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Abstract

Gautam Buddha Nagar is emerging as one of the fastest-growing urban-industrial regions in India, driven by
its proximity to the National Capital Territory (NCT) of Delhi and proactive industrial policies. Although this
emergence has aided in the growth of infrastructure and the economy, it has also increased environmental
stress. Using secondary spatial and environmental data, the current study assesses the feasibility of Gautam
Buddha Nagar's rapid urban expansion by looking at its effects on the environment. The study is based on
qualitative and quantitative analysis of secondary data from government publications, census records,
published land use/land cover (LULC) maps, satellite-based studies conducted by national agencies, and
previous academic research. Through a comparative analysis of LULC records found in master plan
documents and peer-reviewed literature, trends in urban expansion are investigated. According to official
records and published studies during the past 20 years, indices such as changes in groundwater levels, trends
in air quality, and shifts in green cover are used to evaluate environmental consequences. According to the
data, there has been a steady decrease in agricultural land and open green spaces, while there has been a
significant increase in built-up areas. The region's groundwater resources are under significant strain due to
rapid urban expansion, which has also worsened air quality and increased environmental vulnerability. The
results imply that current environmental management systems are no longer able to keep up with the rate of
urban expansion. The study concludes that without integrated planning and strengthened environmental
governance, current urban expansion patterns in Gautam Buddha Nagar may become environmentally
unsustainable. The paper emphasizes the need for evidence-based urban planning, resource conservation, and
sustainable development strategies to balance economic growth with environmental resilience.

Keywords: Rapid Urbanization, Environmental Consequences, Sustainability, Land Use Change, Urban
Planning

1. Introduction

1.1 Background of the Study

Gautam Buddha Nagar has emerged as one of the most important urban-industrial corridors in India.
This is no mere accident but a result of intentional industrial policies that have aimed at making the most of its
direct border with Delhi. The area has thus become a focal point for investment and has resulted in a huge
increase in built-up area and infrastructure. Projections for the 2031 census indicate that urban built-up area in
some parts of Uttar Pradesh may increase dramatically as is the trend with cultivated and barren land being
replaced by roads and buildings.
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1.2 The Conflict: Economic Growth vs. Environmental Stress

Even as economic success dominates the narrative, environmental decline is becoming an increasingly
haunting reality in the region. With the rate of development at an all-time high, the region’s environment has
taken a hit. Concrete is taking over the soil, and agricultural land and other open green spaces the region’s lungs
are regularly disappearing. And this isn’t just an aesthetic change it’s a fundamental transformation of the
region’s ecological equilibrium, with many resulting in increased urban heat island effect and loss of natural
habitats.

1.3 Problem Statement: The Sustainability Gap
The basic problem is the growing gap between the rate of urbanisation and the capacity of the prevailing

environmental management system to cope with the impacts. Currently, the rapid rate of urbanisation is

outstripping the governance, and leading to:

» Groundwater depletion: Overexploitation of groundwater is resulting in significant water level declines
and potential contamination by organic and inorganic contaminants.

» Poor air quality: The deteriorating air quality and the increasing concentrations of fine particulate matter
(PM2.5) are a major concern in this data-scarce area of north-western India.

» Increased vulnerability: There is a general increase in environmental risks and a significant loss of
vegetation cover, which jeopardise the long-term sustainability of the region.

1.4 Objectives and Scope

The study aims to ascertain the viability of Gautam Buddha Nagar's current development paradigm by
reviewing its last two decades official records, satellite images and Land Use/Land Cover (LULC) changes. The
indices like groundwater quality and air quality trends are explored to understand the fact that integrated
planning is not an option anymore but a necessity for the region's existence. The study aims to bring out the
facts from data to maintain equilibrium between industrial aspirations and environmental resilience.

2. Study Area Profile

Figure 1: Location map of

2.1 Geographical Location and Extent Gautam Buddha Nagar District

Gautam Buddha Nagar is located in the western region of Uttar Pradesh,
lying in the fertile land between two of the great rivers of India, Ganga and
Yamuna.

