? and 89 km? respectively while
there was a decrease in vegetation classes by 144 km? during 1987-2017. For the same time
span, for LST, the temperature range increased by 140 km? for the next 30 years i.e., till
2047, the findings show similar trend for each class. According to the authors, the study
has provided a significant insight for monitoring of urban development, for climatologists
and land use planners of urban heat island formations.it is also an alarm for the
developmental projects in the study area which include both CPEC project and the Tarbella

dam in such environmentally sensitive region.
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Chapter 3 - Materials and methods

3.1. Study area

The capital of the Islamic Republic of Pakistan, Islamabad, is situated in the Potohar
plateau between 332801200 N in latitude and 724803600 E in longitude. Its 906 km2
territory includes mountains and uneven plains that peak more than 1,175 m elevated above
the average sea level (Sheikh et al., 2020). The inner boundary in the figure 1 shows the
city of Islamabad, the outer shows the boundary of city of Rawalpindi (Sheikh and Pasha,
2007).

In the Potwar Plateau, close to Islamabad, sits the city of Rawalpindi. In terms of
latitude, Rawalpindi is located between 33° 28" and 33° 48' north and 72° 48' and 73° 22
east in terms of longitude. The city is bordered on the north and east by the Islamabad
region, and on the west by the highway and the cities of Taxila. The region of Rawalpindi
covers 250 square kilometers and extends all the way to Islamabad, the country's capital
(Adeel, 2010).
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Figure 3.1: Study Area Map
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3.2. Materials and methods

The images for the supervised classification of Water, Barren, VVegetation, Forest
and Settlement were taken from United States Geological Survey, of LANDSAT 4-5
satellite for the year 1990 to 2010, and LANDSAT 8 for the year 2021. The same image’s
bands were used (namely: NIR, R, and TIR) for the calculation of LST using different

equations in ArcGIS.

3.2.1. Satellite imagery data acquisition

The following table shows which imagery was taken for each decade with month

included, the type of satellite, its sensor, its resolution, its row & path with source as well.

Table 3.2: Satellite imagery data acquisition

S. | Satellite Time Sensors Resolution | Row/Path | Source

No period

1 | LANDSAT | October MSS 30m x 30m | 36/150, https://earthexplorer.usgs.gov/
4-5 1990 37/150

2 | LANDSAT | October MSS 30m x 30m | 36/150, https://earthexplorer.usgs.gov/
4-5 2000 37/150

3 | LANDSAT | October MSS 30m x 30m | 36/150, https://earthexplorer.usgs.gov/
4-5 2010 37/150

4 | LANDSAT | October OLlI, 30m x 30m | 36/150, https://earthexplorer.usgs.gov/
8 2021 TIRS 37/150

3.2.2. Image Processing of Land use and Land Cover (LULC)

For the calculation and analysis of the Land Use and Land Cover, the sequences,
and steps we took can be summarize in simple way as: we first took the whole map of
Pakistan by district, then removed the study area of interest. After that we downloaded and
imported the satellite images that covered the entire study area. The images came out to be
in two rows of same path, so, we had to combine the two images together, then remove the
areas of images that were not the part of our study area. After that we started the assessment

of LULC by using maximum likelihood classification. For that, for each class:
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Urbanization, Forest, Vegetation, Barren and Water, we took 500 training samples for each

class.

3.2.2.1. Clipping

Clipping geoprocessing tool is a method of separating a dataset by utilizing one or
more than one features in another dataset. This is also particularly helpful for creating new
datasets, also called the study area or area of interest, AOI, which contains the geographical

region on which further analysis is to be done (ESRI, 2022).

Clipping geoprocessing tool was used to separate the study area or area of interest,

that is, Rawalpindi and Islamabad, from all the districts of Pakistan.

3.2.2.2. Imagery imports

After separating the area of interest, which was a blank solid color polygon that
contained the boundary of the area of interest and also the coordinates. To input the actual
geographical features and the actual area imagery, we used satellite imagery. The satellite
images were taken from USGS (United States Geographical Survey). The Path and Rows
of the study area came out to be 150036 and 150037 (150: path and 36, 37: Row). These

two images covered more than all the study area and were overlapping.

3.2.2.3. Composite

Before explaining the composite, it is worth mentioning that composite was only
done for Land Use and Land Cover (LULC) and not for Land Surface Temperature (LST).

e Composite tool is used when a dataset which contain subsets of the ‘whole’ original
raster dataset bands is used to combine all together to create a new raster dataset
which contain specific band combinations and order.

e The order of the bands is also important which determine the output of the new
raster dataset. But this tool can only be used on a square raster cell.

e There are many different output or export file exertions that this new raster dataset
can be exported as, like, TIFF, PNG, JPEG, etc. The first raster band’s cell size in

the list is used to make the new output raster dataset.
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e The output of the composite contains all the coordinates references and the extent

of the original raster dataset imagery (ESRI, 2022).

3.2.2.4. Mosaicking

Mosaicking is used to combine or merge two or more satellite images into one
image. The overlap sections that were previously overlayed over each other become one
accurate combined image. In ArcGIS, it is possible to create a single raster image from
many raster images. It is done by searching for “Mosaic to new Raster (Data

Management) tool”, in the search option (ESRI, 2022).

3.2.2.5. Masking

After combining the images, the covered area more than the actual study area, the
need for removing the extra image was needed so only the study area was covered. This
was done by masking. Masking is basically hiding the unwanted and unnecessary parts of
the image from the study area or area of interest. It is done by searching for “Extract by
mask (Spatial Analyst) tool” (ESRI, 2022).

3.2.2.6. Maximum Likelihood Classification

In Supervised image classification, we need to train the computer to analyze the
pixels or polygons that we assign as classes and then based on that the computer then
analyze the extension or the total area that each class covers in the whole map. These
training samples can be managed from Training Sample Manager panel. About 500 training
samples were taken for each class: Urbanization, Water, Barren, Forest, and Vegetation.
After that, a signature file was created from these 500 points of the 5 classes. Using this
signature file, from the classification panel, maximum likelihood classification was
undergone which then gave us the amount of total area that was covered by each class
(ESRI, 2022).

3.2.3. Image classification

The following tables shows the band combinations of each LANDSAT satellite.
These bands were used to identify and locate different classes: Urban, Water, Forest,

Barren and Vegetation.
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Table 3.3: Bands combination of LANDSAT 4-5, and LANDSAT 8

Type of Color LANDSAT 4-5 LANDSAT 8
Infra-Red 4,3,2 54,3
Natural color 2,31 4,3,2
False color (Vegetation analysis) | 5, 4, 3 6,5, 4
False color (Urban) 7,53 7,6,4
False color 7,4,2 7,53

The following table shows the classes which were taken for identification and

everything that is included in those classes.

