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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.

Policy Research Working Paper 9589

The highly uncertain evolution of the COVID-19 pan-
demic, influenced in part by government actions, social 
behavior, and vaccine-related developments, will play a 
critical role in shaping the global recovery’s strength and 
durability. This paper develops a modeling approach to 
embed pandemic scenarios and the rollout of a vaccine in 
a macroeconometric model and illustrates the impact of 
different pandemic- and vaccine-related assumptions on 
growth outcomes. The pandemic and the measures to con-
tain it, including vaccine deployment, are assumed to be 

represented by consumption shocks in a macroeconometric 
model. In the baseline scenario, social distancing and a 
gradual vaccination process allow policy makers to make sig-
nificant inroads in containing the pandemic. In a downside 
scenario, insufficient pandemic control efforts accompanied 
by delayed vaccination leads to persistently higher infection 
levels and a materially worse growth outcome. In contrast, 
in an upside scenario, effective management of the pan-
demic combined with rapid vaccine deployment would set 
the stage for stronger growth outcomes.

This paper is a product of the Prospects Group. It is part of a larger effort by the World Bank to provide open access to its 
research and make a contribution to development policy discussions around the world. Policy Research Working Papers are 
also posted on the Web at http://www.worldbank.org/prwp. The authors may be contacted at jguenette@worldbank.org.  
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1. Introduction

With the COVID-19 pandemic still spreading across the world, and caseloads reaching 
record levels in many economies, the global outlook will continue to be heavily dependent 

on the pandemic’s evolution. Turning the tide of the pandemic in the near term will be 
challenging, requiring voluntary social distancing on the part of households and the 

imposition of a variety of pandemic management measures by governments. The 

widespread deployment of an effective vaccine will play a key role in halting the 
pandemic’s progression and is also expected to strengthen activity by raising confidence 

and improving financial market conditions.  

The interactions of these forces are quantified in a novel modelling framework that offers 

several important contributions to the literature. First, it improves upon the existing 
epidemiological modeling literature by extending a stochastic Susceptible-Infected-

Recovered (SIR) model to incorporate the role of vaccines and their effectiveness. The 
resulting stochastic Susceptible-Vaccine-Infected-Recovered (SVIR) model yields a set of 

pandemic outcomes for several countries conditional on alternative vaccination 

assumptions. Second, it marries these epidemiological outcomes with updated econometric 
evidence on the impact of COVID-19 cases and government-imposed lockdowns on 

economic activity. Third, the economic shocks generated by the conditional paths of the 
pandemic are embedded in a cutting-edge global semi-structural model, yielding detailed 

macroeconomic scenarios for a large set of countries. 

This paper employs this novel modeling approach to develop three global economic 

scenarios illustrating the implications of alternative pandemic outcomes—in part 
influenced by alternative paths for the dissemination of a vaccine—on the global economy 

in 2021-22 (World Bank 2021). These scenarios differ in their assumptions on the evolution 

of COVID-19 caseloads, voluntary social distancing by households, the stringency of 
pandemic-control policies imposed by governments, and financial market stress. 

The baseline scenario assumes that voluntary and mandatory pandemic control measures 

are diligently maintained over the next several quarters until after vaccination becomes 

widespread. From its recent increases in several major economies, the daily number of 
infections is assumed to decline in the first half of 2021 in most countries. In advanced 

economies and major emerging market and developing economies (EMDEs), vaccination 
campaigns would begin early in 2021 and reach widespread coverage in the second half of 

2021; this vaccination process would be delayed by two to four quarters in other EMDEs 

and LICs partly due to logistical impediments. Activity is expected to improve as the 
pandemic abates, the vaccine is rolled out, and financial conditions remain benign, 

supported by exceptionally accommodative monetary policy.  

The downside scenario assumes a persistently higher level of new cases in many regions 

throughout the forecast horizon. In advanced economies and major EMDEs, the 
vaccination proceeds at a much slower pace than under the baseline—with an additional 

delay of two to four quarters in other EMDEs and LICs—and is limited by reluctance 
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among a sizeable share of the population to be immunized. Activity would remain 
depressed as authorities struggle to contain the pandemic, while financial conditions would 

deteriorate markedly. In contrast, the upside scenario assumes more effective management 
of the pandemic, coupled with the rapid deployment of highly effective vaccines. This 

would trigger a faster easing of social distancing and a recovery in activity. 

 
The following section reviews this paper’s contribution to the literature. The subsequent, 

third, section explains the modeling methodology, and the fourth section describes the 
scenario assumptions and results. The conclusion offers policy implications.  

 

2. Contributions to the Literature 
 

This paper makes three contributions to the literature on modeling the economic 
consequences of the COVID-19 pandemic. First, we use a novel SIR model to project daily 

new COVID-19 cases for several countries over the medium-term. Originally proposed by 

Kermack and McKendrick (1927), SIR-type models are widely employed to forecast the 
evolution of pandemics. We adopt a relatively simple discretized stochastic SIR model. 

