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Abstract:

Urban expansion poses significant challenges to wildlife conservation, particularly affecting the natural migration
patterns of numerous species. This paper introduces an innovative solution that integrates machine learning (ML)
techniques with geographic information system (GIS) tools to predict and mitigate the impacts of urbanization on
animal migration. The proposal proposes a novel software platform that utilizes satellite data, ground-based sensors,
and open-source environmental databases to create a comprehensive predictive model of animal migration and urban
growth interactions.
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1.Inspiration
a. The Importance of Animal Migration

Animal migration is a critical ecological process that ensures the survival and reproductive success of many species, plays a
role in maintaining biodiversity and the functioning of different ecosystems globally. Migratory species contribute to the
genetic diversity of populations by mixing gene pools, which enhances resilience against diseases and environmental
changes (Dingle, 2014). Additionally, migratory animals often serve as key indicators of environmental health, helping
scientists monitor ecosystem changes and identify conservation needs (Wilcove and Wikelski, 2008). And finally, migration
allows for the essential spread of various seeds that help plants continue to spread around the area.

b. How Animal Migration has shifted and changed due to:

i. Climate Change

Climate change significantly affects animal migration patterns. Changes in temperature, precipitation, and seasonal cycles
alter the availability of resources such as food and water, which are critical for migratory species. For example, shifts in
temperature can lead to mismatches between the timing of migration and the peak availability of food resources, such as
when birds arrive at breeding grounds before insects have emerged (Both et al., 2006). Moreover, altered weather patterns
and extreme weather events can disrupt migration routes, leading to increased mortality and reduced reproductive success
(Robinson et al., 2009).

ii. Urbanization

Human activities, especially urbanization, further worsen the challenges animals face migrating. Urban expansion leads to
habitat loss, fragmentation, and degradation, which stop the natural movement of animals. Roads, buildings, and other
infrastructure create physical barriers that disrupt traditional migration routes, force animals into increasingly isolated and
confined spaces, and force them off their migration path, endangering their survival (Haddad et al., 2015). Additionally,
urban areas often increase pollution levels, noise, and artificial light, which can disorient migratory animals and interfere
with their natural behaviors (Gaston et al., 2013).

Urbanization is not only a threat to wildlife but also a significant contributor to climate change through increased
greenhouse gas emissions, further amplifying the pressures on migratory species. As human populations continue to
expand into previously undeveloped areas, the need to understand and mitigate the impacts on wildlife becomes
increasingly urgent. The integration of satellite data with machine learning techniques presents a promising new approach
to monitor these changes and develop strategies, laws, and regulations for a sustainable approach to urbanization with
minimal impact on wildlife.

c. Extinction of species

The disruption of natural migration pathways, often because of human activities, not only alters the migratory patterns of
animals but can also lead to severe reductions in population sizes, genetic diversity, and ultimately, species extinction. For
instance, the construction of the Interstate Highway System in the United States has been implicated in habitat
fragmentation, leading to the isolation of animal populations and impeding their seasonal migration routes (Forman and
Alexander, 1998). Climate change further intensifies impacts by changing the environmental conditions along these
migration routes.



Changes in temperature, sea levels, humidity, and precipitation patterns can change the timing of food availability, mating
seasons, and other critical lifecycle events that are closely tied to migration (Robinson et al., 2009). This can resultin a
mismatch between the timing of migration and the availability of essential resources, further reducing the survival and
reproductive rates (Both et al., 2006).

The monarch butterfly, which migrates up to 3,000 miles from Mexico to North America, has seen a dramatic decline in its
population. Studies suggest that this decline is due to a combination of habitat loss at wintering grounds in Mexico and
changes in climatic conditions that mismatch their breeding habitats across North America (Oberhauser et al., 2017). If
there is an extinction of a migratory species this can have a knock-on effect on an ecosystem, leading to the loss of further
plant species. Therefore, ensuring the security of these migration paths is essential for conservation efforts for the whole
ecosystem and to reduce the broader impacts of climate change on the world's biodiversity.

d. Urgency of the matter and the problem to solve

Due to the increasing human population and the expansion of urban areas, wildlife migration paths will prove to be a
considerable challenge. As habitats become fragmented and the migration corridors are blocked, the survival of migratory
species becomes slim. Over half of the world's biodiversity relies on the ability to move freely; if no action is taken, this will
lead to a decreasing animal population. Urban development will not only physically obstruct natural migration pathways
but also introduce harm to pollutants and humans, as well as loss of habitat and disruption of ecological steps essential to
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2.5pace-based solution - Integrating Hybrid Satellite
Data for Animal Migration and Urbanization Analysis

In response to the escalating challenges posed by increased urbanization of wildlife migration patterns, an innovative
approach combines the integration of the use of satellite data with a machine learning algorithm. This new system is
designed to not only track the movements of animals using advanced satellite imagery and GPS data but also to monitor
urban expansion and environmental changes that could impact these migration routes. This would provide invaluable data
and information that could help save numerous species and animals from further declining numbers.

a. Framewaork for usable satellite data

Data Integration and Machine Learning Model: The core idea of this system is to create a machine learning model that
processes diverse datasets from multiple satellite sources. This model would perform several key functions:

1. Animal Movement Tracking: Utilizing high-resolution satellite imagery and GPS tracking data, the system identifies
and records the migration patterns of various species. This data is crucial for understanding the natural behaviors
and migration routes that need protection.

