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This document lists the use cases to be used as part of the “Wildfires” thematic call for proposals, for
the “Wildfire Response” component. The Call for Proposals is underpinned by consultations between
ESA and various stakeholders operating within the wildfire management domain who have guided the
identification of some of the most relevant challenges to be addressed. The objective of this initiative is
to support European industry in studying, developing and demonstrating, operational services to
address current and emerging challenges in wildfire response, by utilising satellite technology and data.
“Wildfire” is here defined as “an unusual or extraordinary free-burning vegetation fire which may be
started maliciously, accidently, or through natural means, that negatively influences social, economic,
or environmental values” - United Nations Environment Programme (2022)

1. INTRODUCTION

When writing the initial proposal, the applicant shall make clear which use case(s) or focus area their
solution will address, if chosen from those listed here. The applicant may address other use-cases if
adequately aligned with the overall theme of the Call for Proposals.

2. FOCUS AREAS

2.1. Early Detection

Early detection is critical to effective wildfire response, as intervention efficacy diminishes rapidly with
time from ignition. Despite significant technological progress, no single solution currently offers reliable,
timely, and scalable detection across diverse geographies and risk profiles.

Camera-based detection systems — often paired with Al-based detection algorithms — are the most
prevalent across Europe, offering detections within minutes in high-risk, well-instrumented areas.
Piloted reconnaissance aircraft and long-range drones support with larger-scale monitoring, and
satellite Earth observation are useful for detections in remote regions, where fires can go unnoticed for
several days. All current approaches, however, carry inherent limitations.

Low-cost Internet-of-Things sensors have limited range and coverage. Weather conditions, regulatory
requirements and endurance dictate long-range drone usability. Manned reconnaissance aircraft
expose pilots to safety risks and rely on visibility conditions that can be degraded by smoke. Al-based
camera detections suffer issues with false positives and reliability. Satellite Earth observation —
depending on the constellation and instrument/s in question — can be constrained by spatial resolution,
cloud cover, revisit frequency and/or latency between image acquisition to delivery. Social-network
based approaches — whether passive or via dedicated applications used by citizens — provide valuable
but inconsistent information streams.

As a result, wildfire detection remains a patchwork of partially overlapping capabilities, often requiring
complex integration across systems. As such, legacy systems like manned watchtowers persist for their
reliability and human verification, highlighting the continued gap between technological potential and
operational trust and uptake.

This focus area invites innovative space-enabled services that advance the state-of-the-art in early
detection of wildfires. Proposals may address one of more of the following areas:
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e Multi-modal detection architectures that merge space-based and terrestrial sensing to improve
detection speed, reliability, and coverage beyond that of any single modality.
¢ Transformative advances within a single modality, such as:
o Considerably reducing the cost of in-situ sensors to enable dense, large-scale deployment.
o Extending the endurance, autonomy, or regulatory viability of drone-based monitoring.
o Enhancing satellite-based detection and alerts using novel payloads, constellations, data
fusion, edge processing, or low-latency delivery.
e Integrated platforms or services that combine multiple detection capabilities into a coherent
operational system, compensating for individual weaknesses and simplifying adoption by end users.
o System-level innovations that address interoperability, data standardisation, latency, regulatory
constraints, and operational trust, enabling seamless integration into existing wildfire response
workflows.
o Entirely new approaches that challenge prevailing assumptions about how and where early
detection should occur.

Proposed solutions should demonstrate a clear pathway towards operational deployment and
measurable impact on detection timeliness, reliability, or cost-effectiveness.

2.2. Fire Monitoring

Monitoring the evolution of an active wildfire is critical to effective response. Near-real-time data enables
first responders to decide on suppression tactics while protecting firefighters, civil protection authorities
to coordinate evacuations, and insurers and infrastructure managers to assess portfolio risk and take
pre-emptive action. Fire-fronts can progress at several kilometres per hour, and so accurate and timely
monitoring is paramount.

At present, fire evolution monitoring is primarily conducted via aerial platforms, owing to their ability to
provide a balance of spatial resolution, coverage and continuous data feeds. However, these platforms
are often limited by endurance, airspace access, and in some cases, connectivity. Beyond the range of
terrestrial communications, maintaining high-throughput data streams is challenging, with satellite
communications typically limited to narrowband links that restrict the volume of information delivered to
command centres. This is true of aerial platforms used for monitoring and those used for dropping water
and fire retardant on target sites, both considered important for adequate fire response monitoring.

Existing satellite Earth observation solutions are generally considered insufficient as a standalone
tactical tool for active fire and rescue operations due to long data refresh times, tasking flexibility, delays
in accessing the data, and the resolution of derived products. Consequently, fire evolution tracking
remains dependent on a few modalities with limited permanence and scalability during protracted or
large-scale events.

