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Outline / Info 

ÅWho are we?

ÅMotivation for spatial resolution

ÅSoftware aspects: Efficiency and performance

ÅMetapopulation models with epidemic control application

ÅSpatially resolved AI-surrogate models for on-the-fly computation

ÅAgent-based models with some applications

ÅαhŦŦ-¢ƻǇƛŎάΥ .ŀǎƛŎ ƳƻŘŜƭ ǇǊƻǇŜǊǘƛŜǎ ŀƴŘ ƛƴŦƭǳŜƴŎŜ ƻƴ ƻǳǘŎƻƳŜǎ

ÅConcluding

Ą In many places, I will only present a very brief insight into the model or the application and I am happy to discuss more details at any time.
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The team

Institute of Software Technology

Department High-Performance Computing

Predictive Simulation Software

Life and Medical Sciences Institute and 

Bonn Center for Mathematical Life Sciences

Mathematical-Epidemiological Modeling

Main backgrounds:

× Applied Mathematics

× Computer Science

× High-Performance Computing



We care not enough about spatial resolution
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Ὑȟ πȢυ

Ὑȟ ρȢρ
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Ὑ ρȢω

ὔȟ ὔȟ ὔȟ

Ὑ πȢω

With which strictness to act?

Act at all ?
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With which strictness to act?

Act at all ?

Aggregated metricsé 

Åéonly give blurred information and intervention strictness is unclear

Åédo not allow for local action and targeted deployment of limited resources

 

Post-COVID-era: For many diseases, not enough data for this spatial resolutioné

ÅData will increase substantially with digitisation and digital tools in the next decades

ÅDevelop advanced models such that they are ready to use when data is

Å Pandemic preparedness

 



Missing out spatial resolution: some reasons
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Åαƛƴ ǘƘŜ ŜƴŘΣ ƛǘ ǿƛƭƭ ŀǊǊƛǾŜ ŀƴȅǿŀȅΧά

Åαȅƻǳ Ŏŀƴƴƻǘ Řƻ ƳŜǘŀǇƻǇǳƭŀǘƛƻƴ ƳƻŘŜƭǎ ƛƴ ŀ ǎƳŀƭƭ ǘƛƳŜ ŦǊŀƳŜά

Aside from data availability, ODE*-SIR-ǘȅǇŜ ƳƻŘŜƭǎ ŀǊŜ ǘƻƻ Ŝŀǎȅ ǘƻ ƛƳǇƭŜƳŜƴǘΧ

* ODE: Ordinary differential equations

Ą If it looks like that, you do not use 

the degrees of freedom and power in 

spatially resolved models

Ą ǿŜƭƭΣ ȅƻǳ ŎŀƴΧ



Chances of efficiency and performance
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Portegies Zwart, Nature Astronomy (2020)

Pereira et al., SLEô17 (2017)

Ą In hardware or other contexts: Would we build solutions for (time) critical tasks that are more than 50 times slower or 
use that more energy for the same task?

Ą Do large-ǎŎŀƭŜ ƳƻŘŜƭǎ ƛƴ ŀƴ ŜŦŦƛŎƛŜƴǘ ŀƴŘ ǎŎŀƭŀōƭŜ ƭŀƴƎǳŀƎŜ όŀǘ ƭŜŀǎǘ ŦƻǊ ǘƘŜ ōŀŎƪŜƴŘΥ wΣ ǇȅǘƘƻƴΧ ƘŀǾŜ ƻǘƘŜǊ ǳǎŜ ŎŀǎŜǎύ

Factor 100

Factor 100-1000



Software 

Technology

Numerical 

methods

[ŜǘΨǎ ŎǊŜŀǘŜ ƳƻǊŜ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ ǎȅƴŜǊƎƛŜǎ

Software 

Technology

Numerical 

methods
Public HealthImmunology Epidemiology Inference
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Missing out spatial resolution: Reasons and chances



11

Missing out spatial resolution: Reasons and chances



12

Missing out spatial resolution: Reasons and chances



13

Missing out spatial resolution: Reasons and chances
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Missing out spatial resolution: Reasons and chances

And this is ñjustñ 2304 CPU coresé
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And this is ñjustñ 2304 CPU coresé
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Missing out spatial resolution: Reasons and chances

And this is ñjustñ 2304 CPU coreséIn computational physics, problems with trillions of degrees of freedom are solved*

- Why shouldnót we be able to solve some hundred regions?

- Why shouldnót we be able to solve some million agents?