Table 3.4: The five Classifications

Class Includes:

Urbanization All man-made structure such as
« Highways and roads

o Bridges

e Airports

o Railway stations

e Buildings

e Dams structure

e Housing societies.

e Industries

Forest Area Natural forest and features need to be included so that
they are considered forest are high animal and vegetal
biodiversity, evergreen trees, dark and sparse
undergrowth interspersed with clearings, scanty litter
(organic matter settling on the ground), presence of

"strangler" creepers.

o Areas that come inside the forested area in our

study area are:
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Margalla Hills

Northern parts of Islamabad and Rawalpindi
Small patches in F9, and Ayub Park
Miyawaki forests

Wah cantonment and surrounding areas

Vegetation Cover

All agriculture

Parks

Man-made vegetation
Green belt

Gardens

Small Patches of trees

Grasslands

Water Bodies

River
Ponds
Lakes

Lagoons

Barren land

Infertile arid land

Recently harvested land which was clear for new

crops
Land cleared for future construction

Deforested land
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Figure 3.2: Methodology of LULC

3.3. Image Processing for Land Surface Temperature (LST)

For the derivation of LST from the geometrically corrected Landsat images, there

is a six-step process that converts the thermal data acquired by Landsat sensors and stored

in digital numbers in to LST.

The thermal infrared bands, near infrared bands and red bands of different Landsat
image types were taken. for Landsat 4 & 5 TM band 6, band 3 and band 4 were thermal,
near infrared and red bands respectively (for years 1992, 2000 and 2010). For Landsat 8,

band 10, band 4 and band 5 were the thermal, near infrared and red bands respectively (for

year 2021).
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For each year, two sets of thermal, near infrared and red bands were selected from
the tiles representing the study area and added to arc map where each set of the three bands
from both the tiles are first mosaiced, then masked and then by using raster calculator of
Arc map the 6 step mathematical process is done. The tiles were not processed to composite

because the information in the meta data file of both tiles was same for all the years.

The steps below are employed to retrieve LST from thermal images and NDVI
images. Following are the steps for LST. All the numeric values are driven from metadata

text file.

3.3.1. Top Of the Atmosphere calculation (TOA)

TOA is a unitless measurement which provides the ratio of radiation reflected to
the incident solar radiation on a given surface. The thermal emissions from the earth are
captured in the form of raw digital numbers which is converted to luminance radiation or

top of the atmosphere radiances (TOA) by the following equation:
Ly, = ML x Qcal + AL
Where:
L, is the luminance radiation or top of the atmosphere
ML is the being the Band-specific multiplicative rescaling factor from Landsat metadata.
Radiance_Multi_Band_X, where x is the band number
X =6 for Landsat 4&5
x =10 for Landsat 8
QcaL = Quantized and calibrated standard product pixel values (DN)
AL = is the specific additive rescaling factor band from the metadata

3.3.2. Brightness Temperature calculation (BT)

The brightness temperature, which is described in terms of the temperature of an
equivalent black body, is a measurement of the radiance of the microwave radiation

moving upward from the top of the atmosphere to the satellite. Brightness temperature is
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calculated using radiance images which were obtained from thermal bands (Chander,
Markham, and Helder 2009). The formula for BT is as follows:

K2
BT = ———=———273.55

n(tr+1)
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BT is brightness temperature

K2=is the prelaunch calibration constant 2 in Kelvin.

K1: is the prelaunch calibration of constant 1 in unit of W/ (m2sr- [Jm)
LA: luminance temperature /top of the atmosphere

3.3.3. Normalized Differential Vegetation Index (NDVI) calculation

NDVI stands for Normalized differential vegetation index. The quantity and vigor
of the surface plants are gauged by the NDVI index. Because vegetation reflects light
strongly in the near infrared region of the spectrum, the NDVI has evolved into a
straightforward graphic indicator for gauging target vegetation coverage. As it can account
for shifting lighting conditions, surface slope, and viewing angle so it is particularly helpful

for monitoring vegetation at a continental to global scale.

The formula for NDVI is as follows:

NIR—Red
NIR + Red

NDVI =
where Red and NIR are the spectral reflectance of vegetation,
NIR: is the near infrared band,

Red: is the red band
3.3.4. Proportion of Vegetation calculation (PV)

POV is defined as the ratio of the vertical projection area of vegetation (containing
leaves, stalks, and branches) on the ground to the total vegetation area. POV can be derived

from the NDVI image based on the following equation:

(NDVI - NDVImin) ) 9
(NDVImax - NDVImin)

POV = (
Where:
NDVImax is the highest value of NDVI
NDV Imin is the lowest value of NDVI
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3.3.5. Emissivity calculation (g)

Emissivity is defined as the ratio of the energy radiated from a material's surface to
that radiated from a perfect emitter, known as a blackbody, at the same temperature and
wavelength and under the same viewing conditions. The emissivity is calculated with the

following equation:
€=0.004 x Py + 0.986
Where:
Pv is proportion of vegetation
3.3.6. LST calculation

The Land Surface Temperature (LST) is the radiative skin temperature of the land
surface, as measured in the direction of the remote sensor. Outputs derived from above

equations were then used as inputs to estimate the LST using the equation below:

BT

LIST=-——
<1+ "‘%n (s)>

Where:

A: 1s the central wavelength (in um) of the Landsat thermal band,
p = 1.4388 x 10-2 mK.

€= emissivity

A=0.00115

BT=brightness temperature
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Figure 3.3: Methodology of LST

3.4. Accuracy assessment

Accuracy assessment is an important step in analyzing the land classification.
Following steps are taken to perform an accuracy assessment for a classified image. We
extracted pixel values from reference points, create an error matrix, calculate the overall
percent accuracy. The user’s accuracy and producer’s accuracy. Assessing the accuracy is

a good check point to determine whether there is a need to resample the classification or

ready to move forth with the analysis.

).»

3.4.1. Marking of reference points on Google Earth pro

50 points were taken in Google Earth Pro on the same study area as the ArcGIS.

