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Reflections On Epidemiological
Modeling To Inform Policy During
The COVID-19 Pandemic In
Western Europe, 2020–23

ABSTRACT We reflect on epidemiological modeling conducted throughout
the COVID-19 pandemic in Western Europe, specifically in Belgium,
France, Italy, the Netherlands, Portugal, Switzerland, and the United
Kingdom.Western Europe was initially one of the worst-hit regions
during the COVID-19 pandemic. Western European countries deployed a
range of policy responses to the pandemic, which were often informed by
mathematical, computational, and statistical models. Models differed in
terms of temporal scope, pandemic stage, interventions modeled, and
analytical form. This diversity was modulated by differences in data
availability and quality, government interventions, societal responses, and
technical capacity. Many of these models were decisive to policy making
at key junctures, such as during the introduction of vaccination and the
emergence of the Alpha, Delta, and Omicron variants. However, models
also faced intense criticism from the press, other scientists, and
politicians around their accuracy and appropriateness for decision
making. Hence, evaluating the success of models in terms of accuracy and
influence is an essential task. Modeling needs to be supported by
infrastructure for systems to collect and share data, model development,
and collaboration between groups, as well as two-way engagement
between modelers and both policy makers and the public.

T
he COVID-19 pandemic has had an
unprecedented impact on global
health, economy, and society. One
of the worst-hit regions of the
world, especially in the first year of

the pandemic, was Western Europe. By March
2020, Europe as a whole was declared the epi-
center of the pandemic by the World Health Or-
ganization.1 In response, European countries de-
ployed a range of policy responses, which were
often informed by mathematical, computation-
al, and statistical models. These models were

used to describe and project the spread of
SARS-CoV-2 and to assess the potential impact
of mitigation measures such as physical distanc-
ing, contact tracing, and, later, vaccination.
This Commentary reflects on modeling

throughout the pandemic in Western Europe,
particularly in countries represented by consor-
tia of Western European modeling teams2,3 in
Belgium, France, Italy, the Netherlands, Portu-
gal, Switzerland, and the United Kingdom. We
highlight similarities and differences in model-
ing,how itwasused to informpolicy, and lessons
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for future pandemics. A key focus is the interplay
between the accuracy of models and the need for
reliable, high-resolution data.

Types Of Modeling Used To Inform
COVID-19 Policy
The varied approaches tomodeling used inWest-
ern Europe during the pandemic can be classi-
fied according to several key dimensions, includ-
ing their temporal scope of outputs, the
pandemic stage, the interventions modeled, and
the model form (see online appendix section 2
for references).4

Temporal Scope Of Outputs A key differen-
tiating feature of models is whether the dates for
model outputs occur before, during, or after the
time the model was constructed.
One type of modeling is known as situational

analyses, which combine surveillance data with
modeling to produce outputs in real time on the
current state of an epidemic. These analyses have
become more widely used over time. Modeling
efforts during and after the 2002–04 severe
acute respiratory syndrome (SARS) outbreak
were largely retrospective, but situationalmodel-
ing became common during the 2009 H1N1 in-
fluenza pandemic and the 2013–16 Ebola virus
disease epidemic in West Africa.5,6 During the
COVID-19 pandemic, such analyses of surveil-
lance data informed rapid risk assessments by
estimating key SARS-CoV-2 parameters such as
transmissibility and age-specific severity at the
start of the pandemic and when new variants
emerged. They were also used to estimate
COVID-19 incidence, as surveillance systems
missedmany cases andwere subject to reporting
delays. For instance, real-time analyses inMarch
2020 showed that there weremore than 100,000
COVID-19 cases in the UK even though only
6,000 had been reported.7

Forecastingmodels area second typeofmodel-
ing; they predict how an epidemic will likely
progress in the future. Forecasts often use statis-
tical models that fit trends, usually assuming
that key parameters such as the basic reproduc-
tion number and generation interval remain un-
changed.Hence, they are generally useful only in
the short term (a few weeks), as there are too
many uncertainties to make reliable predictions
beyond that. The European COVID-19 Forecast
Hub aggregates forecasts from different models
into an ensemble to improve accuracy and reli-
ability over individual forecasts, thereby provid-
ing policy makers and the general public with
reliable information on the short-term future
trajectory of the pandemic.8

