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The Pacific Disaster Center (PDC Global) is a research and technology 
organization managed by the University of Hawai‘i that develops 
tools and data systems to support disaster risk reduction and 
humanitarian response worldwide. It is well known for its 
DisasterAWARE platform, which provides real-time early warning, risk 
assessments, and decision support for natural hazards such as 
hurricanes, earthquakes, floods, and wildfires. PDC works with 
governments, NGOs, and international organizations to strengthen 
resilience and improve disaster preparedness and response.

New methods, foundational models, embeddings, agentic workflows and better/more 
accessible data are rapidly evolving the remote sensing and Earth Observation (EO) 
landscape. With that context, these briefs are not comprehensive reviews of the research 
questions posed. They are intended as starting points to frame the questions, highlight 
key considerations, and spark discussion around potential approaches and solutions.



How can geospatial AI models leverage satellite imagery to augment existing global infrastructure 
datasets by detecting informal or unmapped facilities (e.g., temporary shelters, rural clinics, fire 
stations)? 

What are effective methods for updating predictive disaster models (e.g., flood forecasts) with post-
event imagery to distinguish predicted vs. observed impacts?

Regarding displacement, what features in a satellite image (shelter density, change detection, 
nighttime lights, road congestion) are most predictive of displacement? 
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How can geospatial AI models leverage satellite imagery to augment existing global infrastructure 
datasets by detecting informal or unmapped facilities (e.g., temporary shelters, rural clinics, fire 
stations)? 

Research Question:

About the Client

Pacific Disasters Center

The Pacific Disaster Center (PDC Global) is a research and technology 
organization managed by the University of Hawai‘i that develops 
tools and data systems to support disaster risk reduction and 
humanitarian response worldwide. It is well known for its 
DisasterAWARE platform, which provides real-time early warning, risk 
assessments, and decision support for natural hazards such as 
hurricanes, earthquakes, floods, and wildfires. PDC works with 
governments, NGOs, and international organizations to strengthen 
resilience and improve disaster preparedness and response.

Humanitarian Context

Why This Question Matters

What type of context is important 
to consider when grappling with 
this question?

Impact: Faster, broader facility visibility improves 
resource allocation, referral networks, and equitable 
access—especially where registries lag or facilities are 
informal/temporary. It also reduces dangerous blind 
spots in preparedness and response.

Novelty:
 Moves beyond “are there buildings?” to “what kind

of facility is this and is it new/temporary?”
 Multimodal temporal fusion

(SAR+optical+nightlights) for emergent sites is still
underused operationally. MDPI Black Marble

 Foundation-model fine-tuning (Prithvi-EO-2.0 +
PEFT) for low-label humanitarian classes offers
generalization across countries with minimal local
labels. IBM Research arXiv

 Tight feedback loops that write detections back to
OSM/Healthsites/MFL close the gap between EO
analytics and open registries.
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For consideration:
 Discovery rate vs gold

standards (MFL/Healthsites
/ministries) by admin unit

 Where will we get training
data for informal facilities,
which are often absent from
official registries (WHO MFL,
Healthsites, OSM)?

 How do we incorporate
contextual cues (roads,
population density, proximity
to settlements) to improve
detection accuracy?

 What types of facilities are
highest priority for
responders (temporary
health posts, IDP shelters,
firefighting depots, schools
repurposed as shelters)?

 How often must imagery be
updated to capture
temporary or mobile facilities
that appear and disappear
quickly?



How can geospatial AI models leverage satellite imagery to augment existing global infrastructure 
datasets by detecting informal or unmapped facilities (e.g., temporary shelters, rural clinics, fire 
stations)? 

Research Question:
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State of the State

Tools and Tech

 Manual & partner-reported updates 
to national MFLs/registries and 
OSM/Healthsites, often validated 
through field networks or 
humanitarian information 
management clusters.                                                                       
World Health OrganizationHealth 
Data Collaborative

 Foundational layers 
(buildings/settlement/population) 
used as proxies for likely facility 
locations—e.g., Google Open 
Buildings, Microsoft/Bing global 
footprints, HRSL population maps—
and then selectively verified.                                                     
Google ResearchGitHubGee 
Community CatalogOpen Data 
Registry

 Event mapping: UNOSAT/Copernicus 
derive camp/shelter footprints or 
damage layers from high-resolution 
imagery during emergencies, but 
these products are episodic and not 
wired back into persistent 
infrastructure registries. 
UNITARUNOSAT

 ML benchmarks (SpaceNet, 
xView/xBD) advanced 
building/road/damage detection 
and routing, but not “facility-type” 
discovery at scale. 

Temporary shelters / IDP camps:
 VHR optical (≤0.5 m; e.g., Maxar/Skysat) to 

resolve tents/rows, tarps, latrines, communal 
structures.

 SAR (Sentinel-1, commercial) for all-weather 
detection and temporal coherence drops 
when new tents appear rapidly. MDPI+1

Rural clinics / small health posts:
 VHR optical for small roof polygons + 

parking/bay cues; 3–10 m optical (Sentinel-2, 
Planet) for change cues and access networks; 
night-lights for weak activity signals. Black 
MarbleVIIRS Land

Fire stations / emergency depots:
 VHR optical to see vehicle bays/drive-through 

doors; supplement with OSM tags and local 
imports (e.g., HIFLD in the U.S.). 
wiki.openstreetmap.orgOpenStreetMap 
Community Forum

https://www.who.int/publications/i/item/9789241516495?utm_source=chatgpt.com
https://www.who.int/publications/i/item/9789241516495?utm_source=chatgpt.com
https://www.who.int/publications/i/item/9789241516495?utm_source=chatgpt.com
https://sites.research.google/gr/open-buildings/?utm_source=chatgpt.com
https://sites.research.google/gr/open-buildings/?utm_source=chatgpt.com
https://sites.research.google/gr/open-buildings/?utm_source=chatgpt.com
https://sites.research.google/gr/open-buildings/?utm_source=chatgpt.com
https://sites.research.google/gr/open-buildings/?utm_source=chatgpt.com
https://sites.research.google/gr/open-buildings/?utm_source=chatgpt.com
https://unitar.org/sites/default/files/media/file/UNOSAT%20Emergency%20Mapping%20service-MTE%20report.pdf?utm_source=chatgpt.com
https://www.mdpi.com/2072-4292/10/7/1026?utm_source=chatgpt.com
https://blackmarble.gsfc.nasa.gov/?utm_source=chatgpt.com
https://blackmarble.gsfc.nasa.gov/?utm_source=chatgpt.com
https://blackmarble.gsfc.nasa.gov/?utm_source=chatgpt.com
https://wiki.openstreetmap.org/wiki/Tag%3Aamenity%3Dfire_station?utm_source=chatgpt.com
https://wiki.openstreetmap.org/wiki/Tag%3Aamenity%3Dfire_station?utm_source=chatgpt.com


What are effective methods for updating predictive disaster models (e.g., flood forecasts) with post-
event imagery to distinguish predicted vs. observed impacts?

