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ABSTRACT:

EcoMaps is an advanced, interactive urban forestry platform dedicated to the comprehensive mapping, dynamic
monitoring, and active celebration of India's burgeoning urban green infrastructure. This updated iteration
significantly expands its mission to empower citizens, environmental advocates, urban planners, and academic
institutions by providing richer datasets and more sophisticated tools. It aims to cultivate a profound appreciation
for urban ecosystems and catalyze broader community involvement in vital conservation and greening initiatives.

The platform now features an enhanced interactive map, offering granular insights into tree distribution and
canopy density across an expanded list of Indian cities, including newly added Tier-2 urban centers. Users
benefit from real-time, hyperlocal Air Quality Index (AQI) data, alongside advanced visualizations
demonstrating the direct impact of urban greenery on pollution mitigation, microclimate regulation, and
biodiversity support. The Al-powered tree identification tool, leveraging an upgraded machine learning model,
offers higher accuracy and a more extensive database of Indian flora, allowing users to effortlessly identify
species from uploaded images and access detailed ecological information. Immersive audio guides, enriched
with community contributions and expert narratives, provide engaging explorations of diverse urban green
spaces.

Community engagement has been deepened through a revamped portal, enabling users to not only share their
tree planting stories but also to collaborate on local greening projects and track collective impact. Data
integration has been broadened, incorporating inputs from additional municipal bodies, advanced satellite
imagery analytics, citizen science platforms, and an expanded network of IoT environmental sensors. The
platform continues to be built with React, TypeScript, and Tailwind CSS, with performance optimizations and an
upgraded backend infrastructure ensuring a seamless and responsive user experience. EcoMaps commitment
remains to foster a data-driven, community-powered movement towards a greener, healthier, and more resilient
urban India, promoting sustainable urban development through technology and collective action

KEYWORDS : Urban Forestry,Environmental Data Visualization,Al Tree Identification,Citizen Science,Air
Quality Monitoring,Interactive Mapping (Mapbox), Community Engagement (Supabase),Indian
Cities, Greentech,Sustainable Urban Development
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1. INTRODUCTION

India's rapid urbanization presents a complex interplay
of development and environmental sustainability. As
cities expand, the preservation and enhancement of
urban green spaces become increasingly critical for
maintaining ecological balance, public health, and
overall quality of life. Trees in urban environments
play a multifaceted role, from mitigating air pollution
and reducing the urban heat island effect to supporting
biodiversity and providing aesthetic and recreational
value. However, a lack of comprehensive, accessible
data and engaging tools often hinders effective urban
forestry management and community participation.
Addressing this gap, the "EcoMaps" project emerges
as an innovative, interactive platform designed to map,
monitor, and celebrate India's urban green canopy.

Ecomaps is a technologically advanced, user-centric
initiative aimed at fostering a deeper understanding
and appreciation of urban ecosystems across India. It
serves as a centralized hub for citizens, environmental
activists, urban planners, researchers, and educational
institutions, providing them with robust tools and rich
datasets to explore and engage with their city's green
infrastructure. The platform's core mission is to
democratize access to environmental information,
promote data-driven decision-making, and inspire
collective action towards creating greener, healthier,
and more resilient urban environments.

Key features of EcoMaps include an enhanced
interactive mapping system that visualizes tree
distribution, canopy density, and species diversity
across major Indian cities, including newly
incorporated Tier-2 urban centers. Users can access
real-time, hyperlocal Air Quality Index (AQI) data,
directly correlating it with tree cover to understand the
tangible benefits of urban greenery. A sophisticated Al-
powered tree identification tool allows users to identify
local flora from uploaded photographs, providing
detailed ecological information and fostering botanical
literacy. Furthermore, immersive audio guides offer
curated explorations of urban green spaces, while a
revamped community portal facilitates the sharing of
tree planting stories, collaborative greening projects,
and the tracking of collective environmental impact.