A third type of modeling is projective models,
which project future epidemic trajectories under

various scenarios, usually in the medium or
long term (months).9 They may, for instance,
explore what would happen if different non-
pharmaceutical interventions were imposed.
Unlike forecasting models, projective models
usually rely on mechanistic models to under-
stand the impact of interventions that may alter
underlying parameters (such as viral transmissi-
bility or population susceptibility).
Retrospective analyses, a fourth modeling ap-

proach, produce outputs for dates in the past,
aiming to assess what could have happened
if, for example, different control measures had
been imposed or different vaccine coverage had
been achieved.10 These analyses were less com-
monduring the emergencyphase of thepandem-
ic but are now being used to learn fromdecisions
made and improve future response plans.
Pandemic Stage Modeling approaches

evolved on the basis of data availability and poli-
cy needs at different phases of the pandemic.
Early on, data were scarce, and most modeling
centered on statistical analyses to estimate key
parameters of interest, such as the incubation
period, serial interval, prevalence, importation
risks, rates of undetected importations, and re-
production number. As knowledge of SARS-CoV-
2 transmission dynamics increased and more
data were available, transmission models were
used to explore the impact of different interven-
tions. As countries transitioned out of the emer-
gencyphase of thepandemic,modelingwas used
retrospectively to examine the effectiveness of
policies made throughout the pandemic.
Interventions Modeled Models were fre-

quently updated over the course of the pandemic
as different interventions became available. In
early 2020, modeling focused on what non-
pharmaceutical interventions to implement,
based on the epidemiological situation (for ex-
ample, infection incidence and health care ca-
pacity) andwhat factors shaped compliancewith
restrictions. As new technologies became avail-
able, models focused on improving testing and
tracing systems, allocating limited vaccine
doses, and later giving booster doses to mini-
mize future disease waves. As these interven-
tions helped reduce COVID-19 burden, later
studies focused on when to relax nonpharma-
ceutical interventions, with the protocols for
school reopening a key focus.
Model Form Model form refers to the class of

mathematical structure used for the model. This
depends on the complexity of questions being
asked and the time and data available. For exam-
ple, compartmental models generally produced
outputs faster than individual-basedmodels and
required less data, but theywere less comprehen-
sive in capturing detailed individual variations.
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Initiatives such as the European forecasting8 and
scenario modeling11 hubs have demonstrated
that all models have strengths and weaknesses.
Therefore, efforts to combine projections from
individualmodels into an ensemble can improve
overall predictive performance,8 but this may
come at the cost of losing the unambiguous caus-
al interpretation of how different conditions af-
fect epidemic spread in scenario analyses. Dur-
ing the pandemic, a variety of forms were used.
The first form, statistical models, relates dif-

ferent variables using mathematical equations
without attempting to represent underlying bio-
logical or epidemiological mechanisms. For in-
stance, panel regression models were used to
relate nonpharmaceutical intervention intensity
with reductions in transmission.
The second form, compartmental models

(such as SIR [susceptible-infected-removed]
models), describes average interactions between
individuals in compartments representing dif-
ferent infection states. Within each compart-
ment, individuals are assumed to be homo-
geneous.
The third form, meta-population models, sub-

divides the population into different groups
(representing, for example, different geograph-
ical regions) with links between them. For in-
stance, a model dividing the global population
into different travel hubs was used to estimate
the impact of travel restrictions on global SARS-
CoV-2 spread.
The fourth form, individual-based models,

gives separate characteristics to each individual
in a population. For instance, an individual-
based model with household structure was used
to understand the impact of contact tracing and
household bubbles in Belgium.
The fifth form, geospatialmodels, accounts for

the geographical location of individuals. For ex-
ample, a geospatial model was used to investi-
gate SARS-COV-2 spread within and among dif-
ferent Belgian regions.