Research Question:

About the Client

Pacific Disasters Center

The Pacific Disaster Center (PDC Global) is a research and 
technology organization managed by the University of Hawai‘i 
that develops tools and data systems to support disaster risk 
reduction and humanitarian response worldwide. It is well 
known for its DisasterAWARE platform, which provides real-
time early warning, risk assessments, and decision support for 
natural hazards such as hurricanes, earthquakes, floods, and 
wildfires. PDC works with governments, NGOs, and 
international organizations to strengthen resilience and 
improve disaster preparedness and response.

Humanitarian Context

Why This Question Matters

What type of context is important to consider 
when grappling with this question?

Impact: Faster convergence of the forecast to reality improves 
tasking, evacuation, and relief logistics while reducing false alarms 
and missed hot spots. Decisions at stake: evacuation orders, relief 
logistics, insurance payouts, humanitarian staging. Shortens the lag 
between “forecast” and “ground truth,” so responders can decide 
with confidence. Improves humanitarian coordination: where to 
send boats, shelters, or medical teams. Builds accountability: 
governments and insurers can compare predicted vs. observed 
losses transparently.

Novelty:
 Bringing post-event SAR/altimetry into the forecast

(PF/EnKF/Var) moves beyond static validation; SWOT-era WSE
assimilation and probabilistic flood-map DA are new operational 
frontiers.

 Forecasts diverge from reality (DEM errors, uncertain rainfall, 
missing levee breaches). Incorporating actual imagery can 
improve models.

 Leveraging SWOT altimetry (2023-) to provide unprecedented
inland water surface elevation data.

 Integrating probabilistic SAR flood extents rather than brittle
binary masks.

 Framing outputs explicitly as predicted vs. observed impacts for
decision-makers — a shift from academic validation to
operational accountability.
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 Forecast models (hydrologic + hydraulic)
drive where to stage teams and aid during
floods, but access is limited and ground
truth is sparse. Post-event satellite maps
(e.g., Copernicus EMS, UNOSAT) are often
produced quickly, yet they’re used mainly
for situational awareness—not to update
the running forecast so we can separate
predicted vs. observed impacts in near-
real time.

 Are predictive models (e.g., GloFAS, HAFS,
GFMS) and EO observations (e.g.,
Sentinel-1, Planet, SWOT, VIIRS) operating
at a spatial and temporal resolution that
matches humanitarian decision windows 
(hours–days, district–settlement scale)?

 What is the acceptable latency for
different humanitarian use cases (e.g., 
evacuation vs. logistics routing vs. 
recovery planning)?

 How do updated hazard predictions
translate into impact forecasts (people, 
buildings, critical facilities affected) rather 
than just hazard maps? Can assimilation 
workflows also adjust exposure 
intersections (e.g., correcting population-
at-risk numbers as observed extents come 
in)?



What are effective methods for updating predictive disaster models (e.g., flood forecasts) with post-
event imagery to distinguish predicted vs. observed impacts?

Research Question:
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State of the State

Tools and Tech

 Hydrologic/hydraulic models (HEC-
RAS, LISFLOOD, GLOFAS, Delft-FM) 
predict flood extents based on 
rainfall, soil moisture, and river 
discharge. 

 Event mapping from Sentinel-1 SAR 
(and optical when cloud-free) gives 
flood extents, but assimilation into 
forecasts is still emerging; where 
tested, SAR-derived probabilistic flood 
maps or extents improve streamflow, 
water level, and inundation 
predictions. 

 Satellite data is already widely used 
for initializing and validating flood 
models, but only a small set of 
research-to-ops efforts. Most 
agencies still compare forecasts to 
flood maps after the fact (for 
validation and model tuning). 

 Hydrologic forcing from satellite 
precipitation (GPM IMERG) and 
antecedent conditions from soil-
moisture missions (e.g., SMAP) 
initialize models; hydrodynamic 
solvers (HEC-RAS 2D, LISFLOOD-FP, 
TELEMAC, etc.) then simulate 
depth/extent.

Examples:
 During/after event: Sentinel-1 SAR flood 

extents (cloud-penetrating) and change 
detection; cloud-aware optical (Sentinel-
2/Planet) when available. 

 Forcing & initial states: GPM IMERG near-real-
time precipitation (Early/Late runs) and 
SMAP/Sentinel-1 soil moisture to reset 
wetness and reduce runoff bias. 

 Water levels & slopes: SWOT (and altimetry 
like Sentinel-3/Sentinel-6) water-surface 
elevations to constrain discharge and 
floodplain hydraulics.

Flood extents: Sentinel-1 SAR (cloud-penetrating, 
~6–12 day revisit), Planet/Maxar optical when 
cloud-free.Water levels: Altimetry (Sentinel-3, 
Jason-3, SWOT since 2023).Damage footprints: 
Copernicus EMS, UNOSAT, and commercial rapid 
maps.
Rainfall: GPM IMERG, CHIRPS, ECMWF/ERA5 drive 
hydrologic models.
Soil moisture: SMAP, Sentinel-1 backscatter helps 
initialize antecedent wetness.
DEM/topography: SRTM, Copernicus DEM, 
TanDEM-X are standard for floodplain geometry.



Regarding displacement, what features in a satellite image (shelter density, change detection, 
nighttime lights, road congestion) are most predictive of displacement? 

Research Question:

About the Client

Pacific Disasters Center

The Pacific Disaster Center (PDC Global) is a research and 
technology organization managed by the University of Hawai‘i 
that develops tools and data systems to support disaster risk 
reduction and humanitarian response worldwide. It is well 
known for its DisasterAWARE platform, which provides real-time 
early warning, risk assessments, and decision support for natural 
hazards such as hurricanes, earthquakes, floods, and wildfires. 
PDC works with governments, NGOs, and international 
organizations to strengthen resilience and improve disaster 
preparedness and response.