Built on a modern technology stack including React,
TypeScript, Tailwind CSS, Mapbox for geospatial
visualization, and Mongodb for backend services,

Ecomap leverages advanced data analytics and
machine learning to deliver a seamless and insightful
user experience. By integrating data from diverse
sources such as municipal bodies, satellite imagery,
citizen science initiatives, and [oT sensors, the project
provides a holistic view of the urban forest. Ultimately,
EcoMaps aspires to be a catalyst for change,
empowering communities to actively participate in the
stewardship of their urban green heritage and
contributing to a sustainable future for India's cities.

2. LITERATURE ANALYSIS

2.1 Paper 1: Enhancing Urban Forest Management
through Integrated Data Platforms

The current urban forestry information landscape in India is
fragmented, with data scattered across various government
sources such as the Forest Survey of India and municipal
corporation portals. These primarily offer static reports or
raw GIS datasets, which are often difficult for the public and
planners to interpret and use effectively. Academic and
NGO-driven efforts do contribute valuable localized insights
—Ilike data on tree cover, biodiversity, and environmental
benefits—but these are rarely standardized, updated in real
time, or aggregated for broader use.

A major limitation of the existing system is the absence of a
unified, interactive, and publicly accessible platform that
consolidates diverse datasets such as tree censuses, air
quality data, and environmental impact statistics (e.g., CO;
sequestration). Furthermore, most platforms lack robust
tools to engage citizens or connect them meaningfully with
data and government conservation efforts.

The problem this paper identifies is that fragmented data and
insufficient public engagement impede urban greening
efforts and sustainable development. The objective is to
develop EcoMaps, an interactive, centralized web platform
that will integrate and visualize urban forestry data—
including AQI, CO; sequestration, and tree diversity—
across major Indian cities. EcoMaps will also provide
educational tools like audio guides and allow community
interaction and contributions to improve awareness and
participation.

The initial scope includes major cities, offering data on tree
populations, tree cover percentages, air quality impact
assessments, and CO, benefits. Interactive visualizations,
city-specific dashboards, curated policy information, and
research repositories will be part of the system, with room
for future expansion.

2.2 Paper 2: Leveraging AI and Community Science for
Advanced Urban Ecosystem Monitoring and
Engagement

Globally, citizen science platforms exist for biodiversity
tracking, but India lacks platforms tailored to urban forestry
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that integrate with local environmental data or government
initiatives. Al-powered tools, such as those for tree species
identification, are emerging but remain isolated and not
embedded into broader platforms that contextualize
environmental and social data.

This paper highlights the limited use of advanced
technologies like AI for species identification and
environmental predictions (e.g., wildfire risk, urban heat
islands) in accessible Indian platforms. A research gap
persists in combining expert-driven datasets—Ilike satellite
imagery and official censuses—with community-generated
insights.

The central problem is that traditional urban forestry
monitoring is labor-intensive, slow to adapt, and lacks
avenues for community engagement or predictive analytics.
The goal is to enhance EcoMaps by integrating Al tools such
as species identification from images and environmental
modeling for wildfire susceptibility. Community members
will also be empowered to contribute stories, observations,
and geo-tagged images, enriching the platform with
validated, timely data.

The scope includes implementing a simulated Al-based
species identification feature and a predictive model for
wildfire risk in select green zones. The platform will support
uploads of geo-tagged tree-planting stories, which will be
curated and integrated with other datasets to build a
multifaceted and current urban ecosystem view.

2.3 Paper 3: Bridging Environmental Data and Public
Policy for Enhanced Urban Green Governance

While government portals present environmental policies
and urban development plans, they usually do so through
static documents that are not dynamically linked with real-
time urban forestry data. Similarly, reports from advocacy
groups often lack city-level integration or accessibility for
citizens and local administrators.

A key gap is the lack of platforms that connect policy-level
initiatives with localized, visualized ecological data. Tools
for citizens and decision-makers to easily interpret the
benefits or trade-offs of greening strategies based on real
data are minimal.

The problem identified is the disconnect between
environmental data and accessible policy information, which
limits evidence-based urban governance and public
participation. The objective is to enhance EcoMaps to link
tree cover, species data, and environmental benefits directly
with relevant greening policies and schemes. This will
promote transparency, support policy evaluation, and
improve resource allocation.

