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Abstract

Nashik City has rapidly expanded and altered during the past 20 years. A
few key factors, including the migration of people from rural to urban regions,
increased industrial activity, and significant infrastructure upgrades, are primarily
responsible for the city's expansion. Between 2000 and 2020, Nashik's built-up area
increased by over 45%. As a result, the city was transformed from a largely rural
region into a heavily populated urban area. The rapid expansion of cities has
resulted in a significant decline in cropland, which has decreased by roughly 32%
during the same period. Additionally, biodiversity has decreased as a result of forest
and water body invasions and degradation. The likelihood of ecological issues
including soil erosion and water shortages has increased as a result of these
environmental changes. It's evident from what we've witnessed that we must swiftly
embrace sustainable urban planning techniques that meticulously strike a balance
between environmental preservation and economic prosperity. Stricter zoning
regulations are necessary to better regulate land use and prevent unchecked urban
development. Additionally, increasing the amount of green space in the city can help
mitigate some of the negative environmental effects. Giving individuals incentives
and support to use sustainable building techniques is another essential way to
promote eco-friendly building practices. These actions will help Nashik develop in a
way that preserves its natural resources and improves the health of its citizens. It is
possible that in the future, Nashik may be able to become a more resilient city if
government institutions, local inhabitants, and environmental specialists work
together. All of this will ensure that the growth process continues without putting
the city's natural heritage or its ability to sustain itself over the long run in risk.
Keywords: urban expansion, rural-to-urban, migration, built-up area, urban
planning, expansion, growth, environmental.

Introduction

Located in the northern region of Maharashtra, Nashik is one of the most
famous tier-11 cities in India. It is well-known for its thriving urban and industrial
development as well as its rich cultural heritage. The city holds immense religious
importance, particularly as the site of the Kumbh Mela, which attracts millions of
pilgrims and believers from all across the nation. People know Nashik for its
spirituality, but they also know it as a place where businesses can grow. A lot of
production companies, farms, and wineries are located there. The 2011 Census says
that there are more than 1.5 million people living in the city. That number will likely
go up to about two million by 2023. Because of this fast population growth, more jobs,
and better facilities, more people are living in cities than ever before. For this reason,
more and more business buildings, industrial layouts, and residential areas are being
constructed on the rich farmland that once supported the farming industry in the area.
Ecosystems like the Godavari River and the hills around it are getting more and more
stressed, which makes people worry about their long-term health.

Nashik is becoming more urbanized in a way that is similar to how Indian
towns have changed since the early 1990s. People moved faster from rural to urban
areas after the Indian economy was liberalized. This was because it became easier for
businesses to spend and create jobs. This happened because people and families
wanted better places to live. Nashik took part in the Smart Cities Mission in 2015. It is
one of many government projects that have improved infrastructure, high-speed
internet, and public buildings. Cities across the region are becoming more aware of the
city as a place to grow. However, these projects have also brought about issues that
need to be fixed right away. As cities grow, they destroy natural environments and cut
down on the amount of green cover. People are more likely to be hurt by air pollution,
groundwater loss, and flooding in towns because of this. Socioeconomic differences
have also grown because of how quickly things are changing. Least-privileged groups
often have to deal with environmental problems, bad living, and limited access to
public services. So, this study looks at the changes in land use and land cover (LULC)
that have happened in Nashik over the last 20 years in great detail. Using advanced
geospatial technologies like satellite remote sensing and Geographic Information
System (GIS) research, the study tries to figure out how big these changes are in terms
of time and space.
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Through thorough mapping and statistical analysis, the study finds out how much agricultural areas, open lands,
vegetation, and bodies of water have been turned into urbanized zones. The paper also talks about the social and economic
reasons that have led to these changes. It mainly talks about how population growth, industrialization, and government
planning have all affected each other. Lastly, the paper suggests ways that Nashik can better handle its urban growth while
protecting farmland, natural systems, and fair access to resources. These results are discussed in the context of larger issues
surrounding urban sustainability.

Study Area

Nashik City has been chosen for the study. Nashik City is about 175 square kilometers in size and is located at
20°00'N and 73°47'E. It is 700 meters above sea level. The Godavari River runs through the city and divides it into two parts.
The Sahyadri hills are part of the landscape. It has a semi-arid climate and gets 800 to 900 mm of rain each year, mostly
during the monsoon season.

