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Highlights section:  

 

• Formal processes in many countries split epidemiological and macroeconomic modelling 

informing policy responses to shocks such as COVID, potentially missing feedback loops. 

 

• Our scoping review of epidemiological-macroeconomic modelling techniques identified four 

main approaches: epidemiological models with compartmental-utility-maximization models, 

which provide a theoretical representation of voluntary behavior change, stylized 

macroeconomic projections producing simple estimates of overall GDP impacts, 

epidemiological models linked to computable general equilibrium or input-output models, 

often used to simulate sector-specific impacts, and epidemiologic-economic individual-based 

models that have been used to model, among others, labor market friction and the 

implementation of fiscal packages. 

 

• There are important remaining gaps in terms of equity and poverty simulations, consideration 

of long-run health and economic trends, and modelling for low- and middle-income country 

contexts. 
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Abstract 

Objectives. The COVID-19 pandemic placed significant strain on many health systems and 

economies. Mitigation policies decreased health impacts but had major macroeconomic impact. 

This paper reviews models combining epidemiological and macroeconomic projections to enable 

policymakers to consider both macroeconomic and health objectives. 

Methods. A scoping review of epidemiological-macroeconomic models of COVID-19 was 

conducted, covering preprints, working papers and journal publications. We assessed model 

methodologies, scope, and application to empirical data.  

Results. We found 80 papers modelling both the epidemiological and macroeconomic outcomes 

of COVID-19. Model scope is often limited to the impact of lockdown on health and total gross 

domestic product or aggregate consumption, and to high income countries. Just 14% of models 

assess disparities or poverty. Most models fall under four categories: compartmental-utility-

maximization models, epidemiological models with stylized macroeconomic projections, 

epidemiological models linked to computable general equilibrium or input-output models, and 

epi-econ-ABMs. We propose a taxonomy comparing these approaches to guide future model 

development. 

Conclusions. The epidemiological-macroeconomic models of COVID-19 identified have 

varying complexity and meet different modelling needs. Priorities for future modelling include 

increasing developing country applications, assessing disparities and poverty, and estimating of 

long-run impacts. This may require better integration between epidemiologists and economists. 

Keywords. epidemiological-macroeconomic models; COVID-19; scoping review 
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1. Introduction 

The COVID-19  pandemic caused around 13 million deaths1 in 2020-21 and strained many 

health systems, lowering care quality and availability2,3. COVID-19 and consequent policy 

responses drove around $6 trillion loss in world GDP in 2020 and fiscal responses to the crisis 

cost $17 trillion by October 20214,5. Full and partial lockdowns implemented to mitigate 

COVID-19’s health impact have sometimes exacerbated short-term economic losses, even 

though in the long-term some of these may have been economically beneficial.  Hence, 

responding to COVID-19 entails assessing the health and macroeconomic outcomes and possible 

trade-offs of multiple response scenarios, usually based on evidence from models. Such efforts 

are not new: epidemiological-macroeconomic models were already developed for pandemic 

influenza and Ebola6-9, and efforts at timely and appropriate communication between 

stakeholders were made to ensure they were relevant and used to inform policy10. For example, 

the results of epidemiological-macroeconomic modelling were used to advocate for US response 

to the emergency during Senate hearings on Ebola11. This can however be challenging, 

particularly if trust/understanding of the type of model used has not been built. During the 

COVID-19 response, formal policy processes in many countries split epidemiological and 

macroeconomic modelling. In the UK, epidemiological models are assessed by a pandemic 

committee (SPI-M), while macroeconomic modelling is produced by the Treasury12,13, with 

some evidence that epidemiological-macroeconomic models were disregarded out of lack of trust 

in their reliability14. A rapid review of modelling in the UK further revealed few linked 

epidemiological and economic outcomes15, potentially missing feedback loops between them.  

We reviewed the literature to assess the availability and scope of epidemiological-

macroeconomic models, describe methods and applications, and make recommendations for 
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future research by economic and health economics modelers/analysts. We hope this work can 

increase awareness and understanding of epidemiological-macroeconomic modelling, hence 

helping improve communication and use of such models to inform policy in future pandemics. 

2. Methods 

This scoping review uses 2020 PRISMA guidelines (see S1) and the extension for Scoping 

Reviews Checklist16. Given the rapid evolution in COVID-19 research, it includes 

preprints/working papers. We searched systematically the NIH iSearch COVID-19 portfolio, 

Econlit, NBER, CPER’s COVID-19 economics and C19-economics up to 14-Jan-2022.  

We identified titles/abstracts using COVID-19, modelling, and macroeconomics-related terms 

(see S2), then reviewed these to identify macroeconomic models using epidemiological model 

results (called “linked” models) or integrated alongside epidemiological modelling within one 

single model. Both types are called “epidemiological-macroeconomic models” hereafter.  

We then analyzed approaches, scope, policies/interventions assessed, modelling of voluntary 

measures, outcomes described, disaggregation type, analysis timeframes, locations, and whether 

researchers compared model results to empirical data (calibration/validation) and included 

uncertainty in outcomes. We finally discussed the strengths/weaknesses, use cases and 

opportunities associated with each method.  

See S2 for Methodological details are, S3 for review protocol. 

3. Results 

3.1. Study selection 

We included 80 papers (S4 lists all reviewed papers, S5 selected papers), 52 were published by 

15-Jun-2023. 
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Figure 1: Study selection process  

3.2. Modelling approaches 

Four main modelling approaches emerged during the review. Twenty-six studies (33%) use 

compartmental epidemiological models integrated with macroeconomic utility maximization 

(‘compartmental-utility-maximization’). 18 models (23%) primarily comprised an 

epidemiological model, to which stylized macroeconomic projections producing simple 

estimates of overall GDP impacts were added (‘stylized epidemiological-macroeconomic 

models’). Seven (9%) used computational general equilibrium (CGE) or input-output (I-O) 

models linked to epidemiological model outputs (hereafter ‘epi-CGE/I-O models’); six (8%) use 

economic-epidemiologic agent-based models (‘econ-epi-ABMs’); four combine epidemiological 

CGE/I-O and compartmental-utility-maximization approaches (‘mixed’ techniques); and the 

remaining 19 studies (24%) were grouped under ‘other’.  

The epidemiological modelling approaches used in each model category are given in the sections 

below. Briefly, agent- or population-based approaches are generally used. agent-based models 

(including network-based models) simulate the behavior of individual agents (e.g., humans, 

households) depending on their characteristics (e.g., age, health). In turn, individuals’ status 

(e.g., health) depends on their behavior (e.g., infective contact) and past status. Aggregate (e.g., 

COVID prevalence) and disaggregated outcomes emerge from individual agents’ behaviors17,18. 

Meanwhile, in population-based models, population-/group-level outcomes are imposed through 

top-down equations: ‘well-mixed’ population groups (‘compartments’), for example age groups, 

interact based on rules described through contact matrices. This translates into differential 

equations that simulate changes in aggregated health outcomes.  
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3.2.1. Compartmental-utility-maximization models 

Compartmental-utility-maximization, often called ‘SIR-macro’ in the literature19, is defined as 

models where a population-based epidemiological element simulates people (or households) 

moving between compartments representing transmission status (e.g., Susceptible, Infectious, 

Recovered) that is integrated with a macroeconomic model whereby an average household of a 

given category (e.g., wealthier group) optimizes its utility (which depends on work 

hours/consumption) while respecting household budget constraints. Households may further 

differ by e.g., job type or wealth. In a pandemic context, labor and consumption can be 

associated with increased disease risk, and disease decreases household utility (through e.g., 

decreased consumption), hence shifting households’ optimal economic activity level. As the 

pandemic evolves, utility maximizing households continuously adjust behaviors through 

voluntary measures. Aggregating model estimates for ‘average household’ archetypes within 

each category produces country-level aggregates of household labor and consumption The 

models may also reflect government restrictions (e.g., lockdown as a constraint or tax on 

economic activity) and social transfers, integrate assumptions around investment/production, 

enabling comparisons between a range of interventions and/or computation of further macro-

economic indicators. The models minimally require country economic, demographic and labor 

data. Some also use mobility data, the share of tele-workable jobs20, and contact matrices, as do 

some of each of the other model types. We chose the ‘compartmental-utility-maximization’ label 

for these models because the ‘SIR-macro’ label is imprecise on the macroeconomic approach 

and some models do not use an SIR structure but SIS or SEIR approaches. 
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3.2.2. Stylized epidemiological-macroeconomic models 

This category is defined as studies that link any epidemiological model projecting pandemic 

health consequences over time with an estimate of total GDP impact (by assumption, past 

observation or expert opinion) without describing intermediate mechanisms. The 

epidemiological models are mostly (80%) population-based models. Others include an agent-

based model21, projections based on geographic/temporal regression22 and proportional 

multistate lifetables23-25. Some models assume GDP loss is proportional to the share of 

population unable to work or to lockdown intensity measured e.g., by the COVID-19 stringency 

index26. Some studies inform projections using experts’ opinion24 or past lockdown data27. This 

group of models did not have a specific pre-existing name, so we created the “stylized” label.   