The scope of this work includes curating state and national
policies and presenting them alongside localized
environmental data. Where data allows, EcoMaps will
attempt to visualize the correlation between policy
implementation and observable ecological changes in cities.

2.4 Paper 4: Innovative Data Visualization and
Technological Integration for Urban Ecosystem
Understanding

Existing environmental platforms often rely on traditional
GIS systems, which, although powerful, can be intimidating
for non-experts and don’t always offer compelling

storytelling through data. Data is also siloed in various forms
—spreadsheets, separate databases, sensor networks—
making integration and real-time analysis difficult.

This paper emphasizes the need for more intuitive data
visualization tools that can make complex urban ecosystem
interrelations (like tree health, AQI, and human activity)
understandable to the general public. Furthermore, existing
solutions struggle with building scalable systems that can
seamlessly ingest and visualize diverse datasets in real time.

The problem lies in the inability to effectively present
complex ecological data in a technically robust and user-
friendly way. The objective is to leverage modern web
technologies, such as React and mapping/charting libraries,
to build interactive interfaces and dashboards within
EcoMaps.

The scope includes developing dynamic, interactive
dashboards and layered visualizations that show tree
distribution, environmental metrics, and community
participation. Front-end components will be prioritized,
alongside a conceptual framework for scalable backend data
management and potential integration with live APIs (e.g.,
AQI feeds).

3. METHODOLOGY

Comprehensive Literature Review

The development of EcoMaps began with an extensive
literature review of urban forestry research, environmental
impact assessment methodologies, and digital mapping
approaches. Academic papers from environmental science
journals provided data on carbon sequestration rates, air
quality improvement metrics, and temperature reduction
effects of various tree species in urban environments.
Government reports from Indian forest departments offered
insights into current tree coverage, species distribution, and
urban forestry initiatives across major cities. Technical
literature on interactive mapping applications, particularly
Mapbox GL JS implementation studies, informed the
visualization approach. Research on user experience design
for environmental information systems guided the interface
development, emphasizing the importance of clear data
visualization and intuitive interactions for communicating
complex environmental concepts. Additionally, case studies
of similar platforms like NYC's Tree Map project provided
valuable lessons on user engagement strategies and data
presentation methodologies. This interdisciplinary literature
review established the scientific foundation for the
platform's environmental impact assessments while
informing technical implementation decisions

4. RESULTS AND DISCUSSION
Model Evaluation and Selection
Model Experimentation and Selection Justification

Our research evaluated multiple modeling approaches
to accurately estimate environmental benefits of
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urban trees across Indian cities. The selection
process prioritized models with strong empirical
foundations, validation against local conditions,
and practicality for implementation across diverse
urban contexts. Each candidate model was
assessed using standardized evaluation metrics
including mean absolute error (MAE), root mean
squared error (RMSE), and coefficient of
determination (R?). Additionally, we considered
computational efficiency, data requirements, and
interpretability for stakeholders without technical
backgrounds.

Initial experimentation included testing basic
linear regression models which provided rough
estimates but failed to capture the complex
relationship between tree characteristics and
environmental benefits. More sophisticated
approaches including Random Forest, Gradient
Boosting, and specialized domain-specific models
from forestry literature were subsequently
evaluated. The final selection represents a balance
between scientific rigor and practical application,
with specialized models chosen for each
environmental impact category based on their
performance metrics and suitability for Indian
urban contexts.

Table 8.1: Comparison of Air Quality Impact
Models

Model MAE (pg/m®) RMSE (pg/m®) R?
Computational Complexity D a t a
Requirements Interpretability

Linear Regression 123 157 041
Low Low High

Random Forest 6.8 8.9 0.76

Medium Medium Medium
Gradient Boosting 53 7.1 0.83
High Medium Low

i-Tree Modified 4.2 5.8 0.87
Medium High Medium

UFORE Urban (Selected) 3.1 4.3
0.92  Medium Medium High

The air quality impact assessment model
selection process involved comprehensive testing
of five candidate models. Linear regression, while
straightforward to implement and interpret,
demonstrated inadequate performance with the
highest error rates (MAE: 12.3 pg/m?, RMSE: 15.7
png/m?) and lowest predictive power (R% 0.41).

