Ceconeon m REPORT

ADPC | SATELLITE AND AI-DRIVEN CLIMATE RESILIENCE TOOL

Open-Source Geospatial Tool

Gn-ADPC-580-v2.0 | 2024-08-01

geoneon.com


https://geoneon.com/

GCconeon m REPORT

DATE 2024-08-01

DOC. NO. Gn-ADPC-580 VERSION 2.0

FROM Geoneon REFERENCE Roxane Bandini-Maeder

AUTHOR(S) Dr Alex Bandini-Maeder, Cameron REVIEWER(S) Roxane Bandini-Maeder
Poole, Bradley Johnson

TO ADPC REFERENCE

PROJECT SATELLITE AND AI-DRIVEN CLIMATE RESILIENCE TOOL

TITLE Open-Source Geospatial Tool

EXECUTIVE SUMMARY

We are pleased to announce the launch of the first version (v0.1) of our online platform for forest fire
management in Bhutan, accessible at _https://bhutan.geoneon.com/. This platform integrates the

Forest Fire Severity Index and the Forest Fire Exposure Index, providing accurate, real-time data to
support effective decision-making and resource allocation.

The platform's purpose is to visualize the current state of the open-source tool as improvements are
being made. Key features include map navigation, legend usage, Bhutanese address search, and
access to training materials. The platform allows users to view the severity index on a large scale and
the exposure index for individual buildings when zoomed in.

The platform went live on 11 July 2024 and is being used by the Department of Local Governance &
Disaster Management and the Department of Forests and Park Services, among other Bhutanese
organisations. Initial feedback has been incorporated, and further feedback will be gathered to refine
and enhance the tool.

In the next 2-3 months, we will focus on updates and improvements, followed by preparing the code
package for delivery and training local staff. We acknowledge the support and contributions of our
Bhutanese partners in this endeavour.
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1 INTRODUCTION

We are pleased to report the completion of Milestone 3 for the project on developing an open-source
tool for forest fire management in Bhutan. As part of this milestone, we have successfully launched the
first version (v0.1) of the online platform, accessible at https://bhutan.geoneon.com/. This platform will

enable our partners in Bhutan to provide valuable feedback as we continue to develop and refine the
tool (Figure 1).
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Figure 1: Screen capture of the home page of the platform
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2  PLATFORM DESCRIPTION

The online platform includes a webmap that features the Forest Fire Severity Index (Figure 2) and the
Forest Fire Exposure Index (Figure 3). These indices are critical for effective forest fire management in
Bhutan, providing accurate and updated data on forest fire risks. The platform allows users to:

e View the severity index on a large scale.
e Zoom in to see the exposure index for individual buildings.

e Navigate the map, use a legend, search Bhutanese addresses, and access training materials

about the indices.

Figure 2: Screen capture of the Forest Fire Severity Index map.
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Figure 3: Screen capture of the Forest Fire Exposure Index.

3  PURPOSE OF THE INDICES

The platform also includes training material explaining in detail how the purpose and how the indices
were generated (Figure 4).

e Forest Fire Severity Index: Estimates the potential intensity of forest fires in specific locations
by combining satellite imagery, topographical information, weather patterns, and climate
conditions.

e Forest Fire Exposure Index: Evaluates the exposure of buildings to forest fires, assigning
scores to highlight potential risks to each structure.
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INTRODUCTION TO THE
INDICES

This page introduces the Forest Fire Severity Index and the Forest
Fire Exposure Index, two tools designed to enhance Bhutan's
resilience to climate change by providing accurate, updated data

on forest fire severity and exposure.

1 Introduction to the Indices 1 Introduction tothe Indices

1.1  Purpose of the Indices

111 Importance of Forest fire Munagement in Bhutan

Bhutan, a nation deeply committed to environmental conservation, faces significant threats from forest fires,
exacerbated by climate change. With 69% of its terrain covered by forests and 26% designated as protected
areas, the country's rich biodiversity and the well-being of its communities are at risk. Effective forest fire
management is necessary to protect Bhutan's natural and built envirenments, ensuring the safety and

sustainability of its ecosystems and communities.

112 Objectives of the Forest fire Severity and Exposure Indices

The primary objectives of the forest fire severity and exposure indices are to provide accurate, updated data

nn fnract fire riske arrnee Bhutan and ta smnower etakehnldars with the tnnle naadad far affartivea rick

Figure 4: Screen capture of the training material.

