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The Generic Multi-Risk (GenMR) project, developed with the support of the SCOR Foundation
for Science (project acronym: GenMR SCOR), aims to develop an open-source platform
capable of simulating compound catastrophes from first physical principles, thereby capturing
risks emerging from complex interactions within a virtual environment.

The project is structured into six work packages (WPs). WP1, focusing on the preparation of
the GenMR blueprint; WP2, on the implementation of new perils and environmental layers;
and WP3, on the implementation of the multi-risk core, have all been completed as scheduled
by the end of the first year of the project. WP4, focusing on the implementation of a
hydropower dam and dam-flood model; WP5, on the encoding of the GenMR interaction
matrix; and WP6, on the final compound-event analysis, will be carried out during the second
and final year of the GenMR_SCOR project.

This report summarises the results obtained to date, describes the first scientific publication
associated with the project, which has been submitted to the Journal of Environmental
Management, and outlines the activities planned for the final year leading to the completion of
the project.

1. Project Results at a Glance

e GenMR SCOR project webpage (with presentation of the project, two videos, other

news and meeting material): https:/foundation.scor.com/funded-projects/generic-

multi-risk-genmr-open-source-platform-model-compound-catastrophes
e GenMR SCOR open-source platform (with Python codes):
https://github.com/MignanRiskAnalytics/GenMR_SCOR
e GenMR SCOR online documentation (with project presentation, reference manual
and three tutorials): https://mignanriskanalytics.github.io/GenMR_SCOR/
o Tutorial 1 — Environment generation:
https://mignanriskanalytics.github.io/GenMR _SCOR/notebooks/Tutoriall _Di
gitalTemplate _environment.html

o Tutorial 2 — Peril implementation:
https://mignanriskanalytics.github.io/GenMR_SCOR/notebooks/Tutorial2_Di
gitalTemplate perils.html

o Tutorial 3 — Dynamic risk modelling:
https://mignanriskanalytics.github.io/GenMR_SCOR/notebooks/Tutorial3_Di
gitalTemplate dynamics.html
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e WPI (GenMR blueprint preparation, due Dec. 2025): Completed, with GenMR
v.1.1.1. released on 17 Dec. 2025:
https://github.com/MignanRiskAnalytics/GenMR_SCOR/releases/tag/v1.1.1

e  WP2 (Implementation of new perils & environmental layers, due Jun. 2026):
Completed, with GenMR v.1.1.2. released on 22 Jun. 2026:
https://github.com/MignanRiskAnalytics/GenMR_SCOR/releases/tag/v1.1.2

e  WP3 (Implementation of multi-risk core, due Sep. 2026): Completed, with GenMR
v.1.2.1. released on 28 Sep. 2026:
https://github.com/MignanRiskAnalytics/GenMR_SCOR/releases/tag/v1.2.1
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Gantt chart: All tasks are on track, with the first three WPs (phases I, II and I1I) completed.

2. Highlights from individual WPs

All the results so far obtained by the GenMR_SCOR project are fully accessible on the links
previously listed. Detailed documentations with code snippets, figures and graphs are found in

the three tutorials. Some highlights are provided below to illustrate the main outcomes obtained
in the first year.