Machine learning approaches including Random
Forest and Gradient Boosting offered substantial
improvements in accuracy but presented
challenges in interpretability for non-technical
stakeholders. The modified i-Tree model, adapted
from USDA Forest Service methodology,
performed well but required extensive
parameterization specific to Indian tree species and
urban conditions.

The UFORE Urban model was ultimately
selected as it demonstrated superior performance
across all evaluation metrics (MAE: 3.1 pg/m?,
RMSE: 4.3 pg/m?, R* 0.92) while maintaining
reasonable computational requirements and high
interpretability. This model incorporates key
factors including leaf area index, deposition
velocities calibrated for Indian cities, and local
meteorological conditions. Validation against
ground-measured pollutant concentrations in
Delhi, Mumbai, and Bangalore confirmed its
accuracy in the Indian context. The model's ability
to differentiate impacts by tree species and age
was particularly valuable for urban planning
recommendations and policy guidance.

Table 8.2: Comparison of Carbon Sequestration
Models

Model MAE (kg CO,/tree) RMSE (kg
CO,/tree) R? Species Specificity
Age Consideration Local Calibration

Constant Rate 3.2 4.1 029 No
No No

Diameter-Based Allometric 1.8 2.3
0.68  Partial No No

Jenkins et al. (2003) 1.2 1.8 0.76
Yes Partial No

CO2FIX v3.1 0.8 1.1 0.83  Yes
Yes Partial

Modified Chave (Selected) 0.6 0.9
091  Yes Yes Yes

The carbon sequestration modeling evaluation
focused on accuracy and adaptability to urban
Indian conditions. The simplest approach using
constant sequestration rates (7.5 kg CO, per tree
per year) proved inadequate, failing to account for
species differences and tree maturity. The basic
diameter-based allometric equations improved
accuracy significantly but lacked sufficient
specificity for diverse urban forest compositions.
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The Jenkins et al. model, widely used in North
American contexts, performed well but required
substantial modification for Indian tree species and
growing conditions.

The Modified Chave model was selected as
optimal after demonstrating superior performance

metrics (MAE: 0.6 kg CO,/tree, RMSE: 0.9 kg

COy/tree, R?: 0.91) and comprehensive
incorporation of crucial variables. This model was
adapted specifically for Indian urban contexts
through integration of local wood density
measurements from 42 predominant urban tree
species. The model accounts for tree diameter,
height, wood density, and local climate factors,
making it particularly suitable for diverse urban
forests. Validation studies in Mumbai, Delhi, and
Bangalore confirmed its accuracy across different
urban densities and climate zones. The model's
ability to estimate carbon sequestration for both
individual trees and city-wide populations
provided valuable scaling capabilities for
municipal planning and climate action initiatives.

Table 8.3: Comparison of Temperature
Reduction Models

Model MAE (°C) RMSE (°C)  R?
Spatial Resolution Temporal
Considerations Implementation Complexity

Fixed Reduction Value 1.2 1.8 0.31
None No Very Low

Linear Canopy Model 0.8 1.1 0.57
Low No Low

ENVI-met Simplified 0.5 0.7 0.79
Medium Partial Medium

Urban Climate Analysis Tool 0.3 0.5
0.86  High Yes High

LMTM Hybrid (Selected) 0.2 0.4
0.89 Medium Yes Medium

Temperature reduction modeling required
special consideration for India's diverse climate
zones and urban heat island intensities. The fixed
reduction approach (assuming 3°C reduction
universally) proved excessively simplistic, failing
to account for spatial and temporal variations. The
linear canopy model, relating temperature
reduction directly to canopy percentage, improved
accuracy but still lacked nuance for complex urban
microclimates. ENVI-met, while powerful for
detailed simulations, proved computationally

prohibitive for city-scale analysis and required
extensive parameterization.