» Geographical coordinates: approximately 28°6" N and 28°40’ N and
longitudinal extent of 77°17' E and 77°42' E

» Borders: The district is bounded by Delhi and Haryana (Faridabad) to the S €
West and Ghaziabad to the North & Bulandshahr to the East & South S 2= g

> Area: It has a total geographical area of about 1,442 sq. km. sl =S el

» Physiography: The soil is sandy-loamy in nature and it is ideal for -

cultivation of wheat, rice and sugarcane. However, much of the agricultural land Source : (pmksy.gov.in)
is being turned into urban land.

2.2 Administrative Framework
The Gautam Buddh Nagar district was formed on September 6 1997 by taking some areas from the
Ghaziabad and Bulandshahr districts.
» Head Quarter: Greater Noida.
» Tehsils: Sadar (Noida), Dadri and Jewar.
» Blocks: Bisrakh, Dadri, Dankaur and Jewar.
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2.3 Demographic and Urban Profile
Gautam Buddh Nagar district is one of the fastest growing urban areas in India.

» Population Growth: The population of Gautam Buddh Nagar district was 1,202,030 in 2001 and it became
1,648,115 in 2011 i.e. the population grew by 37.11% in ten years.

» Urbanization Level: In 2011 59.12% of the people lived in urban areas. This number has probably gone up
a lot in the ten years.

» Literacy: About 80.12% of the population is literate in which 88.06% of the men are literate and 70.82% of
the women are literate

» Economic Structure: Gautam Buddh Nagar district is an industrial area. It gives 25% of the total income
of Uttar Pradesh. Noida and Greater Noida are the main industrial areas. Many big companies, like LG,
HCL and Samsung have offices here.

3. Research Methodology

3.1 Research Design

The research methodology used in the study is descriptive and analytical. A longitudinal approach has
been taken to study changes over about twenty years. A combination of qualitative analysis of policy
documents and quantitative environmental data to determine the physical expansion of the city and its
ecological footprint.

3.2 Data Collection and Sources
The research is based solely on secondary data available from best government sources and academic

archives:

» Administrative records: Master Plan and land use records from Noida and Greater Noida authorities.
These were examined to evaluate planned and actual extent of urban expansion.

» Statistical data: Demographic statistics from Census of India (2001, 2011) provided the base for
population pressure measures.

» Spatial data: Published Land Use/Land Cover (LULC) maps and published satellite-based studies done by
national agencies were analyzed to determine the extent of conversion of green lands into built-up areas.

» Environmental indices: Ground water level, Air Quality Index (AQI) and vegetation density data were
collected from official government reports and academic literature.

3.3 Variables and Indicators
The following variables are selected for analysis to evaluate environmental impacts of expansion:
» Land use change: Increase in built-up area in relation to decrease in agricultural and forest cover.
» Groundwater: The change in the depth of groundwater table in the last 20 years.
» Air quality: The level of particulate matter and other pollutants in the region due to increased industrial
activity.

3.4 Data Analysis Techniques

A comparative study was made between the historical LULC data and the current environmental
status reports. The quantitative analysis was directed toward determining the trend in resource depletion. The
main purpose of the qualitative analysis was to assess the capacity of current environmental management
systems to keep up with the rate of urbanization.

4. Analysis of Urban Expansion

4.1 Spatio-Temporal Trends in Land Use

Gautam Buddha Nagar is being altered by dramatic and continuous increase in built-up areas. The
growth, however, has not been uniform, and built-up areas have spiralled outward from the central industrial
estates of Noida and Greater Noida toward the periurban fringes. A comparison of LULC record shows that
urban footprint has proliferated at the expense of the natural capital of the district.
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4.2 Depletion of Agricultural Land and Green Spaces
A key revelation from the expansion study is the uniform decline in farmland and unbuilt areas.
» Agricultural Conversion: The Yamuna-Ganga doab’s fertile expanse has been converted to industrial
parks, tall residential buildings, and commercial centers.
» Loss of Ecosystem Services: This loss in green cover has reduced the natural temperature regulation, and
surface runoff management capacity of the area, making the entire district more vulnerable to environmental
shocks

4.3 Drivers of Expansion
The district’s meteoric urbanisation has been driven by two factors:
» Proximity to the NCT — The district’s border with Delhi has made it the NCT’s primary urban and
corporate spillover.
» Policy-driven growth — Proactive industrialisation policy and mega-project development, such as Noida-
Greater Noida Expressway and the upcoming Jewar Airport, have expedited the conversion of rural lands to
an urban landscape.