Modeling And Policy Responses
Across Locations And Over Time
Across Western European countries and over
time, there were similarities—but also major
differences—in the spread of SARS-CoV-2, the
public health and social response to the pandem-
ic, and the ensuing health and socioeconomic
impact. Italy was the first country in Europe to
report widespread local transmission of SARS-
CoV-2, in February 2020,with rapidly increasing
pressure on health services.12 It was also the first
country to adopt lockdown measures to reduce
SARS-CoV-2 transmission. In rapid succession,
other Western European countries adopted

stringent measures to limit social interactions
(appendix section 3).4 Fluctuations in COVID-
19 outcomes reflected changes such as the emer-
gence of new variants and the rollout of vaccina-
tion (appendix section 4).4

Western European countries differed in terms
of the availability and quality of data, govern-
ment policy around both nonpharmaceutical in-
terventions and vaccination, societal response,
and resources for modeling (appendix section
1).4 These variations drove differences in the
use of data formodeling, structures formodelers
to engage with policy making, and influence
that models had on policy (appendix sections
5 and 6).4

Despite thedifferences, somecommon lessons
can be drawn. First, most modeling teams used
deterministic or stochastic compartmental mod-
els, but agent-based models were used to model
individual behavior or specific venues (for exam-
ple, schools). Second, models were used for sit-
uational analysis and to estimate the impact of
policy options, such as entering or exiting lock-
downs, vaccine strategies (including boosters),
and modulating the level of control after new
variants emerged. Third, modelers found that
age-stratified data on hospitalizations, virology,
seroprevalence, and deaths were the most reli-
able for calibrating models. Reported cases were
not central to most models because of their re-
porting biases. Genomic surveillancewas impor-
tant for estimating the prevalence and severity of
variants, whereasmobility and contact datawere
used to project intervention impact. Fourth, the
ways in whichmodelers engaged in policy varied
greatly between countries. Many modeling
teams sat onexpert panelsor task forces advising
governments. In some countries they also inter-
acted with health authorities or governments

The high profile that
modeling has had in
Western Europe
during the COVID-19
pandemic has raised
questions about how
“successful” these
models were.
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directly. Although existing structures at the
science-policy interface facilitated this process,
other countries had to form ad hoc structures to
establish an exchange among scientists, author-
ities, and decision makers.
Fifth, two-way communication between mod-

elers and policy makers was a critical success
factor to ensure that suitable scenarios were
modeled and results were understood. Clearly
defined and structured processes, trust in rela-
tionships, and transparency about the inter-
actions facilitated this engagement. In countries
where modelers had no direct interaction with
policy makers, it was sometimes unclear how
modeling results were used for policy. Finally,
modelers rarely explicitly recommended policy
options. They usually projected outcomes (such
as infections, hospitalizations, and school days
lost) under different scenarios, sometimes
highlighting the scenarios that optimized these
outcomes. Somepolicymakers used thesemodel
results for decision making in combination with
nonmodeled considerations such as economic
impact and logistic requirements.

Evaluation Of Modeling Success
The high profile that modeling has had in West-
ern Europe during the COVID-19 pandemic has
raised questions about how “successful” these
models were. Such success should be evaluated
on the basis of the questions that models were
intended to address. For instance, COVID-19
modeling has been criticized for failing to accu-
rately forecast future trends.13 However, not all
prospectivemodels aredesigned tobepredictive.
Scenario models are not designed to predict the
most likely outcome but to project possible epi-
demic trajectories, conditional on potential epi-
demiological and intervention scenarios, some
of which may never actually occur. Such models
should arguably be assessed on their valoriza-
tion success—that is, being used as intended to

inform preparedness and response policy. Valo-
rization success is defined as whether a model is
useful to its intended audience, as evidenced by,
for example, policy statements by governments
ororganizations. It shouldnotusuallybedefined
narrowly in terms of particular decisions being
made, as such decisionsmay need to account for
other factors beyond those measured in epide-
miological models (for example, economic or
political outcomes). As a consequence, most
modelers have the remit of providing evidence
instead of seeking to influence decisions in par-
ticular directions.14 This definition of success
highlights the importance for modelers of learn-
ing to engage effectively with policy makers and
the public. Valorization success may actually
result in predictive failure because, as Nina
Fefferman pointed out, “in an ideal world, every
epidemiological predictionof an outbreakwould
end up failing,” as predictions would influence
policy actions that would then mitigate the
outbreak.15

