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In 2020-2021, the world has been gripped by a pandemic that no living person has ever known. The
coronavirus pandemic is undoubtedly the greatest challenge the world has faced in over a generation. The
imperative of statistical modelling is not only to manage the short-run crisis for the health services, but also
to explain the pandemic’s course and establish the effectiveness of different policies, both non-
pharmaceutical and with vaccines. This difficult task has been undertaken by the epidemiologists and
others in the face of measurement data problems, behavioural complications and endogeneity issues. This
paper proposes a simple taxonomy of the alternative different models and suggests how they may be used
together to overcome limitations. This perspective may have important implications for how policy-makers
cope with future waves or strains in the current pandemic, or future pandemics.
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he statistical modelling of the Covid-19 pandemic
IS an extremely complex task.

"it’s like trying to build the ship whilst sailing it”

Prof Jonathan Van Tam



Daily new confirmed COVID-19 deaths per million people oh Mo
Shown is the rolling 7-day average. Limited testing and challenges in the attribution of the cause of death means that the number of confirmed
deaths may not be an accurate count of the true number of deaths from COVID-19.
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Daily new confirmed COVID-19 deaths per million people, Feb 10, 2021
Shown is the rolling 7-day average. Limited testing and challenges in the attribution of the cause of death means
that the number of confirmed deaths may not be an accurate count of the true number of deaths from COVID-19.
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Daily new confirmed COVID-19 cases per million people

Shown is the rolling 7-day average. The number of confirmed cases is lower than the number of actual cases; the main reason for that is limited
testing.
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Motivation
Daily New Cases in the United Kingdom

Daily New Cases
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Data as of 0:00 GMT+0
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Motivation

Daily New Deaths in the United Kingdom
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Roadmap of Paper

 Why Model? Rationale for Modelling
e Data Sources
 Modelling Approaches : A Taxonomy

e Statistical Data &

e Measurement Error
 Endogeneity

 Endogeneity & How do we think about Policies
* SIR Epidemiological Models

e Other Models

 Comparing Models: Traffic Lights

e Conclusion



Measurement Error

e What is a death from Covid — death certificate issues.
e What is a case? — based on a test or not?

* How many cases - if not enough tests.
e How many tests are done

 Who are tested
e How are you counting them - people can have more than one test

* In comparing data across countries there is no uniformity.

* Endogeneity of reporting reason to believe that Iran was mis-
reporting.



What is the right dependent variable?

e Deaths per day

* Moving Average of deaths per day (3 or 7 day?)
 New Deaths per Million of the Population

* New Deaths per day over Cases

e Excess Deaths

* Hospitalisations

* New Infections/Cases

* R number, Infections per 100,000 of population



Figure-3:-Alternative -Dependent Variable for-the UK

Panel-A: The-Reproduction-Rate, R;> — - Panel B:-Case Fatality-Rate
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Excess Mortality England & Wales
2020/21 compared to 2010-19.
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Spatial Issues: Where Did it Come From?

Where imported UK cases came from

Imported infections per day
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International flights from China in January
2020.




Observed Heterogeneity
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Daily New Deaths in the United States
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Daily New Deaths in New York

Daily Deaths

Deaths per Day
Data as of 0:00 GMT+8
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Daily New Deaths in Texas
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Endogeneity & How Do We Think About
Policies?

CONTROLS EXPENDITURE
* |ncome Support

e School Closin
5 e Debt/Contract Relief

 Workplace Closing
e Cancel Public Events

e Restrictions of Gatherings PUBLIC HEALTH
* Close Public Transport e Public Information Campaigns
 Testing Policy

e Stay at Home Requirements _
* (Contact tracing

* International Travel Controls



COVID-19: Stringency Index ST L
This is a composite measure based on nine response indicators including school closures, workplace closures, and

travel bans, rescaled to a value from O to 100 (100 = strictest). If policies vary at the subnational level, the index is

shown as the response level of the strictest sub-region.
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Table 2: Modelling Traffic Lights
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Deterministic SIER

Spatial SEIR Model

Growth Model

Forecasting Model

Panel Regression Models
Portrait Phase Diagrams
Bayesian & Hybrid Models

KEY

Not Possible

Potential Limitation

Not Routinely but may be Technically Possible
Adaptable Advantage

Strong Advantage



CONCLUSIONS

e Important Econometric Modelling Problems Remain:
* Measurement Error
 Endogeneity
e Stationarity
* Non-linearities & Multiple Waves
e Cross Section Dependence & Networks & Spatial Aggregation & Modelling
* Behaviourial Responses

e Econometric and other Statistical Models & Graphical Methods have a
complementary role to play to SEIR models.

. cS:IhOUId be cross validation studies employing all different models on the same
ata.

 There should be econometricians, economists and other health professionals on
SAGE.
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