4.4 The sustainability gap

The data suggests that the pace of urban growth is currently far ahead of the emergence of any
environmental management frameworks. This “sustainability gap” indicates that while the built environment is
thriving, the natural resources needed to support it, such as water and clean air, are under significant distress.

5. Environmental Consequences: A Data-Driven Analysis

Gautam Buddha Nagar has undergone a hasty urban metamorphosis from a “Green-Agri Zone” to a
“Concrete-Industrial Zone”, and has emerged as an ecologically deficit district. Following sub-sections
highlight the environmental stresses arising due to this abrupt land use pattern change.
5.1 Hydrological Stress: Groundwater Depletion

The existence of cities in Gautam Buddha Nagar depends on its water system. The area is within the
large Gangetic Alluvial Plain, where a thick stack of loose soils makes up a productive aquifer system. In the
past, these aquifers provided an ample freshwater supply for irrigation and domestic use. The unrestricted
groundwater resource development to meet the requirements of an increasing population, and water-intensive
industrial sectors has resulted in a chronic situation of overexploitation. The shift from a rural economy to an
urban-industrial area has put a lot of strain on the region’s water resources. Urban expansion has caused huge
pressure on the area’s water supply as a result of too much pumping and not enough recharge.

Table 1: Comparative Groundwater Status (Approximate Trends)

Period Avg. Depth to Water Level Categorization (CGWB) Primary Driver
(mbgl)
2001 6.0-8.5 Safe / Semi-Critical Agricultural Pumping
2011 12.0-18.0 Critical Urban Expansion
2024 25.0-35.0+ Over Exploited Industrial & High rise Demand

Source: Compiled by authors based on Ground Water Year Book reports, Central Ground Water Board (CGWB).

» Recharge interference: The dramatic increase of built-up areas has prevented natural aquifer recharge
because of the infiltration of rain water into concrete surfaces.

» Vulnerability: Findings indicate that the extraction rate is now considerably above the natural recharge
rate.

5.2 Atmospheric Quality: Deterioration of Air Quality

Rapid growth of built environment, increase in vehicular traffic and industrialization have adversely
impacted the air quality of the region. Currently, both the cities of Noida and Greater Noida are ranked among
the most polluted cities of India, especially during the winter months when meteorological conditions (low
mixing heights and high calm winds) promote stagnation of pollutants near the surface. The main pollutants of
concern are fine particulate matter (PM2.5 and PM10) which regularly exceed the permissible limits set by the
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CPCB and the WHO. But, according to the data from the UPPCB, there has been a somewhat complex trend
observed in the recent years.

Table 2: Trends in Air Quality Indicators (PM2.5 and PM10)

Pollutant 20-Year Trend Major Sources in G.B. Nagar Environmental Consequence
PM2.5 Increasing Industrial Emissions & Traffic Respiratory Health Risks
PM10 High Construction Dust & Road Dust Worsened Atmospheric Haze

Source: Derived from National Air Quality Monitoring Programme (NAMP) data, Central Pollution Control Board and UPPCB
Annual Reports.

» Construction Impact: The "proactive industrial policies” mentioned in the abstract have led to continuous
construction, which serves as a major source of particulate matter.

» Systemic Failure: Existing environmental management systems are currently unable to keep pace with
these rising pollution levels.

Noida registers best and lowest annual average AQI in 2024 since 2017.The annual average Air Quality
Index (AQI) of 184 in 2024 is the best and lowest recorded in Noida since 2017, its last "good" year, according
to officials. The city cites improvement in meteorological conditions in the second half of the year with higher
wind speeds and occasional rains that helped clear the air. But annual average concentrations of PM2.5 (82
pg/m3) and PM10 (176 pg/m3) are still well above permissible limits of 60 pug/m3 and 100 pg/ms.

Table 3 : Annual Average AQI and Particulate Concentrations (Noida)

Year Average AQI PM2.5 (ug/m?3) PM10 (ug/md) Status
2017 214 163 189 Poor
2018 229 116 210 Poor
2019 218 111 221 Poor
2020 189 94 183 Moderate
2021 208 99 221 Poor
2022 199 79 210 Moderate
2023 188 83 189 Moderate
2024 184 82 176 Moderate

Source: Derived from National Air Quality Monitoring Programme (NAMP) data, Central Pollution Control Board and UPPCB
Annual Reports.