This focus area invites innovative space-enabled services that advance the state-of-the-art in space-
enabled and hybrid solutions that deliver actionable fire evolution information with operational speeds.
Proposals may address one of more of the following areas:

e Monitoring solutions that advance data refresh frequency and continuity of fire evolution tracking
across large areas.
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e Connectivity solutions, including innovative uses of satellite connectivity, to either provide high-
throughput communications to firefighting aircraft or use of edge processing and compression
algorithms to deliver the necessary data using narrowband communications links.

o Hybrid solutions that integrate multiple modalities and data sources to provide a coherent near real-
time operational picture of fire evolution.

¢ Provision of information products designed specifically for decision-making during active response,
rather than post-event analysis.

Solutions should demonstrate how satellite-based services can play a meaningful role in advancing fire
evolution monitoring practices, particularly under degraded visibility and connectivity conditions.

2.3. Fire Behaviour Modelling and Simulation

Certain wildfires will inevitably exceed rapid response capabilities, irrespective of detection time. Even
advanced monitoring solutions may prove inadequate when faced with certain phenomena, such as
spotting - in which embers from the source fire are carried by wind and convection and alight fuel in
disconnected areas. Therefore, advancing predictive analytics and simulation techniques is critical to
enabling effective containment and civil protection as a fire evolves. It is also critical to understanding
which fires could become uncontrollable and catastrophic, in advance of their evolution. To do so,
several datasets must be integrated into predictive models including static, quasi-static and frequently
updated dynamic parameters encompassing fire and plume state and history, fuel state and
characteristics, atmospheric and environmental parameters, and infrastructure information.

Existing fire propagation models used by stakeholders can simulate wildfire propagation to produce 3—
12-hour forecasts, however, adequate calibration of such models is considered a pain point. Currently,
calibration is based on incomplete data and lacks high temporal resolution data feeds for validation
appropriate to short-term propagation models. Calibration also differs between regions - between and
within countries - due to the variation in types of wildfires arising in different environments. Phenomena
such as spotting and crown fire transitions prove difficult to model due to their behaviour, the latter a
consequence of ladder fuels — a strong predictor of wildfire severity. Thus, uncertainty compounds and
grows quickly with the forecast horizon.

This focus area invites innovative space-enabled services that advance the state-of-the-art in wildfire
propagation simulation and forecasting. Proposals may address one of more of the following areas:

« Improve calibration, quality and lead-time of wildfire propagation models by fusing multi-source data
(satellite and terrestrial) - fire state and behaviour, fuel state, atmospheric and environmental
forcing, plume measurements, and static or quasi-static parameters (e.g. topography, fire history,
infrastructure constraints...).

« Improve modelling of phenomena such as spotting, convective plumes, crown fire transitions (and
ladder fuel dynamics), and sudden wind shifts, and utilisation in operational workflows.

« Propose entirely new modelling paradigms or simulation techniques that challenge current
assumptions and expand the boundaries of predictive wildfire analytics.

2.4. Other
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Other space-based solutions that improve wildfire response but do not fit directly with the above focus
areas will be considered. These could relate to fire suppression support, communications resilience,
responder safety, robotic and drone augmentation, community solutions, or otherwise.

3. ROLE OF SATELLITE TECHNOLOGY AND DATA

Satellite technology and data must be essential to the provision of proposed services. Satellite
technology is expected to enable such services through provision of the (non-exhaustive) capabilities
below:

Satellite Earth Observation data — such as multi- and hyper-spectral imagery — can be used for
analysis of land cover, soil and vegetation, burnt area, hotspots in areas of interest, or otherwise.
Earth Observation can support with broader mapping or change detection of infrastructure such as
buildings, transportation networks, and bodies of water. Satellite-based radar may support
vegetation monitoring and supplement passive imagery under obscured conditions. SAR (Synthetic
Aperture Radar) solutions may also play a role in detecting surface disturbances in peatland
environments characteristic of so-called “overwintering fires” that persist underground and may be
overlooked by optical sensors. Novel systems utilising algorithms deployed on-board satellites may
reduce the latency to retrieval of fire monitoring data. Geostationary weather satellites (such as the
MTG constellation) provide observations of clouds, winds, moisture and atmospheric instability. This
can complement in-situ observations for atmospheric modelling, crucial in understanding wildfire-
atmosphere coupling (e.g. plume dynamics, pyro-convection). Spaceborne LiDAR and P-band SAR
(e.g. NASA's GEDI and ESA’'s Biomass) may provide data on forest and tree canopy structure to
complement higher-temporal datasets used for fire propagation modelling.

Satellite communications — NB-IoT, Direct-to-Device communications, Low-Earth Orbit (LEO)
Broadband — may enable connectivity to in-situ sensing devices, Al-cameras, drones and aerial
platforms deployed in regions with poor or absent cellular connectivity. Narrowband solutions may
be complemented by novel edge processing algorithms to reduce bandwidth requirements.

GNSS (Global Navigation Satellite System) data is critical for timestamping and georeferencing
of data collected by such platforms, as well as navigating drones and aerial platforms.
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