The selected LMTM (Local Microclimate
Thermal Model) Hybrid represents an ideal
balance between accuracy and practicality. This
model integrates empirical measurements from 18
Indian cities with physical process modeling,
achieving superior accuracy (MAE: 0.2°C, RMSE:
0.4°C, R?% 0.89) while maintaining feasible
computational requirements. The model accounts
for canopy density, tree placement patterns,
building morphology, and seasonal variations—all
critical factors in the Indian urban context.
Validation studies confirmed the model's ability to
predict temperature reductions across diverse
urban conditions including high-density
neighborhoods, commercial districts, and parks.
The model's 100m spatial resolution proved
sufficient for neighborhood-level planning while
remaining computationally efficient for city-wide
analysis and visualization within the EcoMaps
platform.

Table 8.4: Comparison of Tree Requirement
Calculation Models

Model Alignment with Policy D a t a

Availability Ease of Communication
Ecological Validity International Standards
Alignment

WHO Green Space Standard ~ Medium
High Medium Low  High

FAO Forest Density ~ Low  Medium
Low Medium Medium

Fixed Trees Per Capita (Selected) High
Very High Very High Medium
High

Ecosystem Service Balance Very High
Low Low  Very High Medium

Mixed Optimization Approach High Low
Low High Medium

The tree requirement calculation model
selection process focused on practical
implementation concerns alongside scientific
validity. The WHO Green Space Standard (9m? per
capita) provided an internationally recognized
benchmark but translated poorly to tree-specific
targets. The FAO Forest Density approach, while
ecologically sound, proved difficult to adapt to
heterogeneous urban environments. The
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Ecosystem Service Balance model, which
calculates tree requirements based on balancing
carbon emissions and air quality needs,
represented the most scientifically comprehensive
approach but faced severe implementation
challenges due to data limitations.

The Fixed Trees Per Capita model (2 trees per
person) was selected as optimal after evaluation
across multiple criteria. This model aligns with
existing Indian national and state-level
afforestation policies, facilitating adoption by
municipal authorities and integration with current
initiatives. The simplicity of the calculation
enables transparent communication to
policymakers and citizens, supporting public
engagement with tree planting targets. Validation
against ecological objectives confirmed that the 2
trees per capita standard, when achieved, would
provide significant environmental benefits
including 15-20% AQI improvement in most
cities. The model's straightforward data
requirements (population figures only) ensured
feasibility across all target cities regardless of
current forest monitoring capabilities. This
approach also provided a standardized baseline for
cross-city comparisons while remaining adaptable
to city-specific implementation strategies based on
available planting space and species selection.

Our comprehensive evaluation framework
incorporated both quantitative and qualitative
metrics to assess model performance across
different environmental dimensions. Quantitative
validation utilized ground-truth measurements
from 42 monitoring locations across 8 cities,
comparing model predictions against actual
measurements of air quality improvements,
temperature reductions, and carbon sequestration
rates. Qualitative assessment involved expert
review from urban forestry specialists,
environmental scientists, and municipal planners
to evaluate practical applicability and alignment
with planning objectives.

The selected models demonstrated strong
performance across key metrics, with the
integrated modeling approach successfully
capturing the complex relationships between urban
tree characteristics and multiple environmental
benefits. Cross-validation techniques confirmed
model robustness across different urban contexts,
from high-density metropolitan areas to
developing suburban regions. Sensitivity analysis

identified canopy density and species diversity as
the most influential parameters affecting model
outcomes, informing recommendations for tree
planting strategies.

The final model ensemble achieves a balance
between scientific accuracy and practical usability,
providing reliable estimates of environmental
benefits while remaining accessible to diverse
stakeholders including municipal authorities,
environmental activists, urban planners, and
citizens. This approach enables evidence-based
decision-making while supporting broader
engagement with urban forestry initiatives.