Graph : Annual Average AQI and Particulate Concentrations (Noida) from above table
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Even if the fall from 34 “severe” days in 2019 to only 2 days in 2024 is noteworthy, the long term trend
shows that the baseline particulate matters have not significantly fallen below the standard limits. The National
Clean Air Programme (NCAP) has set the target for a 20%-30% reduction in PM concentrations by 2024 (2017
being the base year). In Gautam Buddha Nagar, attaining these targets will remain elusive in the long run,
because of the constant hailing of new construction projects and the loss of green buffer zones that can
otherwise serve as natural “carbon sinks” and filters.

5.3 Terrestrial Shift: Loss of Green Cover and Biodiversity

Urbanization is arguably the most visible aspect of rapid urban development. Satelite imagery time
series analysis spanning the Landsat product series (1988—-2024) readily captures the systematic displacement of
natural and agricultural settings with the developments of built up environment. The built up environment in
the district was predicted to be fairly contained in the early part of the century, reaching 7.20% of the total
district area in 2000-2014. However, the expansion of the industrial corridors in the district has led to a huge
expansion of the built up category, reaching 32.64% in 2020. This expansion has come largely at the cost of
prime farmlands, scrub lands and open construction sites. The underlying mechanics of this transformation can
be best captured through supervised classification techniques such as Support Vector Machines, Random Forest
and other machine learning algorithms on multi-temporal satellite imagery. They indicate that the northern
portion of the district, where the major infrastructure developments such as IT parks and commercial complexes
are being developed, have seen the most rapid change. The more agrarian southern portion of the district
remains relatively contained, but is also being targeted for the Phase 2 development and Jewar airport
development.

Table 4 : Comparative Land Use Categories (2000-2021)

Land Use Category 2000 (Hectares) 2015 (Hectares) 2021 (Hectares) Change (%)
Built-up Area / Roads 8,400 24,139 44,200 +426.19
Agricultural Fields 118,500 92,400 72,100 -39.16
Natural Vegetation / Green 9,800 6,200 2,650 -72.96
Cover
Surface Water Bodies 1,450 1,120 840 -42.07
Open / Construction Land 6,050 5,200 4,210 -30.41

Source: Compiled by authors using Master Plan documents from Noida/Greater Noida Authorities and satellite-based Land Use/Land
Cover (LULC) studies from the National Remote Sensing Centre (NRSC)

Land Use Category of GBN in 2000 Land Use Category of GBN in 2015

H Built-up Area /
Roads

= Agricultural Fields

Natural Vegetation
/ Green Cover

m Surface Water
Bodies

= QOpen/
Construction Land

= Built-up Area /
Roads

® Agricultural Fields

Natural Vegetation /
Green Cover

m Surface Water
Bodies

= Open / Construction
Land
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Land Use Category of GBN in 2021

M Built-up Area / Roads

B Agricultural Fields
Natural Vegetation / Green
Cover

B Surface Water Bodies

H Open / Construction Land

The above table aggregates findings from several remote sensing studies to depict the rate of loss of
natural resources and concomitant increase in urban infrastructure. Ecologically, the consequences are deep.
The loss of natural vegetation to only about 27% of its pre-exploitation extent has greatly reduced the region’s
ability to sequester carbon and to counteract the Urban Heat Island (UHI) effect. Also, the loss of over 40% of
the surface water bodies/rivers/lakes/ponds that are important reservoirs has disrupted local hydrologic cycles
and prevented the ability of the landscape to infiltrate rain water into the bedrock aquifers. The “cementation”
of the surface has resulted in increased runoff coefficients and the potential for local flooding and the loss of
groundwater recharge.

The most obvious impact is the physical change to the Land Use/Land Cover (LULC).

» Declining Green Spaces: we have witnessed a documented continuous decline in the level of agricultural
land and open green space.

» Sky Increases: we have seen a significant increase in built-up space which, in many cases, reduces the
“lungs” of the community.

» Ecological Resiliece: The loss of such space weakens the area’s resilience to the “Urban Heat Island”
effect.

6. Discussion: The Viability of Urban Expansion
This part combines the environmental information with Gautam Buddha Nagar's socio-economic causes to
determine if the current fast expansion path can last long.