3.2.3. Epi-CGE/I-O models 

We defined this category by grouping Computational General Equilibrium (CGE) and input-

output (I-O) models linked to epidemiological models28-33. The macroeconomic segment of all 

these models uses a tabular representation of economic flows (I-O matrices for I-O models, 

Social Accounting Matrices (SAMs) for CGE models) reflecting the relations between economic 

stakeholders. I-O matrices describe how the inputs/outputs of different industrial sectors relate to 

the outputs/inputs of other sectors and to final demand. These relations are represented in matrix 

format, with columns of expenditures in one area (e.g., commodities in one sector/subsector) 

related to lines detailing incomes in another area. SAMs provide a broader representation of the 

economy as they describe all economic transactions and transfers (including e.g., from the 

government). To simulate an economy’s response to e.g., COVID-related closures, data on 

responses to change (e.g., elasticities) are included. Such models can help model economic 

interdependencies34-37 e.g., international or cross-sectoral economic linkages38. They can be 
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disaggregated by household type and assess distributional and poverty impacts37-39. The 

macroeconomic element of epi-CGE/I-O models uses the outcomes of any epidemiological, 

individual- or population-based model. The epidemiological model provides, for example, 

disease-related absences and/or healthcare costs that feed into the macroeconomic segment 

alongside policy-related drivers such as lockdowns. Models in this category tend to focus on 

medium- and long-term economic changes. CGEs are equilibrium models that do not provide 

information on the path toward equilibrium, typically computing the impact of economic shocks 

over one or multiple years40. CGE and input-output models require online databases with broad, 

high resolution coverage (e.g., GTAP41) and are often used by the World Bank and International 

Monetary Fund (IMF) for developing countries40.  

3.2.4. Epi-econ-ABMs 

We define as “epi-econ-ABMs” models that simulate both health and economic behaviors using 

agent-based modelling principles. These use agents (e.g., individuals, households, firms, 

governments) with unique, individually distinguishing properties (e.g., income, age) that interact 

following decision-making rules. In self-titled agent-based models (also called individual-based 

models in some disciplines42) and multi-agent system models43, agents’ interactions are generally 

represented within a spatial environment44. Meanwhile, in network-based models, agents’ 

interactions are represented over social networks e.g., of friends or colleagues45,46. Epi-econ-

ABMs47-52 describe both disease-related and economic interactions of boundedly rationale 

agents53 and related outcomes (e.g., social interactions, working, shopping, job searching) within 

an integrated framework. Simulated individual health status and individual, firm or government 

income/spending are aggregated in a “bottom-up” approach to produce macro-health and 

economic indicators. The models can be computationally intensive and require data on agents’ 
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locations, characteristics and interactions18. Epidemiological ABMs that input into a separate 

economic model were excluded from this category. 

3.2.5. Mixed and other models 

“Mixed” papers are those mixing the above techniques to the exclusion of other elements and 

include four papers54-57 combining compartmental-utility-maximization and CGE/I-O techniques. 

Other papers are in the “Other” category including e.g., dynamic general equilibrium models58-60, 

semi-structural models61-63, epidemiological-SIR models combined with search-matching models 

representing frictions in the labor market64,65 and models in which reopening is dynamically 

driven by both the epidemiological and economic situations and trends66. 

3.3. Scope 

3.3.1. COVID-19 interventions/responses 

None of the stylized models considers fiscal packages (stimulus packages, unemployment 

insurance or social transfers). Compartmental-utility-maximization and mixed models most often 

represent pandemic-related voluntary behavior changes. One model in five simulates multiple 

disease mitigation interventions (Figure 2). Policy implementation may face administrative, 

logistical and compliance challenges, however, implementation challenges beyond non-

compliance to lockdowns were not explicitly modelled. 

Figure 2: COVID-19 responses modelled by model type  

3.3.2. Model outcomes, disaggregation and representation of inequalities/disparities 

All reviewed models produce both health (e.g., cases/deaths) and economic outcomes. Stylized 

models have limited variety in economic outcomes. Epi-econ-ABMs and labor market models 

(within the “other” category) most often simulate employment (as opposed to just working 
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hours). Compartmental-utility-maximization models more commonly assess 

inequalities/disparities in epidemiological and/or economic outcomes (Figure 3). Finally, the 

only model that assesses COVID-19’s poverty impacts is an epi-CGE model30, which also 

assesses equity and food insecurity. 16% of studies simulate additional outcomes e.g., 

government deficit, wage changes or firm default. 

Figure 3: Simulated outcomes by model type 

Disaggregated models can help simulate inequities in outcomes and/or assess aggregates with 

greater precision. Some age-structured models ignore younger subpopulations67-70. In integrated 

models (epi-econ-ABMs and compartmental-utility-maximization models), because there is only 

one model, disaggregation concerns both the economic and epidemiological elements equally, 

which is not the case for stylized and epi-CGE/I-O models: this can hamper analysis of the 

pandemic's combined health and economic impacts on specific groups (Table 1). 

Table 1: Model disaggregation by stratifying variable 

3.3.3. Timeframe 

A minority (14%) of papers, mostly epi-econ agent-based, ‘other’ and ‘mixed’ discussed the path 

to economic recovery beyond the next wave and immediate impacts of lockdowns, highlighting 

the long-run impacts of international linkages through export demand or Official Development 

Aid54,55,58, the impact of government income and spending choices on economic recovery51,58, 

job loss, firm bankruptcy and firm reopening. None assessed human capital losses due to school 

closures, despite their long-term productivity/growth impacts71.  
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3.3.4. Epidemiological and health impacts of the economic downturn 

Integrated models (compartmental-utility-maximization and epi-econ-ABMs) simulate the 

immediate health impacts of economic considerations through the representation of behaviors in 

reaction to the risk of disease and economic loss. There are also long-term health effects of 

macroeconomic losses (e.g., on malnutrition or access to healthcare). Four models23,24,68,72 

consider feedback loops from macroeconomic losses (or lockdown policies) to health, three of 

which are ‘stylized’ models, while one belongs to the “other” category. They emphasized 

lockdown-associated mental health and road traffic accident impacts and did not consider how 

pandemic-driven poverty may increase chronic illness prevalence73 or delay childhood 

vaccines74,75.  

3.3.5. Country of focus 

Using the World Bank’s country income classification, 85% of studies focus on high-income 

countries and only 24% on low- and middle-income countries (LMICs). Yet, around half of total 

GDP impact and 80% of global COVID-19 deaths are estimated to have occurred in LMICs, 

mostly middle-income countries (70% of total deaths)1,76. 43% of epi-CGEs/I-Os, 23% of 

compartmental-utility-maximization models, 17% of epi-econ-ABMs and 6% of stylized models 

were applied to LMICs.    

3.4. Calibration, validation and sensitivity analysis 

Models should normally be calibrated or validated against empirical data and analyze sensitivity 

to parameter uncertainty77-79. This should include data from 2020 onward. Table 2 summarizes 

calibration/validation/sensitivity analysis by model category. Calibration/validation and 

sensitivity analyses are more common among later and peer-reviewed papers, and were used 
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more extensively for epidemiological than economics modelling. Of 11 papers addressing 

poverty/disparity impacts, only three calibrate/validate them.  

Table 2: Calibration/validation and sensitivity analysis 

3.5. Strengths, limitations and opportunities of modelling approaches 

We identified four main approaches to epidemiological-macroeconomic modelling of COVID-19 

with different strengths, weaknesses and uses (see Table 3). Understanding these can help 

modelers identify the best approach(es) to answer their specific policy question(s). 

Compartmental-utility-maximization models provide a theoretical foundation for voluntary 

distancing in response to both economic and health concerns, making them most attractive to 

simulate such behaviors (Figure 2). They are often used to model inter-group disparities (Figure 

3) and may integrate groups with different pre-pandemic health status80, age69,81, comorbidities82, 

contact levels82-84, job essentiality/tele-workability69,81-85, employment sector81,82,84,86, location87 

and income/wealth69,82,84. They commonly assume full rationality and ‘perfect foresight’ of 

households19,81,82,85-101, approximately one third19,84,86,90,92,98,102 represent the economy as 

producing just one/two final goods, and roughly half represent lockdowns as a tax on production 

or consumption19,69,85,87,89-92,94,99-101 instead of directly modelling constraints on agents’ behavior. 

Efforts to fully validate these models69,82,90-92, including measures of disparity82, may therefore 

be particularly important to assess their adequacy to inform decision-making. 

Stylized models estimate changes in GDP without describing intermediate causal mechanisms or 

feedback loops. This can expedite construction of simple macro-economic models attractive to 

health stakeholders, based on any type of epidemiological model, and providing rough estimates 

of COVID-19-related policies’ short-term impact on overall GDP. These models sometimes 
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focus on the computation of incremental cost-effectiveness ratios or net monetary benefits103,104, 

adding a measure of GDP losses associated with the disease and/or interventions. However, 

because of the simplicity of their macroeconomic projections, they did not simulate fiscal 

packages and generally do not disaggregate macroeconomic impacts (Table 1). They often 

assume GDP change is linear with labor decline or containment level/duration22,67,68,105-113, but 

the only paper in this category with a calibrated economic model27 found that, for UK’s 2020 

economy, a quadratic relationship fit data best. Using empirical country-specific time-series to fit 

GDP response to lockdown intensity may therefore improve these models.  