Compared to complex deterministic SIR models, simple discretized stochastic SIR models 
account for the high level of uncertainty associated with epidemic dynamics with limited 

observable information (e.g., Champagne and Cazelles, 2019; Stocks et al., 2018). More 

precisely, stochastic SIR models allow us to better capture the inherent uncertainty in the 
dynamics of the pandemic that arises from unpredictable human behavior, population 

heterogeneities, the varying life cycles of spreaders, and unexpected public interventions 
(e.g., Dureau et al., 2013; Funk et al., 2018; Ganyani et al., 2018). This is accomplished 

by allowing for simple stochastic processes of the infection rate and other parameters.  

 
We then extend the stochastic SIR model to incorporate the role of vaccines and their 

effectiveness. We follow the approach of Feng, Towers and Yang (2011) in augmenting 
the SIR model in order to accommodate an exogenous time-varying vaccination process. 

The resulting extended discretized stochastic SIR framework yields an alternative version 

of the Susceptible-Vaccinated-Infected Recovered (SVIR) model (e.g., Liu et al., 2008; 
Wang et al., 2017). We depart from the existing SVIR literature by explicitly 

distinguishing between documented and undocumented individuals with COVID-19 based 
on Zhou and Ji (2020). 

 

Second, we embed this SIR model into a cutting-edge global semi-structural macro 
projection model, the Oxford Economics Model. The path of the pandemic is assumed to 

cause exogenous variations in the evolution of private consumption which in turn 
influences the path of endogenous variables, including investment, government spending, 

and in part, financial conditions. Exogenous consumption shocks are obtained via panel 

regressions exploiting the joint evolution of consumption forecast errors and COVID-19 
caseloads across a large sample of countries.  

 
Third, we use this approach to construct scenarios (baseline, upside, and downside), which 

embed the path of the pandemic as a function of social distancing measures and vaccine 
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deployment, for medium-term macroeconomic outcomes. Preceding studies have rather 
focused on forecasting COVID-19 infections (e.g., Li and Linton, 2021; Liu et al., 2020; 

Murray, 2020) and assessing the joint impact of different types of pandemic-control 
measures implemented by governments on COVID-19 infections and economic activity in 

a closed economy setting (e.g., Bethune and Korinek 2020; Flaxman et al., 2020; Giordano 

et al., 2020).  
 

Except for Cakmakli et al. (2020), which explores the macroeconomic implications of 
vaccinations in a set of 65 countries, previous studies on the international economic 

impacts of COVID-19 are limited to a subset of economies. Our analysis covers a larger 

set of over 80 countries explicitly modeled in a global semi-structural macro projection 
model. Moreover, our modeling framework permits the introduction of COVID-19 related 

shocks at the quarterly frequency, allowing us to capture critical quarterly momentum 
dynamics that are heavily influencing macroeconomic impacts summarized at the annual 

frequency.  

 
3. Methodology  

 
The global growth scenarios are developed in sequential manner. Specifically, SVIR 

epidemiological projections are bridged into a large semi-structural projection model using 

updated econometric evidence on the link between the observed variation in COVID-19 

cases and economic outcomes across countries.1 

Epidemiological Modeling 

Epidemiological projections are established using a discretized stochastic SVIR model. 
Our operational approach follows closely the stochastic SIR model developed by Zhou and 

Ji (2020).2 In the model, individuals in a population can at any given time find themselves 

in three states: susceptible, infected, or recovered. Susceptible people 𝑆𝑡  face the 

probability  𝛽𝑡 of becoming infectious. As in Zhou and Ji (2020), infected people are 

initially classified as undocumented people (𝑈𝐼𝑡), then become documented people (𝐷𝐼𝑡) 

with a diagnostic rate of 𝛾𝑡. All infected people subsequently recover with a removal rate 

𝛼.3 Documented infected individuals become documented recovered individuals (𝐷𝑅𝑡), 

while undocumented individuals become undocumented recovered individuals (𝑈𝑅𝑡). All 

individuals in the fixed population are in one of the states above at any given time, such 

that 𝑁 = 𝑆𝑡 + (𝑈𝐼𝑡 + 𝐷𝐼𝑡) + (𝑈𝑅𝑡 + 𝐷𝑅𝑡). 
 