4  LAUNCH DATE

The platform went live on 11 July 2024.

5 KEY PARTNERS

The primary partners involved in providing feedback include:
e Department of Local Governance & Disaster Management
e Department of Forests and Park Services

The platform will also be shared with other Bhutanese organisations.

6  CURRENT STATUS AND FEEDBACK

Initial feedback has been summarised in previous reports. It is important to note that the current
version of the tool does not yet include the weather and climate components. We are actively
discussing with Bhutan to determine available local data and sourcing alternative datasets from
international databases.
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7  FUTURE STEPS

Over the next 2-3 months, we will focus on updating and improving the tool. Following this, we will
prepare the code package for delivery and conduct training sessions for local staff.

8 ACKNOWLEDGMENTS

We acknowledge the contributions of the Department of Local Governance & Disaster Management,
the Department of Forests and Park Services, and other Bhutanese organizations for their invaluable
feedback and support.

We look forward to continuing our collaboration and enhancing the capabilities of this essential tool.

9 CONCLUSION

The launch of the online platform marks a significant step towards improving forest fire management
in Bhutan. We are committed to further developing and refining the tool to ensure it meets the needs
of our partners and effectively addresses the challenges posed by forest fires.
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TITLE Training Material

EXECUTIVE SUMMARY

This training material introduces the Forest Fire Severity Index and the Forest Fire Exposure Index, two
tools designed to enhance Bhutan's resilience to climate change by providing accurate, updated data
on forest fire severity and exposure. These indices support effective decision-making and resource
allocation, fostering proactive management and community engagement. By leveraging satellite
imagery, Al, and comprehensive datasets, these indices deliver a detailed assessment of forest fire
severity and exposure, empowering stakeholders to implement targeted mitigation strategies. The
document outlines the methodology for developing these indices, the expected benefits for various
stakeholders, and the plans for future development to address additional climate-related hazards. This
is the first version of the training material, also available online with the geospatial tool, where it will
be maintained and updated over the next few months as the project progresses and the models are

refined and updated.
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1 INTRODUCTION

This report contains the training material on the Forest Fire Severity Index and the Forest Fire
Exposure Index. As Bhutan faces increasing threats from forest fires due to climate change, it becomes
vital to adopt advanced tools for effective forest fire management. This training material is designed
to provide a comprehensive understanding of these indices, their development, and their applications
in enhancing Bhutan's resilience. We will explore the objectives, methodology, and benefits of these
indices, offering insights into how they can be leveraged for better decision-making and resource
allocation in forest fire risk management. This is the first version of the training material, and it is also
available online with the geospatial tool, where it will be maintained and updated over the next few
months as the project progresses and the models are refined and updated.
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2 INTRODUCTION TO THE INDICES

2.1 Purpose of the Indices

2.1.1  Importance of Forest fire Management in Bhutan

Bhutan, a nation deeply committed to environmental conservation, faces significant threats from
forest fires, exacerbated by climate change. With 69% of its terrain covered by forests and 26%
designated as protected areas, the country's rich biodiversity and the well-being of its communities
are at risk. Effective forest fire management is necessary to protect Bhutan's natural and built
environments, ensuring the safety and sustainability of its ecosystems and communities.

2.1.2  Objectives of the Forest fire Severity and Exposure Indices

The primary objectives of the forest fire severity and exposure indices are to provide accurate,
updated data on forest fire risks across Bhutan and to empower stakeholders with the tools needed
for effective risk management. These indices aim to:

e Enhance the decision-making processes for forest fire prevention and response.
e Improve the allocation of resources for mitigation efforts.
e Foster community engagement and proactive management practices.

e Support long-term resilience planning against the impacts of climate change.

2.1.3  Expected Benefits for Communities, Government, and Stakeholders

By implementing these indices, the project aims to deliver significant benefits for various groups,
including:

e Communities: Enhanced awareness and preparedness, leading to better protection of lives
and properties.

e Government: Improved strategic planning and resource allocation for forest fire mitigation
and response.

e Stakeholders: Access to up-to-date, actionable data that informs investment and
development strategies.