Epi-CGE/I-O models are well-suited to assess complex economic impacts, including cross-

sectoral and cross-country interlinkages34-38. Often used to model the indirect impact on sectoral 

output of COVID-related closures in other sectors, they were also used to assess country-level 

impacts of the 2020/21 global economic downturn through e.g., changes in export demand or 

remittances30,31. As models that are generally “linked” (6/7 models), they can rely on any type of 

disease model, but few integrate feedbacks from economics to health. They were more often 

used to model the pandemic’s impact in LMICs than other model types, likely supported by the 

practices and databases developed by institutions like the World Bank and IMF40. Finally, the 

only model in this review estimating the pandemic's poverty impacts30 is an epi-CGE model. If 

linked with well-disaggregated epidemiological models showing health risk differentials across 

population groups, such a model could be well-suited to comprehensively represent cumulative 

health and economic impacts of COVID-19 on individual households and resulting poverty 

changes.  

Epi-econ-ABMs are flexible models that allow for the representation of complex health and 

economic behaviors from a variety of agents simultaneously. They are therefore well-suited to 
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represent fiscal packages (Figure 2) and labor market processes/frictions and their consequences 

on unemployment (Figure 3) or economic recovery, and feedbacks loops between economics and 

health. Furthermore, because they use heterogeneous agents, these models represent the most 

disaggregated approach (Table 1) and could in principle be a good tool to explore policy impacts 

on inequalities114 even though the models identified through this review have not, in practice, 

focused on equity. They can identify how specific neighborhoods (if spatially explicit), economic 

sectors or nodes within interaction networks (if network-based) are affected by COVID-19, 

contribute to its spread, or impact the economy under different policy scenarios, therefore 

helping identify ‘smart’ policies47,50. Finally, because these models can be computationally 

demanding, many47,50 have been applied to relatively small geographic regions, often47,49-51 at a 

smaller scale.  

Some papers mix several model types54-57 to represent international linkages in the context of 

COVID-19, which may help combine the strengths of different approaches. Some simplifications 

have however been made: while an important strength of epi-CGE models is sectoral 

disaggregation56,57, models combining CGE and compartmental-utility-maximization approaches 

have aggregated sectors into two broad categories, suggesting that there might be a trade-off 

between complexity and tractability when attempting to combine multiple model types.  

‘Other’ approaches can also provide interesting results, depending on the technique used, and 

can be a better fit than the four most common approaches for specific policy questions. For 

example, labor market models can help assess optimal government labor policies, including 
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intergenerational equity concerns64. Further, analyses of long-run recovery were highly 

represented in ‘other’ and ‘mixed’ models54,55,58,62.  

Table 3: Model approaches, strengths/limitations, uses and opportunities 

4. Discussion 

4.1. Areas for further development 

Epidemiological-macroeconomic models provide unique policy insights: they allow for joint 

analysis of economic and health impacts of policy choices67,70. Good data is key: earlier models, 

particularly economic components, were less calibrated/validated: in emerging pandemics, data 

scarcity is common, and economic impact data has lagged behind health data. Ensuring the rapid 

production and release of economic indicators during pandemics could strengthen 

epidemiological-macroeconomic modelling.  

In integrated models, behavioral feedback loops create impacts that are substantially different 

from those obtained through epidemiological or macroeconomic models alone19,69,101. These 

models would benefit from closer collaboration between epidemiologists and economists: for 

example, linking epidemiological and macroeconomic models to assess cumulative health and 

economic impacts on different groups requires agreement on stratifying features to ensure 

coherence/relevance from health and economic perspectives. Unfortunately, the epidemiological 

and economic components of these models often stratify their populations using different criteria 

(Table 1).  

Input from and communication with relevant policy makers and key advising bodies to 

understand their needs and identify models that may best address them would also be essential to 

use relevant epidemiological-macroeconomic models in decision-making. As shown by the UK 
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experience, confidence in epidemiological-macroeconomic modelling is often limited, 

potentially driving counter-productive decisions14.  

In addition, relatively few combined models incorporate vaccination, though the economic 

implications of vaccination may have been analyzed using other types of models e.g., cost-

effectiveness analyses115-118. It is also plausible that earlier models did not address vaccines 

which were not yet available. Other areas deserving greater emphasis are detailed below.  

4.1.1. Modelling in LMICs 

Expanded coverage of LMICs (currently 24% of studies) requires more than porting techniques 

from high-income settings88,100,101. LMICs have very different age structures and contact 

patterns, so many models would need to be age-disaggregated (53% of all reviewed models and 

69% of LMIC models have no age structure) using context-specific contact matrices119. LMIC 

specificities could also be captured by models that account for their co-morbidity levels101,120,121. 

Calibration approaches need to account for differences in health outcome data quality, and other 

pertinent data (e.g., stratified serology). Models could also consider key economic specificities of 

LMICs, such as typical individuals being closer to subsistence level, fewer tele-workable and 

more informal jobs, limiting leeway to socially distance without losing income critical to meet 

basic needs. This may be modelled by introducing a subsistence consumption level31,82,100,101 

and/or by assuming unskilled workers have no savings30, as done in certain reviewed models. 

Finally, LMIC governments tend to have less fiscal capacity to mitigate pandemic impacts58,85. 

Identifying fiscal/support measures within the means of LMIC governments122 is therefore 

important. 
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4.1.2. Projecting impacts on disparities and poverty 

Another key issue identified in this review is the limited number of models used to analyze 

impacts on disparities and/or poverty, with few32,82 validating simulations using real-world data 

on sectoral or income differences in output, spending or employment. Inequity stemming from 

policy implementation challenges is an evidence gap. Differences in acceptability and access to 

treatment, vaccine supply123, and health promotion have largely been ignored despite their 

importance124. 

Finally, only one of the identified studies30 analyzed pandemic impacts on poverty metrics, 

including labor loss through disease (using figures disaggregated by age and country), sector-

specific closures, and exogenous changes in e.g., oil prices and export demand. Combining a 

well-disaggregated epidemiological model with a similarly disaggregated economic model could 

help assess the cumulative health and economic impacts of COVID-19 on vulnerable individuals. 

The impacts of country-level (e.g., price changes) and group-level (e.g., closure of specific 

sectors during lockdown) macroeconomic changes on households should be combined with 

household-specific costs (e.g., out-of-pocket spending for COVID-19-related hospitalization). 

Such a model would give a comprehensive picture of the risks of poverty and/or catastrophic 

spending that households face. To inform such a model, the World Bank high frequency 

COVID-19 surveys125, WHO's data on out-of-pocket spending126, WHO/World Bank reports on 

healthcare coverage127,128, and country-specific reports on the burden of COVID-19 on 

households (e.g. in the USA129 or Kerala130) may be mobilized.  

4.1.3. Long-term health and societal impacts of COVID-19 

This review identified few epidemiological-macroeconomic models addressing long-term health 

and economic impacts. Only some23,24,68,72 have attempted to integrate the health impacts of the 
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economic crisis even though some information is available in Banks et al.73. Efforts to assess the 

speed/shape of economic recovery49,51,54,55,58,62 in light of changes in the pandemic may require 

updating. Short horizon models also fail to capture current changes that are correlated with 

longer-term economic trajectories e.g., educational disruptions, particularly in low-income 

countries71,131. Developing a model that accounts for these impacts may be difficult, but they 

should be considered during policy decisions. 

Finally, there are concerns that COVID-like pandemics may become increasingly common132. 

Successive pandemics may reshape countries’ economies, affecting the attractivity of certain 

professions, return to entrepreneurship in certain sectors (e.g., restaurants), or viability of firms 

of certain sizes. These considerations could potentially be assessed with estimates of frequency, 

health burden, and pandemic response133 and associated strain on different business sectors and 

sizes. For example, business reopening protocols can put a disproportionate strain on small firms 

in the Chilean context134. Such analyses may be complex but critical to anticipate indirect 

changes to employment and employer demographics. 

4.2. Limitations of this review 

We excluded 32 “theoretical” models (see S2), but note that in the early stages of pandemics, 

economic models that explore relatively “theoretical” scenarios (such as McKibbin et al., 

2021135) may nevertheless be of high policy value.  Among included papers, earlier models, 

particularly earlier economic models, are less calibrated or validated: in an emerging pandemic, 

data scarcity is common, and economic impact data has lagged behind health data. 

COVID-19 modelling is evolving quickly and relevant work published/preprinted after mid-

January 2022 was not included. With the end of the emergency phase of the pandemic, most 

countries have reduced reliance on lockdowns, while many individuals have reduced 
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spontaneous physical distancing measures136,137. This may have reduced the drive to use 

epidemiological-macroeconomic models. Recent areas of concern include the long-term 

macroeconomic consequences of COVID (e.g., inflation, supply chain disruptions, labor market 

changes) and vaccination/treatment cost-effectiveness. This suggests epidemiological-

macroeconomic modelling may have moved towards a greater reliance on epi-CGE/I-O, 

‘stylized’ and “other” models.  

We did not examine other high impact diseases such as influenza or Ebola and excluded short-

term predictions and associated techniques (e.g., nowcasting). Models using epidemiological-

microeconomic approaches were also missed, hence our conclusions do not stand for all 

epidemiological-economic modelling of COVID-19. Finally, good models do not necessarily 

inform policies, but we did not attempt to review the institutional context within which the 

models were applied.  

