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Excess deaths as a forecasting challenge

How many deaths in a week had C19 not occurred?

             = Observed -
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Excess deaths as a forecasting challenge

Log prediction error region
with 90% nominal coverage
implied by Poisson-GAM
expected deaths model



BIB 50 Schöley & Duerst  – Empirical prediction intervals
9

The logic of out-of-sample validation



BIB 50 Schöley & Duerst  – Empirical prediction intervals
10

Excess deaths as a forecasting challenge

Log prediction error region
with 90% nominal coverage
implied by Poisson-GAM
expected deaths model

Actual coverage ~22%
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Excess deaths as a forecasting challenge

Log prediction error region
with 90% nominal coverage
implied by NegBin-GAM
expected deaths model
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Excess deaths as a forecasting challenge

Log prediction error region
with 90% nominal coverage
implied by NegBin-GAM
expected deaths model

Actual coverage ~87%
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Cross-validation
The prediction error of your model is
estimated from out of sample validation on known data.
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The logic of out-of-sample validation

Cross-validation
The prediction error of your model is
estimated from out of sample validation on known data.

Empirical prediction intervals
The distribution of prediction errors of your model is
estimated from out of sample validation on known data.

You’re model is only as precise as has been
demonstrated on a comparable forecasting challenge.
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Some history

1971 Williams & Goodman
A Simple Method for the Construction of
Empirical Confidence Limits for Economic Forecasts
Journal of the American Statistical Association
doi.org/10.2307/2284223

https://doi.org/10.2307/2284223
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Some history

1983 Stoto
The Accuracy of Population Projections
Journal of the American Statistical Association
doi.org/10.1080/01621459.1983.10477916

https://doi.org/10.1080/01621459.1983.10477916


BIB 50 Schöley & Duerst  – Empirical prediction intervals
19

Some history

1986 Cohen
Population forecasts and confidence intervals for Sweden:
a comparison of model-based and empirical approaches
Demography
doi.org/10.2307/2061412

1987 Smith
Tests of Forecast Accuracy and Bias for County
Population Projections
Journal of the American Statistical Association
doi.org/10.1080/01621459.1987.10478528

1988 Smith
Stability over time in the distribution of
population forecast errors
Demography
doi.org/10.2307/2061544

1987 Mandrakis & Hibon
Confidence Intervals. An Empirical Investigation of the
Series in the M-Competition
International Journal of Forecasting
doi.org/10.1016/0169-2070(87)90045-8

https://doi.org/10.2307/2061412
https://doi.org/10.1080/01621459.1987.10478528
https://doi.org/10.2307/2061544
https://doi.org/10.1016/0169-2070(87)90045-8
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Some history

2008 Shafer & Vovk
A Tutorial on Conformal Prediction
Journal of Machine Learning Research
doi.org/10.5555/1390681.1390693

“Conformal prediction uses past experience to determine
precise levels of confidence in new predictions.”

https://doi.org/10.5555/1390681.1390693
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Modeling the distribution of empirical errors

log (observed/predicted) ~
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Modeling the distribution of empirical errors
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Log prediction error region
with 90% nominal coverage
implied by Skewed-Normal
empirical prediction intervals

Actual coverage ~92%
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Modeling the distribution of empirical errors

Prediction interval with
90% nominal coverage
via Skewed-Normal
empirical error model

Actual coverage ~92%
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Modeling the distribution of empirical errors

Prediction interval with
90% nominal coverage
via Negative-Bin.
GAM model

Actual coverage ~87%
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Evaluating the prediction interval

Gneiting & Raftery (2007). Strictly Proper Scoring Rules. 10.1198/016214506000001437

https://doi.org/10.1198/016214506000001437
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Evaluating the prediction interval

Prediction interval with
90% nominal coverage

Coverage NB ~87%
Interval Score NB ~5979

Gneiting & Raftery (2007). Strictly Proper Scoring Rules. 10.1198/016214506000001437

https://doi.org/10.1198/016214506000001437
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Evaluating the prediction interval

Prediction interval with
90% nominal coverage

Coverage NB ~87%
Interval Score NB ~5979

Coverage SNO ~92%
Interval Score SNO ~4815

Gneiting & Raftery (2007). Strictly Proper Scoring Rules. 10.1198/016214506000001437

https://doi.org/10.1198/016214506000001437


BIB 50 Schöley & Duerst  – Empirical prediction intervals
33

Excess deaths as a forecasting challenge
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Excess deaths as a forecasting challenge



Reproducible analysis
github.com/jschoeley
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