2.2 Overview of the Indices

2.2.1  Forest Fire Severity Index

The Forest Fire Severity Index is designed to estimate the potential intensity of forest fires in specific
locations (Figure 1). It combines data from satellite imagery, topographical information, weather
patterns, and climate conditions to provide a comprehensive assessment of forest fire severity. This
index helps identify areas that are most susceptible to severe forest fires, allowing for targeted
mitigation and response strategies.
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Figure 1: Forest Fire Severity Index Map. This map illustrates the Forest Fire Severity Index for Bhutan,

highlighting areas with varying levels of potential fire severity. The index combines data from satellite
imagery, topographical information, weather patterns, and climate conditions to provide a comprehensive
assessment of forest fire severity. Areas with higher severity are shown in red shades, indicating regions that
are more susceptible to severe forest fires.

2.2.2  Forest Fire Exposure Index

The Forest Fire Exposure Index evaluates the exposure of buildings to forest fires. By mapping the
footprints of buildings and comparing them with the Forest Fire Severity Inde, it assigns exposure
scores that highlight the potential exposure to each structure. This index is key for prioritising
protection measures and ensuring the safety of both human and infrastructure.

2.2.3 How These Indices Complement Each Other in Forest Fire Risk Management

Together, the Forest Fire Severity and Exposure Indices provide a framework for understanding and
managing forest fire risks in Bhutan. The Severity Index identifies areas susceptible to intense forest
fires, while the Exposure Index highlights which buildings and infrastructure are most vulnerable. This
complementary approach enables risk assessment and effective resource allocation, enhancing overall
forest fire preparedness and resilience efforts.
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Figure 2: Building Footprints with Forest Fire Exposure Levels. This map displays the building footprints in

Bhutan, color-coded according to their exposure levels to forest fires as determined by the Forest Fire
Exposure Index. By overlaying building locations with the Forest Fire Severity Index, each structure is assigned
an exposure score. Higher exposure levels are depicted in red shades, identifying buildings and infrastructure

that are more exposed to forest fires.
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3 FOREST FIRE SEVERITY INDEX

3.1  Definition and Scope

The Forest Fire Severity Index is designed to estimate the potential intensity of forest fires within
specific locations. It combines various data sources and factors, including vegetation types,
topography, and climate conditions, to provide an assessment of forest fire severity. This index helps
in identifying areas that are most susceptible to severe forest fires, thereby facilitating targeted
mitigation and response strategies.

3.2 Components of the Severity Index

3.21 Vegetation

The Forest Fire Severity Index considers that different vegetation types have varying fuel availability
(Figure 3). For instance, dense forests may produce more intense fires compared to grasslands due to
the higher amount of fuel available.

Areas with denser vegetation are more likely to burn intensely in the event of a fire. The index uses

satellite imagery and Al to analyse vegetation density, providing crucial data on potential fire intensity.

Figure 3: Vegetation Mapping. This image illustrates the vegetation mapping used in the Forest Fire Severity
Index, differentiating between dense forests and other types of vegetation. The map uses satellite imagery
and Al analysis to assess vegetation density, providing essential data on fuel availability. Dense forests, shown
in darker green, indicate areas with higher potential fire intensity compared to grasslands and other
vegetation types.
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3.2.2 Topography

The index considers the topography, recognising that fires ascend slopes more rapidly (Figure 4).
While ascending the slope, the fire front pre-heats the vegetation ahead, potentially escalating the
fire's intensity. Topographical data is integrated into the Forest Fire Severity Index to account for these

variations in fire behaviour.

Figure 4: Topography Layer - Combination of Slope and Dissection. This image shows the topography layer
used in the Forest Fire Severity Index, created by combining slope and dissection data. The slope represents
the steepness of the terrain, indicating areas where fires can ascend rapidly, pre-heating vegetation and
increasing fire intensity. Dissection, on the other hand compares the elevation of a cell to the lowest point
within a specified radius, indicating if that area is closer to a local peak or local basin.

3.2.3 Weather and Climate Conditions

Weather and climate conditions are crucial in determining fire severity. The Forest Fire Severity Index
includes updated data on temperature, and humidity to dynamically adjust the severity ratings,
providing up-to-date assessments.