5. Conclusion 

This review describes model types, strengths, limitations and uses in papers combining COVID-

19 epidemiological and macroeconomic modelling, hoping to inform future modelling. It 

highlights the need for better equity and poverty simulations, application to developing countries, 

and improved data and modelling.  

6. Supporting Information 

S1 – Supporting information 1 – PRISMA checklist. 

S2 – Supporting information 2 – Queries and definitions used for study identification and 

characteristic extraction. 

S3 – Supporting information 3 – Study protocol. 
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S4 – Supporting information 4 – List of all identified studies with reasons for 

inclusion/exclusion.  

S5 – Supporting information 5 – Characteristics of included models. 

 

 

  

Jo
urn

al 
Pre-

pro
of



20 
 

References 

1. Institute for Health Metrics and Evaluation (IHME). Data from: COVID-19 Projections. 

2022. University of Washington, Seattle, USA.  

2. Alderwick H. Is the NHS overwhelmed? BMJ. 2022;376:o51. doi:10.1136/bmj.o51 

3. Garcia PJ, Alarcón A, Bayer A, et al. COVID-19 Response in Latin America. The 

American journal of tropical medicine and hygiene. 2020;103(5):1765-1772. 

doi:10.4269/ajtmh.20-0765 

4. IMF. Data from: Fiscal Monitor: Database of Country Fiscal Measures in Response to the 

COVID-19 Pandemic. 2021. Deposited October 2021.  

5. Levy Yeyati E, Filippini F. Social and economic impact of COVID-19. Brookings Global 

Working Paper #158, Global Economy and Development program at Brookings. 2021(June 

2021). www.brookings.edu/global 

6. Efayena OO. The Macroeconomic Impact of Ebola Virus Disease (Evd): A Contribution 

to the Empirics of Growth. Acta Universitatis Danubius Œconomica. 2016;12(2):127-135.  

7. Evans De. The economic impact of the 2014 ebola epidemic: short- and medium-term 

estimates for West Africa. World Bank Group; 2014. 

8. Keogh-Brown MR, Smith RD, Edmunds JW, Beutels P. The macroeconomic impact of 

pandemic influenza: estimates from models of the United Kingdom, France, Belgium and The 

Netherlands. The European journal of health economics. 2010;11(6):543-554. 

doi:10.1007/s10198-009-0210-1 

9. Smith RD, Keogh‐Brown MR. Macroeconomic impact of pandemic influenza and 

associated policies in Thailand, South Africa and Uganda. Influenza Other Respi Viruses. 

2013;7(s2):64-71. doi:10.1111/irv.12083 

10. Rivers C, Pollett S, Viboud C. The opportunities and challenges of an Ebola modeling 

research coordination group. PLoS Negl Trop Dis. 2020;14(7):e0008158-e0008158. 

doi:10.1371/journal.pntd.0008158 

11. The Ebola epidemic: the keys to success for the international response (2014). 

12. Boseley S. Sage documents show how scientists felt sidelined by economic 

considerations. The Guardian. https://www.theguardian.com/world/2020/oct/13/sage-

documents-show-how-coronavirus-scientists-felt-sidelined-by-economic-considerations 

13. Ormerod P, Lyons G. Why Sage needs economists. The Spectator. 2021; 

14. Economics Observatory. How did Treasury policy-makers approach the economic 

response to Covid-19? Accessed 9 December 2022, 

https://www.economicsobservatory.com/how-did-treasury-policy-makers-approach-the-

economic-response-to-covid-19 

15. Duarte A, Walker S, Metry A, Wong R, Panovska-Griffiths J, Sculpher M. Jointly 

Modelling Economics and Epidemiology to Support Public Policy Decisions for the COVID-19 

Response: A Review of UK Studies. Pharmacoeconomics. 2021/08/01 2021;39(8):879-887. 

doi:10.1007/s40273-021-01045-2 

16. Tricco AC, Lillie E, Zarin W, et al. PRISMA Extension for Scoping Reviews (PRISMA-

ScR): Checklist and Explanation. Ann Intern Med. 2018;169(7):467-473. doi:10.7326/M18-0850 

17. Alvarez-Galvez J, Suarez-Lledo V. Using Agent-Based Modeling to Understand the 

Emergence and Reproduction of Social Inequalities in Health. Proceedings. 2019;44(1):2. 

doi:10.3390/IECEHS-2-06372 

Jo
urn

al 
Pre-

pro
of



21 
 

18. Bonabeau E. Agent-based modeling: methods and techniques for simulating human 

systems. Proceedings of the National Academy of Sciences - PNAS. 2002;99 Suppl 3(Supplement 

3):7280-7287. Colloquium Paper. doi:10.1073/pnas.082080899 

19. Eichenbaum MS, Rebelo S, Trabandt M. The Macroeconomics of Epidemics. The Review 

of financial studies. 2021;34(11):5149-5187. doi:10.1093/rfs/hhab040 

20. Dingel JI, Neiman B. How many jobs can be done at home? J Public Econ. 

2020;189:104235-104235. doi:10.1016/j.jpubeco.2020.104235 

21. Kompas T, Grafton RQ, Che TN, Chu L, Camac J. Health and economic costs of early 

and delayed suppression and the unmitigated spread of COVID-19: The case of Australia. PLoS 

One. 2021;16(6):e0252400-e0252400. doi:10.1371/journal.pone.0252400 

22. Orea L, Álvarez IC. How effective has the Spanish lockdown been to battle COVID‐19? 

A spatial analysis of the coronavirus propagation across provinces. Health Econ. 

2022;31(1):154-173. doi:10.1002/hec.4437 

23. Blakely T, Bablani L, Carvalho N, et al. Integrated Quantification of the Health and 

Economic Impacts of Differing Strategies to Control the COVID-19 Pandemic. SSRN Electronic 

Journal. 01/01 2020;doi:10.2139/ssrn.3605136 

24. Blakely T, Thompson J, Bablani L, et al. Determining the optimal COVID-19 policy 

response using agent-based modelling linked to health and cost modelling: Case study for 

Victoria, Australia. medRxiv. 2021:2021.01.11.21249630. doi:10.1101/2021.01.11.21249630 

25. Blakely T, Thompson J, Bablani L, et al. Association of Simulated COVID-19 Policy 

Responses for Social Restrictions and Lockdowns With Health-Adjusted Life-Years and Costs in 

Victoria, Australia. JAMA Health Forum. 2021;2(7):e211749-e211749. 

doi:10.1001/jamahealthforum.2021.1749 

26. Hale Thomas, Angrist Noam, Goldszmidt Rafael, et al. A global panel database of 

pandemic policies (Oxford COVID-19 Government Response Tracker). Nature Human 

Behaviour. 2021;doi:https://doi.org/10.1038/s41562-021-01079-8 

27. Tildesley MJ, Vassall A, Riley S, et al. Optimal health and economic impact of non-

pharmaceutical intervention measures prior and post vaccination in England: a mathematical 

modelling study. Royal Society Open Science. 2022/08/10 2022;9(8):211746. 

doi:10.1098/rsos.211746 

28. Burzyński M, Machado J, Aalto A, et al. COVID-19 crisis management in Luxembourg: 

Insights from an epidemionomic approach. Econ Hum Biol. 2021;43:101051.  

29. Keogh-Brown MR, Jensen HT, Edmunds WJ, Smith RD. The impact of Covid-19, 

associated behaviours and policies on the UK economy: A computable general equilibrium 

model. SSM - population health. 2020;12:100651-100651. doi:10.1016/j.ssmph.2020.100651 

30. Laborde D, Martin W, Vos R. Impacts of COVID‐19 on global poverty, food security, 

and diets: Insights from global model scenario analysis. Agr Econ. 2021;52(3):375-390. 

doi:10.1111/agec.12624 

31. Mathouraparsad S, Decaluwe B, Régis S, Mendy P. Economic Impacts of an 

Epidemiologic Model: The Senegalese Case of COVID-19 in a Computable General 

Equilibrium-Multi-Agent System Model. SSRN; 2021. 

32. Pichler A, Pangallo M, del Rio-Chanona RM, Lafond F, Farmer JD. Production networks 

and epidemic spreading: How to restart the UK economy? 2020; 

33. Porsse AA, Souza KB, Carvalho TS, Vale VA. The economic impacts of COVID‐19 in 

Brazil based on an interregional CGE approach. Regional science policy & practice. 

2020;12(6):1105-1121. doi:10.1111/rsp3.12354 

Jo
urn

al 
Pre-

pro
of



22 
 

34. World Bank. Computable General Equilibrium (CGE) Models. 

http://web.worldbank.org/archive/website00519/WEB/OTHER/TOOLS-37.HTM 

35. Elizondo A, Ibarrarán ME, Boyd R. General Equilibrium Models: A Computable General 

Equilibrium Model to Analyze the Effects of an Extended Drought on Economic Sectors in 

México. Economic Tools and Methods for the Analysis of Global Change Impacts on Agriculture 

and Food Security. Springer International Publishing; 2019:119-129. 

36. Hewings GJD, Sonis M. Input–Output Analysis. Encyclopedia of Human Geography. 

Second ed. Elsevier Ltd; 2020:341-348. 

37. Kirkpatrick C, Raihan S, Bleser A, Prud'homme D. Trade SIA relating to the negotiation 

of a Comprehensive Economic and Trade Agreement (CETA) between the EU and Canada –

Draft final report: summary report. 2011. 