This was done to calculate the accuracy of the LULC calculated in ArcGIS. For an

example, points of year 2021 are shown in the figure below.
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3.4.2. Sequencing of Earth pro points and ArcGIS points

The points on Earth Pro (Reference point) should be placed in a way that they match
the locations with the points on ArcGIS map. The sequence of the point should be same as
the ArcGIS to reduce any sort of error in calculations and get correct accuracy. To extract
the earth pro points and their pixel values into ArcGIS we need to convert the KML file
where the earth pro points are saved into layer file in the ArcGIS, go to search write KML

to Layer from there add the information required.

3.4.3. Extract value to points

We want to obtain the pixel value for each point so that we can compare them to
our categorized image now that we have loaded all of the identical points. We first go to
Spatial Analyst Tools, pick Extraction, Extract Values to Points, add the data, and then
select each reference point's pixel values. Once the processing is finished, you should add
the new file to your map. The classified values are in the field RASTERVALU when you
right-click on the new Values.shp file in the Table of Contents and choose to open the
attribute table.

After that, select Add Field under Table Options. Give this field the name
Classified. Select Short Add Feld Name Cashed Integer as the type, then click OK. Right-
click the newly added Classified column once it has appeared and select Field Calculator.
The message "You are about to do a calculation outside of an edit session” can appear.
Select Yes. Double-click OK in the Field Calculator's Fields section. Click OK after
selecting Cancel and RASTERVALU. As a result, the data will be moved from the
RASTERVALU column to the Classified column. To rename Values to Reference, follow
the same procedure. Rename the Reference field by selecting Add Field. Select Short
Integer as the type. Click the new Reference column with the right mouse button, pick the
Field Calculator, click Values, and then click OK. Remove the Value and RASTERVALU
columns. Right-click the RASTERVALU column and choose Delete Field to accomplish
this. Click Yes when you receive the Confirm Delete Field warning. Sort the table using
the categories of land cover that we listed in our categorized image for clarity. Select Sort

Ascending from the context menu by selecting the Reference column.
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3.4.4. Frequency table

After having the values of the reference points through the above-mentioned steps,

the frequency values for the classified image and reference points are isolated.

Navigate to frequency tool using the arc toolbox or by using the search option of
ArcGIS. Fill in the fields of frequency window and save the file in .dbf format. When the
process gets complete, the frequency table appears under the values file in the table of
content. The frequency table shows how many pixels were correctly predicted in the
Landsat image for each reference point marked. Although the frequency table provides
information but it’s still hard to read. This information can be put in an easier form through

the next step.

3.4.5. Error matrix

A pivot table must be created to sort and display the frequencies. Navigate the
pivot table tool from arc toolbox, fill the fields of the pivot table window and save it as an
error matrix in .dbf format. When the process is done, open the attribute table of the newly
created error matrix table in the table of content and ensure that all the land cover classes
are present along with same number of reference points in the table. If all the classes are

present the process done is correct.

The .dbf format of error matrix is converted in to .xlIs format by navigating to the

table to excel tool and saving it in accuracy assessment folder for further calculation.

3.4.6. Accuracy assessment final table

The accuracy image is the often reported as a percentage correct. There are
different types of accuracy that must be calculated which includes overall accuracy, user’s

accuracy, and producer’s accuracy.

The error matrix in the .xIs format saved in the previous step is opened which shows

reference data in columns and classified data in rows.

The classes are labelled as numbers that have to be renamed under the classified
column. Add a column of total reference points and total classified points where the sum

of the reference points and classified points are deduced respectively.
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Next is the calculation of total correct reference points in order to calculate the error
for which the sum of the pixel values is correctly matched and divided by the total reference
points. After this the percent accuracy is calculated by dividing the total corrected reference
points by total reference points. This will give the percentage accuracy for that particular

year.

After this, the next two accuracies to be found are user accuracy and producers’
accuracy. The producer's accuracy column shows false negatives, or errors of commission.
The data to compute this error rate is read in the columns of the table. The Total column
shows the number of points that were identified as a given class, according to the classified
map. The producer’s accuracy is found by dividing the diagonal number by the column
total and multiplying by 100.

User's accuracy is also referred to as errors of commission, or type 1 errors. The
data to compute this error rate is read from the rows of the table. The Total row shows the
number of points that should have been identified as a given class, according to the
reference data. The user’s accuracy is found by dividing the diagonal number by the row

total and multiplying by 100.
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Chapter 4 - Result and Discussion
4.1. Study area’s parameters description

4.1.1. Geology and general topography

The geography in the Islamabad-Rawalpindi metropolitan region is made up of
plains and mountains with a combined elevation of more than 1,175 m. Three main
geomorphologic zones all have an east-northeast pattern. The upper and outer Himalayas,
comprised of the Hazara as well as Kala Chitta Ranges, are home to the mountainous
Margalla Hills, which is where the northern portion of the metropolitan region is located.
The Jurassic through Eocene limestone and shale ridges that make up the Margalla Hills,
which rise to a height of 1,600 m close to Islamabad, are intricately thrust, folded, and
typically overturned (Sheikh et al., 2007).

Located south of the Margalla Hills, the Rawalpindi Group's folded sandstones and
shales form the majority of the piedmont bench's subsurface (Miocene). Despite having
broad plains of wind-blown silt and typically low relief, the piedmont region also contains
numerous ridges and valleys that have also been submerged by alluvial deposits from the
hills. Sandstone ridges that have been buried are typically covered by interbedded layers
of sandy silt and limestone gravel that are more than 200 meters thick in some places. These
deposits have been cut into pieces and then buried beneath an eolian loess and reworked
silt layer that is more than 40 meters thick in some places. Because they make up the
majority of building structures and because gravel serves as the main ground-water aquifer,
the gravel and loess are particularly significant to environmental geology. Shallow badland
valleys are extensively cut into thick, readily eroded loess plains west of Rawalpindi. East
of Rawalpindi, significant hills are formed by the folded ridges of Rawalpindi Group rocks
rising above the alluvial plain. The piedmont bench area is where the majority of urban
development is focused. Rawalpindi is located in the southern portion of this area, close to
the Soan River, whereas Islamabad is located in the northern section of the piedmont bench
area, which is less deeply divided (Sheikh et al., 2007).

The Soan River valley stretches typically along the axial direction of the Soan

syncline at an altitude of around 425 m in the southernmost part of the region. The Soan is
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cut more than 40 m below the level of the vast plains north and south of the river, which
are covered with silt. The Soan canal and flood plain span 1.5 kilometers over the valley
floor southeast of Rawalpindi, upstream from the Grand Trunk Road bridge. The valley
bottom is even narrower in other places. The southern region is underlain by fluvial
sandstone, mudstone, and conglomerate beds from the Neogene to Pleistocene Siwalik
Group, which also appear along the numerous steep-sided stream valleys that cut the
landscape. The beds drop more gradually on the south limb of the syncline than they do on
its north limb, which is north of the Soan River. The northern edge of the Potwar Plateau,
which stretches 150 km southwest, is comprised of the piedmont bench and the Soan valley
(Sheikh et al., 2007).