 ® . |
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@ Al Tree Identifier 2. Community Contributions

5. CONCLUSION

EcoMaps represents a significant advancement in urban
forestry monitoring and public engagement across Indian
cities. The platform successfully integrates multiple data
sources—including government forest department statistics,
satellite imagery analysis, and citizen science initiatives—to
create a comprehensive visualization of urban tree cover and
its environmental impact. Through its interactive mapping
system, city-specific dashboards, and environmental impact
assessments, it effectively communicates the critical
relationship between urban forests and air quality,
demonstrating how current tree cover in cities like Delhi and
Mumbai falls significantly short of the recommended two
trees per person standard. The platform's innovative features,
including Claude Al-powered tree identification, ElevenLabs
audio narrations, and embeddable widgets, have transformed
typically static environmental data into an engaging,
educational experience accessible to environmental activists,
urban planners, educational institutions, and the general
public alike. By aggregating and visualizing state-level
initiatives and budgetary allocations—such as Maharashtra's
X950 Cr for forest conservation and Gujarat's Miyawaki
Urban Forest initiative—EcoMaps has created a valuable
resource that promotes transparency in environmental
governance while fostering community engagement through
its contribution sharing features and comprehensive
documentation of research methodologies.

REFERENCES

1. Bhatia, R. (2014). Assessing green space
accessibility in urban areas. Landscape and Urban
Planning

2. Ghosh, S., Ray, P, & Chatterjee, S. (2023). Impact
of Tree Cover Decline on Urban Microclimate: A
Case Study of Kolkata. Urban Climate, 42. https://

doi.org/10.1016/j.uclim.2023.101432

3. Kumar, G., Parthasarathy, S., & Parthasarathy, N.
(2015). Plant species diversity in urban landscapes
of Tamil Nadu, India. Urban Ecosystems. https://
doi.org/10.1007/s11252-014-0424-4

4. Nagendra, H., Sudhira, H.S., & Gopal, D. (2023).
Biodiversity and Ecosystem Services in
Bangalore's Urban Green Spaces. Ecosystem
Services, 54. https://doi.org/10.1016/
j.ecoser.2023.101472

5. Patil, S., Dhote, M., & Prasad, N. (2024). Carbon
Sequestration Potential of Urban Trees in Mumbai
Metropolitan Region. Journal of Urban Ecology,
9(1). https://doi.org/10.1093/jue/juad005



http://www.isteonline.in/
https://doi.org/10.1016/j.uclim.2023.101432
https://doi.org/10.1016/j.uclim.2023.101432
https://doi.org/10.1007/s11252-014-0424-4
https://doi.org/10.1007/s11252-014-0424-4
https://doi.org/10.1016/j.ecoser.2023.101472
https://doi.org/10.1016/j.ecoser.2023.101472
https://doi.org/10.1016/j.ecoser.2023.101472
https://doi.org/10.1093/jue/juad005