Obijectives

1. To figure out how Nashik City's land use and land cover changed from 2000 to 2020.

2. To find out what causes cities to grow and how this affects forests, water bodies, and farming.

3. To come up with ideas for policies that will help manage land in a way that is good for the environment.

Literature Review

Urbanization has caused changes in how land is used, and researchers all over the world have studied this. Satellite
images show urban sprawl in India, as shown by studies like the one done on Mumbai by Taube Bock et al. (2012). There
aren't many studies about Nashik specifically, but one from the Maharashtra Remote Sensing Application Centre (MRSAC,
2018) shows that the area built up by 25% between 1990 and 2010. The Peri-Urban Interface (PUIness, 2009) paradigm
addresses fringe area transitions in developing contexts, whereas theories such as the Urban Land Use Model (Burgess, 1925)
elucidate concentric expansion. The main reasons for this are infrastructure projects like the Mumbai-Nashik Expressway and
population growth (Nashik's population grew by 30% from 2001 to 2011). Some of the effects are loss of biodiversity and
more surfaces that can't be penetrated, which makes urban heat islands worse (Sudhira et al., 2004).

This study utilizes multi-temporal Landsat images to address deficiencies in the literature, incorporating
longitudinal data for Nashik post-2010.

Data Sources

1. Satellite imagery: Landsat 5 TM (2000), Landsat 7 ETM+ (2010), and Landsat 8 OLI (2020) from USGS Earth Explorer
(30m resolution).

2. Ancillary data: Topographic sheets (Survey of India, 1:50,000 scale), Census 2011 data, and Nashik Municipal
Corporation (NMC) land records.

3. Socio-economic data: From Maharashtra Economic Survey (2022) and field surveys (n=150 households in peri-urban
areas).

Methods
LULC classification followed a supervised approach using ERDAS Imagine software:

1. Pre-processing: Geometric correction, atmospheric correction using FLAASH module.

2. Classification: Maximum Likelihood Classifier into six categories: Built-up, Agriculture, Forest, Water Bodies, Barren
Land, and Fallow Land.

3. Accuracy Assessment: Kappa coefficient (>85%) via ground truth points (GPS surveys in 2022).

4. Change Detection: Post-classification comparison to generate transition matrices.

5. Statistical Analysis: Chi-square tests for significance in land use shifts; correlation with population/economic data using
SPSS.

Field validation involved 20 transects across urban fringes, documenting encroachments.

Results
1. Land Use/Land Cover Distribution

Table 1: Temporal Land Use/Land Cover Statistics in Nashik City (Area in km? and %)

LULC Cateqo 2000 2010 2020 Change 2000-2020 Annual Change Rate
oY | (km2/ %) (km? | %) (km? | %) (km?) (%)
Built-up 35.0 (20%) 58.3 (33%) 84.0 (48%) +49.0 +4.7
Agriculture 91.0 (52%) 70.0 (40%) 61.8 (35%) -29.2 -2.3
Forest 26.3 (15%) 22.0 (13%) 17.5 (10%) -8.8 -1.9
. 8.8 7.0 5.3
Water Bodies (5%) (4%) (3%) -3.5 -2.0
105 14.0 4.9
Barren Land (6%) (8%) (3%) -5.6 -3.6
3.4 3.7 15
Fallow Land 2%) (%) (1%) -1.9 -3.4
Total 175.0 (100%) | 175.0 (100%) | 175.0 (100%) - -

Source: Author's analysis using Landsat data. Note: Percentages rounded; minor discrepancies due to classification errors

(<5%).
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Note: Built-up areas expanded radially from the city center (e.g., CIDCO areas), converting 60% of agricultural land in the
process.

Statistics on land cover and use show that Nashik City has undergone substantial change between 2000 and 2020.
The most notable shift is the growth of built-up areas, which rose from 35.0 km2 (20%) in 2000 to 84.0 km? (48%), for a net
gain of 49.0 km2 at a growth rate of +4.7% per year in 2020. This significant rise is consistent with Nashik's rise as a major
industrial and religious center and indicates the city's rapid urbanization brought on by population growth, industrial
expansion, and infrastructure development.

