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COVID-19 Activities

During COVID-19

• R estimates

• COVID-19 models

• Understanding experience

• Uncertainty!

Learnings?

• Continuous

– Sourcing data

– Managing

– Regular analysis

• Keeping track of it all

• Efficiency

• Handling uncertainty



Estimating R

𝐸 𝐼𝑡 = 𝑅𝑡෍

𝑠=1

𝑡

𝐼𝑡−𝑠𝑤𝑠

• 𝐼𝑡 is infections on a day

• 𝑅𝑡 is instantaneous reproduction number

• 𝑤𝑠 is the generation interval (how infectious one is over time)

• Can use cases, admissions, deaths…

Cori, A. et al. (2013) ‘A new framework and software to estimate time-varying reproduction numbers 

during epidemics’, American Journal of Epidemiology, 178(9), pp. 1505–1512. doi:10.1093/aje/kwt133.

https://doi.org/10.1093/aje/kwt133


Data sources – Dashboard and PDFs

National Institute for Communicable Diseases (2021) National COVID-19 Daily Report. 

Available at: https://www.nicd.ac.za/diseases-a-z-index/covid-19/surveillance-reports/national-

covid-19-daily-report/.

National Institute for Communicable Diseases (2021) Daily 

Hospital Surveillance (DATCOV) Report. Available at: 

https://www.nicd.ac.za/diseases-a-z-index/disease-index-covid-

19/surveillance-reports/daily-hospital-surveillance-datcov-report/.

https://www.nicd.ac.za/diseases-a-z-index/covid-19/surveillance-reports/national-covid-19-daily-report/
https://www.nicd.ac.za/diseases-a-z-index/disease-index-covid-19/surveillance-reports/daily-hospital-surveillance-datcov-report/


Open Data Sources

O’Brien, J. et al. (2021) Coronavirus (COVID-19) in Australia, COVID-19-data-aus. Available at: 

https://www.covid19data.com.au (Accessed: 29 December 2021).

Marivate, V. et al. (2020) ‘Coronavirus disease (COVID-19) case data - South Africa’. Zenodo. 

doi:10.5281/ZENODO.3888499.

https://www.covid19data.com.au/
https://doi.org/10.5281/ZENODO.3888499


Data sources – Dashboard and APIs

UK Government summary dashboard for COVID-19 in England. 

Available at: https://coronavirus.data.gov.uk/
https://coronavirus.data.gov.uk/details/developers-guide/main-api

https://coronavirus.data.gov.uk/
https://coronavirus.data.gov.uk/details/developers-guide/main-api


Open & Machine-Readable Data

Old Way

• Capture data

• Download 

– Spreadsheet

– Report

– PDF

– Use export to Excel

• Fix data in Excel

New Way

• Already captured

• Read data

– from API

– Website

– Database

• Use scripts to transform data



Chain Ladders

ln 𝜃𝑡,𝑑 ≈ ෍

𝑖

𝑥′𝑖𝛽
′
𝑖 +෍

𝑗

𝑥′′𝑗𝛽
′′
𝑗

𝑥′𝑖 = ቊ
1, 𝑖 = 𝑡
0, 𝑖 ≠ 𝑡

𝑥′′𝑗 = ቊ
1, 𝑗 = 𝑑
0, 𝑗 ≠ 𝑑

• That is a GLM!

• Allows automation

• Generalised by adding more fields

• Apply other ML techniques… 

Rossouw, L. and Richman, R. (2019) ‘Using machine learning to model claims experience and reporting delays for pricing and reserving’, in. Actuarial Society 

of South Africa Convention 2019. Available at: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3465424.

Rick McCharles

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3465424
https://www.flickr.com/photos/rickmccharles/12065417705/in/photostream/


Allowance for late reported cases



Estimating R with R

• R contains many packages

• All open source

• ukcovid19

– Access UK COVID-19 data

• EpiEstim

– Model 𝑅𝑡

– Allowing for uncertainty

R Core Team (2019) R: A language and environment for statistical computing. manual. Vienna, 

Austria. Available at: https://www.R-project.org/.

Cori, A. (2013) EpiEstim: A package to estimate time varying reproduction numbers from 

epidemic curves. manual. Available at: https://CRAN.R-project.org/package=EpiEstim.

https://www.r-project.org/
https://cran.r-project.org/package=EpiEstim


Code Versioning (using git)

Code Changes Details of a specific change



Code = Document

R Markdown (code + document) Output



Other automation enablers

• Reproducible

– Environment

– Same data, same result

• Code contains all steps

– No manual steps



Results – Cases 

https://unsupervised.online/static/covid-19/estimating_r_za.html https://unsupervised.online/static/covid-19/estimating_r_uk.html

https://unsupervised.online/static/covid-19/estimating_r_za.html
https://unsupervised.online/static/covid-19/estimating_r_uk.html


Reproduction number

https://unsupervised.online/static/covid-19/estimating_r_za.html https://unsupervised.online/static/covid-19/estimating_r_uk.html

https://unsupervised.online/static/covid-19/estimating_r_za.html


South African Crude Ratios Per Wave
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https://unsupervised.online/static/covid-19/estimating_r_za.html

Wave Case Admission 

Ratio

Case Fatality Ratio Case Excess 

Deaths Ratio

Hospital Fatality 

Ratio

Death Reporting 

Ratio

Wave 1 10.2% 1.87% 7.01% 18.3% 26.7%

Wave 2 (Beta) 20.3% 4.40% 12.36% 21.7% 35.6%

Wave 3 (Delta) 13.4% 3.10% 8.36% 23.1% 37.0%

Wave 4 (Omicron) 9.8% 0.95% 4.45% 9.7% 21.4%

Wave 5 (BA.4/BA.5) 9.3% 0.72% 5.05% 7.7% 14.2%

https://unsupervised.online/static/covid-19/estimating_r_za.html


• Bayesian Hierarchical Model to calibrate model 

parameters based on observed death data and 

prior assumptions

• Reproductive number is linked to mobility data 

as well as mask wearing laws

• Reproductive number generates infections

• Population weighted IFRs to model deaths from 

infections

• Single combined model for all provinces

• Allows for uncertainty

– Prior assumptions

– Updated posteriour distributions

– Projections allow for parameter uncertainty

• No allowance for vaccines.

