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Epidemic Diseases Forecasting

Epidemic Forecasting is the process of predicting the future spread 
of infectious diseases based on current data.

Ensemble forecast combines probabilistic forecasts from multiple 
models. 

Research problem

Existing ensemble model focus on minimizing the absolute error 
of forecasts; leads to inaccurate and unreliable estimation of 
uncertainty.

Objective: Design a trained ensemble model that optimizes 

weighted interval score (WIS) of ensemble forecast. WIS measures 

the accuracy of a forecast considering underlying uncertainty in 

prediction. For a given forecast quantiles 𝑞! at level 𝑖 for all	𝑖 ∈ 𝜏, 

WIS is:
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Background

Linear opinion pool (LOP) takes weighted average of cumulative 
probabilities across alternative prediction for a fixed forecast 
value.

Vincent ensemble takes weighted average of forecast value across 
alternative predictions for a fixed quantile. 

Proposed Ensemble Model Solution for Optimal Weights

Model Performance for COVID-19 weekly case forecasting
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• 𝑤+/012 means uniform weights
• Non-convex Optimization
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Framework for h-week ahead forecasting

Model Forecasts (at time t)

Probabilistic model forecasts from 

m models

𝐹8,3"-(𝑝) = inverse CDF (quantiles)

∀	𝑝 ∈ 𝜏 and j ∈ 1, … ,𝑚
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Ensemble Forecast (at time t)

𝐹+,3"-(𝑝) = inverse CDF (quantiles)

∀	𝑝 ∈ 𝜏, 𝑤ℎ𝑒𝑟𝑒	

𝜏 = 0.025, 0.1, 0.25, 0.5, 0.75, 0.9, 0.975

Challenge: Weights can be stuck at local minima, which leads to 
suboptimal ensemble forecasts.
Our approach: Basin-hopping optimization algorithm.
ü Find global solution.
ü Iteratively combines location optimization with random 

perturbation.
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Ø Models are ranked from best (1) to worst (6) in terms of WIS

Ø Win rate indicates the model 

performance in comparison with a 

model.
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where, D is the number of available forecast 

dates and m is the comparing ensemble model.

ü  Optim-WISE exhibits highest 41% improvement in 

WIS for 1-week head forecasting.

üWR against all comparing models always remains 

above 0.55 for 1-week and 2-week ahead forecasting.

üAround 58% and 44% forecasts from Optim-WISE 

model receive first two ranks for 1-week and 4-week 

ahead forecasting, respectively.

üOptim-WISE shows similar MAPE as other ensemble 

model.

Ø Optim-WISE model improvement in terms of WISØ Weekly cases for New York State overlaid with one to four weeks 

ahead forecast (shaded region indicates 95% interval)

Ø Mean Absolute Percentage Error (MAPE) across the states and 

times

Model Performance for Flu-Forecasting for season 2023-2024

Ø Weekly hospitalization case forecasting for New York State

Ø Mean Absolute Percentage Error (MAPE) across the states and times

Ø Optim-WISE model improvement in terms of WIS Ø Models Ranking in terms of WIS (left:  0-week, right: 3-week ahead)

Key Findings
üAround 60% and 48% forecasts from Optim-WISE 

model receive first two ranks for 0-week and 3-week 

ahead forecasting, respectively.

üOptim-WISE shows similar MAPE as other ensemble 

model.

üOur model has better WIS than other ensemble model 

for 1-week and 2-week ahead forecasting.

Summary

ü Proposed Optim-WISE model optimizes WIS to improve forecast accuracy.

ü Optim-WISE ensemble model is independent of the specific models employed for 

ensembling.

ü Optim-WISE model has better performance than state-of-art ensemble techniques.

ü Optim-WISE can be applied to other forecasting task on which we will focus in 

future.
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