For models explicitly designed to accurately
represent the true state of affairs (situational
analyses and forecasts), predictive failure in-
volves the actual course of the epidemic falling
outside the model uncertainty ranges. Such dis-
cordant results could have varied causes. The
reason that is most obviously a failure of the
modeling process itself is errors inmodel coding
or internal logic. This may indicate the need for
more robust error- and logic-checkingprocesses.
It may also stem from errors in the data inform-
ing the model or changes to the data collection
(for example, gaps in reporting early-warning
indicators or changes in the definitions of indi-
cators). For forecasts, predictive failure can also
occur because of unanticipated developments,
such as interventions that were not included in
the forecasting process (for example, a govern-
ment decision to impose a stricter lockdown af-
ter the release of the forecasts), epidemiological
developments (for example, the emergence of a
more transmissible or more virulent variant), or
behavior changes (for example, people voluntar-
ily reducing contacts as more cases are re-
ported). For this reason, it is usually possible
to forecast only in the short term (a few weeks
ahead in the case of the COVID-19 pandemic).
Although predictive failures might not be fail-
ures on the part of the forecast itself, they
highlight the need for clear communication of
the model’s limitations and uncertainties to
avoid misinterpretation, incorrect use, or over-
confidence in the projected futures.16

Thus, a successful model is arguably one that
follows best-practice guidelines in the field. This
may include using the right methods to address
the problem; being transparent about assump-

General lessons from
the successes and
failures of COVID-19
modeling can inform
the response to the
next pandemic.

December 2023 42: 12 Health Affairs 1633
Downloaded from HealthAffairs.org on December 06, 2023.

Copyright Project HOPE—The People-to-People Health Foundation, Inc.
For personal use only. All rights reserved. Reuse permissions at HealthAffairs.org.



tions and limitations; being peer reviewed by
both methodologists and disease experts; and
using data to inform appropriate calibration,
validation, and uncertainty analysis. This lends
itself to a third category of success: procedural
success. This definition of success has one ad-
vantage over valorization andpredictive success:
Its determinants aremost clearly within the con-
trol of the modelers.
Understanding the critical determinants of

success or failure for different kinds ofmodeling
efforts during the COVID-19 pandemic is crucial
to optimizing future epidemic and pandemic
modeling. This will require outlining the ques-
tions that each model was designed to address
and the definition of success (for example, valo-
rization, predictive, or procedural success). It
must also take into account the need for flexibil-
ity, timely results, and ability to provide situa-
tional awareness in the face of messy data. This
means that the most comprehensive or accurate
model might not necessarily be what was most
useful at that time. Both quantitative and quali-
tative methods, as well as an understanding of
uncertainty, should be used in the evaluation
process. Ultimately, it is important to ensure
that the model addresses the question before
providing information for decision making. On-
going interaction and feedback from stakehold-
ers during this process are crucial.

Lessons For The Future
The next pandemic will likely be different from
COVID-19. However, general lessons from the
successes and failures of COVID-19 modeling
can inform the response to the next pandemic,
regardless of its characteristics.
Data Collection And Sharing Access to data

(including from other countries) was crucial for
modeling to informa timely response inWestern
Europe. For instance, the speed of data collec-
tion and sharing from Wuhan, China, in early
2020 and from South Africa during the emer-
gence of the Omicron variant were both vital
for European models. However, differences be-
tween countries (for example, in case defini-
tions)17 often made interpretation of model re-
sults complicated. Ideally, sustainable data
collection systems should be established before
a public health emergency to facilitate collection
of standardized data pertinent to models and to
enable global access.
Collaboration Collaboration should extend

beyond data sharing to close working between
modelers themselves. Climate changemodelers18

have highlighted the importance of multimodel
comparison and validation supported by good
data and high-performance computing. Bio-