1 In most cases, regional outcomes are modeled using the novel sequential strategy described in this paper. 

In the case of EMDE outcomes for the baseline and downside scenarios, aggregate projections are 

constructed from individual country estimates consistent with the scenario assumptions on the path of the 

pandemic, the extent of social distancing, and financial conditions. These bottom-up scenarios rely on a 

combination of a large-scale macroeconometric model (Burns et al. 2019), time series models, and economist 

judgement. 
2  We thank the authors for making their code readily available online at 

https://github.com/tianjianzhou/BaySIR. 
3 All infected individuals are assumed to recover over time. This simplification has little impact on long-run 

macroeconomic outcomes given that the estimated case fatality rate of COVID-19 is very low for individuals 

active in the workforce. 
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The discretized transaction dynamics of the model are as follows:  

 

𝑆𝑡 = 𝑆𝑡−1 − 𝛽𝑡−1𝑆𝑡−1(𝑈𝐼𝑡−1 + 𝐷𝐼𝑡−1)/𝑁 − 𝑉𝑡−1 

𝑈𝐼𝑡 = (1 − 𝛼)𝑈𝐼𝑡−1 + 𝛽𝑡−1𝑆𝑡−1(𝑈𝐼𝑡−1 + 𝐷𝐼𝑡−1)/𝑁 − 𝛽𝑡−1 

𝐷𝐼𝑡 = (1 − 𝛼)𝐷𝐼𝑡−1 + 𝐵𝑡−1 

𝑅𝑡 = 𝑅𝑡−1 + 𝛼(𝑈𝐼𝑡−1 + 𝐷𝐼𝑡−1) + 𝑉𝑡−1 
 

where, 𝐼𝑡 = 𝑈𝐼𝑡 + 𝐷𝐼𝑡, and 𝑅𝑡 = 𝑈𝑅𝑡 + 𝐷𝑅𝑡. The typical dynamics of the basic SIR model 

and our model are shown in Figure 1. 

 

Similar to Cakmakli et al. (2020), we assume that effective vaccination (𝑉𝑡 ) yields 

immediate treatment for COVID-19 and directly reduces the number of susceptible people. 

The number of effectively vaccinated individuals is calculated as the assumed number of 
people receiving vaccinations multiplied by the estimated effectiveness of COVID-19 

vaccines. In all scenarios, the effectiveness of COVID-19 vaccines is assumed to be 85 

percent—broadly in line with the average of recently reported effectiveness—to 
accommodate the rollout of several vaccines of varying effectiveness (Fitch 2020; Moderna 

2020; Pfizer 2020). Moreover, in the baseline scenario, 71.5 percent of a country’s 
population is assumed to be amenable to inoculation based on global survey evidence 

(Lazarus et al. 2020). Lastly, given the lack of precedent for the emergency rollout of 

vaccines on a global scale, 𝑉𝑡 is assumed to follow a pre-set exogenous path rather than a 

stochastic process. Specifically, the vaccine rollout is assumed to follow a sigmoid curve: 
a slow initial rollout gives way to large-scale vaccination efforts and a subsequent tapering 

as the population amenable to vaccination rapidly declines (Figure 2.A). 
 

The SIR model is converted into a state-space form that can be summarized as follows: 

 

𝑦𝑡|(𝑥𝑡,𝜃)~𝑝(𝑦𝑡|𝑥𝑡, 𝜃), 

𝑥𝑡|(𝑥𝑡−1,𝜃)~𝑝(𝑥𝑡|𝑥𝑡−1, 𝜃). 
(2) 

 

where 𝑦𝑡 denotes the observable variable, which in our case, is the seven-day moving 

average of new daily confirmed COVID-19 cases reported by the Center for Systems 

Science and Engineering at Johns Hopkins University (Dong et.al, 2020).4 𝑥𝑡 summarizes 

the evolution of the five possible states: 𝑆𝑡, 𝑈𝐼𝑡, 𝐷𝐼𝑡 , 𝑈𝑅𝑡, 𝑎𝑛𝑑 𝐷𝑅𝑡 . The function 

𝑝(𝑥𝑡|𝑥𝑡−1, 𝜃) denotes the system associated with moving from 𝑥𝑡−1 to 𝑥𝑡, which in our 

application is the SIR model described in equation (1). 𝜃 = {𝛾𝑡, 𝛽𝑡, 𝛼, … } summarizes all 
the parameters and hyper parameters, which as in Zhou and Ji (2020), includes the 

following critical stochastic parameters: 

 

 
4 The moving average is used to temper the volatility in weekly reporting patterns.  

(1) 
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(1) Diagnosis rate 𝛾𝑡: the time-varying share of daily infected individuals who are 

diagnosed with COVID-19.5 We consider the logit transformation of 𝛾𝑡 and assume 

it follows: 

 

𝑙𝑜𝑔 (
𝛾𝑡

1 − 𝛾𝑡
) ~𝑁(𝜂, 𝜎𝛾

2) 

 
(2) Infection rate 𝛽𝑡: the time-varying rate at which susceptible individuals are infected 

with the disease.6 We assume that the infection rate follows the process given by: 
 

𝑙𝑜𝑔𝛽𝑡~𝐺𝑃[𝑚(𝑡), 𝐶(𝑡, 𝑡′)] 
 

where 𝐺𝑃 denotes the Gaussian process with mean function 𝑚(𝑡) = 𝑥𝑡
⊺𝜇 and 

covariance function 

 

𝐶(𝑡, 𝑡′) = 𝜎𝛽
2𝜌|𝑡−𝑡′| 

 

based on Rasmussen and Williams (2006) and Zhou and Ji (2020). 