e  WPI1: This WP consisted in enhancing the existing CAT Risk Modelling Sandbox,
published in the 2025 Cambridge University Press textbook (Mignan, 2025), by
transitioning from a simple R script to a fully documented object-oriented platform in
Python. The new framework was verified to reproduce the results of Mignan (2025),
including the digital template (i.e., the virtual environment with topography, soil, land
use, city and road network) and ten peril models (asteroid impact, earthquake,
explosion, fluvial flood, landslide, rainstorm, storm surge, tropical cyclone, volcanic
eruption, wildfire). Some examples of results are shown in Figure 1.
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Fig. 1. Reproduction of the results of the 2025 CAT Risk Modelling Sandbox in an improved
framework, providing a blueprint for later developments in compound catastrophe modelling. Shown
here are examples of modelled hazard intensity footprints which characteristics depend on the
underlying simulated environment, such as a virtual topography (grey shades): earthquakes, EQ (top)
and storm surge, SS, caused by tropical cyclones, TC (bottom).
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WP2: This WP consisted in adding three new environmental layers (atmosphere, power
grid, population) and improving existing ones (crop classes added to the land use,
electricity demand and economic outcome added to the urban layer), as well as in
developing models for ten new perils (drought, heatwave, lightning, pest infestation,
tornado, windstorm, blackout, business interruption, public service failure, and social
unrest). Modelling encompasses size-distribution statistics for primary perils, simple
interaction rules for secondary perils, and intensity-footprint modelling for all perils.
Given the large number of models implemented, only two are illustrated in this report:
the atmospheric layer and the blackout model. Both are essential to the general
compound-event modelling framework, as explained in the corresponding figure
captions. Further details are provided in Tutorial 1 (digital template layers) and Tutorial
2 (peril implementation), while their appendices provide more extensive information
on the modelling approaches and their implementation.
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Fig. 2. Atmospheric layer with near-surface temperature as main variable. The mean daily temperature
T(x,y,z) is calculated based on the seminal Energy Balance Climate Model and a standard lapse rate. It
only requires the digital template’s reference latitude for calibration. This layer is crucial for the
modelling of seasonality and the implementation of climate perils, such as heatwaves, droughts and
wildfires. It can also be used as tuning variable for global warming projections in future GenMR_SCOR
developments.
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Fig. 3. Power Grid Damage and Subsequent Blackout. A generic power grid has been developed,
comprising three generator nodes (a thermal power plant within the virtual city, a hydropower dam
upstream, and a wind farm on the nearby hills) along with substations connecting the generators to the
city and a square-grid representing the urban distribution network (top left). Electrical power flows are
constrained by population demand, resulting in spatially varying load-node sizes (top right). When the
grid is damaged (e.g., through the failure of a transmission line; bottom left), power is automatically
redistributed across the network. This redistribution may ultimately lead to a blackout if parts of the
network lose their connection to a generator or if cascading failures occur due to line overloading
(bottom right). Overloading may also result from increased electricity demand during a heatwave. A
blackout can cause business interruption. The dynamics of the power grid is therefore key to compound-
event modelling: its extensive spatial footprint makes it potentially vulnerable to multiple stressors,
such as natural hazards, while grid damage provides a mechanism for risk to propagate from natural
and technological systems to the socio-economic system.



e WP3: This WP consisted in developing the multi-risk properties of the GenMR
platform, with the following steps being implemented:

o Time series modelling: The time variable (event occurrence time within a year)

is simulated using the uniform distribution as default and the von Mises

distribution when seasonality applies. Time sampling leads to the use of the Year
Loss Table (YLT) instead of the Event Loss Table (ELT) of the previous WP.
Number of events per simulated year is drawn from the Poisson distribution for
independent events and from the negative Binomial for clustered events (e.g.,
storms).

o Common environmental driver (compound event modelling I): As a test case

for modelling a common driver in GenMR, near-surface temperature is used as
the primary input variable. A simple precipitation rule is combined with
seasonal temperature variations to simultaneously model heatwaves, droughts,
wildfires, and heavy rainfall events. Although the precipitation rule remains ad
hoc, it is sufficient for the framework development carried out in WP3, with
further model improvements planned for WPS5. Figure 4 illustrates how multiple
events emerge from the common environmental driver, how they are correlated
(heatwaves, droughts, and wildfires) or anticorrelated (heavy rainfall), and how
their occurrence becomes concentrated in time as a function of the underlying
seasonality.
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Fig. 4. Testing compound event modelling driven by a common environmental driver (temperature,
combined with a simplified atmospheric-water content variable). Top left: The distribution of emerging
events shows a concentration during the summer period. Top centre: Heatwave, drought, and heavy
rainfall durations follow an exponential distribution. Top right: Wildfire burnt areas follow a pure



power-law distribution, both providing basic validation of the different models. Bottom left: Time series

of events from different one-year GenMR simulations, illustrating the compounding phenomenon. The

underlying physical characteristics of simulation 5503 (highlighted in grey) are shown on the right:
precipitation—soil moisture interactions (bottom centre) and daily temperature variations (bottom right).

