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Project Overview

How can we leverage Al to make biodiversity assessment, particularly in urban areas, more

accessible and actionable?

By 2050, 68% of the world's population will live in urban areas, placing
unprecedented pressure on urban biodiversity. While cities often view
development and biodiversity as competing priorities, they lack efficient tools to
assess and monitor their natural ecosystems. Traditional biodiversity
assessment methods are labor-intensive, expensive, and often impractical for
regular monitoring across large urban areas.

John Fernandez . ECO-LENS, led by John Fernandez, Professor of Building Technology in the
Department of Architecture and Director of MIT Environmental Solutions
Initiative, addresses this challenge by leveraging artificial intelligence to make biodiversity assessment
more accessible and actionable.

The team’s approach provides a multi-scale analysis framework:

o At the macro level, they analyze satellite data across 65 cities in biodiversity hotspots, using
machine learning to identify cities with similar environmental patterns. This enables cities to
learn from peers facing similar challenges and share successful conservation strategies.

o At the city level, they employ deep learning models (SAM and MobileNet) to automatically
analyze satellite imagery, mapping urban features like green spaces, developed areas, and
water bodies. This provides cities with cost-effective tools to monitor urban development's
impact on natural areas.

e At the micro level, they process light detection and ranging (LiDAR) data using neural

networks to create detailed vegetation inventories, enabling precise monitoring of urban forests
and green spaces.

The project aims to democratize biodiversity assessment by providing cities with automated, scalable
tools that integrate with existing planning processes. By making biodiversity data more accessible and

actionable, ECO-LENS aims to help cities balance development needs with biodiversity conservation,
ultimately working toward more sustainable urban futures.

% The project aligns closely with the MCSC’s Nature-based Solutions pathway.
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Findings & Outcomes

Through research across biodiversity (specifically vegetation) hotspots in the United States,
Mexico, and Colombia, this group demonstrated the potential of Al-driven urban biodiversity

assessment tools — establishing three technical frameworks that provide cities with new

capabilities for understanding and monitoring their biodiversity and highlighting areas for
future development and refinement.

ECO-LENS has advanced the application of artificial intelligence to urban biodiversity (specifically
vegetation) assessment through a multi-scale analysis approach. Examples of urban biodiversity
includes street trees, parks, community gardens, green roofs, and urban wetlands, among others. The
team’s findings, supported by extensive research across biodiversity hotspots in the United States,
Mexico, and Colombia, demonstrate the potential of Al-driven assessment tools. These tools are
particularly relevant for urban planning firms, to conduct city-wide biodiversity assessment and
monitoring; environmental consultants, to conduct detailed vegetation analysis and impact studies;
technology companies, to integrate with existing urban management platforms; and conservation
organizations for evidence-based planning and monitoring

At the macro level, their analysis of 65 cities revealed clear patterns in urban vegetation trends. Within
cluster A, which includes cities with higher precipitation and surface temperatures, 59% of cities
showed increasing Normalized Difference Vegetation Index (NDVI) trends, while 15% showed
decreasing trends, and 27% stabilized over the 2016-2021 period. These findings provide valuable
insights into the dynamics of urban vegetation change across different climate conditions.
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Changes in NDVI between 2016-2021 showing the distribution across all cities (left), cities with increasing trends (left), and
cities with decreasing trends (center).

Their clustering analysis identified three distinct patterns among cities based on their environmental
characteristics:

o Cluster A: Cities with higher precipitation, surface temperatures, and middle NDVI values
o Cluster B: Cities with higher NDVI, surface temperature, and low precipitation
o Cluster C: Cities with lower surface temperatures, low precipitation, and low NDVI values
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The three clusters showing distinct patterns in NDVI, precipitation, and land surface temperature.

At the city level, the team’s deep learning pipeline demonstrated strong performance in urban feature
classification. The system combines SAM (a deep learning tool called the Segment Anything Model) for
automatic mask generation with MobileNet-V2 for classification. Initially trained on the OMNIST dataset,
MobileNet-V2 achieved 78% accuracy. After fine-tuning with their custom dataset of SAM-generated
masks and manually labeled satellite imagery, the accuracy improved to 83%. When applied to Santa
Rosa de Yavari, the system identified that just under 18% of the analyzed area was developed land,
providing valuable insights into urban density patterns.
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Satellite image segmentation showing original image (left) and detected features, in addition to building detection results
showing classification of urban structures (right).

Satellite image of Leticia (leff) and manually labeled pixels (right) into classes: trees, grass, buildings, sidewalk/road, water,
dirt, clutter/unclassified.

At the micro level, the team’s LIDAR analysis framework achieved varying levels of accuracy
depending on the classification approach. Using 2000 sample points, the system achieved 80%
accuracy in basic classification, though this decreased to 63% in binary vegetation segmentation tasks.
These results highlight both the potential and current limitations of LIDAR-based vegetation analysis.



Normalized LiDAR point cloud visualization
showing vegetation height classification.

The project has established three key technical frameworks:

1. An NDVI analysis pipeline for detecting vegetation trends
2. A satellite image processing system for urban feature detection
3. ALIDAR point cloud processing framework for detailed vegetation assessment

These tools provide cities with new capabilities for understanding and monitoring their biodiversity,
while highlighting areas for future development and refinement.

Opportunities for Implementation

Research

¢ Enhance Al models for feature detection in varied urban contexts.
¢ Improve LiDAR-based vegetation classification and species identification.
o Develop standardized metrics integrating satellite and LiDAR data for biodiversity assessment.

Implementation

¢ Identify pilot cities from different environmental clusters for targeted deployment.
e Partner with cloud computing providers to scale the analysis tools.
e Create standardized deployment procedures for cities’ decision makers.

The tools are particularly relevant for:

Urban Planning Firms: City-wide biodiversity assessment and monitoring
Environmental Consultants: Detailed vegetation analysis and impact studies
Technology Companies: Integration with existing urban management platforms
Conservation Organizations: Evidence-based planning and monitoring
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