Note: Work in Progress

The integration of weather and climate conditions into the Forest Fire Severity Index is currently a work
in progress. We are actively discussing with the government of Bhutan to understand which data is
available and how it can be utilised effectively. Additionally, we are sourcing and testing alternative
datasets to ensure accurate and comprehensive inputs for our severity index. This ongoing collaboration
and evaluation are essential to achieving reliable and effective results in assessing fire severity.
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Figure 5: Precipitation Layer from WorldClim. This image displays the precipitation (‘P') layer from WorldClim,

a high-resolution global climate dataset. The 'P' layer represents long-term average monthly precipitation,
which is a critical factor in determining fire severity. Areas with higher precipitation are shown in blue shades,
indicating regions with more moisture content that can influence vegetation growth and fuel availability.

3.24 Integration

The integration step combines the normalised data layers of vegetation density, topography, and
weather to create a comprehensive assessment of forest fire severity. By merging these layers with
predefined weightings, the tool provides a detailed and accurate measure of fire risk across different
areas.

3.3 Data Sources

The datasets utilised are obtained from different sources. Table 1 provides an overview of these
datasets, outlining their sources, the dates they were acquired, and their specific applications within
the methodology.

Table 1: Data Sources and Their Applications

SOURCE DESCRIPTION
. European Spatial January 2023 to Multispectral imagery used for detailed
Sentinel-2 Imagery Agency December 2023 vegetation analysis.
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NAME SOURCE DATE DESCRIPTION
.. . Department of Forest | Most recent version Data used in creating forest fire severity
Digital Elevation . . S . .
Model and Park Services of |downloaded in May indices, accounting for how terrain
Bhutan 2024. influences fire spread and intensity.
Most recent version
. D fi i if
Roads Open Street Map downloaded in May ata usgd .to refine and identify road
paths within vegetated areas.
2024.
Most recent version Utilised to refine vegetation layers in
Building Footprints | Open Street Map downloaded in May settlement areas, adjusting for urban
2024. infrastructure.

3.4 Methodology

This section details the methodology adopted for the mapping of the Forest Fire Severity Index.

START OF METHODOLOGY

VEGETATION

1. Satellite Imagery Acquisition:
The first step in our vegetation mapping process involves the selection and download of satellite
imagery. For this project, we utilise Sentinel-2 imagery.

a. Download Process:

. Images are accessed via the Sentinel Hub, which provides an archive of all
Sentinel-2 imagery. We specifically filter for images covering the targeted study
area within the designated time frame to match our vegetation mapping needs.

b. Preprocessing:

i. All downloaded images undergo standard preprocessing steps to enhance the
accuracy of vegetation detection. Georeferencing is checked and adjusted if
necessary to ensure spatial accuracy.

2. Advanced Vegetation Classification:
This step in the methodology integrates deep learning models with vegetation indices to classify
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the landscape into three primary vegetation categories: grasslands/crops, other vegetation, and

non-vegetation.

a. We utilise a proprietary deep learning model designed to analyse satellite imagery and
extract features relevant for distinguishing between different types of vegetation and
non-vegetation areas. This model outputs initial classification masks that identify
potential vegetation areas.

b. To refine the classification provided by the deep learning model, we apply the
Normalized Difference Vegetation Index (NDVI) using the satellite's multi-band spectral
data. NDVI is a proven method for identifying live green vegetation and differentiating
it from other land covers based on the differential absorption of red and near-infrared
light by vegetation.

¢. The outputs from both the deep learning model and the NDVI process are combined to
finalise the classification.

d. The accuracy of the vegetation classification map is validated through selective ground
truthing and comparison with existing vegetation data where available. Any
discrepancies lead to adjustments in the model parameters or the NDV/ threshold
values, and the classification process may be iterated to enhance accuracy and
reliability.

3. Apply Weights to Vegetation Map:
a. Assign weights to different vegetation types based on their impact on fire severity.

b. For example, if shrubs have 5 times more effect on fire intensity than grass, and trees
have 2 times more effect than shrubs. Typical classes used:

.. Low Vegetation Weight: 1
iil. Trees Weight: 5
4. Density Calculation:

a. Measure the sum of weighted vegetation within a circular area around each pixel, with
a radius of 56 meters (about 1 hectare).

b. This gives a unitless density value that can be compared across different areas.
5. Normalisation:
a. The final product is normalised with values ranging from 0 to 1 to ensure consistency.
TOPOGRAPHY

6. Generate Dissection:
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a.

Calculate the dissection value by taking the cell value and subtracting the minimum
value within a 450m radius, then dividing by the difference between the maximum and
minimum values within that radius.

