
• HazardEvac is a platform integrating HYSPLIT plume 
simulation with the ERP routing algorithm we devise

➔ It computes exposure-aware routes that reduce 
cumulative dose while preserving practical travel time.

Challenge: A safe evacuation route depends on several time-
dependent factors:
• Exposure: derived from the concentration c(u,t) at cell u, at 
the evacuee’s arrival time t.
• Traversal time: movement time Δt(u,v) depends on the 
effective speed v_eff(g) and the distance of the cell L.
• Direction: movement vector mᵤ,ᵥ is compared with the 
plume-trajectory vector T.
• Proximity: cells near the plume trajectory are penalized 
using Euclidian distance from the cell v to T d⊥(v,T).

Key symbols: u = current cell, v = neighboring cell, g = routing 
cell, t = time, T = plume trajectory.

•  Airborne releases such as toxic gas leaks, radiological accidents, and 
wildfire smoke are fast-evolving and time-sensitive.

• Although immediate protective sheltering is often the preferred

first response, movement may still become necessary later for 
relocation to safer shelter, transfer to emergency reception points, 
family reunification, medical need, or access to infrastructure.

➔ Movement should reduce exposure to airborne release.

➔ The safest route is not always the shortest or fastest route.

• ERP achieves the lowest average exposure compared to 
Euclidean and Random Routing.

• Exposure reductions reach up to two to three orders of 
magnitude in radiological scenarios.

• ERP keeps travel time close to the shortest-path baseline while 
improving safety.

* Exposure thresholds derived from public data
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HazardEvac Simulator: User Interface

•  ERP applies time-dependent A* over the routing grid, where each 
node stores both the arrival time and the cumulative route cost.

• The algorithm minimizes the weighted edge cost:
w(u,v,t) = w_c·exp̃(u,v,t) + w_t·Δt̃(u,v) + w_d·dir̃(u,v) +w_p·prox̃(v).

• Input definition: users select the area, start point, destination, 
mobility mode, and protection assumptions.

•  Plume and route visualization: the interface displays the evolving 
hazard plume together with the computed evacuation route on 
the map.

• Components:

– Exposure
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– Traversal time
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– Directional Penalty
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– Proximity Penalty

• ෧prox 𝑣 = 𝑓​ 𝑑⊥ 𝑣, 𝐓 ,

• Simulator architecture: integrates the web interface, FastAPI 
orchestrator, HYSPLIT simulator, meteorological data stored in the 
local file system.
• End-to-end workflow: generates or loads plume data, maps it to 
the routing grid, computes the ERP route, and visualizes the result.

➔ HazardEvac simulator inspired the development of STEAR (in 
submission to major ACM conference)
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