 
(3) Recovery rate 𝛼: the stochastic rate of recovery for infected individuals, the inverse 

𝛼−1  of which is equivalent to the average time to achieve full recovery after 

infection. The recovery rate is governed by the following equation: 
 

𝛼−1 = 𝐺𝑎 (𝑣1
𝛼, 𝑣2

𝛼)1(𝛼−1 ≥ 1). 
 

We set 𝛼 = 322.5 and 𝑣1
𝛼 = 35 such that 𝐸(𝛼−1) = 9.3 with the prior 95% credible 

interval in the range of 8.3 to 10.3 days. The mean infectious period of 9.3 days is 

chosen based on He et al. (2020) and Zhou and Ji (2020). 

 
The unobserved number of COVID-19 cases is linked to the observed cases via the 

measurement function 𝑝(𝑦𝑡|𝑥𝑡 , 𝜃). The measurement function is a combination of the 

equation governing the dynamics of 𝛾𝑡 and the relationship 𝐵𝑡 = 𝛾𝑡(1 − 𝛼)𝑈𝐼𝑡 from the 

discretized SIR model in equation (1): 
 

(𝑙𝑜𝑔𝑖𝑡 (
𝐵𝑡

(1 − 𝛼)𝑈𝐼𝑡
) |𝑈𝐼𝑡, 𝛼) ~𝑁(𝜂, 𝜎𝛾

2)  

 

where 𝜂 represents the regression coefficients, while  𝜎𝛾
2, the variance of the diagnostic 

rate, captures random fluctuations and reporting errors implicitly reflected in official 
COVID-19 case counts. 

 
5 The diagnosis rate varies between 0 and 1.  
6 The infection rate fluctuates between 0 and 1.  
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As in Zhou and Ji (2020), we adopt a parallel tempering Markov chain Monte Carlo 

algorithm (PTMCMC). Several Markov chains are used in parallel to investigate a target 
distribution at varying temperatures (e.g., Swendsen and Wang, 1986; Geyer, 1991; Earl 

and Deem, 2005). The basic idea is that, in general, it is hard to generate samples that 

can escape from high likelihood regions, travel quickly through low likelihood regions, and 
find other high likelihood regions. PTMCMC overcomes this challenge using multiple 

chains with different temperatures. It does so by utilizing low temperature chains to more 
efficiently sample higher-likelihood areas of the parameter space while employing higher 

temperature chains to more widely investigate the posterior space. Over the course of the 

sampling process, colder chains traverse flat sections of the parameter space by exchanging 
position with higher temperature chains.  

 

Recall that 𝜃 denotes all model parameters and hyperparameters. The joint posterior 

distribution of 𝜃 is given by 
 

𝑝(𝜃|𝑌) ∝ 𝑝(𝜃) ∏ 𝜙(𝑦𝑡|𝜃)

𝑇

𝑡=0

 

 

where 𝑌 = {𝑦0 … 𝑦𝑇} is observation variables and 𝑝(𝜃) is the set of prior distributions. 𝜙 

is the density of normal distribution with mean 𝜂 and variance 𝜎𝛾
2. 𝜂 and 𝜎𝛾

2 are included 

in 𝜃 as one of the parameters. While all parameters involve in determining the current 

state, in particular, 𝜂 and 𝜎𝛾
2 governs the shape of the sampling distribution. The joint 

posterior distribution with a temperature is given by 

 

𝑝(𝜃|𝑌) ∝ 𝑝(𝜃) [∏ 𝜙(𝑦𝑡|𝜃)

𝑇

𝑡=0

]

1
Δ𝑗

−
1

Δ𝑗−1

 

 

We follow Zhou and Ji (2020) in preparing 𝐽 = 10 chains with the temperature of the j-

th chain set to Δ𝑗 = 1.510−𝑗. As a first step, all 𝐽 chains are independently updated using 

the Gibbs sampler. We then swap 𝜃𝑗 and 𝜃𝑗+1 for 𝑗 = 1,2, … 𝐽 − 1 with probability: 

 

𝑝𝑠𝑤𝑎𝑝(𝜃𝑗 , 𝜃𝑗+1) = 1⋀
𝑝(𝜃𝑗+1|𝑌)

𝑝(𝜃𝑗|𝑌)
. 

 

MCMC simulations are allowed to run for 50,000 iterations. The initial 20,000 draws are 

discarded as an initial burn-in period. 

Prediction inference is conducted by the following posterior predictive distribution. 
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𝑝(�̃�|𝑌) = ∫ 𝑝(�̃�|𝜃) 𝑝(𝜃|𝑌)𝑑𝜃. 