7. Generate Slope:

d.

Derive the slope from the Digital Elevation Model.

Calculate the slope factor using an exponential function: Slope factor = exp(0.069 *
Slope).

The slope is measured in degrees, and for slopes greater than or equal to 15 degrees,
the slope factor is capped at a maximum value of approximately 2.8751.

This slope factor range is from 1 to 2.8151.

8. Normalise and Combine:

a.

b.

Normalise both the dissection and slope values.

Combine them with a weighting ratio of 2:1, favouring the slope.

WEATHER AND CLIMATE CONDITIONS

9. We are currently in the process of evaluating different available datasets to ensure the most

accurate and comprehensive inputs for our severity index. This includes waiting on the Bhutan

government to provide the data they have available. Additionally, we are exploring potential

sources from other organisations to complement and enhance our dataset. This phase is a

standard part of our project development, aimed at integrating the best possible data to achieve

reliable and effective results.

INTEGRATION

The integration step combines the normalised data layers of vegetation density, topography, and

weather to create a comprehensive assessment of forest fire severity. By merging these layers with

predefined weightings, the tool provides a detailed and accurate measure of fire risk across different

areas.

10. Combining Data Layers:

a.

Merge the normalised vegetation, the normalised topography, and the normalised
weather data.

Use a standard weighting ratio of 62% for vegetation, 12% for topography, and 26% for
weather.

11. Normalisation:

geoneon.com
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a. Normalise both the topography and vegetation density data to a scale of 0 to 1 before

combining.
12. Class Calculation:
a. Divide the combined data into classes based on specified percentage ranges.

b. The classes are defined as equal intervals from 0 to the maximum value.

END OF METHODOLOGY
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4  FOREST FIRE EXPOSURE INDEX

41  Definition and Scope

The Forest Fire Exposure Index is designed to evaluate the vulnerability of buildings and community
infrastructure to forest fires. By mapping the locations of buildings and assessing their exposure to
forest fire hazards, the Forest Fire Exposure Index provides critical insights into the potential impacts
of forest fires on human-made structures. This index helps prioritise protection measures and
resources to enhance safety and resilience.

The primary focus of the Forest Fire Exposure Index is in identifying the exposure levels for buildings
and infrastructure within communities. By integrating detailed building footprint data with forest fire
hazard information, the Forest Fire Exposure Index offers a comprehensive assessment of how forest
fires could affect populated areas and essential services.

4.2 Components of the Exposure Index

4.21 Building Footprints

The Forest Fire Exposure Index relies on building footprint data. This is achieved by sourcing and
preparing building footprint data from OpenStreetMap. A 100-metre buffer is generated around each
building footprint. This buffer helps in assessing the immediate area surrounding each building for
potential wildfire exposure.

4.2.2 Intersection with Severity Index

The Forest Fire Exposure Index calculates exposure scores by intersecting building locations with the
Forest Fire Severity Index. Each building is assigned a score based on the severity of forest fire hazards
in its vicinity. This method allows for an understanding of which structures are at highest risk and
require attention.

4.2.3 Generalised Exposure by Administrative Boundaries

The data is generalised using different statistical measures within administrative boundaries known as
gewogs to provide a broader understanding of wildfire exposure.

4.3 Data Sources

The datasets utilised are obtained from different sources. Table 2 provides an overview of these
datasets, outlining their sources, the dates they were acquired, and their specific applications within
the methodology.
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Table 2: Data Sources and Their Applications

NAME SOURCE DATE DESCRIPTION
Building Open Street | Most recent version - .
Footprints Map downloaded in May 2024, Utilised to calculate exposure of buildings.
United
Bhutan - ]’c\::tiﬁg Office
Subnational Coordination Most recent version Utilised to visualise the exposure index at the
Administrative of downloaded in May 2024. | "Gewog" level.
Boundaries o
Humanitarian
Affairs

4.4  Methodology

This section details the methodology adopted for the mapping of the Forest Fire Exposure Index.

START OF METHODOLOGY

BUILDING FOOTPRINTS
1. Sourcing Data:
a. Extracting the most recent building footprint data from OSM for the entirety of Bhutan.
2. Data Cleaning and Preparation:

a. Ensuring the data is accurate and up-to-date by removing any duplicates or irrelevant
entries and correcting any spatial inaccuracies.