o Event interaction modelling (compound event modelling II: Markovian): A

transition matrix for one-to-one event triggering has been implemented in
GenMR. As a test case, earthquake clustering is modelled, with conditional
probabilities estimated based on static stress theory. An algorithm has
subsequently been developed to sample aftershocks within one-year
simulations. Figure 5 presents examples of physically realistic earthquake
clusters generated within the digital template. Note also that a model of
landslide triggering by earthquake has been added here for future developments
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Fig. 5. Scenarios of earthquake triplets generated by GenMR. Notice the sequence of events with first

event in black, second in red and third in orange.



o Event interaction modelling (compound event modelling I1I: Non-Markovian):

The previous implementation assumed that the system has no memory of past
interactions, consistent with the memoryless property of Markovian processes.
In compound catastrophes, however, the effects of previous events can persist
and play an important role in subsequent system behaviour. This memory is
implemented in GenMR by tracking the state of the system at each time step
throughout a one-year simulation. As a test case, a year event table (YET) of
tornadoes was generated, and the cumulative damage to the digital template’s
power grid was tracked accordingly. The results are shown in Figure 6.
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Fig. 6. Impact of successive tornadoes (paths as red dotted lines) on the generic power grid in one
simulation-year. Notice the increased number of transmission lines failing (red segments on physical
network) from tornado Tog to Tos and how the blackout expands (failed load nodes as wide black dots).
Transmission lines and nodes shown in green remain operational.



o Long-term risk drivers: The entire multi-risk framework introduced in WP3

remains unchanged when modelling the impact of long-term risk drivers, such
as global warming (or structure ageing for instance). What changes is the
reference point in time with peril or vulnerability parameters no longer
evaluated under present-day conditions but are instead conditioned on a
specified target year. As a test case, the projected temperature increase for 2075
is applied to the digital template’s atmospheric layer, and the heatwave model
is subsequently rerun. In this simple exercise, using the current parameterisation
from Tutorials 1-3, the 10-year heatwave duration is projected to increase from
12 to 17 days, assuming a temperature increase of 1.25°C between 2026 and
2076. These values are illustrative and are only valid for the generic
parameterisation used in this exercise.
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Fig. 7. Testing the impact of global warming on the heatwave size distribution in the digital template.

3. First Scientific Publication

A first scientific article related to the SCOR project has been submitted to the Journal of
Environmental Management on 28 September 2026. The article aims to validate the newly
developed GenMR peril models, with a particular focus on the climate peril models and their
associated atmospheric layer, the blackout model, and the interactions between climate risks
and blackout events. It also provides a wildland urban interface (WUI) parameterisation of the
digital template, illustrating the types of analyses and tests to be conducted as part of the future
WP6 activities. It is important to note that for this article the models have been validated against
observational data from California, which are external to the GenMR SCOR GitHub
repository.

Title: ‘Extending the Generic Multi-Risk Framework to Compounding Climate Risk: Heatwave,
Wildfire & Blackout Interdependencies in a Digital Template’



Abstract: Understanding compound catastrophes, including random co-occurrences, domino effects,
external forcings affecting multiple perils, and other interactions between hazards, risks and the
environment, is challenging because of the complexity and potentially large number of interacting perils
and environmental variables. The Generic Multi-Risk (GenMR) framework was proposed more than a
decade ago to address these challenges by reducing event-compounding processes to first physical
principles, focusing on primary variables, and providing a controlled virtual environment termed the
Digital Template (DT). Here, we present new GenMR components for heatwave and wildfire emergence
from an atmospheric temperature field generated by an energy-balance climate model, and for blackout
triggering by wildfire damage and heatwave-induced demand overload. The models are validated
against California data. The reconstructed temperature field has standard deviations of 1.0°C for interior
and desert regions and 2.2°C for the coast. The observed exponential, exponentially truncated power-
law, and power-law size distributions of heatwaves, wildfires, and blackouts, respectively, are
reproduced in both form and overall rates. Spatial patterns of two California climate-blackout
compound events (the July 2018 Mendocino Complex Fire and the August 2020 statewide heatwave)
are also qualitatively reproduced. A DT parameterised for the wildland-urban interface further enables
rapid exploration of compound-event dynamics, illustrated through experiments on latitudinal shifts
and global warming. Together, GenMR and the DT provide a controlled framework for integrating