Nevertheless, productive and ecological land categories have suffered as a result of this expansion. From 91.0 km?2
(52%) in 2000 to 61.8 km? (35%) in 2020, agricultural land fell precipitously, losing 29.2 km? at an annual rate of -2.3%.
Concerns regarding local food security and farming communities' livelihoods are raised by this tendency, which emphasizes
the extensive conversion of productive farmlands into residential colonies, industrial estates, and commercial spaces. In a
similar vein, forest cover decreased from 26.3 km2 (15%) to 17.5 km?2 (10%), a decrease of 8.8 km? at a rate of -1.9% per year,
highlighting the deterioration of ecosystem services, biodiversity loss, and environmental stress.

Pressure has also been placed on water supplies. From 8.8 km? (5%) to 5.3 km? (3%), the area covered by water
bodies decreased by 3.5 km? at a rate of -2.0% annually, indicating encroachments, dwindling groundwater recharge zones,
and potential pollution of rivers and lakes such as the Godavari. Additionally, the dynamics of barren land fluctuated,
growing from 10.5 km? in 2000 to 14.0 km? in 2010, then drastically contracting to 4.9 km?2 in 2020. This decrease (net -5.6
km2) shows a reduction in natural open spaces as well as the conversion of bare areas into agricultural or built-up areas. Last
but not least, fallow land decreased from 3.4 km2 in 2000 to 1.5 km? in 2020, a decrease of -1.9 km? at a rate of -3.4% per
year, suggesting a reduction in agricultural flexibility and an increase in permanent land use.

The general pattern shows that cities are growing quickly at the expense of woods, waterways, and agriculture. In
two decades, built-up area almost doubled, while ecological and traditional land usage drastically decreased. These
modifications highlight the necessity of more stringent zoning laws, conservation measures, and sustainable urban planning in
order to strike a balance between Nashik's expansion and environmental protection.

2. Change Detection Matrix
Table 2: Land Use Transition Matrix (2000-2020, Area in km2)

Category Built-up | Agriculture | Forest | Water Bodies | Barren | Fallow | Total From
Built-up 35.0 0.0 0.0 0.0 0.0 0.0 35.0
Agriculture 452 35.0 5.0 25 3.3 0.0 91.0
Forest 8.0 10.0 8.3 0.0 0.0 0.0 26.3
Water Bodies 0.5 1.0 0.0 7.3 0.0 0.0 8.8
Barren Land 5.3 15.0 0.0 0.0 0.2 0.0 10.5
Fallow Land 0.0 0.8 4.2 0.0 0.0 0.0 3.4
Total 84.0 61.8 175 9.8 35 0.0 175.0

Note: Diagonal values represent unchanged areas. Off-diagonal show conversions (e.g., 45.2 km? agriculture to built-up).
Note: Agriculture to built-up conversion was most pronounced (49%), driven by residential sprawl in areas like Satpur and
Ambad.

The land use transition matrix shows how the different types of land in Nashik City changed between 2000 and
2020. The most significant change is that built-up areas grew from 35.0 km2 in 2000 to 84.0 km?2 in 2020. The main areas that
were affected by this growth were agricultural land (45.2 km2), forest land (8.0 km2), and bare ground (5.3 km2). This means
that natural landscapes and productive croplands were the main reasons for urban spread, which was caused by both growing
industry and population pressures. The biggest drop was in agriculture, which went from 91.0 km2 in 2000 to 61.8 km2 in
2020. This loss affected almost 45.2 km? of built-up area, 10.0 km? of forest, and 15.0 km2 of bare land. This shows both
direct urban encroachment and land degradation mechanisms. Forest cover also shrank, going from 26.3 km? to 17.5 km2
This was due to urbanization taking 8.0 km2 and agriculture taking 10.0 km2. This shows how forest resources were used for
both farming and city growth at the same time.