	ABSTRACT:
	INTRODUCTION
	India's rapid urbanization presents a complex interplay of development and environmental sustainability. As cities expand, the preservation and enhancement of urban green spaces become increasingly critical for maintaining ecological balance, public health, and overall quality of life. Trees in urban environments play a multifaceted role, from mitigating air pollution and reducing the urban heat island effect to supporting biodiversity and providing aesthetic and recreational value. However, a lack of comprehensive, accessible data and engaging tools often hinders effective urban forestry management and community participation. Addressing this gap, the "EcoMaps" project emerges as an innovative, interactive platform designed to map, monitor, and celebrate India's urban green canopy.
	Ecomaps is a technologically advanced, user-centric initiative aimed at fostering a deeper understanding and appreciation of urban ecosystems across India. It serves as a centralized hub for citizens, environmental activists, urban planners, researchers, and educational institutions, providing them with robust tools and rich datasets to explore and engage with their city's green infrastructure. The platform's core mission is to democratize access to environmental information, promote data-driven decision-making, and inspire collective action towards creating greener, healthier, and more resilient urban environments.
	Key features of EcoMaps include an enhanced interactive mapping system that visualizes tree distribution, canopy density, and species diversity across major Indian cities, including newly incorporated Tier-2 urban centers. Users can access real-time, hyperlocal Air Quality Index (AQI) data, directly correlating it with tree cover to understand the tangible benefits of urban greenery. A sophisticated AI-powered tree identification tool allows users to identify local flora from uploaded photographs, providing detailed ecological information and fostering botanical literacy. Furthermore, immersive audio guides offer curated explorations of urban green spaces, while a revamped community portal facilitates the sharing of tree planting stories, collaborative greening projects, and the tracking of collective environmental impact.
	Built on a modern technology stack including React, TypeScript, Tailwind CSS, Mapbox for geospatial visualization, and Mongodb for backend services, Ecomap leverages advanced data analytics and machine learning to deliver a seamless and insightful user experience. By integrating data from diverse sources such as municipal bodies, satellite imagery, citizen science initiatives, and IoT sensors, the project provides a holistic view of the urban forest. Ultimately, EcoMaps aspires to be a catalyst for change, empowering communities to actively participate in the stewardship of their urban green heritage and contributing to a sustainable future for India's cities.
	LITERATURE ANALYSIS
	2.1 Paper 1: Enhancing Urban Forest Management through Integrated Data Platforms The current urban forestry information landscape in India is fragmented, with data scattered across various government sources such as the Forest Survey of India and municipal corporation portals. These primarily offer static reports or raw GIS datasets, which are often difficult for the public and planners to interpret and use effectively. Academic and NGO-driven efforts do contribute valuable localized insights—like data on tree cover, biodiversity, and environmental benefits—but these are rarely standardized, updated in real time, or aggregated for broader use.
	A major limitation of the existing system is the absence of a unified, interactive, and publicly accessible platform that consolidates diverse datasets such as tree censuses, air quality data, and environmental impact statistics (e.g., CO₂ sequestration). Furthermore, most platforms lack robust tools to engage citizens or connect them meaningfully with data and government conservation efforts.
	The problem this paper identifies is that fragmented data and insufficient public engagement impede urban greening efforts and sustainable development. The objective is to develop EcoMaps, an interactive, centralized web platform that will integrate and visualize urban forestry data—including AQI, CO₂ sequestration, and tree diversity—across major Indian cities. EcoMaps will also provide educational tools like audio guides and allow community interaction and contributions to improve awareness and participation.
	The initial scope includes major cities, offering data on tree populations, tree cover percentages, air quality impact assessments, and CO₂ benefits. Interactive visualizations, city-specific dashboards, curated policy information, and research repositories will be part of the system, with room for future expansion.
	2.2 Paper 2: Leveraging AI and Community Science for Advanced Urban Ecosystem Monitoring and Engagement Globally, citizen science platforms exist for biodiversity tracking, but India lacks platforms tailored to urban forestry that integrate with local environmental data or government initiatives. AI-powered tools, such as those for tree species identification, are emerging but remain isolated and not embedded into broader platforms that contextualize environmental and social data.
	This paper highlights the limited use of advanced technologies like AI for species identification and environmental predictions (e.g., wildfire risk, urban heat islands) in accessible Indian platforms. A research gap persists in combining expert-driven datasets—like satellite imagery and official censuses—with community-generated insights.
	The central problem is that traditional urban forestry monitoring is labor-intensive, slow to adapt, and lacks avenues for community engagement or predictive analytics. The goal is to enhance EcoMaps by integrating AI tools such as species identification from images and environmental modeling for wildfire susceptibility. Community members will also be empowered to contribute stories, observations, and geo-tagged images, enriching the platform with validated, timely data.