38. 8 MTI practice notes. Using Computable General Equilibrium Models to Analyze 

Economic Benefits of Gender-Inclusive Policies (2020). 

39. Decaluwe B, Dumont J-C, Savard L. Measuring Poverty and Inequality in a Computable 

General Equilibrium Model. 02/01 2000; 

40. Hu Z, Zhang J, Zhang N. Review of Economic Modeling. China’s Economic Gene 

Mutations. Springer Berlin Heidelberg; 143-161. 

41. Aguiar A, Chepeliev M, Corong E, McDougall R, van der Mensbrugghe D. The GTAP 

Data Base: Version 10. Journal of Global Economic Analysis. 2019;4(1):1-27.  

42. Vincenot CE. How new concepts become universal scientific approaches: insights from 

citation network analysis of agent-based complex systems science. Proceedings of the Royal 

Society B: Biological Sciences. 2018/03/07 2018;285(1874):20172360. 

doi:10.1098/rspb.2017.2360 

43. Alkhateeb F, Alkhateeb F, Al Maghayreh E, Abu Doush IT. Multi-agent systems : 

modeling, interactions, simulations and case studies. Multi-Agent Systems. IntechOpen; 2011. 

44. Crooks A, Malleson N, Malleson N, Manley E, Heppenstall A. Agent-Based Modelling 

and Geographical Information Systems: A Practical Primer. SAGE Publications; 2018. 

45. El-Sayed AM, Scarborough P, Seemann L, Galea S. Social network analysis and agent-

based modeling in social epidemiology. Epidemiologic perspectives & innovations : EP+I. Feb 1 

2012;9(1):1. doi:10.1186/1742-5573-9-1 

46. Namatame A, Chen S-H. Agent-Based Modeling and Network Dynamics. Oxford 

University Press; 2016. https://doi.org/10.1093/acprof:oso/9780198708285.001.0001 

47. Azzimonti M. Pandemic control in ECON-EPI networks. National Bureau of Economic 

Research; 2020. 

48. Basurto A, Dawid H, Harting P, Hepp J, Kohlweyer D. Economic and Epidemic 

Implications of Virus Containment Policies: Insights from Agent-Based Simulations. SSRN 

Electronic Journal. 01/01 2020;doi:10.2139/ssrn.3635329 

49. Delli Gatti D, Reissl S. Agent-Based Covid economics (ABC): Assessing non-

pharmaceutical interventions and macro-stabilization policies. Ind Corp Change. 

2022;31(2):410-447. doi:10.1093/icc/dtac002 

50. Fosco C, Zurita F. Assessing the short-run effects of lockdown policies on economic 

activity, with an application to the Santiago Metropolitan Region, Chile. PLoS One. 

2021;16(6):e0252938-e0252938. doi:10.1371/journal.pone.0252938 

51. Mellacher P. COVID-Town: An Integrated Economic-Epidemiological Agent-Based 

Model. 2020; 

Jo
urn

al 
Pre-

pro
of



23 
 

52. Silva PCL, Batista PVC, Lima HS, Alves MA, Guimarães FG, Silva RCP. COVID-ABS: 

An agent-based model of COVID-19 epidemic to simulate health and economic effects of social 

distancing interventions. Chaos, solitons and fractals. 2020;139:110088-110088. 

doi:10.1016/j.chaos.2020.110088 

53. Napoletano M. A Short Walk on the Wild Side: Agent-Based Models and their 

Implications for Macroeconomic Analysis. Observations et diagnostics économiques Revue de 

l'OFCE. 2018;157(3):257-281. doi:10.3917/reof.157.0257 

54. Cakmakli C. COVID-19 and Emerging Markets: An Epidemiological Model with 

International Production Networks and Capital Flows. International Monetary Fund; 2020. 

55. Cakmakli C, Demiralp S, Kalemli-Ozcan S, Yesiltas S, Yildirim M. The Economic Case 

for Global Vaccinations: An Epidemiological Model with International Production Networks. 

2021. 

56. George A, Li C, Lim J, Xie T. Propagation of Epidemics' Economic Impacts via 

Production Networks: The Cases of China and ASEAN during SARS and COVID-19. SSRN 

Electronic Journal. 01/01 2020;doi:10.2139/ssrn.3641263 

57. George A, Li C, Lim JZ, Xie T. From SARS to COVID-19: The evolving role of China-

ASEAN production network. Econ Modelling. 2021;101:105510. 

doi:10.1016/j.econmod.2021.105510 

58. Adam C, Henstridge M, Lee S. After the lockdown: macroeconomic adjustment to the 

COVID-19 pandemic in sub-Saharan Africa. Oxford Rev Econ Pol. 

2020;36(Supplement_1):S338-S358. doi:10.1093/oxrep/graa023 

59. Fabbri G, Federico S, Fiaschi D, Gozzi F. Mobility decisions, economic dynamics and 

epidemic. Econ Theory. 2023/02/06 2023;doi:10.1007/s00199-023-01485-1 

60. Tan W, Bian R, Yang W, Hou Y. Analysis of 2019-nCoV epidemic situation based on 

modified SEIR model and DSGE algorithm. IEEE; 369-376. 

61. Angelini E, Darracq Pariès M, Zimic S, Damjanović M. ECB-BASIR: a primer on the 

macroeconomic implications of the Covid-19 pandemic. In: Bank EC, editor. Working Paper 

Series2020. 

62. Angelini E, Damjanović M, Darracq Pariès M, Zimic S. Modelling pandemic risks for 

policy analysis and forecasting. Econ Modelling. 2023/03/01/ 2023;120:106162. 

doi:https://doi.org/10.1016/j.econmod.2022.106162 

63. Guenette J-D, Yamazaki T. Projecting the Economic Consequences of the COVID-19 

Pandemic. Policy Research Working Papers. The World Bank; 2021:21. 

64. Bradley J, Ruggieri A, Spencer AH. Twin Peaks: Covid-19 and the labor market. Europ 

Econ Rev. 2021;138:103828-103828. doi:10.1016/j.euroecorev.2021.103828 

65. Fang L, Nie J, Xie Z. A Quantitative Analysis of CARES Act Unemployment Insurance. 

Federal Reserve Bank of Kansas City Working Paper No 20-07. 

2022;doi:http://dx.doi.org/10.2139/ssrn.3673321 

66. Baqaee D, Farhi E, Mina MJ, Stock JH. Reopening scenarios. NBER Working Paper No 

27244. May 2020 2020;doi:10.3386/w27244 

67. Acemoglu D, Chernozhukov V, Werning I, Whinston MD. Optimal Targeted Lockdowns 

in a Multigroup SIR Model. American Economic Review: Insights. 2021;3(4):487-502. 

doi:10.1257/aeri.20200590 

68. Bayraktar E, Cohen A, Nellis A. A Macroeconomic SIR Model for COVID-19. 

Mathematics. 2021;9(16). doi:10.3390/math9161901  

Jo
urn

al 
Pre-

pro
of



24 
 

69. Hur S. The Distributional Effects of COVID-19 and Optimal Mitigation Policies. 

Globalization Institute Working Paper. 2021;No. 400doi:https://doi.org/10.24149/gwp400r3 

70. Sunohara S, Asakura T, Kimura T, et al. Effective vaccine allocation strategies, balancing 

economy with infection control against COVID-19 in Japan. PLoS One. 2021;16(9):e0257107-

e0257107. doi:10.1371/journal.pone.0257107 

71. Psacharopoulos G, Collis V, Patrinos HA, Vegas E. The COVID-19 Cost of School 

Closures in Earnings and Income across the World. Comparative education review. 

2021;65(2):271-287. doi:10.1086/713540 

72. Miles DK, Heald AH, Stedman M. How fast should social restrictions be eased in 

England as COVID‐19 vaccinations are rolled out? International journal of clinical practice 

(Esher). 2021;75(7):e14191-n/a. doi:10.1111/ijcp.14191 

73. Banks J, Karjalainen H, Propper C. Recessions and Health: The Long‐Term Health 

Consequences of Responses to the Coronavirus. Fisc Stud. 2020;41(2):337-344. 

doi:10.1111/1475-5890.12230 

74. Causey K, Fullman N, Sorensen RJD, et al. Estimating global and regional disruptions to 

routine childhood vaccine coverage during the COVID-19 pandemic in 2020: a modelling study. 

The Lancet (British edition). 2021;398(10299):522-534. doi:10.1016/S0140-6736(21)01337-4 

75. Gaythorpe KAM, Abbas K, Huber J, et al. Impact of COVID-19-related disruptions to 

measles, meningococcal A, and yellow fever vaccination in 10 countries. eLife. 2021/06/24 

2021;10:e67023. doi:10.7554/eLife.67023 

76. World Bank. World Bank Open Data. 2022; 

77. Eddy DMPMD, Hollingworth WP, Caro JJM, et al. Model Transparency and Validation: 

A Report of the ISPOR-SMDM Modeling Good Research Practices Task Force-7. Value Health. 

2012;15(6):843-850. doi:10.1016/j.jval.2012.04.012 

78. van Calster B, McLernon DJ, van Smeden M, et al. Calibration: The Achilles heel of 

predictive analytics. BMC Med. 2019;17(1):230-230. doi:10.1186/s12916-019-1466-7 

79. Wu J, Dhingra R, Gambhir M, Remais JV. Sensitivity analysis of infectious disease 

models: methods, advances and their application. Journal of the Royal Society interface. 

