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Fig 1. Schematic picture of the GNN prediction process for an exemplary resolution of European countries.

Fig 2. Randomized data input corresponding to spatially heterogeneous disease spread on the German counties.

Fig 3. Randomized trajectories of infectious disease spread in one spatial entity.

Fig 4. Grid search for GNN layers. 
Different GNN layers (left) and extended grid search for best performing 
ARMAConv layer (right). Visualization of mean absolute percentage error 

(MAPE) on transformed logarithmic scale for cross-validation on input data.

Fig 6. Test MAPE (original scale) for different prediction horizons 
and numbers of contact changes. 

MAPE for 30, 60, and 90 days predictions (left) and 0, 1, 2, and 3 
contact changes over 30 days prediction horizon (right).

Fig 5. Execution time performance for GNN vs. complex Graph-ODE2 model. 
Comparison for 10 (left) and 100 (right) simultaneous model executions.

RESULTS

• Final model speeds up 
predictions by a factor 
of up to 28,000

• Evaluation in 0.1 sec

• MAPE between
10.33 and 27.11 %

BACKGROUND & PROBLEM

• Human ecological disruption and unsustainable
consumption drive pandemic risk1

• Mathematical modeling can help to explore
potential outcomes to guide decision makers

• Many different modeling approaches exist2,3,4,5,6,7

• Decision makers need reliable assessment
of the situation immediately or in very short time 
frame

• Infectious disease spread is often
heterogeneous on a spatial scale, stressing
the need for correspondingly resolved
models and local information

APPROACH & SOLUTION

• Use complex models as a simulator to generate
high-quality and mobility-aware input data for
neural network-based models

• Vary model parameters and interventions schemes
to generate a large space of potential outcomes

• Precompute thousands to millions of simulator
runs on a supercomputer overnight

• Train a Graph Neural Network (GNN) 
to a spatially resolved model that can be
executed in a fraction of a second

• Use the GNN within a low-barrier
webpage to allow decision makers
explore potential outcomes