 

Estimating the impact of the pandemic on activity  

The evolution of the pandemic can dramatically influence the economy by triggering 
voluntary social distancing on the part of risk-averse individuals and the imposition of 

pandemic-control policies by governments. Maloney and Taskin (2020) find that the 

dynamics of high-frequency mobility indicators are more driven by “voluntary” individual 
response to increased COVID-19 case incidence, proxying for awareness or fear of the 

virus, rather than lockdowns. In contrast, Coibion (2020) and IMF (2020) show that 
consumer expenditures are more affected by strict pandemic-control policies such as 

lockdowns than voluntary shifts in behavior.7  

Following Coibion (2020) and IMF (2020), the impact of infection and lockdown measures 

on consumption is estimated based on pooled panel regression as follows: 

FEi,t = β1 stringencyi,t + β2 covid19i,t + ui,t (3) 

where a country i = 1,. . .21,  at a time t = 2020Q1-Q3. FEi,t is the forecast revision of 

real consumption using the difference between pre-pandemic forecasts and the latest 
forecast by Oxford Economics; stringencyi,t is Oxford Covid-19 government 

response stringency index; and  covid19i,t  is covid-19 cases per capita estimated by 
Imperial College London and is assumed to proxy voluntary social distancing measures.8 

Estimated daily new case counts are used instead of confirmed case counts to overcome 

severe distortions caused by limited testing early on in the pandemic. In the United States, 
for example, large-scale seroprevalence studies as of July 2020 were consistent with a 

much higher rate of community transmission than suggested by cumulative confirmed 

case counts (Anand et al. 2020; Demonbruen et al. 2020). 

Table 1. Panel regressions 
 

 
7 The impacts of voluntary shifts in behavior and government-imposed lockdowns on economic activity are 

likely to vary significantly over time, depending on the severity and duration of the pandemic, as well as 

household adherence to pandemic-control policies.  
8 The estimated number of new daily cases from the Imperial College of London model is accessed via the 

Our World in Data (OWID) COVID-19 database.  
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Note: Results obtained from pooled panel regression. Forecast revision of real consumption is the deviation between 

pre-pandemic forecast (January 2020) and the latest forecast (November 2020) from Oxford Economics; stringency 

index is Oxford Covid-19 government response stringency index; and covid19 is new “true” covid-19 cases per capita 
estimated by Imperial College London and is assumed to proxy voluntary social distancing. Standard errors in 

parentheses. ∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1. 

 

Table 1 shows that both the stringency index and COVID-19 cases economic activities 

can have a significant adverse impact. 9 The historical shocks to consumption obtained 

from the regression are broadly consistent with results from the behavioral SIR model 

literature (Bethune and Korinek 2020; Eichenbaum et al. 2020).    

Quantifying global growth impacts  

Using parameters from equation (3) and the SIR model’s epidemiological projections, 
future consumption shocks are extrapolated to consider the impact of both voluntary and 

mandatory social distancing on private consumption. The expected evolution of the 

stringency of pandemic-control measures is based on projected COVID-19 cases per capita 
obtained from the SVIR model combined with economist judgement (Figure 2.C). 

Consumption shocks are projected for the G7 (Canada, France, Germany, Italy, Japan, 
the United Kingdom, and the United States) and EM7 excluding China (India, Brazil, 

Mexico, the Russia Federation, Indonesia, and Turkey). 

The projected consumption shocks are then mapped into the Oxford Global Economic 

Model (Oxford Economics 2019). The model permits the quantification of the domestic 

and global economic implications of these shocks for the outlook. 10  Thus, increased 

 
9 The impact of lockdown and voluntary social distancing depends on the type of economic activity. Maloney 

and Taskin (2020) find that the mobility provided by Google is more driven by “voluntary” individual 

response to increased COVID-19 case incidence, proxying for awareness or fear or social responsibility, 

rather than lockdowns. In contrast, Coibion (2020) and IMF (2020) show consumer expenditure is more 

affected by lockdown, rather than the voluntary measure. Also, the impact could be changed over time. 
10 In the model simulations, monetary policy is assumed to respond endogenously to developments in activity 

and inflation, cushioning the epidemiological shock’s economic consequences. Fiscal policy is assumed to be 

exogenous beyond existing automatic stabilizer mechanisms except for the United States, where fiscal 

transfers are increased in the downside scenario.   

Dependent variable: Forecast revision of real consumption

Constant -1.967 **

(0.98)

Stringency index -0.207 ***

(0.02)

COVID-19 infections -0.042 ***

(0.02)

Adjusted R-squared 0.574

No. of observation 63

No. of countries 21

Sample periods 2020Q1-Q3
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(reduced) stringency of pandemic-control measures and voluntary social distancing trigger 
a decrease (increase) in consumption expenditures, employment, business investment, and 

foreign demand for exports. Moreover, a decrease in business investment lowers the level 

of potential output by reducing the capital stock.  

In addition, the impact of COVID-19 on activity is reinforced by the financial and 
commodity-price channels in the Oxford Global Economic Model. An endogenous reaction 

of financial conditions, proxied by movements in the CBOE Volatility Index (VIX), 
captures volatile financial market expectations surrounding the pandemic’s projected 

evolution (Figure 3.A-B). Specifically, higher risk premia raise corporate borrowing rates, 

exacerbating the rise in the cost of capital.  