logical-social systems such as pandemics are
even less predictable in their details than climate
systems are, making these lessons more chal-
lenging to apply. However, during the pandemic
there was still great value in having multiple
models whose results could be compared with
each other or even ensembled. Some of this ac-
tivity took place in national or regional forecast-
ing hubs.8,19 At a minimum, sharing of scientific
protocols, modeling frameworks, model results,
code, and data can facilitate these efforts, ensur-
ing more equal access to expertise.20 Going fur-
ther, direct collaboration between modelers can
allow cross-validation, to ensuremodels’ accura-
cy and reliability. Such efforts require a plurality
of proven models and in some settings may re-
quire investment to expand modeling capacity.
Retrospective review isneeded tounderstand the
most successful configuration for collaboration
between modeling groups and interface with
policy makers. This type of review could study,
for example, the Scientific Pandemic Infections
Group on Modelling (SPI-M) approach in the
United Kingdom and the Dutch National Insti-
tute for Public Health and the Environment
(RIVM)-led approach in the Netherlands to see
what approaches would be most effective in oth-
er countries (see appendix section 6).4

Policy Engagement Modeling groups dif-
fered in the level of engagement they were for-
mally mandated to have with policy makers (see
appendix section 6).4 Modelers (and other sci-
entists) also themselves debated the role that
they should play in relation to policy makers,
with some seeing their role as strictly to provide
evidence within the constraints given by policy
makers14 and others seeking to provide indepen-
dent advice on policy.21 Yet regardless of man-
dates and roles, modelers require clear and ef-

Policy makers
operated in a complex
political environment
during the COVID-19
pandemic, and the role
of modeling was
influenced by public
opinion.
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fective channels of two-way communicationwith
policy makers for successful engagement14,16—
for instance, through a structured planning
process. This can help ensure that models are
tailored to the needs of policy makers. Often
these needs are unclear because, as the chair
of the SPI-M said, “politicians are very reluctant
toopenlydiscuss the trade-offs (forgoodreasons
perhaps), so that the models are asked to pro-
duce an array of outputs.”14 On the other side,
modelers need to communicate the capability of
different models and the interpretation of re-
sults. An explicit and transparent explanation
of the purpose of the different modeling ap-
proaches, and what the outputs can (or cannot)
be used for, would help in this regard.

Integration Of Broader Outcomes Most
epidemiological models focused on the impact
of interventions on COVID-19 disease outcomes.
Economic, educational, mental health, and po-
litical outcomes were rarely considered. More
comprehensive evaluations and greater inter-
disciplinarity may have strengthened the ability
of models to inform decision making and im-
provepublicperception.For instance, therewere
few economic analyses that were informed by
explicit epidemiological models. This may have
been a consequence of the lack of collaboration
between epidemiological and economic model-
ers. Furthermore, although policy makers were
informed by detailed epidemiological models
that were usually in the public domain, on the
economics side, themodelsused to informpolicy
were often not in the public domain and rarely
used inputs from epidemiological models. This
made it difficult for policy makers to make bal-
anced trade-offs between thehealth andeconom-
ic outcomes of interventions.

Public Engagement Policy makers operated
in a complex political environment during the
COVID-19 pandemic, and the role of modeling

was influenced by public opinion. Results from
modeling itself (filtered through communica-
tions media) in turn affected public opinion,
which emphasizes modelers’ responsibility to
communicate clearly to the public. It is therefore
very important for modelers to engage with sci-
ence journalists, present modeling results in
nontechnical ways that minimize misinterpreta-
tion (while not oversimplifying), and anticipate
potential responses to modeling results. Al-
thoughmodels for policy making need to under-
go rigorous evaluation and scrutiny, criticism of
models without fully understanding their as-
sumptions and caveats can lead to loss of public
trust in science-basedpolicymaking.Academics,
journalists, andpolicymakers shouldworkmore
closely together to avoid fuelingmisinformation
and distrust during public health crises.
These recommendations may require model-

ers to receive training in areas outside the tradi-
tional academic toolkit (for example, media
communications) and for academics and policy
makers to learn to work effectively together.
These preparations should ideally begin before
a pandemic arises. Traditional reward structures
in academianeed to be reformed so that that they
appropriately recognize contributions to policy
making and public communication.

Conclusion
Evaluating modeling endeavors across different
Western European countries during the COVID-
19 pandemic has given valuable insights that can
be applied in future health crises. These insights
include the need to support modeling by infra-
structure for data collection and sharing sys-
tems, model development, and collaboration be-
tween groups, as well as two-way engagement
between modelers and both policy makers and
the public. ▪
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