BUFFERS AROUND BUILDING FOOTPRINTS
3. Buffer Generation:
a. Using GIS software to create a 100-metreer buffer zone around each building footprint.
4. Buffer Analysis:

a. These buffer zones are used to identify the surrounding environmental conditions and
potential wildfire risks.
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FOREST FIRE SEVERITY INDEX WITHIN BUFFERS

5. Severity Index Calculation:

a. Analysing the Forest Fire Severity Index data within the buffer zone to determine the

most representative value.

b. This involves looking at various statistics such as the average, median, and mode of the

severity index values within the buffer.

6. Exposure Class Attribution:

a. Assigning a forest fire exposure class to each building footprint based on the calculated

severity index.

b. This class indicates the level of forest fire exposure associated with each building.

GENERALISING EXPOSURE BY ADMINISTRATIVE BOUNDARIES
7. Aggregation by Gewog:
a. Aggregating the exposure data for each building footprint to the gewog level.
8. Statistical Analysis:

a. Calculating various representative exposure indices for each gewog, including average,
median, and most representative values.

b. This helps in understanding the general exposure trends within each administrative

boundary.
9. Visualisation and Reporting:

a. Creating maps and reports that illustrate the generalised exposure levels for each
gewog, which can be used for strategic planning and resource allocation by government

agencies and stakeholders.

END OF METHODOLOGY
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5 PATH FORWARD

51  Building Resilience

5.1.1 How the Indices Contribute to Bhutan’s Climate Resilience

The Forest Fire Severity Index and the Forest Fire Exposure Index are pivotal tools in enhancing
Bhutan's resilience to climate change. By providing accurate, updated data on forest fire risks, these
indices enable more effective decision-making and resource allocation. This proactive approach helps
mitigate the impacts of forest fires, protecting both natural and built environments. Through detailed
risk assessments, these tools empower communities and government agencies to implement
strategies that reduce vulnerability and enhance overall preparedness, ensuring a more resilient
Bhutan.

5.1.2  Emphasising the Role of Collective Action and Shared Knowledge

The success of these indices lies in the collaborative efforts and shared knowledge among various
stakeholders. By making the tools open-source, Geoneon fosters a culture of transparency and
community involvement. Government agencies, local communities, and other stakeholders can access
and utilise the data to enhance their forest fire management practices. This collective action ensures
that knowledge is continuously shared and updated, leading to more informed and effective forest
fire mitigation strategies. The involvement of local communities also promotes a sense of ownership
and responsibility, further strengthening Bhutan’s resilience to forest fires.

5.2  Future Directions

5.2.1  Plans for Further Development and Enhancement

Geoneon is committed to the ongoing development and enhancement of the Forest Fire Severity and
Exposure Indices. Future plans include refining the algorithms to improve accuracy and incorporating
additional data sources to provide even more detailed insights. Continuous updates and
improvements will ensure that the indices remain relevant and effective in the face of evolving forest
fire risks.

5.2.2 Expanding the Tool’s Capabilities and Applications

The potential of these tools extends beyond forest fire risk management. Geoneon plans to expand
the capabilities of the indices to address other climate-related hazards, such as floods and landslides.
By integrating additional environmental data and developing new indices, the tools can provide
comprehensive risk assessments for a range of natural disasters. This versatility will enable Bhutan to
build a robust and adaptive resilience framework, capable of addressing multiple climate challenges.
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6 CONCLUSION

In conclusion, the Forest Fire Severity Index and the Forest Fire Exposure Index are essential tools in
safeguarding Bhutan’s natural and built environments from the increasing threats of forest fires. By
providing accurate, updated data, these indices empower communities, government agencies, and
other stakeholders to make informed decisions, allocate resources effectively, and implement
proactive management practices. The collaborative and open-source nature of these tools ensures
continuous improvement and shared knowledge, fostering a resilient and prepared Bhutan. As we
look forward, expanding the capabilities of these indices to address other climate-related hazards will
further strengthen Bhutan's adaptive resilience framework, enabling the nation to face future
challenges with confidence and collective strength. This is the first version of the training material, and
it is also available online with a geospatial tool, where it will be maintained and updated over the next
few months as the project progresses and the models are refined and updated.
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