	The scope includes implementing a simulated AI-based species identification feature and a predictive model for wildfire risk in select green zones. The platform will support uploads of geo-tagged tree-planting stories, which will be curated and integrated with other datasets to build a multifaceted and current urban ecosystem view.
	2.3 Paper 3: Bridging Environmental Data and Public Policy for Enhanced Urban Green Governance While government portals present environmental policies and urban development plans, they usually do so through static documents that are not dynamically linked with real-time urban forestry data. Similarly, reports from advocacy groups often lack city-level integration or accessibility for citizens and local administrators.
	A key gap is the lack of platforms that connect policy-level initiatives with localized, visualized ecological data. Tools for citizens and decision-makers to easily interpret the benefits or trade-offs of greening strategies based on real data are minimal.
	The problem identified is the disconnect between environmental data and accessible policy information, which limits evidence-based urban governance and public participation. The objective is to enhance EcoMaps to link tree cover, species data, and environmental benefits directly with relevant greening policies and schemes. This will promote transparency, support policy evaluation, and improve resource allocation.
	The scope of this work includes curating state and national policies and presenting them alongside localized environmental data. Where data allows, EcoMaps will attempt to visualize the correlation between policy implementation and observable ecological changes in cities.
	2.4 Paper 4: Innovative Data Visualization and Technological Integration for Urban Ecosystem Understanding Existing environmental platforms often rely on traditional GIS systems, which, although powerful, can be intimidating for non-experts and don’t always offer compelling storytelling through data. Data is also siloed in various forms—spreadsheets, separate databases, sensor networks—making integration and real-time analysis difficult.
	This paper emphasizes the need for more intuitive data visualization tools that can make complex urban ecosystem interrelations (like tree health, AQI, and human activity) understandable to the general public. Furthermore, existing solutions struggle with building scalable systems that can seamlessly ingest and visualize diverse datasets in real time.
	The problem lies in the inability to effectively present complex ecological data in a technically robust and user-friendly way. The objective is to leverage modern web technologies, such as React and mapping/charting libraries, to build interactive interfaces and dashboards within EcoMaps.
	The scope includes developing dynamic, interactive dashboards and layered visualizations that show tree distribution, environmental metrics, and community participation. Front-end components will be prioritized, alongside a conceptual framework for scalable backend data management and potential integration with live APIs (e.g., AQI feeds).
	METHODOLOGY
	Comprehensive Literature Review
	The development of EcoMaps began with an extensive literature review of urban forestry research, environmental impact assessment methodologies, and digital mapping approaches. Academic papers from environmental science journals provided data on carbon sequestration rates, air quality improvement metrics, and temperature reduction effects of various tree species in urban environments. Government reports from Indian forest departments offered insights into current tree coverage, species distribution, and urban forestry initiatives across major cities. Technical literature on interactive mapping applications, particularly Mapbox GL JS implementation studies, informed the visualization approach. Research on user experience design for environmental information systems guided the interface development, emphasizing the importance of clear data visualization and intuitive interactions for communicating complex environmental concepts. Additionally, case studies of similar platforms like NYC's Tree Map project provided valuable lessons on user engagement strategies and data presentation methodologies. This interdisciplinary literature review established the scientific foundation for the platform's environmental impact assessments while informing technical implementation decisions
	RESULTS AND DISCUSSION
	CONCLUSION
	EcoMaps represents a significant advancement in urban forestry monitoring and public engagement across Indian cities. The platform successfully integrates multiple data sources—including government forest department statistics, satellite imagery analysis, and citizen science initiatives—to create a comprehensive visualization of urban tree cover and its environmental impact. Through its interactive mapping system, city-specific dashboards, and environmental impact assessments, it effectively communicates the critical relationship between urban forests and air quality, demonstrating how current tree cover in cities like Delhi and Mumbai falls significantly short of the recommended two trees per person standard. The platform's innovative features, including Claude AI-powered tree identification, ElevenLabs audio narrations, and embeddable widgets, have transformed typically static environmental data into an engaging, educational experience accessible to environmental activists, urban planners, educational institutions, and the general public alike. By aggregating and visualizing state-level initiatives and budgetary allocations—such as Maharashtra's ₹950 Cr for forest conservation and Gujarat's Miyawaki Urban Forest initiative—EcoMaps has created a valuable resource that promotes transparency in environmental governance while fostering community engagement through its contribution sharing features and comprehensive documentation of research methodologies.
	REFERENCES