Humanitarian Context

Why This Question Matters

What type of context is important to 
consider when grappling with this 
question?

Impact: 
Earlier, more reliable detection of displacement 
improves site planning, service delivery, and 
protection especially where access is constrained and 
surveys lag. UNHCR’s record-high displacement totals 
amplify the need for scalable, ethically-governed 
signals. 

Novelty:
 Moves beyond one-off maps to a feature-ranked,

multimodal indicator stack (VHR-SAR-NTL +
traffic) with out-of-sample validation to bridge
operational mapping and predictive analytics.

 Frontier trend: Applying geoAI and foundation
models (e.g., Prithvi-EO-2.0, TorchGeo pipelines)
to automate feature extraction at scale, while
coupling to humanitarian ground truth
(IOM/UNHCR data).
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 Which features are consistently
predictive across contexts (conflict
vs. flood vs. drought) and which are
highly context-specific?

 Does shelter density always indicate
displacement, or can it be confused 
with normal urbanization?

 Are nighttime lights anomalies
reliable in rural/off-grid settings, or
do they under-represent the
displaced?

 What are the ground truth data
sources for displacement (UNHCR
registration, IOM DTM, NGO
reports), and how granular are
they?

 How to balance precision (avoiding
false alarms) vs. recall (not missing
hidden displaced groups)?

 Which features matter most to
humanitarian decision-makers
(predicting where to send aid vs.
why people moved)? Should models
prioritize early warning (leading
signals like road congestion) or
post-hoc confirmation (shelter
growth)?



Regarding displacement, what features in a satellite image (shelter density, change 
detection, nighttime lights, road congestion) are most predictive of displacement? 

Research Question:
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State of the State

Tools and Tech

Shelter mapping & density
Mature but manual/episodic: UNOSAT, 
Copernicus EMS, and NGOs use VHR optical 
(Maxar/WorldView, Planet) and sometimes 
Sentinel-1 SAR to map tent/camp 
footprints. Shelter counts or surface area 
expansions are used as proxies for 
population (e.g., Cox’s Bazar, Rohingya). 
These are strong post-event indicators but 
rarely integrated into predictive pipelines.

Change detection (SAR & optical)
Sentinel-1 coherence loss is a well-
established signal for new lightweight 
structures, expansion of informal 
settlements, and even pre-displacement 
triggers (flooded homes, destroyed 
buildings).Often used for damage 
assessment; fewer operational systems 
explicitly model “new displacement” from 
change metrics.

Nightime Lights
VIIRS (and NASA’s Black Marble products) 
have been used to track sudden drops in 
brightness after conflict/disaster 
(indicating out-migration) and sudden 
spikes around new camps or aid bases. 
NTL is noisy in rural/low-income settings 
and influenced by power supply, but it’s 
one of the few daily, global displacement 
proxies.

Road congestion / mobility proxies
VHR object detection (vehicles/convoys) 
has been shown in case studies (e.g., 
Ukraine 2022, Syria, Ethiopia). Useful as a 
near-event indicator, but requires 
commercial tasking and is hard to sustain 
globally. Increasingly complemented by 
non-EO mobility data (call detail records, 
app data) where available.

Examples
• VHR optical (≤0.5 m) for tent/structure

counts, parking/vehicle queues, and fine-
grained morphology. (Maxar/WorldView; case
studies in camps.)

• C-band SAR (Sentinel-1; commercial SAR) for
all-weather change/coherence signatures of
rapid settlement growth.

• Nighttime lights (VIIRS/day-night band; Black
Marble) for daily–monthly anomaly detection
with established development/conflict
analytics.

Methods
• Graph neural networks and mobility data

fusion approaches emerging for displacement
prediction

• Foundation models enable multi-modal fusion
(SAR+optical+NTL) through unified
embeddings



Can we predict where spontaneous settlements will be built?

Can we predict which populations are most likely to be affected by 
wind and flood damage to preposition and prioritize assistance?

Can we predict where fire hazards are highest for displaced people?
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Can we predict where spontaneous settlements will be built?

Research Question:

About the Client

International Organization for Migration

The International Organization for Migration (IOM) is the 
UN agency dedicated to promoting safe, orderly, and 
humane migration. It supports governments and 
migrants through services and policy advice on areas like 
migration management, humanitarian response, 
displacement, resettlement, and integration. IOM also 
works on issues such as human trafficking, migrant 
health, and climate-related migration.

Humanitarian Context

Why This Question Matters

What type of context is important to 
consider when grappling with this 
question?

Impact: 
Spontaneous (self-settled) sites emerge when displaced 
people choose locations themselves, often outside formal 
plans and sometimes under “no-camp” policies creating 
issues for aid delivery and risk management. These sites 
are highly vulnerable: poor drainage, insecure tenure, 
exposure to hazards. Yet they frequently become semi-
permanent, hosting tens of thousands of people. Predicting 
likely settlement zones could enable weeks of lead time for 
aid delivery, reduce exposure to floods/landslides, and 
improve land negotiations with authorities. Helps prevent 
“invisible” populations falling through the cracks when they 
self-settle outside formal systems.

Novelty:
 Shifts from mapping the existence of termporary

settlemetns to forecasting their emergence.
 Fuses static suitability factors (DEM, roads, water, land

cover) with dynamic EO signals (SAR change, NTL
anomalies).
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 At what spatial resolution do
predictions need to operate (district-
level? parcel-level?) to be actionable
for site planning and land
negotiations?

 What factors drive self-settlement?
Physical suitability (flat land,
drainage, flood risk, vegetation
clearance costs).  Access (roads,
markets, water points). Social/policy
constraints (exclusion zones, no-
camp policies, tenure rules).

 How do these differ across conflict-
driven displacement, disaster-driven
displacement, or slow-onset
migration?

 Where are datasets of historic
spontaneous settlements (Lebanon
informal sites, Rohingya self-settled
areas) that can serve as
training/validation?

 How do we measure prediction
accuracy (hit rate, false alarms, lead
time) in ways that matter
operationally?