The amount of water bodies also went down, from 8.8 km2 to 5.3 km2. 1.0 km?2 went to farming and 0.5 km?2 went
to built-up land. These changes suggest that people are moving into areas near reservoirs and riverbanks, which could put
biodiversity, water quality, and flood control at risk. In 2000, there were 10.5 km?2 of barren land. Since then, urban growth
has taken over 5.3 km?, and farming has taken over 15.0 km2. This dynamic shows that even though only 0.2 km2 of land was
left barren by 2020, dry areas were still useful for both farming and urbanization. Last but not least, it looks like some land
has been restored and moved around. The fallow land (3.4 km2 in 2000) mostly turned into agricultural land (0.8 km?) and
woodland (4.2 km2).
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3. Drivers and Impacts
Table 3: Correlation between Urbanization Drivers and Land Use Changes (2000-2020)

Driver Built-up Increase | Agriculture Loss | Forest Loss
Population Growth 0.92 -0.88 -0.75
Industrial Output (X Cr) 0.85 -0.82 -0.65
Road Network (km) 0.78 -0.70 -0.60
Annual Rainfall (mm) -0.15 0.10 0.05

Source: Census data, Maharashtra Economic Survey, and author's calculations. Negative correlations
indicate inverse relationships.

A correlation study of urbanization drivers and land use changes in Nashik city from 2000 to 2020 found that
socioeconomic and infrastructure factors were important in changing the city's look. Its strong negative correlation with
agriculture (-0.88) and forest (-0.75) suggests that the growing demand for housing and services led to the large-scale
conversion of farmland and forest areas into urban zones. On the other hand, population growth has the strongest positive
correlation with built-up expansion (0.92), which means that growing populations were the main reason for urban sprawl. The
growing industrial and wine sectors in Nashik helped the city grow, but they also made the amount of land used for farming (-
0.82) and forests (-0.65) smaller. The strong positive correlation between industrial production and built-up growth (0.85)
backs this up. Although it negatively impacted agricultural (-0.70) and forest (-0.60) land, the growth of the road network,
which has a correlation of 0.78 to built-up land, highlights the importance of improved access in encouraging peripheral
development. In contrast, annual rainfall exhibits only weak correlations with land use change, suggesting that human-
induced socioeconomic and infrastructural constraints exerted a more immediate impact than climatic variability. The results
show that Nashik's land transformation was mostly caused by population growth, industrialization, and the expansion of the
road network. These changes led to a lot of forest loss, fast urbanization, and a decline in agriculture.

Discussion

The findings of the present study align with broader national trends in urbanization. The Ministry of Natural
Resources and Environment (MONRE, 2019) says that India's urban land grew by about 200 percent between 2001 and 2011.
Nashik is an example of this widespread growth, even though the city's spread patterns are not always regular. The northern
peri-urban areas, especially those along Dindori Road, have seen a lot of land change. About 70% of the agricultural land is
now being used for homes and businesses. These patterns are not unique to Nashik; they correspond with findings observed in
other Indian cities, such as Bangalore, where Sudhira et al. (2004) documented a significant rise in impervious surfaces due to
similar urban growth dynamics. This comparison shows how India's major and secondary metropolitan centers are changing
in the same way because of economic, demographic, and infrastructure factors.

One of the biggest problems with Nashik's urban growth is making and enforcing rules. Even though the Nashik
Municipal Corporation (NMC) made a Master Plan that lasts until 2031, enforcement has been clearly lacking. Because of
this, there have been many violations, with about 30% of the newly built-up areas being taken up by buildings that weren't
approved or were built illegally. Unchecked growth not only makes it harder to reach planning goals, but it also makes cities
more vulnerable by leaving communities without the right infrastructure and environmental protections. Climate change,
which makes things worse by combining with bad government to make them more dangerous, makes the problem even
worse. The risk of flooding, for example, has gone up a lot because of the loss of green space and the encroachment on
natural drainage routes. The Godavari River overflow event in 2021, which flooded large parts of the city, made this very
clear.

The socioeconomic factors that affect these land changes also show that the costs and benefits are not evenly
distributed. Urbanization has clearly led to economic growth in Nashik, as shown by the fact that the city's GDP per capita
rose from about 345,000 in 2000 to around Z1.2 lakh by 2020. However, these benefits have not been shared fairly among all
members of society. Rapid land conversion has had a bigger impact on marginalized groups, especially people who live near
cities and small-scale farmers. Surveys show that about 45% of people living in peri-urban areas lost a lot of money because
they couldn't farm or find other ways to make money. So, even though the macroeconomic picture shows a lot of progress,
the micro-level reality shows that socially and economically disadvantaged groups are becoming more unequal and
vulnerable.