 * Gmeiner et al., Journal of Computational Science, 2016.



From simple ODE to metapopulation
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Gerstein et al, in preparation, 2025
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From simple ODE to metapopulation
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Gerstein et al, in preparation, 2025

Ą For uniformly distributed cases, the models should return the same output 



From simple ODE to metapopulation: A Graph-ODE alternative
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Kühn et al, Mathematical Biosciences, 2021

Å Use a graph with regions 
as nodes

Å One edge per, e.g., pair 
(infection state, age group)

Å Advance nodes in parallel 
from t to t+0.5 and from 
t+0.5 to t+1

Advantage: 
Å Parallelism

Disadvantage: 
Å Returning commuters need 

to be approximated
Å Theory more complex



ODE vs. Graph-ODE metapopulation
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Gerstein et al, in preparation, 2025/26
Zunker et al, in preparation, 2025/26

Sequential runtime

Henrik ZunkerCarlotta Gerstein



16

Application: Numerical assessment of the ñNoCovidò control strategy 

Å άbƻ/ƻǾƛŘέ is notά½ŜǊƻ/ƻǾƛŘέ

Å bƻ/ƻǾƛŘΥ ά/ƻƴǘǊƻƭƭƛƴƎ ǘƘŜ /ƻǾƛŘ-мф ǇŀƴŘŜƳƛŎ ǘƘǊƻǳƎƘ DǊŜŜƴ ½ƻƴŜǎέ

Å Test of commuters coming from red zones

Å 75 % detection ratio (averaged value for mix of massive deployment of antigen tests plus PCR, RTD-PCR and pool tests)

Å Considering different frequencies (daily, twice per week, ...)

Four different initial scenarios. Random initial incidence (weekly cases per 100 000 
individuals) of 75-150 for 2-20% of the counties and incidence below 10 otherwise
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Application: Numerical assessment of the ñNoCovidò control strategy 

Kühn et al., BMC Infectious Diseases (2022)

https://doi.org/10.1186/s12879-022-07302-9 

Simulated spread of SARS-CoV-2 cases for one initial scenario of about 18 % red 
zones and 8 different strategies. Median result after 30 days of simulation time.

ÅT0, T1, T2, T5: No testing, testing once, twice or five times per week
ÅL: Lockdown
ÅD1W, D3W: Implementations of interventions with one or three weeks delay

https://doi.org/10.1186/s12879-022-07302-9
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Application: Numerical assessment of the ñNoCovidò control strategy 

Kühn et al., BMC Infectious Diseases (2022)

https://doi.org/10.1186/s12879-022-07302-9 

ÅT0, T1, T2, T5: No testing, testing once, twice or five times per week
ÅL, L+: Lockdown or strict lockdown
ÅD1W, D3W: Implementations of interventions with one or three weeks delay

https://doi.org/10.1186/s12879-022-07302-9


29

ODE-based metapopulation with feedback 
mechanism

ÅIntegration of spatially resolved human behavior

ÅFeedback loop based on perceived risk with memory kernel

ÅNominal ICU capacity as threshold for regulation measures

ÅRegulation updates the effective contact rate

https://doi.org/10.1016/j.chaos.2025.116782
Zunker et al., Chaos, Solitons & Fractals (2025)

Henrik Zunker

https://doi.org/10.1016/j.chaos.2025.116782


Extension to travel-time aware Graph-ODE metapopulation
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Zunker et al., PLOS Comp Bio (2024)

https://doi.org/10.1371/journal.pcbi.1012630

Henrik Zunker

https://doi.org/10.1371/journal.pcbi.1012630


AI-based on-the-fly computation 
for web applications
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Å Simulate spatially resolved expert models

Å Train spatially resolved AI surrogates (Graph Neural 

bŜǘǿƻǊƪǎύ ƻƴ ŜȄǇŜǊǘ ƳƻŘŜƭΨ ƻǳǘŎƻƳŜǎ

Schmidt et al., Submitted (2025) https://arxiv.org/abs/2411.06500

Ą Enables low-barrier web access for decision makers 

Ą Timely reaction for pandemic mitigation

Henrik ZunkerAgatha Schmidt

https://arxiv.org/abs/2411.06500


Federated learning with differential privacy
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Kerkouche, Zunker et al., Submitted (2025)

https://arxiv.org/abs/2509.14024 

Henrik Zunker

ÅCentralizing data challenging due to high sensitivity and privacy constraints

Å Federated learning train a shared model without centralizing raw data

Å Differential privacy ensures protection of private and sensitive data

https://arxiv.org/abs/2509.14024


Agent-based modeling
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Å Model individuals (or households) as individual agents