6.1 The "Sustainability Gap™ in Urban Planning
The results show that there is a strong separation between industrial ambition and environmental limits.
Even though forward-thinking industrial policies have done a great job of bringing investment and
infrastructure, the environmental management systems have not grown and changed at the same rate.
» Policy vs. Reality: Even though master plans provide zoning for green belts, the actual conversion patterns
show that agricultural and open lands are always being lost to built-up infrastructure.
» Resource Lag: The rate of groundwater extraction needed to support the new residential and industrial
high-rises far outweighs the natural replenishment capacity of the local aquifers.

6.2 Governance and Regulatory Constraints
Current urban expansion patterns present strong evidence that environmental governance is more
responsive than preventive.
» Fragmented Planning: The ongoing rapid development encouraged by its proximity to the NCT often
comes at the cost of long-term environmental resilience for short-lived economic gains.
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» Monitoring Deficits: The continued decline in air quality and groundwater levels shows that current

monitoring and mitigation frameworks are no longer enough to balance the stressors of rampant
urbanization.

6.3 Socio-Economic Implications of Environmental Decline
There are various environmental impacts that have been established above, especially air and water
stress will in the fullness of time will act as the “braking mechanism” on the growth story of the region.

» Public Health and productivity: Deterioration in air quality (PM2.5 and PM10 exposure) will impact the
health of the workforce which will ultimately translate into higher public health costs and suboptimal
economic outcomes.

» Water Scarcity: Should the current trends of ground water decline continue, the cost of provisioning water
for large scale industrial and domestic uses will rise manifold, which will ultimately compromise the status
of the region as a preferred investment destination.

6.4 Toward Integrated Planning and Evidence-Based Policy
A move away from the current “environmentally unsustainable” model, there is a need for a paradigm

shift in the way the Gautam Buddha Nagar region is currently managed.

» Nature Based Solutions: Developing strategies for incorporating “Sponge City” approaches for ground
water recharge and increasing the density of green cover to reduce urban heat island impacts.

» Resource Conservation: Evolving from the current expansion-first model to a resource-resilient model
which mandates strict adherence to key environmental benchmarks before provisioning new areas for
developmental projects.

7. Conclusion and Recommendations

7.1 Summary of Findings

Gautam Buddha Nagar’s fast evolution as an urban-industrial node has, while bestowing certain
economic and infrastructural advantages, has also, as confirmed by the current study, come at a heavy
environmental price. LULC change trends in the last two decades consistently show that as urban/built-up area
(see Table 3), has increased, agricultural land-cum-green spaces have been shrinking, leading to increasing
pressure on groundwater resources, decline in air quality and a general rise in environmental vulnerability of the
region.

7.2 Conclusion

Gautam Buddha Nagar is growing fast, and that’s hurting the environment, according to this study. The
system for managing the environment and regulations in place can’t keep up with this growth, the results show.
If the district doesn’t look at and plan for how all the pieces of growth fit together, an environmental problem
could affect its economic future and its people’s health.

7.3 Strategic Recommendations
The best practices for balancing economic expansion with environmental resilience are as follows:

» Integrated urban planning approach: instead of fragmented infrastructure expansion. Planning
authorities can be mandated to maintain green belts and natural drainage channels in the process of
expansion.

» Stricter environmental governance: Local regulatory authorities need to be strengthened to enforce
environmental benchmarks for new industrial and residential development.

» Resource conservation & management: Aggressive groundwater recharge initiatives and water recycling
can be made mandatory for all large-scale developments.

» Evidence-based policy: Real-time data on spatial/geographical and environmental parameters can be used
to monitor and guide future expansion ensuring that expansion does not exceed the carrying capacity of a
region.
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8. Limitations of the Research

While this study has provided a very holistic look at the environmental trends in Gautam Buddha Nagar, the

following caveats should be kept in mind:

» The study is entirely based on qualitative and quantitative analysis of the secondary data available from
government publications and satellite based studies. Thus the accuracy is limited by the precision of the
source records.

» Certain indices, such as detailed air quality trends remain inherently un-modelled due to the data-scarce
zones in northwestern India.

» This analysis has been conducted on the basis of trends over the last 20 years. Thus this study is unable to
present very recent, micro-level changes in the environmental policy or industrial technology.

» Since this study is based on the published LULC maps and master plans, the study is conducted on the basis
of large scale trends and not plot-by-plot transformations.
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