In all scenarios, shocks to financial conditions notably affect real activity domestically, 

and those that occur in major financial centers such as the United States are assumed to 
spill over to other countries via the model’s financial channels. Lastly, the endogenous 

response of oil prices to global demand outcomes in the Oxford Model provides an 
additional spillover channel and dimension of differentiation across all scenarios (Figure 

3.C). 

 

4. Pandemic Scenarios 
 

Baseline scenario 
 
In the baseline scenario, following a sharp resurgence that began toward the end of last 

year, many economies succeed in reducing the daily number of infections in the first half 
of 2021. The reduction in caseloads is made possible by a combination of stringent 

lockdown measures as well as less costly pandemic-control policies such as social distancing 

guidelines and universal masking. In advanced economies and major EMDEs (including 
China, India, and Russia), inoculation with highly effective vaccines begins in the first 

quarter of 2021—first to vulnerable groups and subsequently to the general population—
becomes widespread in the second half of 2021 (Figure 2.A). Voluntary and mandatory 

social distancing eases gradually through the remainder of the forecast horizon. The 

vaccination process is expected to be delayed by two quarters in most other EMDEs and 
by four quarters in LICs, owing to logistical impediments to vaccine production and 

distribution.  
 

Activity is assumed to recover gradually as caseloads decline and social distancing efforts 

are relaxed, enticing households to increase their consumption of contact-intensive services. 
Firms grow cautiously optimistic in the face of a recovery in aggregate demand and a 

decline in pandemic policy uncertainty and take advantage of historically low interest 
rates to modestly increase the pace of investment and boost hiring. Sustained fiscal 

support assists displaced workers and cash-strapped firms in major economies and many 

EMDEs, while EMDEs facing fiscal space constraints manage to avoid harsh austerity. 
The vaccine rollout, coupled with extraordinarily accommodative monetary policy, further 
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bolsters financial market confidence and underpins the continuation of benign financial 
conditions. 

 
The baseline scenario projects a moderate expansion in global activity of 3.8 percent in 

2021, following a 4.3 percent collapse in 2020 (Figure 4.A; World Bank 2021). Global 

growth is then envisioned to slow to 3.7 percent in 2022. Despite projected above-potential 
growth in 2022, output is expected to remain well below pre-pandemic trends at the end 

of the projection horizon. Following a sharp contraction of 9.5 percent in 2020, global 
trade is expected to experience a modest pickup to an average of 5 percent in 2021-22 

(Figure 4.B). Growth in advanced economies is expected to strengthen gradually to 3.3 

percent in 2021 and 3.5 percent in 2022 (Figure 4.C). Growth in EMDEs is expected to 
bounce back to 5.0 percent in 2021 from a 2.7 percent contraction in 2020, before slowing 

to 4.2 percent in 2022 (Figure 5.A). The modest rebound in EMDE growth would not be 
enough to restore debt sustainability in some EMDEs, with the gap between the debt-

stabilizing and the actual primary balance for EMDEs remaining negative through 2022 

(Figure 5.B).  
 

Downside scenario 
 
In the downside scenario, insufficient pandemic management and lax compliance with 

social distancing measures lead to notably higher levels of new cases in many countries in 
2021, requiring longer-lasting and more stringent pandemic-control measures. Relative to 

the baseline scenario, vaccine deployment in advanced economies and major EMDEs is 
slowed by supply bottlenecks and the reluctance of a higher proportion of the population 

to receive vaccinations.11 As in other scenarios, rollout in other EMDEs and LICs begins 

up to four quarters after rollout in advanced economies and major EMDEs owing to 
logistical issues. Caseloads decline only gradually through 2022, mostly due to sustained 

social distancing. 
 
Economic activity remains depressed in this scenario, as households fear contact-intensive 

services, including recreation and tourism, and grapple with stringent social distancing 
measures. Firms—facing pandemic-control policies, a bleak outlook for consumer demand, 

and elevated uncertainty—curtail investment and hiring plans, keeping employment well 
below pre-COVID-19 levels. Financial conditions tighten markedly through 2021, as 

financial market sentiment continuously deteriorates in tandem with a string of 

unexpected vaccine delays and insufficient control of the pandemic, and as corporate and 
bank balance sheets deteriorate over prolonged demand weakness and forbearance 

requirements. While accommodative monetary policy keeps financial crises at bay, fiscal 
sustainability concerns limit the size of additional fiscal stimulus, leading to insufficient 

income support to the unemployed and struggling small and medium-sized firms.  