4.1.2. Population trend

The national capital and the core of all governmental operations is Islamabad; the
industrial, commercial, and military presence is concentrated in Rawalpindi, a larger and
older metropolis. Along the historic trade route that connected Persia, Europe, and India
via the Khyber Pass is Rawalpindi. Alexander the Great, Genghis Khan, the conquerors of
the Moghul Empire, and other notable historical personalities have all travelled through the
region, which has long been a crossroads of cultures and an incursion route. When it
became a crucial staging area for the British Afghan wars in the late 1800s, Rawalpindi,
which had been inhabited before 1765, gained prominence. The Pakistan Armed Forces'
administrative center and a significant military cantonment are still located there. To serve
as the capital of Pakistan's newly independent nation, Islamabad was built in a picturesque
location at the foot of mountains north of Rawalpindi. Following thorough surveys and
planning, construction started in the early 1960s. Since then, Islamabad and Rawalpindi
have had tremendous population expansion, with a combined population estimated is
estimated at 1.3 million. This has led to an increase in the demand for natural resources

and negative consequences on the environment (Sheikh et al., 2007).

4.1.3. Hydrology

The primary rivers that drain the region are the Soan and Kurang Rivers. The Ling
River, which empties into the Soan from the northwest; Gumreh Kas, which empties into

the Kurang from the region between the Kurang and the Soan; and Lei Nala, which empties
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into the Soan from the mountain front and populated areas; are their principal tributaries.
For the purpose of supplying water to the urban area, the Kurang and Soan Rivers have
been dammed at Rawal and Sambli Lakes, respectively. The quality and quantity of the
supply are improved by the vast forest reserves in the Kurang and Soan River headwaters.
Ground water is produced principally from Quaternary alluvial gravels by an additional
infrastructure of municipal and private wellbores that extends down to 200 meters. The
water table drops in elevation from near the Soan River (approximately 450 m) to about
600 m at the foot of the Margala Hills, therefore the saturated zone often sits 2 to 20 meters
below the natural surface of the ground (Ashraf and Hanif, 1980). The Lei Nala contributes
significantly to the Soan River's pollution below their confluence by transporting the
majority of the liquid pollution from Rawalpindi (Sheikh et al., 2007).

4.1.4. General climate

The statistics for the Islamabad station of the Pakistan Department of Meteorology
show a monsoonal weather with hot, rainy summers and moderate, dry winters;
precipitation is typical of Pakistan's semiarid zone. The monsoon season typically starts in
June, maxima in August, and finishes in September. Winter monsoon activity is at its least
intense in March. The four-monsoon summertime always have some amount of
precipitation, although each of the other months could well be completely dry. Only 249.1
millimeters of rain fell annually in 1982. 1,732 mm was the record high for 1983. From
1931 through 1987, the average rainfall was 1,055 mm. The highest recorded temperature
was 45.9 °C in June of 1972, and the coldest was -3.9 ° C in a January prior 1961. The only
times that freezing temperatures have been recorded are in the months of November,
December, and January. Snow has never occurred here. (“Pakistan Department of
Meteorology”, 1988; Sheikh et al., 2007).

4.2. Pattern of Land Use and Land Cover Changes (LULC)

4.2.1. 1990

Landsat imagery and supervised classification technique was used to produce

patterns of LULC changes for the study area. Images were classified in to five classes
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namely water, barren, vegetation, forest, and settlement. Accuracy assessment was done as

well as the area of each class was calculated as shown in the table below.

As shown in the table 5, the total area for water, barren, vegetation, forest and urban
for the year 1992 in square kilometer is 50 km?, 2630 km?, 1452 km?, 1596 km?, and 382
km? respectively with area percentage for each class being 0.82%, 43.04%, 23.76%,
26.12% and 6.25% respectively.

The results for the year 1990 in table 5 and table 6 show that the class that covered
the major area of our study area was barren with area percentage being 43.04% (2630 km?)
followed by vegetation cover having an area percentage of 23.76% (1452 km?). The class
that has covered the least area is water with an area percentage of 0.82% (50 km?) followed

by settlement class having an area percentage of 6.25% (382 km?).

According to the figure 4, which is showing the LULC map of 1990, the light green
color shows vegetation which is spread all over the study area but is concentrated mostly
the area between 33°0'0" N -33°20'0" N, 73°0'0" E-74°0'0" E. The barren class is shown in
the figure by a dark brown color. This class is majorly concentrated in the eastern and
southeastern border of the study area i.e., between 33°0'0" N-33°2'0"N and 73°0'0" E-
73°20'0" E. The forest class is represented by a dark green color in fig 14 the forest in the
study area is majorly present in the north between 33°40'0" N-34°0'0"N and 73°40'0" E-
74°0'0"E. Water in the study area is shown with a blue color. According to the map there
are few recognizable water bodies in the study area. The major water body is the Soan river
running through the Potohar region which is 250 km long. Another water body is present
in the Islamabad region of the study area namely Rawal lake at 33° 42' 9.58" N and 73° 7'
33.98" E. The extreme southeastern border of the map also shows a blue color marking
water of the Jhelum River. Last one is the class of urban/settlement area that is represented
by a white color. The urban class is mostly spreads in the upper half of the study area with
major concentration between 33°20'0" N-33°40'0"N and 73°00'0"E-73°20'0" E.
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Figure 4.4: LULC 1990

4.2.2. 2000

The year 2000 was a drought year, as the drought started from 1997 and ended in
2001. The year 2000 was the highest peak point of the drought (Hussain, 2011). A lot of

changes have been observed in the year 2000.