Lastly, the current analysis has some methodological problems, even though it gives us useful information about
how land use and urban growth work together. The study utilized land cover datasets with a spatial resolution of 30 meters,
which may overlook nuanced alterations such as micro-level modifications in water bodies, minor encroachments, or
fragmented green patches, despite their efficacy in capturing overarching patterns. These omissions could make the results
less accurate. To fill this gap and allow for more in-depth tracking of urban transformation processes, future studies could use
higher-resolution datasets, such as Sentinel-2 imaging with a 10-meter resolution. Such improvements in data collection and
analysis could make land use evaluations much more accurate, which would help with urban planning and policy responses.

Conclusion

The analysis clearly shows that urbanization has changed the way land is used and covered in Nashik over the past
20 years. The city's change is shown by the fact that built-up areas now make up almost 45% of the total area. Nashik's rapid
growth shows that it is becoming more important economically and demographically, but there are also big problems with
sustainability. The necessity of collaboration between environmental preservation and development is demonstrated by the
destruction of forest cover, the conversion of agricultural land, and the loss of water bodies. Uncontrolled urbanization has the
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potential to exacerbate socioeconomic inequality, harm the environment, and jeopardize food security if action is not taken
promptly. These findings indicate that it is imperative to develop urban planning strategies that prioritize the preservation of
natural resources and the well-being of communities while simultaneously facilitating their expansion.

Recommendations

There needs to be a full set of plans made to deal with the issues that come up when cities grow too quickly and
widely. The first thing that should be done is to change the zoning rules, especially in the outer areas where farmland is
quickly disappearing. As long as you follow the rules set by the Nashik Municipal Corporation (NMC), green belts can help
protect at least 20% of farms. With these green belts, cities don't have to grow too fast, and they also help keep food secure
and the environment stable in the area. Long-term, these steps would help the city by keeping food from running out and
lowering food prices, which would make the city stronger in the face of future problems.

We can only manage and rule land use well if we use cutting edge geospatial technologies along with changes to
zoning laws. Policymakers could quickly find illegal land use actions by setting up a Geographic Information System (GIS)-
based monitoring system that uses publicly available satellite images to report on changes in Land Use and Land Cover
(LULC) every year. With this early detection system, the government would be able to move quickly to stop illegal building
and environmental damage that can't be fixed. Using these tech tools in city planning would make things a lot more open and
accountable. They would also make sure that choices about how to use land are based on correct and up-to-date data.

The future of urban growth in Nashik should also be shaped by the ideas of sustainable development. When land is
scarce, vertical growth, like high-rise homes and businesses, makes better use of it than horizontal growth that spreads out.
Ecological restoration projects, such as afforestation programs that aim to recover at least ten square kilometers of damaged
or empty land, would also help fight the urban heat island effect, make the air better, and add more green cover. Nashik can
make its growth goals more in line with the need to protect the environment by mixing small-scale urban growth with
restoring the environment. This will improve the city's balance and make it a better place to live.

Participation of local groups is another important part of planning cities in a way that is good for the environment.
People who live in the city shouldn't just be interested parties; they should be able to directly affect its future. Participatory
GIS tools can help with this because they let people in the community say what they think and help decide how the land
should be used. This open method encourages justice and fairness in society, which makes people trust the planning
authorities and work together to take care of the city's environment. Involving people in this way not only makes democracy
stronger, but it also makes policies for cities work better and be accept more.

Furthermore, it is very important to make sure that all stages of government work together and that rules are
always the same. International standards, such as the United Nations' Sustainable Development Goal 11, must be met by
Nashik's plans for urban growth. This goal is to make towns safe, inclusive, resilient, and sustainable. Following national
rules like the National Urban Policy Framework will also help build a solid foundation for healthy growth. Nashik can make a
strong policy environment that supports economic growth, environmental protection, and social well-being by getting people
at the local, state, and federal levels to work together. Cities need this kind of integrated government if they want to have a
stable and fair future.

Nashik is now at a very important point in its growth into a better city. Problems that the city is having now can
become chances for long-term growth if it moves quickly and makes good plans. Changes to zoning, new technologies,
sustainable development, community input, and coordinated policy implementation are just some of the ways that Nashik can
make urbanization work for the economy, the environment, and the people. As the city grows, this all-encompassing plan will
protect the natural resources that future generations will need and help all of the people who live there.
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