 

 
11 Only about half of the population in advanced economies and major EMDEs is assumed to be amenable 

to vaccination, a level broadly consistent with the lower bound from global survey evidence (Lazarus et 

al. 2020). 
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The downside scenario features a much weaker and more protracted recovery, with global 
growth limited to 1.6 percent in 2021 and 2.5 percent in 2022.  In the downside scenario, 

the recovery in advanced economies is stunted, with growth averaging less than 2 percent 
over 2021-22. Similarly, projected output growth in EMDEs would be markedly reduced 

from an average of nearly 5 percent in the baseline scenario to about 3.4 percent over 

2021-22. By 2022, global and EMDE output would still be 3.2 and 2.4 percent, respectively, 
below output in the baseline scenario. Weaker growth would worsen debt sustainability 

across EMDEs. Even in 2022, after two years of recovery, the gap between the debt-
stabilizing and the actual primary balance for EMDEs would still be about twice as large 

in the downside scenario as in the baseline scenario, setting government debt on a steeper 

rising path. Global trade growth would recover somewhat faster than global output 
growth, in line with elasticities seen during past global recessions, but would remain 

around its modest 2010s average. 
 

The materialization of the downside scenario would hit commodity- and tourism-

dependent EMDEs particularly hard. Among EMDE regions, growth would be lowest in 
LAC, MNA and SSA, reflecting a heavy reliance on exports of oil and industrial 

commodities, the prices of which would be sharply reduced by weak global demand (Figure 
5.C). Moreover, a worsening of the pandemic across all regions would lead to extended 

travel restrictions with dire consequences for tourism-dependent economies.  

 
Upside Scenario 
 
In the upside scenario, following the recent upsurge in global cases, effective public 

education campaigns and concerted multilateral coordination efforts would ensure a high 

degree of compliance with pandemic-control policies around the world, allowing many 
economies to begin rolling back the stringency of pandemic-control measures starting in 

the first half of 2021. Immunization campaigns promptly gather pace in advanced 
economies and major EMDEs at the start of 2021. Widespread vaccine deployment is 

achieved by mid-2021 in advanced economies and major EMDEs, and up to four quarters 

later in other EMDEs and LICs. 
 

Activity rebounds sharply as social distancing eases and households increase their demand 
for services amid substantial gains in employment and wages. Simultaneously, economic 

uncertainty dissipates, encouraging firms to invest heavily in new equipment and 

technologies. Positive developments in vaccine rollout—alongside the widespread release 
of affordable breakthrough therapeutics—trigger a sustained surge in equity markets and 

more benign global financial conditions. While extraordinary monetary policy 
accommodation begins to wane as employment improves, fiscal policy supports workers 

throughout a lengthy sectoral reallocation process. Moreover, the shared global experience 

of combatting COVID-19 is assumed to strengthen multilateralism, with a renewed push 
for global trade agreements and a rules-based international trading system contributing 

to stronger global trade growth.  
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Overall, in this scenario, global growth would strengthen notably, to nearly 5 percent in 
2021, with advanced economies and EMDEs growing 4.1 percent and 5.8 percent, 

respectively.  Still, world growth in 2022 would be not much stronger than the baseline, 
with the upside to growth limited by scarring from the exceptionally severe downturn in 

2020. By 2022, global and EMDE output would be only 1.9 and 1.8 percent, respectively, 

above the baseline scenario. Such a robust recovery might be enough to stabilize EMDE 
debt at its long-term median. Global trade growth would experience a strong recovery, 

averaging nearly 7 percent over 2021 and 2022. 
 

5. Conclusion 

 
The global recovery that lies ahead will depend heavily on controlling the spread of the 

pandemic—in part a function of vaccine outcomes. In this paper, we proposed an eclectic 
methodology for translating the projected evolution of the pandemic into global growth 

outcomes. We first augment a discretized stochastic SIR model with vaccine assumptions 

to articulate pandemic scenarios for major advanced and EMDE economies. Projected 
COVID-19 caseloads are then translated into shocks to economic activity. To do so, we 

exploit the variation across advanced economies in the statistical relationship between 
COVID-19 cases, the stringency of lockdown measures, and forecast revisions to 

consumption. We find that both “voluntary” social distancing on the part of households 

and the imposition of strict lockdowns by governments can weigh heavily on economic 
activity. Lastly, we leverage a global semi-structural projection model to assess the global 

economic consequences of various pandemic shocks across major economies. 
 

Our results on the global economic implications of alternative pandemic outcomes are 

summarized in a set of three scenarios first presented in the January 2021 Global 
Economic Prospects report (World Bank 2021). In the baseline scenario, a decline in cases, 

a vaccine rollout that gathers pace in early 2021, and the eventual easing of pandemic 
control measures underpin a modest rebound. In the downside scenario, persistently higher 

caseloads, more stringent mandatory social distancing, and slow vaccine development 

markedly weaken the recovery. In the upside scenario, effective pandemic management, 
coupled with prompt widespread vaccination, allows activity to recover faster. This 

scenario analysis exercise underscores the pressing need of authorities to sustain 
containment efforts in the near-term, while accelerating the rollout of vaccines that 

promise a durable end to the pandemic.  
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Figures 
 

Figure 1. Illustration of typical dynamics of the Basic SIR model and our model  
 
A. Basic SIR Dynamics 

 

 

B. Dynamics of our model 

 

 

C. Illustrative impact of vaccine 

 

 
   
Source: World Bank. 