Å Computational cost scales (super)linearly with number of agents

Å{ǘǳŘȅ ŀƴŘ ŀƴǎǿŜǊ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴǎ ƻƴ ŀ άƳƛŎǊƻǎŎƻǇƛŎά ƭŜǾŜƭ όŜΦƎΦ ƛƴŘƛǾƛŘǳŀƭ ŘŜŎƛǎƛƻƴǎΣ ǘŜǎǘ ǎǘǊŀǘŜƎƛŜǎΣ ǾƛǊŀƭ ƭƻŀŘΧύ



Agent-based modeling: Testing strategies
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Sascha Korf



ABM: Application to city-scale
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ÅApproximately 370.000 persons from Brunswick and the surrounding area

ÅOver 1.3 million trips per day

Sascha Korf



ABM: Advanced testing strategies
ÅScenario analysis
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ÅSymptomatic vs. general testing

Kerkmann, Korf et al., Computers in Biology and Medicine (2025)

https://doi.org/10.1016/j.compbiomed.2025.110269

Sascha Korf
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More symptom-independent testing

https://doi.org/10.1016/j.compbiomed.2025.110269


ABM: Effects of missing transmission chains
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-- Link to come --

Korf et al., Submitted (2025)

Sascha Korf



ABM: Joint ABM-Wastewater model
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Bicker, Tomza, Wallrafen et al., Submitted (2025)
https://doi.org/10.1101/2025.09.25.25336633

άIƻǿ ŘƻŜǎ Ŏŀƴ ǘŜǎǘƛƴƎ-based detection be 
ƛƳǇǊƻǾŜŘ ōȅ ŎƻƳōƛƴŀǘƛƻƴ ǿƛǘƘ ǿŀǎǘŜǿŀǘŜǊΚέ 

Studying the effect of different 
normalization strategies 

for rain events

Detailed insights into 
population and 

wastewater dynamics

Julia Bicker

https://doi.org/10.1101/2025.09.25.25336633


Hybrid agent-metapopulation: Spatial hybrid
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Bicker, Schmieding et al., Infectious Disease Modelling (2025)
https://doi.org/10.1016/j.idm.2024.12.015

ÁIdea: 

ÁInterest in infection spread in particular region

ÁExclusive availability of data in specific region 

(or computational  resources limited)

ÁConcept:

ÁAgent-based model in region of interest (focus region)

ÁODE-based models for connected regions

Ҧ Detailed resultsin focus region while considering 

influence of connected regionsin runtime efficient manner

Julia Bicker René Schmieding

https://doi.org/10.1016/j.idm.2024.12.015


Hybrid agent-metapopulation: Temporal hybrid
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ÁIdea: 

ÅLow case numbers: 

High stochasticity and individual behavior is important

ÅHigh case numbers: 

Individual behavior is less influential and single simulation 

outcomes are close to averaged results

ÁConcept:

Switch between agent-based and ODE-based model during the simulation 

according to a threshold value

Ҧ Capture stochasticity and individual behavior when necessary for accurate 

outcomeswhile using runtime advantagewhen possible

Julia Bicker René Schmieding

Bicker, Schmieding et al., Infectious Disease Modelling (2025)
https://doi.org/10.1016/j.idm.2024.12.015

https://doi.org/10.1016/j.idm.2024.12.015


Proof-of-concept spatial hybrid model
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ÁSetup: 8000 agents, 1% of population initially infected 

ÁFocus region: ɱ Њȟπ πȟЊ

ÁTransmission rate in ɱ πȟЊ πȟЊ corresponding to Ὑ ςȢτ

ÁTransmission rate in other regions corresponding to Ὑ πȢψ

Julia Bicker René Schmieding

Bicker, Schmieding et al., Infectious Disease Modelling (2025)
https://doi.org/10.1016/j.idm.2024.12.015

https://doi.org/10.1016/j.idm.2024.12.015


Proof-of-concept spatial hybrid model
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ÁSpatial-hybrid has same scaling behavior like ABM

ÁFor 400 agents: Runtime of spatial-hybrid 1 order of magnitudelower than for ABM

ÁFor 40,000 agents: Spatial-hybrid reduces runtime by 98%

Julia Bicker René Schmieding

Bicker, Schmieding et al., Infectious Disease Modelling (2025)
https://doi.org/10.1016/j.idm.2024.12.015