Research Question:
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State of the State

Tools and Tech

Suitability mapping for planned 
sites
Sphere and all humanitarian 
technical guidance outlines siting 
principles (slope/drainage, 
hazards, WASH access, access to 
services), but operational 
workflows typically evaluate 
candidate sites rather than 
predict emergent self-settlement 
locations.

Informal settlement detection 
(post-hoc).
A mature literature maps 
informal settlements using VHR 
or Sentinel-2 with ML, but most 
work is retrospective 
classification, not forward 
prediction of new sites.

Informal settlement detection 
(urban focus)
Active research on using 
Sentinel-2, VHR, and ML to 
classify informal settlements in 
cities (e.g., Nairobi, Cape Town). 
Most studies are urban, static 
classification tasks, not rural or 
displacement-driven 
spontaneous camps.

Early Warning Proxies
Some exploratory work links SAR 
coherence loss (new lightweight 
structures), nighttime lights 
anomalies (new activity clusters), 
and road access patterns to 
emerging settlements.

Early signals of emergence
 Change detection: bursts of new lightweight structures (VHR

optical), Sentinel-1 coherence loss, rapid track/footpath
emergence.

 Night-lights anomalies: small VIIRS spikes indicating
generators/lighting; useful near towns but weak in fully off-grid
rural contexts. (Evidence base from informal-settlement mapping
and NTL analytics is growing but contextual.)

Physical suitability & risk: 
 Topography: slope/elevation from Copernicus DEM to avoid steep

or flood-prone terrain; flat, drainable land tends to be
favored/allowed.

 Hydrology: proximity to water balanced with flood avoidance using
JRC Global Surface Water/hydro layers.

 Land cover/land use: open/cropland/fallow areas (lower clearing
costs) and existing built-up edges via ESA WorldCover 10 m and
GHSL built-up.

Access, services & livelihoods
 Road proximity: distance to primary/secondary roads (often OSM,

sharpened with optical/SAR); near markets, clinics, water points.
 Urban/peri-urban fringe: GHSL/SMOD layers capture settlement

hierarchy—peri-urban belts are recurrent self-settlement zones.
 Exclusion zones: protected areas, military sites, private tenure, or

legal “no-camp” jurisdictions (e.g., Lebanon) where spontaneous
sites still appear but with different patterns/risks.

Can we predict where spontaneous settlements will be built  and 
Which will be the largest?



Can we predict which populations are most likely to be affected by 
wind and flood damage to preposition and prioritize assistance?

Research Question:

Humanitarian Context

Why This Question Matters

The bottleneck isn’t knowing that a storm will hit, 
but knowing where the damage will be most severe 
and who will be most impacted.

Impact: 
Responders need to know who will be hit, where, 
and when by high winds, storm surge, and 
riverine/flash floods to stage evacuations, relief, and 
restoration crews. Global forecast systems and 
rapid-mapping products exist, but they’re uneven 
across hazards and often aren’t wired to exposure 
layers (population, buildings, critical facilities) in a 
way that yields actionable prioritization within the 
decision window. Moving from “where hazards may 
occur” to “who will likely be affected and how 
much” makes evacuation, sheltering, and restoration 
faster and fairer.

Novelty:
 Fusion of ensemble hazard forecasts + EO

exposure layers is relatively new in 
humanitarian ops.

 Assimilation of SAR/NTL into running models to
update impacts is frontier science.

 Compound risk modeling (wind + surge + river
floods together) is emerging but rare.

 Can forecast lead times (hours–days) be matched to
humanitarian decision windows for prepositioning
supplies?

 Do available population datasets (WorldPop, HRSL,
census) accurately reflect displaced populations,
informal settlements, or seasonal migrants?

 How complete are building footprint datasets
(Microsoft, Google, OSM) in low-data regions and
what is the error margin when estimating impacts?

 Should models account for critical infrastructure
(hospitals, roads, WASH facilities) rather than just
people/buildings?

 Flood: GloFAS captures large rivers — but how do
we handle flash floods, urban floods, and coastal
surge, which drive humanitarian displacement?

 How do we balance false positives (wasting
resources where no damage occurs) vs. false
negatives (under-preparedness in badly hit zones)?

 How can models be designed to output simple,
actionable products (priority grids, district-level risk
tiers) that fit into existing humanitarian dashboards
(OCHA, UNHCR, WFP)?

 Do models unintentionally miss vulnerable groups
(e.g., refugees outside official camps, informal
urban settlements not in official data)?

 How do we integrate ground truthed data sets from
the ground (e.g. DTM)

About the Client

International Organization for Migration

The International Organization for Migration (IOM) is the 
UN agency dedicated to promoting safe, orderly, and 
humane migration. It supports governments and 
migrants through services and policy advice on areas like 
migration management, humanitarian response, 
displacement, resettlement, and integration. IOM also 
works on issues such as human trafficking, migrant 
health, and climate-related migration.
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Can we predict which populations are most likely to be affected by wind and flood damage to 
preposition and prioritize assistance?

Research Question:
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State of the State

Tools and Tech

Flood forecasting & monitoring
 Ensemble river-flood early

warning at global scale via
GloFAS; strong for major basins
but not for flash/urban/coastal
flooding (explicit limitation).
Local hydraulics/nowcasting still 
required.

 Near-real-time rainfall forcing
via GPM IMERG
(Early/Late/Final runs with 30-
min, ~4–12 h latency options), 
feeding systems like GFMS for 
event-scale inundation 
estimation. 

 Event mapping: flood extents
from Sentinel-1 SAR (cloud-
penetrating) and optical when 
clear; widely used by 
Copernicus EMS/UNOSAT and 
replicated by open workflows. 

Drivers & hazard context: 
 Wind: NOAA/NHC wind-speed probability

products (≥34kt, ≥50kt, ≥64kt).New HAFS model
(operational since 2023) improves track/intensity.

 Flood: GloFAS: global streamflow forecasts (good
for large rivers, weaker for flash/urban/coastal
floods).GFMS: assimilates GPM IMERG rainfall
into hydrologic models for global flood
nowcasting.

 Surge: SLOSH/P-Surge (probabilistic storm surge);
ADCIRC (higher-res coastal inundation, coupled
tide/surge/waves).

Exposure layers: 
 Population: WorldPop/HRSL,
 Settlements: GHSL built-up, Microsoft/Google

building footprints for people/assets at risk.