2013;10(86):20121018-20121018. doi:10.1098/rsif.2012.1018 

80. Zhao B. COVID-19 pandemic, health risks, and economic consequences: Evidence from 

China. China Econ Rev. 2020;64:101561.  

81. Glover A, Heathcote J, Krueger D, Ríos-Rull J-V. Health versus Wealth: On the 

Distributional Effects of Controlling a Pandemic. Research working paper (Federal Reserve 

Bank of Kansas City). 2020;doi:10.18651/RWP2020-03 

82. Eichenbaum MS, Rebelo S, Trabandt M. Inequality in Life and Death. IMF Economic 

Review. 2022/03/01 2022;70(1):68-104. doi:10.1057/s41308-021-00147-3 

83. Aum S, Lee SY, Shin Y. Inequality of fear and self-quarantine: Is there a trade-off 

between GDP and public health? J Public Econ. 2021;194:104354. 

doi:10.1016/j.jpubeco.2020.104354 

84. Kaplan G, Moll B, Violante GL. The Great Lockdown and the Big Stimulus: Tracing the 

Pandemic Possibility Frontier for the U.S. NBER Working Paper No 27794. 

2020;doi:10.3386/w27794 

85. Chopra A, Devereux MB, Lahiri A. Pandemics through the lens of occupations. 

Canadian Journal of Economics/Revue canadienne d'économique. 2022/02/01 2022;55(S1):540-

580. doi:https://doi.org/10.1111/caje.12547 

Jo
urn

al 
Pre-

pro
of



25 
 

86. Mendoza EG, Rojas EI, Tesar LL, Zhang J. A Macroeconomic Model of Healthcare 

Saturation, Inequality and the Output-Pandemia Tradeoff. NBER Working Paper No 28247. 

2021;doi:10.3386/w28247 

87. Crucini MJ, O'Flaherty O. Stay-at-Home Orders in a Fiscal Union. National Bureau of 

Economic Research Working Paper Series. 2020;No. 28182doi:10.3386/w28182 

88. Alon T, Kim M, Lagakos D, VanVuren M. How Should Policy Responses to the COVID-

19 Pandemic Differ in the Developing World? 2020; 

89. Bethune ZA, Korinek A. Covid-19 Infection Externalities: Trading Off Lives vs. 

Livelihoods. National Bureau of Economic Research Working Paper Series. 2020;No. 

27009doi:10.3386/w27009 

90. Borelli L, Góes GS. The Macroeconomics of Epidemics: Interstate Heterogeneity in 

Brazil. Economia (Associação Nacional dos Centros de Pós-Graduação em Economia : 2000). 

2021;doi:10.1016/j.econ.2021.11.001 

91. Casares M, Gomme P, Khan H. COVID-19 pandemic and economic scenarios for 

Ontario. https://doi.org/10.1111/caje.12564. Canadian Journal of Economics/Revue canadienne 

d'économique. 2022/02/01 2022;55(S1):503-539. doi:https://doi.org/10.1111/caje.12564 

92. Eichenbaum MS, Rebelo S, Trabandt M. The macroeconomics of testing and 

quarantining. J Econ Dynam Control. 2022/05/01/ 2022;138:104337. 

doi:https://doi.org/10.1016/j.jedc.2022.104337 

93. Getachew YY. Optimal Social Distancing in SIR based Macroeconomic Models. 

Research Papers in Economics. 2020; 

94. Giagheddu M, Papetti A. The macroeconomics of age-varying epidemics. Europ Econ 

Rev. 2023/01/01/ 2023;151:104346. doi:https://doi.org/10.1016/j.euroecorev.2022.104346 

95. Hosono K. Epidemic and Economic Consequences of Voluntary and Request-based 

Lockdowns in Japan. J Japanese Int Economies. 2021;61:101147. 

doi:10.1016/j.jjie.2021.101147 

96. Kemajou Njatang D. Impact économique de la COVID‐19 au Cameroun: Les résultats du 

modèle SIR‐macro. African development review. 2021;33:S126-S138. doi:10.1111/1467-

8268.12516 

97. Krueger D, Uhlig H, Xie T. Macroeconomic Dynamics and Reallocation in an Epidemic: 

Evaluating the “Swedish Solution”. NBER Working Paper No 27047. 2020;doi:10.3386/w27047 

98. Krueger D, Uhlig H, Xie T. Macroeconomic dynamics and reallocation in an epidemic: 

evaluating the ‘Swedish solution’. Economic Policy. 2022;37(110):341-398. 

doi:10.1093/epolic/eiac010 

99. Kubota S. The macroeconomics of COVID-19 exit strategy: the case of Japan. Japanese 

economic review (Oxford, England). 2021:1-32. doi:10.1007/s42973-021-00091-x 

100. Rubini L. The Unequal Effects of COVID-19 Across Countries. Available at SSRN2020. 

101. von Carnap T, Almås A, Bold T, Ghisolfi S, Sandefur J. The Macroeconomics of 

Pandemics in Developing Countries: An Application to Uganda. CGD Working Paper 555. 

Washington, DC: Center for Global Development.; 2020. 

102. Boppart T, Harmenberg K, Hassler J, Krusell P, Olsson J. Integrated Epi-Econ 

Assessment. NBER Working Paper No 28282. 2020;doi:10.3386/w28282 

103. Sandmann FG, Davies NG, Vassall A, et al. The potential health and economic value of 

SARS-CoV-2 vaccination alongside physical distancing in the UK: a transmission model-based 

future scenario analysis and economic evaluation. The Lancet infectious diseases. 

2021;21(7):962-974. doi:10.1016/S1473-3099(21)00079-7 

Jo
urn

al 
Pre-

pro
of



26 
 

104. Suphanchaimat R, Tuangratananon T, Rajatanavin N, Phaiyarom M, Jaruwanno W, 

Uansri S. Prioritization of the Target Population for Coronavirus Disease 2019 (COVID-19) 

Vaccination Program in Thailand. Int J Environ Res Public Health. 2021;18(20):10803. 

doi:10.3390/ijerph182010803 

105. Grafton RQ PJ, Kompas T, Glass K, Banks E, Lokuge K. Health and economic effects of 

COVID-19 control in Australia: Modelling and quantifying the payoffs of hard versus soft 

lockdown. NewsRX LLC; 2020. p. 199. 

106. Berger DW, Herkenhoff KF, Mongey S. An SEIR Infectious Disease Model with Testing 

and Conditional Quarantine. Staff Report No. 597. 2020. https://go.exlibris.link/GqZg01mR 

107. Berger D, Herkenhoff K, Huang C, Mongey S. Testing and reopening in an SEIR model. 

Rev Econ Dynam. 2022;43:1-21. doi:10.1016/j.red.2020.11.003 

108. Birge J, Candogan O, Feng Y. Controlling Epidemic Spread: Reducing Economic Losses 

with Targeted Closures. SSRN Electronic Journal. 01/01 2020;doi:10.2139/ssrn.3590621 

109. Colbourn T, Waites W, Manheim D, et al. Modelling the health and economic impacts of 

different testing and tracing strategies for COVID-19 in the UK [version 1; peer review: 1 not 

approved]. F1000 research. 2020;9:1454. doi:10.12688/f1000research.27980.1 

110. Forsyth O. Uncertainty and lockdown in COVID-19: an incomplete information SIR 

model. . Covid Economics Vetted And Real-Time Papers 2020. 2020:1-38.  

111. Gollier C. Cost–benefit analysis of age‐specific deconfinement strategies. J Public Econ 

Theory. 2020;22(6):1746-1771. doi:10.1111/jpet.12486 

112. Grafton RQ, Parslow J, Kompas T, Glass K, Banks E. Epidemiological modelling of the 

health and economic effects of COVID-19 control in Australia’s second wave. Journal of Public 

Health. 2023/06/01 2023;31(6):917-932. doi:10.1007/s10389-021-01611-0 

113. Shlomai A, Leshno A, Sklan EH, Leshno M. Modeling Social Distancing Strategies to 

Prevent SARS-CoV-2 Spread in Israel: A Cost-Effectiveness Analysis. Value Health. 

2021;24(5):607-614. doi:10.1016/j.jval.2020.09.013 

114. Turrell A. Agent-based models: understanding the economy from the bottom up. Bank 

Engl Quart Bull. 2016;56(4):173-188.  

115. Buhat CAH, Lutero DSM, Olave YH, et al. Using Constrained Optimization for the 

Allocation of COVID-19 Vaccines in the Philippines. Applied health economics and health 

policy. 2021;19(5):699-708. doi:10.1007/s40258-021-00667-z 

116. Debrabant K, Grønbæk L, Kronborg C. The Cost-Effectiveness of a COVID-19 Vaccine 

in a Danish Context. Clin Drug Investig. 2021;41(11):975-988. doi:10.1007/s40261-021-01085-8 

117. Liu Y, Sandmann FG, Barnard RC, et al. Optimising health and economic impacts of 

COVID-19 vaccine prioritisation strategies in the WHO European Region: a mathematical 

modelling study. The Lancet regional health Europe. 2022;12:100267-100267. 

doi:10.1016/j.lanepe.2021.100267 

118. Pearson CAB, Bozzani F, Procter SR, et al. COVID-19 vaccination in Sindh Province, 

Pakistan: A modelling study of health impact and cost-effectiveness. PLoS Med. 