The following changes in land in Kilometer Square has been observed, as shown in
the table 5:

e The total area of water bodies has changed from 50 km? in 1990 to 23 km? in 2000.

e The total area of barren has changed from 2630 km? in 1990 to 2803 km? in 2000.

e The total area of vegetation has changed from 1452 km?in 1990 to 1231 km? in
2000. This year had the least amount of vegetation when compared to other 3
decades.

e The total area of forest has changed from 1596 km?in 1990 to 1464 km? in 2000.

e The total area of settlement has changed from 382 km?in 1990 to 589 km? in 2000.
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The following changes by percentage has been observed, as shown in the table 6

(negative values indicated decrease whereas the positive values indicate increase):

e The percentage of Water body has decreased by -54.00% as compared to 1990.
e The percentage of Barren has increased by +6.58% as compared to 1990.
e The percentage of Vegetation has decreased by -15.22% as compared to 1990.
e The percentage of Forest has decreased by -8.27% as compared to 1990.

e The percentage of Settlement has decreased by -54.19% as compared to 1990.
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Figure 4.5: LULC 2000

4.2.3. 2010

According to the findings of LULC in 2010, the top northeast of the map shows
that there is an increase in barren area on the northern parts with compared to 2000, whereas
if we compare it with 1990, we see a decrease in barren area from 2010 to 1990 this is
mostly due to the decrease in deforestation and The Forest Act. The following changes in

land in Kilometer Square has been observed, as shown in the table 5:
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e The total area of water bodies has changed from 23 km?in 2000 to 27 km? in 2010.

e The total area of barren has changed from 2803 km? in 2000 to 2660 km? in 2010.
Thus, barren has decreased by 143 km?,

e The total area of vegetation has changed from 1231 km? in 2000 to 1333 km?in
2010. So, there is a slight increase in the vegetation cover land.

e The total area of forest has changed from 1464 km? in 2000 to 1284 km? in 2010.
This year had the least amount of forest cover land as compared to other three
decades.

e The total area of settlement has changed from 382 km? in 1990, 589 km? in 2000
and, 706 km?in 2010 to 923 km?in 2021. So, there is a linear increase in the urban

land over the years.

The following changes by percentage has been observed, as shown in the table 6

(negative values indicated decrease whereas the positive values indicate increase):

e The percentage of Water body has increase by +57.73% in 2021 as compared to
+17.39% in 2010 and -54.00% decrease in 2000 when compared to 1990.

e The percentage of Barren land has decreased by -21.07% in 2021 as compared to -
5.10% in 2010 and +6.56% increase in 2000 when compared to 1990.

e The percentage of Vegetation has increased by +26.13% in 2021 as compared to
+8.29% in 2010 and -15.22% decrease in 2000 when compared to 1990.

e The percentage of Forest area has increased by +6.26% in 2021 as compared to -
12.30% in 2010 and -8.27% decrease in 2000 when compared to 1990.

e The percentage of Settlement has increased by +30.67% in 2021 as compared to
+19.86% in 2000, and +54.19% increase in 2000 when compared to 1990.
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Figure 4.6: LULC 2010

4.2.4. 2021

The latest year of map classification was also the most accurate classification. That
is year 2021. This is mainly due to the increase in the quality of satellite imagery. The
biggest change has occurred in settlement, with also decrease in forest land cover. The

following changes in land in Kilometer Square has been observed, as shown in the table 5:

e The total area of water bodies has changed from 50 km? in 1990, 23 km? in 2000
and, 27 km? in 2010 to 43 km? in 2021.

e The total area of barren has changed from 2630 km?in 1990, 2803 km?in 2000 and,
2660 km?in 2010 to 2099 km?in 2021. Thus, overall, it has decreased since 1990.
Also, this year had the least amount of barren when compared to other 3 decades.

e The total area of vegetation has changed from 1452 km? in 1990, 1231 km? in 2000
and, 1333 km?in 2010 to 1681 km?in 2021. So, there is an increase in the vegetation

cover land. Also, that this year had the maximum area of land covered in vegetation.
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e The total area of forest has changed from 1596 km? in 1990, 1464 km? in 2000 and,
1284 km? in 2010 to 1364 km?in 2021. Though, it has decreased dramatically as
compared to year 1990, over the year the forest cover has increased when compared
to 2010.

e The total area of settlement has changed from 382 km? in 1990, 589 km? in 2000
and, 706 km?in 2010 to 923 km?in 2021. So, there is a linear increase in the urban

land over the years.

The following changes by percentage has been observed, as shown in the table 6

(negative values indicated decrease whereas the positive values indicate increase):

e The percentage of Water body has increase by +57.73% in 2021 as compared to
+17.39% in 2010 and -54.00% decrease in 2000 when compared to 1990.

e The percentage of Barren land has decreased by -21.07% in 2021 as compared to -
5.10% in 2010 and +6.56% increase in 2000 when compared to 1990.

e The percentage of Vegetation has increased by +26.13% in 2021 as compared to
+8.29% in 2010 and -15.22% decrease in 2000 when compared to 1990.

e The percentage of Forest area has increased by +6.26% in 2021 as compared to -
12.30% in 2010 and -8.27% decrease in 2000 when compared to 1990.

e The percentage of Settlement has increased by +30.67% in 2021 as compared to
+19.86% in 2000, and +54.19% increase in 2000 when compared to 1990.
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Figure 4.7: LULC 2021
4.2.5. Decade-wise LULC area for each class
Table 4.5: LULC area per decade
Feature 1990 2000 2010 2021
Km? Km? Km? Km?
Water 50 23 27 43
Barren 2630 2803 2660 2099
Vegetation 1452 1231 1333 1681
Forest 1596 1464 1284 1364
Settlement 382 589 706 923
Total 6110.00 6110.00 6010.00 6110.27
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4.3. Net change in LULC

The patterns of LULC were derived by using Landsat data and classifying them
into different classes as shown in the feature column of table 6. For the year 2000 the
change in water, barren, vegetation, forest and settlement as compared to 1990 is -27 km?
(-54%), 173 km? (6.58%), -221 km? (-15.22%), -132 km? (-8.27%), 207 km? (54.19%)
respectively and for the year 2010 in comparison to year 2000 the changes in water, barren
,vegetation, forest and settlement is 4 km? (17.39%), -143 km? (-5.10%), 102 km? (8.29%),
-180 km? (-12.30%), 117km? (19.86%) respectively. For the year 2021, the changes in
water, barren, vegetation, forest, and settlement in comparison to year 2010 is 15.59km?
(57.73%), negative (-)560.53 km? (-21.07%), 348.30km? (26.13%), 80.41km? (6.26%),
216.51 km? (30.67%) respectively.

The net changes in area from the year 1990-2021 in water, barren, vegetation,
forest, and settlement classes is -7.412 km? (-14.82%), -530.53 km? (-20.17%), 229.30 km?
(15.79%), negative (-)231.59 km? (-14.51%), 540.51 km? (141.49%) respectively.

From the data shown in the table 6, the water, barren and forest had an overall negative net

change from 1990-2021 while the settlement and vegetation had a positive net change.