Impact signals:
 Flood extents: Sentinel-1 SAR (cloud-

penetrating), Sentinel-2/Planet/Maxar (optical
when clear).

 Wind damage: SAR coherence loss and optical
change detection (roof loss, debris).

 Outages: NASA Black Marble night-lights for
population-scale power disruption.

Cyclone winds & storm surge
 Track/intensity & wind probabilities from

NOAA/NHC (wind-speed probability products;
improved hazard graphics) and HAFS as NOAA’s
next-gen coupled hurricane model.

 Coastal inundation via SLOSH (risk/evacuation
guidance) and high-res, coupled ADCIRC surge–
tide–wave modeling for operations/research

Exposure & impact estimation (who/what is hit)
 Intersect hazard footprints with population

grids (WorldPop, HRSL), built-up/settlement
layers (GHSL), and building footprints
(Microsoft/Google, OSM) to estimate people
and assets affected. Exposure completeness &
bias (building footprints/pop) varies by country.
Cross-check WorldPop/HRSL with local
registries/OSM.

 Power-outage proxies from NASA Black Marble
night-lights support rapid impact triage and
recovery monitoring.



Can we predict where fire hazards are highest for displaced people?

Research Question:

Humanitarian Context

Why This Question Matters

What type of context is important to consider when 
grappling with this question?

Impact: 
Displaced populations living in tented camps, 
informal settlements, and dense shelters face 
extremely high fire risk. Fires spread quickly in 
lightweight, closely packed shelters; they destroy 
homes and vital supplies and often cause 
preventable deaths. In places like Cox’s Bazar, 
Greece’s Moria camp, and urban informal 
settlements, fire is a chronic threat. Anticipating 
where fire hazards are highest could help 
humanitarians reconfigure layouts, pre-position 
firefighting assets, and raise awareness.

Novelty:
 Shifting from global wildfire models (vegetation

focus) to micro-scale, settlement-driven fire
hazard prediction for camps and informal sites

 Combining VHR structure density + thermal
stress + NTL + vegetation dryness could yield
first-of-its-kind predictive surfaces for displaced
populations.

 Current detection of fires is too coarse for camp-
scale and not predictive.

 How to balance coverage vs. granularity when
displaced settlements are small but globally
widespread?

 Unlike wildlands, camps/informal settlements
burn synthetic materials, plastics, corrugated
metal, and fabric tents — do existing fire indices
(based on vegetation dryness/fuel load)
translate?

 Fires in camps often start from cooking, heating,
faulty wiring, candles — how can proxies for
human activity (nighttime lights, density, cooking
area expansion) be integrated into models?

 Should models include socio-political context
(e.g., electricity scarcity, restrictions on cooking
fuels, overcrowding) alongside geospatial
predictors?

 How do we communicate risk in ways that
empower communities (fire safety training,
layout redesign) rather than just label them as
“high risk”?

 Can local fire brigades, NGOs, or camp
committees provide community-based hazard
mapping to ground-truth EO signals?

 How do we factor in social issues (e.g. conflict
and arson)

About the Client

International Organization for Migration

The International Organization for Migration (IOM) is the 
UN agency dedicated to promoting safe, orderly, and 
humane migration. It supports governments and 
migrants through services and policy advice on areas like 
migration management, humanitarian response, 
displacement, resettlement, and integration. IOM also 
works on issues such as human trafficking, migrant 
health, and climate-related migration.
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Can we predict where fire hazards are highest for displaced people?

Research Question:

Chris Chiesa

Sarah Bryan

Mary Gardner Coppola

State of the State

Tools and Tech

Traditional Wildfire Risk and Hazard 
Modeling (Mature)
Wildfire danger mapping using 
MODIS/VIIRS vegetation + weather 
(GFED, FireCCI, NASA FIRMS), thermal 
(ECOSTRESS, Sentinel-3 SLSTR). Wildfire 
danger indices, which combine 
meteorological data with vegetation 
dryness and fuel loads. These are well-
established in operational systems.

Deep learning methods now enhance 
detection, severity estimation, and 
spread forecasting using satellite 
imagery (e.g., multi-temporal modeling 
with ConvLSTM architectures and fires 
dataset benchmarks like TS-SatFire).

Rapid Detection Versus Prediction in 
Camp Settings (Sparse)
Few systems translate these methods 
into camp-scale fire-hazard mapping. 
One study mapped burned scars in 
Rohingya camps using Sentinel-2 and RF 
models but this remains largely a case 
study, not a predictive system.

Informal settlement fire risk studies 
(esp. South Africa, Kenya) linking roof 
density, building materials, and thermal 
data.

Hazard mapping (static, risk factors)
• Vegetation/fuel loads: Global Fire Danger

Index, MODIS/VIIRS vegetation indices (NDVI,
NDMI) used in wildfire science.

• Urban heat islands & settlement density: VHR
imagery (Maxar/Planet) and settlement
datasets (GHSL, Microsoft footprints,
OpenStreetMap) to identify high-density,
flammable roofing clusters.

• Proximity to ignition sources: Power lines,
cooking areas, fuel storage mapped via VHR
or drone imagery.

Settlement density & materials: 
• VHR optical + SAR coherence for identifying

tightly packed, flammable shelters.
• Thermal stress: MODIS/VIIRS/Landsat thermal

bands for hot/dry surfaces; ECOSTRESS for
high land-surface temperature stress.

• Vegetation dryness: MODIS/VIIRS NDVI
anomalies; Sentinel-2 red edge indices.

• Nighttime lights: Proxy for cooking/fuel use
intensity, potential ignition hotspots.

• Change detection: Rapid SAR (Sentinel-1) or
Planet optical for detecting growth of new,
unplanned high-density zones at fire risk.



How can we use remotely sensed imagery to monitor temperature microclimates, at high 
resolution spatial and temporal scales, to understand the exposure of communities to 
different levels of extreme heat?

What are the best ways to use remotely sensed imagery, including multi-spectral and potentially 
hyperspectral sensors, to map not only the extent of smoke plumes related to wildfires, but also 
their height relative to ground and their particulate composition?

What are the best emerging uses of new geospatial embeddings like AlphaEarth, in combination with other 
relevant data and imagery, to model and map key disaster resilience factors at high resolution, including the 
potential susceptibility of landscapes to fire and floods, and the exposure of communities to those hazards?