2021;18(10):e1003815-e1003815. doi:10.1371/journal.pmed.1003815 

119. Prem K, Zandvoort Kv, Klepac P, et al. Projecting contact matrices in 177 geographical 

regions: An update and comparison with empirical data for the COVID-19 era. PLoS Comput 

Biol. 2021;17(7):e1009098-e1009098. doi:10.1371/journal.pcbi.1009098 

120. Anjorin AA, Abioye AI, Asowata OE, et al. Comorbidities and the COVID‐19 pandemic 

dynamics in Africa. Trop Med Int Health. 2021;26(1):2-13. doi:10.1111/tmi.13504 

Jo
urn

al 
Pre-

pro
of



27 
 

121. Fowler A, Herrera L N. The Younger Age Profile of COVID-19 Deaths in Developing 

Countries. 2020. 

122. Sweeney S, Capeding TPJ, Eggo R, et al. Exploring equity in health and poverty impacts 

of control measures for SARS-CoV-2 in six countries. BMJ global health. 2021;6(5):e005521. 

doi:10.1136/bmjgh-2021-005521 

123. Africa faces major obstacles to accessing Covid vaccines. Country report Uganda. 2021; 

124. Danabal KGM, Magesh SS, Saravanan S, Gopichandran V. Attitude towards COVID 19 

vaccines and vaccine hesitancy in urban and rural communities in Tamil Nadu, India – a 

community based survey. BMC Health Serv Res. 2021;21(1):1-994. doi:10.1186/s12913-021-

07037-4 

125. World Bank. Data from: High Frequency Phone Surveys.  

126. World Health Organization. Data from: Global Health Expenditure Database. 2022.  

127. Organization; WH, Bank; W. Tracking Universal Health Coverage : 2021 Global 

Monitoring Report. 2021. https://openknowledge.worldbank.org/handle/10986/36724 

128. Organization; WH, Bank; W. Global Monitoring Report on Financial Protection in 

Health 2021. 2021. https://openknowledge.worldbank.org/handle/10986/36723  

129. Chua K-P, Conti RM, Becker NV. Assessment of Out-of-Pocket Spending for COVID-19 

Hospitalizations in the US in 2020. JAMA network open. 2021;4(10):e2129894-e2129894. 

doi:10.1001/jamanetworkopen.2021.29894 

130. Thomas R, Jacob QM, Eliza SR, Mini M, Jose J, Sobha A. Economic burden and 

catastrophic health expenditure associated with COVID-19 hospitalisations in Kerala, South 

India. medRxiv. 2021:2021.12.20.21268081. doi:10.1101/2021.12.20.21268081 

131. Azevedo JPWD, Rogers FH, Ahlgren SE, et al. The State of the Global Education Crisis 

: A Path to Recovery (English). 2021. 

http://documents.worldbank.org/curated/en/416991638768297704/The-State-of-the-Global-

Education-Crisis-A-Path-to-Recovery 

132. Marani M, Katul GG, Pan WK, Parolari AJ. Intensity and frequency of extreme novel 

epidemics. Proceedings of the National Academy of Sciences - PNAS. 2021;118(35):1. 

doi:10.1073/pnas.2014781118 

133. Center for Global Development. What is the Return on Investment of Pandemic 

Preparedness? 2021. https://www.cgdev.org/event/what-return-investment-pandemic-

preparedness 

134. Janiak A, Machado C, Turén J. Covid-19 contagion, economic activity and business 

reopening protocols. Journal of economic behavior & organization. 2021;182:264-284. 

doi:10.1016/j.jebo.2020.12.016 

135. McKibbin W, Fernando R. The Global Macroeconomic Impacts of COVID-19: Seven 

Scenarios. Asian Economic Papers. 2021;20(2):1-30. doi:10.1162/asep_a_00796 

136. Mukherjee W, Haidar F. Shoppers return to pre-Covid buying habits. Updated 10 

February 2023. Accessed 5 July 2023, 2023. 

https://economictimes.indiatimes.com/industry/services/retail/indian-consumer-behaviour-

completely-resets-back-to-pre-pandemic-consumption-levels/articleshow/97775072.cms  

137. Jackson C, Newall M, Duran J, Rollason C, Golden J. Most Americans not worrying 

about COVID going into 2022 Holidays. Updated 6 December 2022. Accessed 5 July 2023, 

2023. https://www.ipsos.com/en-us/news-polls/axios-ipsos-coronavirus-index 

Jo
urn

al 
Pre-

pro
of



28 
 

138. Barnett M, Buchak G, Yannelis C. Epidemic responses under uncertainty. Proceedings of 

the National Academy of Sciences. 2023/01/10 2023;120(2):e2208111120. 

doi:10.1073/pnas.2208111120 

139. Chopra A, Devereux MB, Lahiri A. Pandemics Through the Lens of Occupations. NBER 

Working Paper No 27841. 2020;doi:10.3386/w27841 

140. Giagheddu M, Papetti A. The Macroeconomics of Age-Varying Epidemics. Social 

Science Research Network. 2020; 

141. La Torre D, Liuzzi D, Marsiglio S. Epidemics and macroeconomic outcomes: Social 

distancing intensity and duration. J Math Econ. 2021;93:102473.  

142. Mendoza EG, Rojas E, Tesar LL, Zhang J. A Macroeconomic Model of Healthcare 

Saturation, Inequality and the Output–Pandemia Trade-off. IMF Economic Review. 2023/03/01 

2023;71(1):243-299. doi:10.1057/s41308-022-00192-6 

143. Birge JR, Candogan O, Feng Y. Controlling Epidemic Spread: Reducing Economic 

Losses with Targeted Closures. Management Science. 2022/05/01 2022;68(5):3175-3195. 

doi:10.1287/mnsc.2022.4318 

144. Haw D, Christen P, Forchini G, Bajaj S, Smith PC, Hauck K. DAEDALUS: An 

economic-epidemiological model to optimize economic activity while containing the SARS-

CoV-2 pandemic. . In: London IC, editor. 2020. 

145. Haw DJ, Forchini G, Doohan P, et al. Optimizing social and economic activity while 

containing SARS-CoV-2 transmission using DAEDALUS. Nature Computational Science. 

2022/04/01 2022;2(4):223-233. doi:10.1038/s43588-022-00233-0 

146. Basurto A, Dawid H, Harting P, Hepp J, Kohlweyer D. How to design virus containment 

policies? A joint analysis of economic and epidemic dynamics under the COVID-19 pandemic. 

Journal of Economic Interaction and Coordination. 2023/04/01 2023;18(2):311-370. 

doi:10.1007/s11403-022-00369-2 

147. Delli Gatti D, Reissl S. ABC: An Agent Based Exploration of the Macroeconomic 

Effects of COVID-19. SSRN Electronic Journal. 01/01 2020;doi:10.2139/ssrn.3748964 

148. Akbarpour M. Socioeconomic network heterogeneity and pandemic policy response. 

National Bureau of Economic Research; 2020. 

149. Atkeson A, Droste MC, Mina M, Stock JH. Economic Benefits of COVID-19 Screening 

Tests. NBER Working Paper No 28031. 2020; 

150. Babajanyan SG, Cheong KH. Age-structured SIR model and resource growth dynamics: 

a COVID-19 study. Nonlinear dynamics. 2021;104(3):2853-2864. doi:10.1007/s11071-021-

06384-5 

151. Bodenstein M, Corsetti G, Guerrieri L, Board of Governors of the Federal Reserve S, 

University of C. Social Distancing and Supply Disruptions in a Pandemic. Finance and 

economics discussion series. 2020;2020(31)doi:10.17016/FEDS.2020.031 

152. Bodenstein M, Corsetti G, Guerrieri L. Social distancing and supply disruptions in a 

pandemic. Quantitative Economics. 2022/05/01 2022;13(2):681-721. 

doi:https://doi.org/10.3982/QE1618 

153. Chen K, Pun CS, Wong HY. Efficient Social Distancing for COVID-19: An Integration 

of Economic Health and Public Health. 2020; 

154. Fang L, Nie J, Xie Z. Unemployment Insurance during a Pandemic. Research working 

paper (Federal Reserve Bank of Kansas City). 2020;doi:10.18651/RWP2020-07 

155. Favero C, Ichino A, Rustichini A. Restarting the Economy While Saving Lives Under 

COVID-19. SSRN Electronic Journal. 01/01 2020;doi:10.2139/ssrn.3580626 

Jo
urn

al 
Pre-

pro
of



29 
 

156. Hornstein A. Quarantine, Contact Tracing, and Testing: Implications of an Augmented 

SEIR Model. The BE journal of macroeconomics. 2021;doi:10.1515/bejm-2020-0168 

157. Hornstein A. Quarantine, Contact Tracing, and Testing: Implications of an Augmented 

SEIR Model. 2022;22(1):53-88. The B.E. Journal of Macroeconomics. doi:doi:10.1515/bejm-

2020-0168 

158. Mahmoudi M. COVID lessons: was there any way to reduce the negative effect of 

COVID-19 on the United States economy? J Econ Stud. 2022;doi:10.1108/JES-01-2022-0052 

159. Zaman S, Khan A, Sadhu A, Das K, Khan FS. Hybrid-Quantum approach for the optimal 

lockdown to stop the SARS-CoV-2 community spread subject to maximizing nation economy 

globally. medRxiv. 2021:2021.06.14.21258907. doi:10.1101/2021.06.14.21258907 

Jo
urn

al 
Pre-

pro
of



30 
 

7. Figures 

Figure 1: Study selection process  

PRISMA flow chart of the study selection process 

Figure 2: COVID-19 responses modelled by model type 

Share of studies modelling specific COVID policies (lockdown; testing/tracing, masks, sanitary protocols, treatment and/or vaccines; 

fiscal packages and social support policies) and COVID-related voluntary behavior change within all models and each model type. 