2. Urban Monitoring: Satellite data provides insights into land use and changes that are crucial for machine learning.
By analyzing imagery that captures the expansion of urban areas, the system can predict potential conflicts
between human development and wildlife migration corridors.

a. Landsat: Provides multi-spectral imagery useful for monitoring land use changes, vegetation cover, and
water bodies over time, critical for habitat analysis
b. MODIS (Moderate Resolution Imaging Spectroradiometer)

3. Environmental Condition Analysis: The inclusion of environmental data such as temperature, humidity, and
occurrences of natural disasters (like floods and droughts) allows the model to understand the impact of climate
change on habitats around the world. This is an essential step for adapting conservation strategies in real time.

a. Sentinel Series:
i. Sentinel-1: Radar imagery for detecting changes in the Earth's surface, irrespective of cloud cover
or daylight, is very useful in flood monitoring and urban expansion.
ii. Sentinel-2: High-resolution optical images for monitoring vegetation, soil, and water bodies,
directly applicable to habitat mapping.
iii. Sentinel-3: Provides data and images for ocean and land monitoring, useful for studying climate
variables that affect migration patterns.

By utilizing these data streams, the machine learning model can predict areas where upcoming urbanization is likely to
interfere with migration routes. These predictions enable developers, architects, and engineers as well as wildlife
conservationists to collaborate on urban planning improvements that will consider both development needs and ecological

sustainability.
b. Integrating open-software and ground-based data

To complement the satellite data used in our machine learning system, ground-based data plays a crucial role in enhancing
the accuracy and reliability of our predictions. Here are the types of ground-based data that could be incorporated and the
methodologies to collect and integrate this data.



i. Ground-based data

Wildlife Tracking Devices:

® GPS Collars and Radio Tags: On a chosen sample of a target species to collect real-time location and movement
data which helps in understanding the seasonal and geographic changes in migration.

e Camera Traps: Positioned in key migration areas to capture images and videos, providing essential insights into
animal behavior and population density that is only possible to collect with ground-based data.

Environmental Sensors:

e Weather Stations: Gathering data on habitats on temperature, humidity, precipitation, and wind speed.
e Soil Moisture Sensors: Used to assess habitat quality and availability of water resources, extremely important for

predicting animal movements during dry seasons.
Human Activity Monitoring:

® Acoustic Sensors: To monitor human-induced noise pollution, which can affect animal behavior and movement
patterns.
e Traffic Counters: Installed near migration paths to quantify the impact of road traffic on animal crossings.

ii. Open-software data

Using open data resources enhances the system'’s ability to predict and manage the balance between urban development
and wildlife conservation. Below are key open data platforms and software tools that can be utilized:

Geospatial Data Processing Tools:

e QGIS: An open-source Geographic Information System (GIS) used to analyze and visualize spatial data.
o GDAL/OGR: Software libraries for reading and writing raster and vector geospatial data formats, used in

preprocessing steps.
Environmental and Ecological Data:

® Global Biodiversity Information Facility (GBIF): Provides access to data on biodiversity, including species occurrence
data, which is crucial for understanding habitat preferences and distribution patterns.
e WorldClim: Offers global climate data layers for modeling species distributions and understanding climate impacts

on habitats.
Animal Movement Data:

® Movebank is a free online database and research platform that helps scientists track, store, manage, share,
analyze, and archive animal movement data. This includes historical and real-time movement data collected from

various species across the globe, tagged with GPS devices.



c. Summary of Data Integration and Analysis

The integration of satellite and ground-based data, along with open data resources, is done through a centralized data
management system that ensures data consistency and accessibility. Using machine learning algorithms, we can analyze
these integrated data sources to identify and highlight patterns and make predictions about animal movements and
potential conflicts with urbanization. This approach allows for dynamic conservation techniques that are respective of both
environmental changes and urban development pressures.
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3.Application of Machine Learning

Machine learning has emerged as a cutting-edge tool for studying animal migration patterns, showcasing significant
potential in various research studies and conservation initiatives. Tucker et al. (2018) leveraged machine learning to analyze
global reductions in animal movements, shedding light on the far-reaching impact of human infrastructure on animal
migration. Similarly, Berger-Tal and Saltz (2016) delved into how differential sanitary risks, often generated by human
settlements, erect invisible barriers that restrict wildlife movements, using predictive models to evaluate and mitigate
these effects. Finally, Levin et al. (2017) harnessed remote sensing and big data to monitor environmental changes that
influence migration patterns, underscoring the ability of machine learning to handle intricate spatial data effectively. These
practical applications of machine learning in animal migration research and urban planning underscore its potential in
real-world scenarios.