The minimum change in water, barren, vegetation, and settlement classes was in
the year 2010, while for the forest class the minimum percentage change in the year was in
the year 2021. The maximum change in area percentage for water, barren, and vegetation
classes were in the 2021. For the forest and settlement classes, the maximum increase in

area percentage was in the year 2010 and 2000 respectively.

Comparing the overall net change for all the classes from 1990-2021, the maximum
net change in area percentage was for the settlement class that had an increase of 141%
followed by barren class that had an increase rate of 20%, while the minimum overall net
change for the same time span was for the forest class that had an increase of only 14.5%

followed by water that had an increase of 14.8% only.
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Table 4.6: Net changes in LULC

Feature 2000 2010 2021 Net Changes
Change % Change | % Change % Change %
(km2) Change | (km2) Change | (km2) Change | (km2) Change
Water -27 -54.00 | 4.00 17.39 15.59 57.73 -7.412 -14.82
Barren 173 6.58 -143.00 | -5.10 -560.53 -21.07 | -530.53 -20.17
Vegetation | -221 -15.22 102.00 | 8.29 348.30 26.13 229.30 15.79
Forest -132 -8.27 -180.00 | -12.30 | 80.41 6.26 -231.59 -14.51
Settlement | 207 54.19 117.00 | 19.86 216.51 30.67 540.51 141.49

4.4, Accuracy assessment

According to the steps explained in the sub-topic 3.4., we assessed the accuracy of
LULC maps from 1990 to 2021, the overall accuracy of year 1990, 2000, 2010, and 2021
1s 70.42%, 74.44%, 71.04%, and 84.59% respectively. The User’s accuracy of year 1990,
2000, 2010, and 2021 is 71.99%, 75.45%, 70.52%, and 85.85% respectively. The
producer’s accuracy of year 1990, 2000, 2010, and 2021 is 71.74%, 76.63%, 70.71%, and
83.94% respectively.

Table 4.7: Accuracy assessment of Land Use and Land Cover

Year User Accuracy | Producer Accuracy | Overall Accuracy
(%0) (%) (%0)

1990 71.99 71.74 70.42

2000 75.45 74.63 74.44

2010 70.52 70.71 71.04

2021 85.82 83.94 84.59

4.5. Accuracy assessment points

50 points on Google Earth Pro were taken for each decade for the purpose of

accuracy assessment as shown in figure below:

65




Figure 4.8: Assessment points of year 1990 . .
Figure 4.9: Assessment points of year 2000

Figure 4.10: Assessment points of year 2010
Figure 4.11: Assessment points of year 2021

4.6. Pattern of Land Surface Temperature (LST) changes

4.6.1. 1990

The LST patterns for study area are derived from Landsat thermal bands which are
then ran through different equations. The figure 12 shows the map of study area

representing land surface temperatures of the year

According to the map, five classes of temperatures are represented through different
colors. The area with temperature less than or equal to 10°C, between 10°C to 15°C,
between 15°C to 20°C, between 20°C to 25°C and above 25°C represented by dark green,
light green, yellow orange, and red color respectively. The dominant colors on the map as

shown in the figure 12 are light green (10-15°C) followed by yellow (15-20°C) with patches
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of dark green (<=10°C) in the areas of higher altitude of the study area. For the year 1992,

there is no area that has a land surface temperature above 25°C.

The part of the area under study that has a temperature less than or equal to 10°C,
10-15°C, 15-20°C, 15-20°C and above 25°C has an area percentage of 4.66%, 74.70%,
20.57%, 0.07% and 0% respectively.

The central part of the map is majorly under the temperature range of 10-15°C with
the southwest of the study area along the borders is under the temperature range of 15-
20°C. The north eastern part has high altitude mountain ranges that has patches of green
showing land surface temperature to be less than or equal to 10°C but the extreme top north
eastern corner shows temperature to be between 15-20°C because of deforestation.in the
same location that is the top corner of the north eastern side there are small patches of
orange in the middle of yellow (15-20°C) showing specific areas having temperatures

above than the neighboring areas because of the presence of barren land.
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Figure 4.12: LST 1990
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4.6.2. 2000

According to the findings of LST of 2000, shown in table 9, the highest temperature
is risen to 37.22°C from previously 23.68°C in 1990. The lowest temperature has increased
from 1.89°C to 10.52°C. The overall changes in the lower and the higher temperature were
observed to be 8.63°C and 13.54°C respectively.

The year 2000 was a drought year, meaning that the temperature was higher than
usual. As shown in the figure 13, almost the whole map is covered in red, which shows that
the temperature everywhere was higher than 25°C. Even in the high altitudes, the
temperature was from 15°C range to 25°C. Only a small fraction of the area of high altitudes
can be seen to be somewhere between 10°C to 15°C. The main city of Islamabad, below
the foot of Margalla hills, the temperature is in orange, indicating ranges from 20°C to 25°C
while Rawalpindi has only a few areas of orange range. This is mainly because the city of
Islamabad has much more vegetation cover than Rawalpindi, where the later only has
vegetation in few areas, like Ayub Park and Jinnah Park. The temperature of Margalla hills
and the foot of the Himalaya is almost the same, the orange range of 20°C-25°C, even in

the month of November.

Table 4.8: LST 2000 (low, high, and net changes in temperature)

Lower Higher Lower Higher | Net Change | Net Change in
T(°C) T(°C) T(°C) T(°C) | in Lower higher T(°C)
(1990) (1990) (2000) (2000) | T(°C)

1.89 23.68 10.52 37.22 |8.63 13.54
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Figure 4.13: LST 2000

4.6.3. 2010

According to the findings of LST of 2011, shown in figure 14 and values in table 8
and 9, the highest temperature is decreased to 34.36°C from previously 23.68°C in 1990.
The lowest temperature has increased to 9.98°C in 2010 from 1.89°C in 1990. The reason
for higher temperature in the previous decade is that the year 2000 was a drought year.
Now, after the drought year the temperature has decreased overall in the main city portion
of the twin cities from 2000 to 2010 but still the temperatures have increased from 1990 to
2010 due to gradual increase in urbanization, climate change and other anthropogenic

activities, but the top Northeastern part has again seen increase in temperature.

The bottom part of the map, as according to the figure 14, there is a big patch of
high temperature, which is in according to the figure 6, the LULC of 2010, there is big
patch of barren land there, which explains the high temperature value. Surprisingly, when
compared to the figure 4, we can see that the city of Islamabad and Rawalpindi lies around

the range of 10 to 15 degree centigrade. The top left part of “Wah cantt’ has also patches
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of 10 to 15 degrees centigrade but it also has patches of 15 to 20 degrees, which according

to the figure 14, is again due to the presence of barren land.