Figure 3: Simulated outcomes by model type 

Share of studies simulating changes in labor hours and/or employment (i.e., job loss) or disparities in simulated outcomes for different 

population groups, within all models and each model type.  
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1. Tables 

Table 1: Model disaggregation by stratifying variable 

 

  

 

Compartmenta

l-utility-

maximization 

Stylized 

epidemiologic

al-

macroecono

mic 

Epi-CGE 

or input-

output 

Epi-econ-

ABMs 

Mixe

d 

Othe

r 

All 

model

s 

Age               

Any disaggregation 23% 50% 71% 100% 0% 63% 48% 

In both epidemiological and economic models 23% 0% 29% 100% 0% 42% 28% 

Epidemiological & economic models use at least 

four age categories 

0% 0% 14% 50% 0% 21% 10% 

Employment sector or job type               

Any disaggregation 23% 11% 100% 100% 

100

% 

47% 43% 
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Compartmenta

l-utility-

maximization 

Stylized 

epidemiologic

al-

macroecono

mic 

Epi-CGE 

or input-

output 

Epi-econ-

ABMs 

Mixe

d 

Othe

r 

All 

model

s 

In both epidemiological and economic models 23% 6% 57% 100% 

100

% 

37% 35% 

Epidemiological & economic models use at least 

five sectors 

4% 0% 57% 0% 50% 21% 14% 

Location               

Any disaggregation (including by country) 12% 22% 43% 83%* 

100

% 

11% 26% 

Any disaggregation (subnational) 8% 22% 43% 83% 0% 5% 19% 

In both epidemiological and economic models 

(subnational) 

8% 11% 14% 83% 0% 5% 14% 

Socio-economic               
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Compartmenta

l-utility-

maximization 

Stylized 

epidemiologic

al-

macroecono

mic 

Epi-CGE 

or input-

output 

Epi-econ-

ABMs 

Mixe

d 

Othe

r 

All 

model

s 

Any disaggregation 15% 0% 14% 83% 0% 16% 16% 

In both epidemiological and economic models 15% 0% 0% 83% 0% 5% 13% 

No disaggregation of any type 46% 33% 0% 0% 0% 16% 26% 

Model disaggregated solely by age and/or country 8% 33% 0% 0% 0% 21% 15% 

* Network-based models in this review were not spatially disaggregated.
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Table 2: Calibration/validation and sensitivity analysis 

Model category (number of papers) 

% calibrating 

or validating 

epidemiological 

outcomes  

 % calibrating 

or validating 

macroeconomic 

outcomes  

% with 

sensitivity 

analysis (in 

brackets: of 

both health and 

macroeconomic 

outcomes) 

 Compartmental-utility-maximization (26) 58% 42% 50% (19%) 

Stylized epidemiological-macroeconomic 

(18) 56% 6% 

72% (21%) 

Epi-CGE or input-output (7) 71% 28% 71% (29%) 

Epi-econ-ABMs (6) 100% 17% 17% (17%) 

Mixed methods (4) 25% 50% 75% (0%) 

Other (19) 63% 32% 58% (26%) 

Total (80) 

peer reviewed papers/models (52) 

grey literature (28) 

61% 

65% 

53% 

29% 

29% 

29% 

58% (21%) 

67% (27%) 

39% (11%) 
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Table 3: Model approaches, strengths/limitations, uses and opportunities 

Model type Nb Technical characteristics Strengths Limitations Use and opportunities 

Compartmental–

utility-maximization 

models19,69,80-

93,95,96,98-102,138-142 

26 Integrated epidemiological and 

economic models. 

Feedback between the 

economy and health through 

household maximization of 

their utility function. 

One or a few groups of 

households that are considered 

as well-mixed for the purpose 

of epidemiological modelling, 

and identical and fully rationale 

for the purpose of economic 

modelling. 

Voluntary 

behaviors and 

impacts on both 

health and 

economic 

outcomes 

(including 

feedback loops), 

equity impacts. 

Sometimes simplified 

representation of the 

economy and policies 

e.g., single good, 

lockdown as a tax on 

economic activity. 

Typically assumes 

agents with perfect 

foresight despite a 

context of high 

uncertainty. 

Voluntary behaviors, representation 

of stratified populations and broad 

inequality impacts.  

Inequality has generally been 

assessed by contrasting average 

outcomes across key population 

groups depending on, for example, 

age, job contact rates, tele-

workability and essentiality, or 

wealth/income.  

There may be an opportunity to more 

systematically calibrate/validate all 

model outputs, including measures 

of disparities. 
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Stylized 

epidemiological-

macroeconomic 

models21-

25,27,67,68,70,103-106,108-

113,143 

18 Linked epidemiological and 

economic models. 

Dynamic epidemiological 

model linked to stylized 

economic assumptions, 

experts’ opinion and/or prior 

economic impact. 

Any type of epidemiological 

model (compartmental or 

agent-based) with any 

disaggregation may be used. 

Economic estimates focus on 

total GDP. 

Simple way of 

linking health 

and economics; 

provides rough 

estimates of 

macroeconomic 

impacts. Can use 

type of 

epidemiological 

model. 

Lack of disaggregation 

or modelling of fiscal 

packages or feedback 

loops from economics 

to health. 

A linear formulation 

(most common 

formulation) may be an 

over-simplification. 

Overall GDP changes associated 

with any epidemiological model.  

There should be an opportunity for 

more systematic 

calibration/validation of the shape of 

the response of GDP to lockdown 

stringency. 

Epi-CGE/I-O 

models28-33,144,145 

6 Generally (6/7 models) linked 

epidemiological and economic 

models. 

Analysis of the 

ripple effects of 

COVID-19 

Complex models 

requiring detailed 

economic datasets. Not 

Model of detailed COVID-19-related 

macroeconomic impacts accounting 

for interlinkages within the economy 
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Any type of epidemiological 

model (compartmental or 

agent-based) with any 

disaggregation may be used. 

Generally comparative-static 

economic model, comparing 

economic outcomes at a start 

and end point without 

description of intermediate 

states. 

Many sectors, multiple 

population subgroups. 

through 

different sectors, 

agents and the 

market; poverty 

impacts. Can 

use any type of 

epidemiological 

model. 

built to easily reflect 

feedbacks from the 

economics to health. 

 

and including the impact of 

exogenous changes on the national 

economy. Sector-specific 

disaggregation in these models is an 

asset to inform sectoral ministries. 

CGE models may provide an 

opportunity, if combined with well 

disaggregated epidemiological 

models, for an in-depth assessment 

of COVID-19’s cumulative health 

and economic impacts. 

Epi-econ-ABMs47-

52,146,147 

6 Integrated epidemiological and 

economic models. 

Epidemiological and economic 

outcomes emerge from 

Disaggregation, 

representation of 

equity issues 

and/or targeted 

When representing 

states or countries, may 

require high computing 

power or the 

Simulation of various policies, 

including fiscal packages, and 

outcomes including employment. 

May be used to model complex 
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individual-level behaviors of 

different agents (e.g., 

individuals, firms, banks, the 

government etc.) interacting 

within a network and/or spatial 

structure. 

Individual behaviors may be 

specified simply or using utility 

functions and is boundedly 

rationale. 

These models allow for high 

granularity and flexibility 

(many 

actors/processes/timescales 

may be represented). 

policies. Can 

provide detailed 

models of 

specific regions 

or cities if 

spatially explicit. 

Can simulate a 

broad range of 

policies, 

behaviors, and 

economic-health 

feedbacks.  

representation of large 

areas at a smaller scale 

for computational 

tractability. 

behaviors (e.g., labor market 

frictions) that influence the speed of 

economic recovery.  

Identification of ‘smart’ policies 

with optimum health and economic 

outcomes targeting social links 

(network-based models), sectors or 

locations (spatially explicit models) 

with high disease spread potential 

and low economic contribution.  
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Mixed54-57 and 

other58-66,72,134,148-159 

models 

24 Combined and/or relatively 

less common techniques. 

Varied.  Varied. Mixed models may provide an 

opportunity to combine some of the 

strengths of multiple model 

techniques, for example to represent 

international trade linkages between 

economies in the context of 

COVID2-55.  

In the “Other” category, epi-labor 

market models64,65 can help analyze 

labor market policies; adapted 

central bank models61,62 present an 

opportunity to bring epidemiological 

consideration within the tools 

routinely used for economic policy-

making; “other models” may also be 

a good choice to assess the long-term 
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recovery path after the end of the 

pandemic-related global health 

emergency58.  
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