Can remote sensing help detect depleting water tables via impact on vegetation; and 
detect humidity at some useful scale ?
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How can we use remotely sensed imagery to monitor temperature microclimates, at high 
resolution spatial and temporal scales, to understand the exposure of communities to 
different levels of extreme heat?

Research Question:

About the Client

Crisis Ready

Crisis Ready is a research and response initiative based at 
Harvard and Direct Relief that helps communities better 
prepare for and respond to disasters. It combines data 
science, humanitarian expertise, and local partnerships to 
deliver real-time insights that guide decision-making 
during crises. The program focuses on making disaster 
response more equitable, effective, and evidence-based.

Humanitarian Context

Why This Question Matters

What type of context is important 
to consider when grappling with 
this question?

Impact: 
Extreme heat is a leading silent killer, often surpassing 
floods or storms in mortality, but it is under-monitored in 
humanitarian settings. Cities in low- and middle-income 
countries are especially vulnerable because of Urban Heat 
Islands (UHIs), where built-up surfaces trap and radiate 
heat. Vulnerable groups like the elderly, children, outdoor 
laborers, and those living in informal or underserved 
neighborhoods face disproportionate exposure due to: high-
density housing with poor ventilation and limited green 
cover; materials like corrugated iron or concrete that store 
heat; and low access to cooling, water, and health care.

Novelty:
 Using fusion/downscaling to achieve daily, high-res 

temperature monitoring at the scale of microclimates 
(10–100 m)

 Directly linking EO-based microclimate exposure to heat 
health outcomes in marginalized communities

 How do we link Land 
Surface Temperature with 
human exposure? (e.g., 
what’s the correlation 
between LST and actual 
indoor/ambient 
temperatures in shelters 
made of tarp vs. 
corrugated metal?)

 Can we incorporate socio-
demographic data (age, 
health status, livelihood 
activity) to prioritize the 
most vulnerable?

 Can we monitor diurnal 
variations (day vs. night 
heat retention) critical to 
human health?
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How can we use remotely sensed imagery to monitor temperature microclimates, at high resolution 
spatial and temporal scales, to understand the exposure of communities to different levels of extreme 
heat?

Research Question:

Chris Chiesa

Sarah Bryan

Mary Gardner Coppola

State of the State

Tools and Tech

Urban Heat Islands & Surface 
Temperature Monitoring
 Researchers combine LST with land 

cover indices (NDVI, NDBI) to show 
how vegetation, impervious surfaces, 
and density influence microclimates.

Data fusion/downscaling: 
 Machine learning/statistical models 

fuse coarse daily LST (MODIS/VIIRS) 
with high-res optical (Sentinel-2, 
Planet, Maxar) to produce 30–100 m 
daily heat maps.

 SAR & thermal synergy: Sentinel-1 
SAR provides urban morphology and 
soil moisture context, improving LST 
downscaling and modeling of 
nighttime heat retention.

Frontier work:
 ECOSTRESS captures diurnal 

variations (within-orbit revisit), used 
to map how long heat lingers at 
night in different neighborhoods.

 Research combining EO LST with 
ERA5 hourly reanalysis to 
reconstruct daily heat cycles at 
neighborhood scales.

 Thermal inertia modeling: Using SAR 
(Sentinel-1) to characterize built-up 
surfaces’ ability to store/release 
heat.

 Cities like Los Angeles, Delhi, and 
Nairobi have seen EO-based 
microclimate studies linking intra-
city heat patterns to socioeconomic 
vulnerability.

Land Surface Temperature (LST):
 MODIS (1 km, daily) and VIIRS (375–750 m, daily) 

are widely used for broad heatwave and UHI 
monitoring. Good for regional trends but too 
coarse for block/neighborhood analysis.

 Landsat TIRS (30 m, 16-day) provides fine spatial 
detail but low revisit frequency.

 ECOSTRESS (70 m, variable revisit) from the ISS 
provides some of the best camp/neighborhood-
scale LST data but coverage is inconsistent.

Optical sensors (downscaling & context)
 Sentinel-2 (10 m) – vegetation, impervious cover, 

urban morphology.
 PlanetScope (3–5 m) / Maxar (~0.5 m) – ultra-fine 

spatial context where accessible.

SAR (structural & moisture context)
 Sentinel-1 (10 m) – urban morphology, moisture, 

complement to thermal downscaling.
 Commercial SAR (TerraSAR-X, ICEYE) – higher 

resolution, case-based.

Urban data integration: 
 Building footprints (Microsoft, OSM), population 

datasets (WorldPop, HRSL), and NDVI/NDBI layers 
for exposure context.



What are the best ways to use remotely sensed imagery, including multi-spectral and potentially 
hyperspectral sensors, to map not only the extent of smoke plumes related to wildfires, but also 
their height relative to ground and their particulate composition?

Research Question:

Humanitarian Context

Why This Question Matters

What type of context is important 
to consider when grappling with 
this question?

Impact: 
Wildfire smoke is a global health hazard, affecting millions 
through respiratory illness, cardiovascular stress, and 
reduced visibility for aviation and emergency operations. 
Communities downwind of large wildfires, often hundreds of 
kilometers away, face health crises from PM2.5, ozone 
precursors, and toxic particulates.  Effective monitoring 
requires not just extent of smoke, but also vertical height (to 
determine dispersion/transport) and composition (to assess 
toxicity and PM content). Improves public health warnings 
(who is exposed, to what extent, and to which pollutants).

Novelty:
 Moving from simple smoke extent mapping to 3D, 

composition-aware plume monitoring.
 Integrating hyperspectral EO + lidar + trace gas sensors 

for a multi-dimensional smoke monitoring system.

 How accurate do plume 
height estimates need to 
be to predict downwind 
transport and surface-
level exposure?

 Which aerosol classes 
matter most for health-
relevant risk mapping 
(PM2.5, black carbon, 
organic carbon, heavy 
metals)?

About the Client

Crisis Ready

Crisis Ready is a research and response initiative based at 
Harvard and Direct Relief that helps communities better 
prepare for and respond to disasters. It combines data 
science, humanitarian expertise, and local partnerships to 
deliver real-time insights that guide decision-making 
during crises. The program focuses on making disaster 
response more equitable, effective, and evidence-based.
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What are the best ways to use remotely sensed imagery, including multi-spectral and potentially 
hyperspectral sensors, to map not only the extent of smoke plumes related to wildfires, but also their 
height relative to ground and their particulate composition?