Note: All panel assumes  infection rate 𝛽 = 0.15, removed rate 𝛼 = 0.02, total population N=1, initial number of 

susceptible individuals, 𝑆0 = 0.95, and initial reported daily confirmed cases 𝐵0 = 0.002. The other assumptions of 

each panel are as follows. 

A. The initial number of infected individuals 𝐼0 = 0.024, 𝑅0 = 0.024. 
B. The initial number of documented infected individuals 𝐷𝐼0 = 0.048, 𝑈𝐼0 = 0.0192, 𝐷𝑅0 = 0.048, 𝑈𝑅0 = 0.0192,. 
C. The speed of vaccination is 0.01 per day (It requires 100 day to complete the full vaccination). The initial number 

of infected people, recovered people, and the other parameters are same as panel A and B. 

 

 

 
 

Figure 2. Epidemiological assumptions and outcomes  
 
A. Assumed share of effectively 

vaccinated population: advanced 

economies and major EMDEs 

 

 

B. Impact of vaccine 

assumptions on number of 

COVID-19 cases in major 

economies 

 

 

C. Impact of alternative 

pandemic assumptions on social 

distancing 

 

 

   
Source: Oxford Economics; World Bank. 
A. Solid lines are vaccine distribution assumptions for advanced economies and major EMDEs (including China, 

India, and Russia). 

B. Blue (red) areas show the difference of new daily confirmed COVID-19 cases per 100,000 individuals between the 

upside (downside) scenario and the baseline pandemic scenario. 

C. Blue (red) areas show the difference of an index of mandatory social distancing between the upside (downside) 

scenario and the baseline pandemic scenario. 

 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1 51 101 151 201

Days

Susceptible Infectious Recovered

Number of individuals (standardized)

0.0

0.2

0.4

0.6

0.8

1.0

1

1
3

2
5

3
7

4
9

6
1

7
3

8
5

9
7

1
0
9

1
2
1

1
3
3

1
4
5

1
5
7

1
6
9

1
8
1

1
9
3

Days

Susceptible

Undocumented infectious

Documented infectious

Undocumented recovered

Documented recovered

Number of individuals (standardized)

0.0

0.2

0.4

0.6

0.8

1.0

1

1
3

2
5

3
7

4
9

6
1

7
3

8
5

9
7

1
0
9

1
2
1

1
3
3

1
4
5

1
5
7

1
6
9

1
8
1

1
9
3

Days

Susceptible (no vaccination)

Infectious (no vaccination)

Recovered (no vaccination)

Infectious (with the
vaccination from day 25)

Number of individuals (standardized)

0

10

20

30

40

50

60

70

80

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

2021 2022

Upside Baseline DownsidePercent

-5

-4

-3

-2

-1

0

1

2

3

4

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

2021 2022

Upside scenario
Downside scenario

Per 100,000 people

-5
-4
-3
-2
-1
0
1
2
3
4
5
6

2
0
2

1
Q

1

2
0
2

1
Q

2

2
0
2

1
Q

3

2
0
2

1
Q

4

2
0
2

2
Q

1

2
0
2

2
Q

2

2
0
2

2
Q

3

2
0
2

2
Q

4

Upside deviation

Downside deviation

Index points



15 

 

 

 

Figure 3. Assumptions of financial stress and commodity prices 
 
A. VIX assumptions relative to 

baseline for 2021 

 

 

B. Corporate borrowing spread 

assumptions relative to baseline 

for 2021  

 

C. Oil price assumptions 

 

 

 
   
Source: Oxford Economics; World Bank. 

A. Chart shows the combined exogenous and endogenous deviation of the VIX, the Chicago Board Options 

Exchange’s Volatility Index, from the baseline scenario in 2021. 

B. Chart shows simple average of corporate borrowing spreads in the G7 (Canada, France, Germany, Italy, Japan, 

the United Kingdom, and the United States) and EM7 (China, India, Brazil, Mexico, Russia, Indonesia, and Turkey). 

Corporate borrowing spread is defined as the difference between the 5-year corporate BBB bond yield and the 10-

year sovereign bond yield. 

C. Oil price is the simple average of Brent, Dubai, and West Texas Intermediate prices. 

 

 

 

Figure 4. Global Growth Scenarios 
 
A. Global growth 

 

 

 

B. Global trade growth 

  

 

 

C. Growth in advanced 

economies 

 

 
   
Source: Oxford Economics; World Bank. 

Note: Aggregate growth rates calculated using GDP weights at 2010 prices and market exchange rates. 
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Figure 5. EMDE growth outcomes 
 
A. Growth in EMDEs 

 

 

B. Primary balance 

sustainability gap in EMDEs, 

20222  

 
 

C. Average 2021-22 growth in 

EMDE regions 

 

   
Source: Oxford Economics; World Bank. 

Note: Aggregate growth rates calculated using GDP weights at 2010 prices and market exchange rates. 

C. F. A negative gap indicates a primary balance that would set government debt on a rising path. Gaps calculated 

as in Kose,Kurlat et al. 2020. 
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