Table 4.9: LST 2010 (Low, high, and net change in temperature)

Lower Higher Lower Higher | Net Change | Net Change in
T(°C) T(°C) T(°C) T(°C) | in Lower higher T(°C)
(2000) (2000) (2010) (2010) | T(°C)

10.52 37.22 9.98 34.36 | -0.54 -2.86
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Figure 4.14: LST 2010

4.6.4. 2021

According to the findings of LST of 2021, shown in table 10, the highest
temperature is risen to 35.49°C from 34.36°C in 1990. The lowest temperature has
increased from 9.98°C to 15.61°C. The overall changes in the lower and the higher

temperature were observed to be 5.63°C and 1.13°C respectively.
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As shown in the figure 15, the Eastern part of the city has seen junction of high
increase in temperature, this is due to the creation of barren land due to creation of housing
societies in that portion. The overall temperature of the main portion of the twin cities has
significantly increased, to the point where the streets can be easily distinguished. The main
central part of Rawalpindi has seen more intense changes than Islamabad mainly due to
less vegetation and increase in cemented urban area. The Northeastern part has seen
increase in housing societies, due to which the temperature has significantly risen as these
societies require clearing of vegetation and forest covers. The farthest top Northeastern part
has again seen increase in temperature. This can be traced to the increase in the urbanization

in the higher altitudes.

When comparing the map of figure 15 and figure 7, it can be clearly seen that the
areas where barren land has increased, are also the area where the temperature of more than
25 degree centigrade has increased as well. In the top left corner of the map, the increase

in urbanization has yet again increased the overall temperature of the area.

Table 4.10: LST 2021 (low, high, and net changes in temperature)

Lower Higher Lower Higher | Net Change | Net Change in
T(°C) T(°C) T(°C) T(°C) | in Lower higher T(°C)
(2010) (2010) (2021) (2021) | T(°C)

9.98 34.36 15.61 35.49 |5.63 1.13
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Figure 4.15: LST 2021
4.7. Net Change in LST
Table 4.11: LST net changes in area km? and area Percentage
LST Percentage | Percentage | Percentage | Percentage
Ranges | Area 1990 | Area 2000 | Area 2010 | Area 2021
<=10 4.66 0.00 6.43 12.24
10 to 74.70 0.31 20.06 15.11
15
15-20 20.57 3.70 38.80 35.01
20-25 0.07 17.28 24.42 25.20
>25 0.00 78.72 10.34 12.10
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Table 4.12: Net changes in LST (degree Centigrade)

Year Lower Higher T(°C)
T(°C)

1990 1.89 23.68

2000 10.52 37.22

2010 9.98 34.36

2021 15.61 35.49

Net Change 13.72 11.81

The patterns of LST were analyzed by calculating the Thermal, Infra-Red, and red
bands using various equations in the past 3 decades (1990-2021), the values of which are
shown in the table (11, 12). The lower temperature of from 1990 to 2021 has increased by
13.72°C & the higher temperature has increased by 11.81°C. The highest temperature was
observed in the year 2000, which was a drought year, whose area was about 4810 km?and

consisted of 78.72% of the total study area.

In comparison to the previous year, 1990, the increase in the percentage area of
high temperature (more than 25 degree centigrade) was about a total of whole 78.72%, one
of the reasons is that it was a drought year in 2000 but it can also be due to climate change
and anthropogenic activities. The net change in the highest temperatures (>25°C) from
1990 to 2021, was 12.10%, as the area percentage in 1990 was 0%. The area with
temperature range of 20 to 25 degree centigrade, has increased from 0.07% in 1990 to
25.20% in 2021, which accounts for a net change of 27.49%. The area with temperature
range of 15 to 20 degree centigrade, has increased from 20.57% in 1990 to 35.01% in 2021,
which accounts for a net change of 14.44%. The area with temperature range of 10 to 15
degree centigrade, has decreased from 74.70% in 1990 to 15.11% in 2021, which accounts
for a net change of 59.29%. The area with temperature range of less than or upto10 degree
centigrade, has overall decreased from 4.66% in 1990 to 12.24% in 2021, which accounts

for a net change of 7.77%.

With the exception of the year 2000, the temperature range of more than 25 degrees
shows an increase trend per decade. The value of temperature from 1990 to 2000 was 0%

to 78.72% respectively, but after that it decreases to 10.34% in 2010 and then again shows
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an increasing trend by almost 2 percent, that is, 12.10% in the year 2021. The sudden
increase in the year 2000 is due to the drought conditions that year (Hussain, 2011). The
area with temperature range of 20 to 25 degrees centigrade, shows an increasing trend from
0.07% in 1990 to 17.28%, 24.42% and 25.20% in the year 2000, 2010 and 2021
respectively. The area with temperature range of 15 to 20 degrees centigrade, shows an
increasing trend with the exception of the year 2000, where temperature value dropped
from 20.57% to 3.70% in 1990 and 2000 respectively. The decrease in temperature is
because the higher temperature values, that is above 15-20 degree centigrade, have
increased drastically. After the year 2000, there is decreasing trend of 38.80% to 35.01%
in 2010 and 2021 respectively. The area with temperature range of 10 to 15 degrees
centigrade, shows a decreasing trend, yet again with the exception of the year 2000. The
previous decades were colder than the recent ones due to changes in urbanization,
deforestation, climate change and anthropogenic activities. The rapid urbanization results
in more construction and transformation of vegetation and agriculture land into barren land,
leading to further increase in LST, this in return synergizes the effects of global warming,
particularly localized urban warming. The value of temperature of 1990, 2000, 2010, and
2021 are 74.70%, 0.31%, 20.06% and 15.11% respectively. The area with temperature
range of less than or equal to 10 degrees centigrade has decreased from 1990 to 200 then
increases in 2010 and 2021, their respective values are as follow: 4.66%, 0.00%, 6.43%
and 12.24%. The increase in the lower temperature can be accounted for due to the increase

in the afforestation.
4.8. Comparison with other studies.

According to the study of Ullah et al. (2019), the results showed that an increase in
urbanization by 5.57% and in bare soil by 4.22% while there was a decrease in vegetation
cover by 9.88% during 1990-2017.