Research Question:

Chris Chiesa

Sarah Bryan

Mary Gardner Coppola

State of the State

Tools and Tech

Smoke extent:
EO can map wildfire smoke extent robustly 
(MODIS/VIIRS/GOES), provide some vertical 
plume info (MISR, CALIPSO), and basic 
composition proxies (AOD, trace gases).

Estimating Plume Height (Vertical Injection)
No single operational system yet provides 
continuous, wide-area vertical smoke profiles; 
coverage is sparse. MISR (Multi-angle Imaging 
SpectroRadiometer, Terra): Provides stereo-
based plume height at ~275 m resolution; widely 
used in research, less in operations. CALIPSO 
CALIOP lidar delivers highly accurate vertical 
aerosol profiles (30–60 m vertical resolution), 
detecting layering and plume injection height. 
Limited swath width, so only “curtains” of 
vertical info. GOES/ABI & Himawari-8 
experimental stereo/thermal approaches give 
approximate injection heights.

ML and fusion approaches:
Downscaling plume maps to finer 
resolutions by fusing geostationary 
temporal richness + polar-orbit fine 
spatial detail. Training ML classifiers 
on hyperspectral EO data + ground 
monitors to infer smoke particle 
composition and toxicity.

Frontier: Fusing multi-spectral, 
hyperspectral, and lidar to build 3D, 
composition-aware smoke 
monitoring systems.

Plume Extent (horizontal mapping)
 MODIS (Terra/Aqua, 1 km) and VIIRS (375 m, daily) 

widely used for smoke plume extent, hotspot 
detection, and aerosol optical depth (AOD).

 Geostationary sensors (GOES-16/17 ABI, Himawari-8 
AHI, Meteosat SEVIRI) provide 5–15 min updates, ideal 
for plume dynamics.Sentinel-2 (10–20 m) and Landsat 
(30 m) give high-res optical plume imagery, but low 
revisit.

Plume Height (vertical information)
 MISR (Multi-angle Imaging SpectroRadiometer, Terra): 

Estimates plume height and wind vectors by multi-
angle stereo imaging (275 m res).

 CALIPSO CALIOP (LIDAR): Vertical backscatter profiles 
of aerosols and smoke, ~30–60 m vertical resolution; 
excellent for plume layering but narrow swath.

 GOES-R/ABI + GEO-CAPE (future): Multi-angle or 
stereo techniques provide plume injection height 
estimates.

 Particulate Composition (aerosols, trace gases)
 Multi-spectral AOD retrievals: MODIS, VIIRS, Sentinel-3 

SLSTR, GOES-R used for PM2.5 proxies.
 Hyperspectral sensors (EO-1 Hyperion, now defunct; 

PRISMA, EnMAP): Differentiate smoke plume spectral 
signatures → distinguish organic carbon, black carbon, 
ash.

 TROPOMI (Sentinel-5P): Trace gases (NO₂, CO, HCHO) 
tied to wildfire combustion; coarse but global.

 TEMPO: hourly pollution monitoring over North America



What are the best emerging uses of new geospatial embeddings like AlphaEarth, in combination with other 
relevant data and imagery, to model and map key disaster resilience factors at high resolution, including the 
potential susceptibility of landscapes to fire and floods, and the exposure of communities to those hazards?

Research Question:

Humanitarian Context

Why This Question Matters

What type of context is important to 
consider when grappling with this 
question?

Impact: 
Faster, more transferable risk maps at high resolution 
with fewer local labels are critical where field data are 
scarce. Embeddings like AlphaEarth make high-res, 
transferable hazard-and-exposure mapping feasible 
with fewer labels and faster updates. Pairing them with 
proven hydro/terrain/climate layers and open exposure 
data could deliver actionable, equity-aware resilience 
maps for preparedness and response.

Novelty:
 A single embedding layer can replace dozens of 

hand-engineered covariates, unlock zero/low-shot 
mapping, and enable rapid change-aware updates 
after events. AlphaEarth reports consistent gains 
over prior featurization baselines across diverse 
tasks.

 Can embeddings trained on global 
data detect small, local features 
(like drainage ditches, fire breaks, 
informal shelters) that matter for 
humanitarian operations?

 Do models under-represent small, 
rural, or marginalized communities 
that humanitarians prioritize?

 Which sparse labels best proxy 
susceptibility (e.g., JRC water 
recurrence for floodiness; historic 
fire perimeters for burn likelihood) 
and how to de-bias them?

 How will you explain which 
embedding dimensions drive 
susceptibility to non-technical 
responders? How to quantify 
uncertainty and confidence bands 
around exposure estimates so 
decision-makers don’t over-trust 
predictions?

About the Client

Crisis Ready

Crisis Ready is a research and response initiative based at 
Harvard and Direct Relief that helps communities better 
prepare for and respond to disasters. It combines data 
science, humanitarian expertise, and local partnerships to 
deliver real-time insights that guide decision-making 
during crises. The program focuses on making disaster 
response more equitable, effective, and evidence-based.
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What are the best emerging uses of new geospatial embeddings like AlphaEarth, in combination with other 
relevant data and imagery, to model and map key disaster resilience factors at high resolution, including the 
potential susceptibility of landscapes to fire and floods, and the exposure of communities to those hazards?

Research Question:

Chris Chiesa

Sarah Bryan

Mary Gardner Coppola

State of the State

Tools and Tech

Traditional practice (before 
embeddings)
 Disaster susceptibility models typically 

rely on hand-engineered features: (a) 
Flood: DEM derivatives (slope, flow 
accumulation), water occurrence (JRC 
Global Surface Water), rainfall (GPM), 
soil moisture (SMAP), land cover. (b) 
Fire: Vegetation indices (NDVI, NDMI), 
fuel loads, dryness metrics, weather 
data.

 Exposure is estimated via population 
datasets (WorldPop, HRSL) and 
building footprints (Microsoft, Google, 
OSM).These pipelines work, but 
they’re data-hungry, region-specific, 
and difficult to scale across 
geographies with little ground truth.

Emergence of geospatial embeddings
 These embeddings act as universal geospatial features, 

capturing texture, context, and change signals, reducing 
need for manual feature engineering.