Modelling

Online model:

• South Africa by Province

https://unsupervised.online/static/covid-19/modelling_covid-19_in_south_africa_at_a_provincial_level.html?utm_source=presentation&utm_medium=link&utm_campaign=assa_lac


Calibration to Excess Deaths
Reported deaths shown for reference
Gauteng Western Cape



Parameters and uncertainty



Projections – South Africa



Predictions

“Nowcast” estimates as of 8 July 2021

“Worst-case” predictions to December 2021

Province Attack Rate Cumulative Deaths

South Africa 61.6% [48.6%-72.0%] 173 450 [155 890 – 192 740]

Scenario Attack Rate Cumulative Deaths

Worst Case 85.0% [73.6%-93.7%] 273 152 [221 026 – 355 246]

No Change 74.0% [61.6%-83.9%] 237 368 [198 504 – 293 123]



Thinking past COVID-19?
Actuaries need to handle uncertainty in many contexts

Prior Views

• Prior studies

• Judgement

• Population data

• Emerging risks

Posterior

• Updated distributions

– New mean

– Updated uncertainty

• Reflecting combination

• Very complex models

Data



Insured Experience 2020-2021

• Claims well over expected

• Understand patterns in 

experience

• Underlying experience?



• Monthly exposure and claims

• Insured experience worse?

• Median age in population <25

• Insured much older.

Step 1: Break-down exposure



• Model structure

log ൗ𝑎𝑐𝑡𝑢𝑎𝑙
𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 ~෍

𝑖

𝑥𝑖𝛽𝑖 + 𝑥𝑐𝑜𝑣𝑖𝑑෍

𝑖

𝑥′𝑖𝛽′𝑖

• 𝑥𝑐𝑜𝑣𝑖𝑑 is an indicator variable (0 before April 2020, otherwise 1)

• Additionally, the second term contains shape adjustments on a monthly basis

– Allows approximate matching of experience by month

– Allows contains terms for age, gender, face bands etc

• In theory we can separate out the underlying experience σ𝑖 𝑥𝑖𝛽𝑖 from the COVID-19 experience 

𝑥𝑐𝑜𝑣𝑖𝑑 σ𝑖 𝑥′𝑖𝛽′𝑖

• Penalised regression to select variables.

Step 2: Model



Modelling Results Overview



• Actual
𝑎𝑐𝑡𝑢𝑎𝑙 − 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 ∙ 𝑒σ𝑖 𝑥𝑖𝛽𝑖

𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒

• Modelled

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 ∙ 𝑒σ𝑖 𝑥𝑖𝛽𝑖+𝑥
𝑐𝑜𝑣𝑖𝑑 σ𝑖 𝑥′𝑖𝛽′𝑖 − 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 ∙ 𝑒σ𝑖 𝑥𝑖𝛽𝑖

𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒

Additional central mortality rate per annum. 

• Actual
𝑎𝑐𝑡𝑢𝑎𝑙

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 ∙ 𝑒σ𝑖 𝑥𝑖𝛽𝑖

• Modelled

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 ∙ 𝑒σ𝑖 𝑥𝑖𝛽𝑖+𝑥
𝑐𝑜𝑣𝑖𝑑 σ𝑖 𝑥′𝑖𝛽′𝑖

𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 ∙ 𝑒σ𝑖 𝑥𝑖𝛽𝑖

Excess mortality as percentage of the 

underlying

Results – Two ways to measure excess

Relative (%) Additional Excess
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By Ages
Excess Mortality (Factor) Excess Mortality (Additional)



Sum Assured Bands
Excess Mortality (Factor) Excess Mortality (Additional)



Other insights from experience

• Later waves had relatively worse experience at higher sums assured

• Later waves experience was relatively worse at younger age bands

• Standard vs. non-standard experience similar in relative terms

31



Problem Solved?

• A bridge too far?

• Some “post-COVID” experience would be 

useful

• Extreme example

• Helps understand underlying patterns

• Informed decision making

• Requiring judgement

• Allowance for outlook

• Monitoring.
?



Advancing Analytics with COVID-19

• “Standing on the shoulders of giants”

– Open data

– Open packages

– Collaboration gets things done

• Code tracking

• Automation is key

• Uncertainty

– Parameter

– Systemic

• Parameter uncertainty

• Judgement required
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Expressions of individual views by members of the Institute and Faculty of Actuaries and its staff 

are encouraged.

The views expressed in this presentation are those of the presenter.

Questions Comments



Thank You

Louis Rossouw

LRossouw@GenRe.com

Rob Kaner

Robert.Kaner@GenRe.com

mailto:LRossouw@GenRe.com
mailto:Matt.Ralph@GenRe.com