multiple peril and environmental models and systematically investigating compound catastrophe risk.
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Figure 2. Compound climate-blackout events observed in California. Top row: 2018-2022 time series

of heatwaves (red), wildfires (orange), and power outages (black); winter-related outages are

highlighted in blue. Bottom row: (A) July 2018 Mendocino Complex Fire and associated blackouts in

Mendocino and Lake counties; (B) August 2020 statewide heatwave and planned rolling blackouts,

coinciding with multiple ongoing wildfires.
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(a) Modelled blackout for Mendocino Complex Fire
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Figure 7. Comparison of the 2018 and 2020 California compound-event scenarios with GenMR
simulations. (a) Blackouts simulated by GenMR-BO from CATS grid damage caused by the Ranch and
River fires in Mendocino and Lake counties. (b) Mean burnt-area footprints from GenMR-WF for fires
initiated at the observed ignition points (white crosses), compared with observed footprints (white
contours). (¢) Localised blackouts simulated by GenMR-BO assuming a ~6% increase in demand across

areas affected by the 2020 statewide heatwave (purple).

4. Next Steps

e WP4 (6 months, Octobber 2026 — March 2027, Unil): Implementation of the
hydropower dam and dam-flood models. The models will initially be developed as a
branch of the GenMR SCOR GitHub repository, followed by a merge into the main
branch towards the end of Q1 2027. The generic dam will be integrated into the existing
power grid, replacing the ad hoc generator node already implemented in the upstream
river (see Fig. 3), and will interact with the digital template’s environment and perils.
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A dam-flood event will propagate downstream according to the digital template’s
topography.

WPS5 (6 months, January 2027 — June 2027, MRA): Interaction matrix encoding. In
parallel with the assessment of conditional probabilities for a large number of possible
peril pairs, based on physical and/or statistical considerations, environmental layers and
peril models will be further refined to support validation of the overall compound-event
modelling framework.

WP6 (3 months, July 2027 — September 2027, MRA): Compound-event analysis. This
WP will focus on preparing the final report through the testing of different digital-
template parameterisations and the exploration of a range of compound-catastrophe
scenarios within the controlled virtual environment.

Further improvements to environmental-layer modelling: While the main variable
of the atmospheric layer, near-surface temperature, has been validated through various
tests (see, e.g., Scientific Publication #1), the modelling of atmospheric water content
as a second environmental variable requires further development. This work will be
carried out during the second part of the project, including calibration and validation
against real-world data and relevant test cases, such as historical drought and/or flood
events.

Further improvements to peril modelling: Most natural and technological peril
models follow established modelling approaches (e.g., Mignan, 2025) and have been
validated against real-world data where the models are relatively complex (e.g., the
blackout model; see Scientific Publication #1). In contrast, the modelling of socio-
economic perils remains comparatively less developed. These models still require
calibration and validation, which will be addressed as part of the activities described
below.

Plan for at least a second scientific publication: The first submitted scientific
manuscript covers climate perils, blackouts and event compounding at the interface
between the natural and technological systems. For completeness, a second paper
should attempt to present the socio-economic perils (BI, public service failure, social
unrest) in a sound setting for comprehensive compound event analysis and model
validation. A third manuscript could be related to the work on multi-risk at a
hydropower dam (option still to be explored).

Final Remarks

The GenMR_SCOR project is well on track, with all deliverables released on schedule. As an

open-source project, with comprehensive documentation available online, all results and details
of the modelling strategies are provided in full transparency, thereby supporting independent

review and reproducibility. The plans for the second phase of the project are well established,

and no major technical issues or bottlenecks are anticipated, building on the experience and
lessons learned during the first phase.
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