 Benchmarks show embeddings outperform classical 
stacks on tasks like land-cover classification, 
socioeconomic prediction, and environmental 
monitoring, especially in data-scarce regions.

Early applications to hazard & resilience mapping
Flood susceptibility: Researchers are beginning to regress 
historic flood masks or Sentinel-1 derived flood extents on 
embeddings + DEM/climate data → generalized flood risk 
maps in unlabeled basins.
Fire susceptibility: Embeddings plus climate normals + 
vegetation proxies can flag high-risk burn areas, even where 
historic fire data are sparse.
Exposure mapping: Embeddings are being tested to classify 
settlement typologies, roof materials, and peri-urban growth 
— improving detection of informal settlements often missing 
in global datasets.
Transfer learning: Embeddings allow a model trained in one 
region to generalize to another (e.g., flood risk in South Asia 
→ tested in Sub-Saharan Africa).

Embeddings: 
AlphaEarth (Earth Engine dataset, 10 m 
annual); SatCLIP (global location 
encoder); Prithvi-EO-2.0 (multi-temporal 
GFM). 

Hydro & terrain context: Copernicus 
GLO-30 DEM; JRC Global Surface Water 
(occurrence/change). 

Climate forcings: GPM IMERG (30-min 
precipitation, NRT); SMAP (soil moisture). 

Exposure: WorldPop/HRSL (pop) + 
Microsoft/Bing/Google building 
footprints. 

Platforms: Google Earth Engine 
(AlphaEarth available), cloud ML 
(PyTorch/TF/XGBoost), vector search for 
similarity (embedding k-NN).



Can remote sensing help detect depleting water tables via impact on vegetation; and 
detect humidity at some useful scale ?

Research Question:

Humanitarian Context

Why This Question Matters

What type of context is important to 
consider when grappling with this 
question?

Impact: 
Falling water tables and extreme heat/dryness drive 
crop failure, displacement, and conflict over scarce 
water. Even where well data are scarce, you can flag 
groundwater stress and expanding vegetation water-
deficit zones, anticipate crop losses, and target water 
trucking/irrigation controls. Humidity profiles improve 
heat-health alerts and firefighting readiness (fuel 
dryness + atmospheric moisture).

Novelty:
 Using vegetation water stress + subsidence + 

gravimetry as a proxy for groundwater decline
 Using satellite humidity profiles fused with 

reanalysis to approximate near-surface human 
heat stress

 When SMAP/ECOSTRESS show 
stress, can you separate 
groundwater decline from rainfall 
deficit or management changes? 
(Design counterfactuals and use 
rainfall/ET/budget closure.)

 Can EO differentiate short-term 
drought from chronic aquifer 
depletion?

 What is the smallest spatial unit at 
which water stress signals from EO 
become actionable for 
humanitarian planning — district, 
watershed, camp?

 How frequently must data be 
updated (weekly vs. monthly) to 
be useful for early warning 
systems and for operational 
decision-making like water 
trucking or crop assistance?

About the Client

Crisis Ready

Crisis Ready is a research and response initiative based at 
Harvard and Direct Relief that helps communities better 
prepare for and respond to disasters. It combines data 
science, humanitarian expertise, and local partnerships to 
deliver real-time insights that guide decision-making 
during crises. The program focuses on making disaster 
response more equitable, effective, and evidence-based.
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Can remote sensing help detect depleting water tables via impact on vegetation; and 
detect humidity at some useful scale?

Research Question:

Chris Chiesa

Sarah Bryan

Mary Gardner Coppola

State of the State

Tools and Tech

Detecting depleting water tables (indirectly)
• Basin-scale groundwater loss: GRACE/GRACE-FO 

gravimetry tracks total water storage change (incl. 
groundwater) monthly at ~100-300 km scales; it’s the 
global standard for spotting long-term aquifer 
decline. 

• Land subsidence as a proxy: InSAR (e.g., Sentinel-1) 
maps mm–cm/yr subsidence from aquifer 
compaction, useful where pumping causes the 
ground to sink. Numerous city/basin case studies use 
this for groundwater stress. 

• Vegetation water-content & stress: SMAP VOD 
(vegetation optical depth) tracks plant water content 
every 2–3 days globally; VOD anomalies flag drought 
stress tied to soil/groundwater deficits. ECOSTRESS 
maps plant water use/evaporative stress at ~70 m, a 
leading drought indicator that responds as plants 
curtail transpiration. SIF (solar-induced fluorescence) 
from OCO-2/TROPOMI research products shows 
photosynthesis dips that can precede visible 
greenness loss, useful for “flash-drought” early 
signals. 

• Surface soil moisture & structure: C-band SAR 
(Sentinel-1) and passive microwave (SMAP) retrieve 
soil moisture; high-res SAR/VOD research is maturing. 

Detecting humidity (what scale is 
“useful”)
• Column & profile humidity 

(regional): Hyperspectral IR 
sounders (AIRS, IASI/IASI-NG) and 
microwave/combined systems 
provide vertical water-vapor 
profiles at ~10–50 km footprints, 
good for basin/province-scale 
heat-health and convection risk. 

• GNSS radio-occultation (COSMIC-
2, partners): Adds high-quality 
humidity/temperature profiles 
globally for NWP and situational 
awareness, especially over data-
sparse regions

• Near-surface (neighborhood-
scale) humidity: Not directly from 
satellites; best obtained by fusing 
satellite LST/land signals with 
reanalysis (e.g., ERA5-Land) and 
sparse in-situ sensors. Satellites 
alone won’t give reliable block-
level RH.

Groundwater/vegetation stress
• GRACE-FO (monthly, basin): groundwater 

storage anomalies. 
• Sentinel-1 InSAR (days–weeks, 10 m): 

subsidence hot spots → groundwater 
compaction. 

• SMOS, SMAP (2–3 days): soil moisture + L-
band VOD (canopy water) for drought/plant 
water stress.

• ECOSTRESS (~70 m, irregular): evaporative 
stress / ET at settlement/field scale. 

• SIF (OCO-2/3; research): early photosynthesis 
decline signals. 

Humidity
• AIRS/CrIS/IASI/IASI-NG profiles (10–50 km) for 

column & layer water vapor; assimilated into 
models used by responders. 

• GNSS-RO profiles (global, high quality) to 
complement sounders in cloudy tropics.
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