Khan et al. (2020) conducted a study on LULC and the results showed an increase
in built up area by 11.9% in the time span of 26 years. The study reveals that due to the
conversion of forests land, waterbodies and vegetation areas into in-built areas has caused
a warming effect with a contribution of 1.52 degree Celsius while the conversion of barren

land and built-up area into forests or water bodies have contributed to a cooling effect of -
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0.85 degree Celsius on relative LST. Hence the positive (warming) contribution to UHIs is
higher than negative (cooling) contribution. The study concluded that the LULC induced

warming has increased over the region from 1993-2018.

Rahman et al. (2022) conducted a study on Northern Pakhtunkhwa mountainous
region of Pakistan for modelling of LULC and LST variations examined 30 years changes
in LULC and LST i.e., from 1987-2017. The results of LULC classification showed an
increase in built-up area and bare soil classes by 13 km? and 89 km? respectively while
there was a decrease in vegetation classes by 144 km? during 1987-2017. For the same time
span, for LST, the temperature range increased by 140 km? for the next 30 years i.e., till

2047, the findings show similar trend for each class.

In comparison to these studies, our studies showed an increase in settlement of 541
km? from 1990 to 2021, that is an increase of 141.49%. The vegetation cover also saw an
increase in by 15.79%. The barren land saw a decrease by 20.17%, mainly due to increase
in agricultural land. For LST, the biggest change occurred in temperature range of twenty
to twenty-five degree centigrade, by an increase of percentage area from 0.07% in 1990 to
25.20% in 2021.
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Chapter 5 — Conclusion and Recommendation

5.1. Conclusion

This study focused on the assessment and analysis of LULC and LST of the twin
city: Islamabad and Rawalpindi, from 1990 to 2021. Assessment was done through the

maximum likelihood classification and Thermal Infrared, Red, and Near Infrared bands.

The major visible changes occurred in urbanization land from 1990 to 2021 where
the urban area increased from 382 km? to 923 km? in just 10 years. This accounts for
increase in rate of urbanization by 141.49%. Due to the increase in the housing societies,
and the clearing of the land, it can be predicted that this settlement area will increase more.
The vegetation area showed a decrease from 1990 to 2000 but from 2000 to 2021 it
increased slightly. This can be mainly due to the increase in the agricultural land. Barren
land showed a decreasing trend from 1990 to 2021 except for the year 2000, where it
increased due to the emergence of drought year. The higher altitude has seen quite some
changes regarding afforestation, deforestation and built up of settlement. The water bodies
have shown only a slight change as rivers are seasonal and not perennial. Lastly, in forest

area, there is a decreasing trend due to deforestation and urbanization.

Overall, the trend of LST was seen as an increase in temperatures, mainly in the
sub-division of temperature from 15 to more than 25°C. The overall net increase in the
lowest temperature from 1990 to 2021 was 13.72°C and the net highest temperature was
11.81°C.

5.2. Recommendations

Regarding the unsustainable urban expansion and deforestation, we recommend
sustainable urban planning and management in the region. We propose that the
Government should revise the policies regarding the urban expansion, boundary and

conservation and preservation of forest ecosystem. S

The followings are some other recommendations:
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The analysis of LULC, especially for the early decades of 1990 and 2000, would
be more precise and accurate, if the satellite imagery available was of higher
resolution and quality. By this the accuracy of LULC would increase and the results

would be better.

The result of LULC can be more precise for the decision and policy makers if the
results are compared with ground truthing. Ground truthing or ground survey
provides real and true values of each LULC parameter.

The result of LST values would be more accurate if the weather parameters like
humidity and precipitation were included.

The result of LST only included temperature of one day per month of each decade.

The precision would increase if it was averaged for the same season.
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Appendices

Appendix 1
Classified Vegetation | Barren | Forest Water | Urban Total
Vegetation 12 6 5 0 0 23
Barren 41 36 0 13 11 101
Forest 1 0 49 2 0 52
Water 0 0 0 32 0 32
Urban 2 11 0 3 43 59
Total Classified Points | 56 53 54 50 54 267
Total Corrected 172
Reference Points
Total True Reference 267
Points
Percent Accuracy 70.42

User Accurac Producer's Accuracy

Vegetation 52.17 Vegetation | 21.43
Barren 35.64 Barren 67.92
Forest 94.23 Forest 90.74
Water 100.00 Water 64.00
Urban 72.88 Urban 79.63
Total 71.99 Total 71.74

Appendix 2
Classified Water | Vegetation | Forest Barren Urban | Total
Water 39 1 0 0 0 40
Vegetation 6 16 2 7 0 31
Forest 0 2 50 0 0 52
Barren 2 27 0 45 5 79
Urbanization 4 9 0 4 51 68
Total Classified | 51 55 52 56 56 270
Points
Total Correct 201
Reference Points
Total True 270
Reference Points
Percent 74.44
Accuracy
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|
User's Accuracy Producer's Accuracy
Water 97.5 Water 76.47
Vegetation 51.61 Vegetation | 29.09
Forest 96.15 Forest 96.15
Barren 56.96 Barren 80.36
Urbanization 75 Urban 91.07
Total 75.45 Total 76.63
Appendix 3
Classified Vegetation | Barren | Settlement Water Forest Total
Vegetation 13 7 2 1 2 25
Barren 26 45 0 6 0 77
Settlement 8 0 80 13 0 101
Water 0 0 0 44 0 44
Forest 8 0 3 19 51 81
Total 55 52 85 83 53 328
Classified
Points

Total Correct | 233

Reference
Points
Total True 328
Reference
Points
Percent 71.04
Accuracy
User's Accuracy Producer's Accuracy

Vegetation 52.00 Vegetation 23.64
Barren 58.44 Barren 86.54
Settlement 79.21 Settlement 94.12
Water 100.00 Water 53.01
Forest 62.96 Forest 96.23
Total 70.52 Total 70.71

Appendix 4
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Classified Water Barren Vegetation Forest | Urban | Total
Water 47 0 1 0 0 48
Barren 5 61 21 0 1 88
Vegetation 1 5 22 1 0 29
Forest 0 0 3 53 0 56
Settlement 0 0 5 0 53 58
Total Classified | 53 66 52 54 54 279
Points
Total Correct 236
Reference Points
Total True 279
Reference Points
Percent 84.59
Accuracy

User's Accuracy Producer's Accuracy
Water 97.92 Water 88.68
Barren 69.32 Barren 92.42
Vegetation 75.86 Vegetation 42.31
Forest 94.64 Forest 98.15
Urban 91.38 Urban 98.15
Total 85.82 Total 83.94
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