The examples above underscore the growing potential of advanced analytical methods to understand and protect
migratory behaviors in the wild. However, the real innovation lies in the direct application of these insights to influence
urban planning. The integration of machine learning-analyzed migration data with urban development planning presents a
unique and promising opportunity. It paves the way for sustainable growth that incorporates ecological considerations,
ensuring that wildlife conservation and urban expansion are managed harmoniously. This approach not only expands the
horizons of machine learning in environmental science but also sets a precedent for multidisciplinary strategies in urban
ecology and sustainable development.



Table 1: Machine Learning Technigues in Wildlife Conservation

Category

Technique/Model

Application/Description

Data Preprocessing

Noise Reduction

Removing sensor noise and correcting errors in satellite imagery and
other data sources.

Handling Missing Data

Applying interpolation techniques to fill gaps in time-series datasets
from satellite and sensor data.

Anomaly Detection

Identifying and collecting outliers in data that may represent errors or
rare environmental events.

Model Selection

Convolutional Neural
Networks (CNNs)

Ideal for processing satellite imagery and other visual data to analyze
habitat changes, track animals, etc.

Random Forests

Used for classification tasks like identifying different environmental
conditions or predicting animal species distributions.

Support Vector Machines
(SVMs)

Employed for classification challenges such as distinguishing between
different land cover types or identifying suitable habitats within urban
interfaces.

Training and
Validation

Data Splitting

Dividing data into training and testing sets to evaluate the model's
performance accurately.

Cross-Validation

Using techniques like k-fold cross-validation to ensure that the model
generalizes well across different subsets of data.

Performance Tuning

Adjusted model parameters based on validation results to optimize
performance and increase prediction accuracy.

Table 2: Integration with GIS Tools

Function Tools/Techniques Application/Description

Spatial GIS Software (e.g., Used to analyze spatial data, detect patterns, and produce maps that

Analysis ArcGlIS, QGIS) highlight critical conservation areas like wildlife corridors or regions of rapid
urbanization.

Data Interactive Mapping Creating dynamic maps that visualize data on animal movements and

Visualization habitat changes to facilitate decision-making and public awareness.

Model Overlay Analysis Combine machine learning outputs with GIS layers to assess impacts and

Integration explore solutions, such as establishing protected areas around key migration
routes.

4.Innovative product: Habitat Harmony

Given the depth of learning and predictive modeling, the Al software would be best suited as an integrated software

platform that would blend advanced machine learning algorithms based on animal migration patterns, behavior,

geographic information system (GIS) capabilities, and real-time satellite data to assist in both wildlife conservation and

urban planning. Habitat Harmony is a potential name for this software, which stems from the original title submission. It

perfectly summarises the objective of creating a future of equilibrium and sustainability for humans and wildlife. The main

applications of the software platform would be the following:

e Predictive Mapping: sharing visual maps and models for identifying critical intersecting areas

e Simulation Tools: Planners can use Habitat Harmony simulation features to model the impact of potential

construction in a chosen area of study




Habitat Harmony can play a crucial role in informing government and reforming regulations. By ensuring compliance with
environmental regulations, it protects endangered species worldwide. Its visually compelling maps and models facilitate
effective communication among stakeholders, including local communities, developers, and conservationists.

5.Conclusion

In conclusion, while machine learning is widely used in the study of animal migration, applying these insights directly to
influence and integrate with urbanization processes represents an innovative and impactful advancement. This approach
could significantly contribute to conservation, urban planning, and sustainable development.

'Habitat Harmony' emerges not just as a technological solution, but as a paradigm shift in how we conceive of and plan our
urban environments. This innovative platform represents a significant advancement in integrating ecological considerations
into urban planning, offering a robust tool that aligns human development with the natural world. At the core of this
proposal is the strategic use of satellite data, ground-based data, and open software tools to create an integrated hybrid
data system of urbanization mapping, habitat conditions, migration patterns, and historical behavior. Machine learning is
not just imperative for this software development; it is a game-changer that offers sophisticated tools to analyze complex
and large-scale data related to wildlife movements. The capability to predict will be a fundamental feature of the
development of the product, as it will be able to predict future outcomes based on historical data patterns and present
conditions. Lastly, the scalability of applications of Machine Learning is vast without loss in performance, where expansive
geographical areas can be covered and numerous species can be tracked and studied. This reassures us that we can scale
up our conservation efforts, be confident in the capabilities of machine learning to handle the complexity and volume of
data, and inspire innovative ways of using less land and natural resources, to create a habitat in harmony for all.
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