Balázs Égert 
email: balazs.egert@oecd.org
  
# Yvan 
  
Fabrice Murtin 
email: fabrice.murtin@oecd.org
  
David Turner 
email: david.turner@oecd.org
  
Laurence Boone 
  
Luiz De Mello 
  
  
  
Walking the tightrope: Avoiding a lockdown while containing the virus
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Empirical work described in this paper explains the daily evolution of the reproduction rate, R, and mobility for a large sample of countries, in terms of containment and public health policies. This is with a view to providing insight into the appropriate policy stance as countries prepare for a potentially protracted period characterised by new infection waves. While a comprehensive package of containment measures may be necessary when the virus is widespread and can have a large effect on reducing R, they also have effect on mobility and, by extension, economic activity. A wide-ranging package of public health policieswith an emphasis on comprehensive testing, tracing and isolation, but also including mask-wearing and policies directed at vulnerable groups, especially those in care homesoffer the best approach to avoiding a full lockdown while containing the spread of the virus. Such policies may, however, need to be complemented by selective containment measures (such as restricting large public events and international travel or localised lockdowns) both to contain local outbreaks and because implementing some of the recommended public health policies may be difficult to achieve or have unacceptable social costs.

Introduction and main findings

In most OECD countries, a combination of public health and containment measures, often involving a shutdown of major parts of the economy, was successful in reducing the spread of the new coronavirus (SARS-Cov-2) and associated diseases used henceforth) in the first half of 2020. Having lifted many restrictions, the dilemma many policy-makers are now facing is how to deal with subsequent waves of infection without inflicting damage to economic activity on the scale that was so apparent from measures deployed in response to the first wave. The present study attempts to inform these decisions by examining country experiences during the period to mid-August at a daily frequency, with a focus on how the reproduction number, R, (representing the spread of the virus), and mobility (as a proxy for economic activity), respond to policy measures. The study makes use of a set of Covid-19 policy trackers maintained by the Oxford Blavatnik School of Government [START_REF] Hale | Oxford COVID-19 Government Response Tracker[END_REF] as well as some complementary indicators developed specifically for this project.

Since the onset of the pandemic, parameterised epidemiological models (the so-called SIR models; Susceptible, Infected and Recovered) have been a popular tool to analyse disease dynamics [START_REF] Anderson | How will country-based mitigation measures influence the course of the COVID-19 epidemic?[END_REF][START_REF] Atkeson | What will be the Economic Impact of COVID-19 in the US? Estimate of Disease Scenario[END_REF][START_REF] Stock | Data Gaps and the Policy Response to the Novel Coronavirus[END_REF]. These models can be used to shed light on the impact of physical distancing and other public health measures in containing a second wave of infections [START_REF]Impact of non-pharmaceutical interventions (NPIs) to reduce COVID-19 mortality and healthcare demand[END_REF][START_REF] Matrajt | Evaluating the Effectiveness of Social Distancing Interventions to Delay or Flatten the Epidemic Curve of Coronavirus Disease[END_REF][START_REF] Davies | Effects of nonpharmaceutical interventions on Covid-19 cases, death and demand for hospital services in the UK: A modelling study[END_REF][START_REF] Hornstein | Social Distancing, Quarantine, Contact Tracing and Testing: Implications of an Augmented SEIR Model[END_REF]. SIR models rely on several parameters (for instance to quantify the impact of physical distancing on R), so their insights are only as good as these parameters are accurate. So far, however, most modellers have relied on past (mostly flu) epidemics to calibrate important parameters, while the current pandemic likely differs in important ways.

This study contributes to a burgeoning literature that seeks to quantify the impact of government interventions on disease progression and on mobility employing reduced-form econometric estimates for the Covid-19 pandemic itself. This literature has already shown that stricter lockdown policies go in tandem with a reduction in Covid-19-related deaths [START_REF] Conyon | Lockdowns and Covid-19 Deaths in Scandinavia[END_REF]. It has found strong evidence that banning mass gatherings is one of the most effective ways of taming the spread of the virus [START_REF] Ahammer | Mass Gathering Contributed to Early COVID-19 Spread: Evidence from US Sports[END_REF][START_REF] Hunter | Impact of non-pharmaceutical interventions against COVID-19 in Europe: a quasi-experimental study[END_REF][START_REF] Weber | Which Measures Flattened the Curve in Germany?[END_REF]. Similarly, air travel restrictions are found to be effective, especially those imposed on international flights and at the early stages of the pandemic [START_REF] Hubert | Spacial Distancing: Air Traffic, Covid-19 Propagation and the Cost of Efficiency of Air Travel Restrictions[END_REF][START_REF] Keita | Air Passenger Mobility, Travel Restrictions and the Transmission of the Covid-19 Pandemic between Countries[END_REF][START_REF] Leffler | Association of country-wide coronavirus mortality with demographics, testing, lockdowns, and public wearing of masks[END_REF]. Stay-at-home requirements and workplace closures can also curb the propagation of the disease (Deb et al., 2020a;[START_REF] Hunter | Impact of non-pharmaceutical interventions against COVID-19 in Europe: a quasi-experimental study[END_REF][START_REF] Weber | Which Measures Flattened the Curve in Germany?[END_REF], as can the use of face masks [START_REF] Hatzius | Face Masks and GDP[END_REF][START_REF] Leffler | Association of country-wide coronavirus mortality with demographics, testing, lockdowns, and public wearing of masks[END_REF][START_REF] Mitze | Face Masks Considerably Reduce Covid-19 Cases in Germany: A Synthetic Control Method Approach[END_REF]. Nevertheless, the recent empirical literature has said little about the importance of testing and contact tracing policies, despite their prominence in SIR models, and the protection of the elderly population.

The findings of this paper are consistent with much of the above literature. Containment policies can successfully reduce the spread of the virus, but most --in particular stay-at-home requirements, workplace closures and school closures --have a substantial impact on reducing mobility and by implication economic activity. Most importantly, unlike earlier empirical studies, the results strongly support the view that testing, combined with effective contact tracing are key components of the post-lockdown strategy, especially at relatively low level of infections (OECD, 2020a). This corroborates a recent outbreak modelling study [START_REF] Hellewell | Feasibility of controlling COVID-19 outbreaks by isolation of cases and contacts[END_REF], which found that contact tracing and isolation would only contain outbreaks of Covid-19 if very high levels of contact tracing were achieved. This is also consistent with the view that testing and tracing is most effective in a low-infection environment, because contact tracing becomes increasingly difficult with higher levels of new daily infections (OECD, 2020a). Furthermore, estimation results suggest that mask-wearing and the protection of the elderly population in general, and those in care homes in particular, might play an important role in combatting the virus. Scenario analysis, based on empirical results in the paper, suggests that avoiding further lockdowns will require a wide-ranging package of public health polices, including a comprehensive regime of test, trace and isolation, mask-wearing mandates, isolation of those who are most vulnerable, and policies targeted at care homes. Moreover, unlike containment measures, these public health policies should have little  3 adverse impact on mobility or economic activity. These findings are in line with and complement [START_REF] Acemoglu | Optimal Targeted Lockdowns in a multi-group SIR model[END_REF], who show in a multi-group SIR framework that the trade-off between mortality rates from the virus and economic damages can be attenuated if interventions are targeted on the most vulnerable individuals.

Public health policies may, however, need to be complemented by extending some containment measures, such as restrictions on large public gatherings or international travel, for which the aforementioned tradeoff is most favourable. This is also because the most stringent and effective form of public health measures may have other costs, or be otherwise difficult to implement fully: many countries have struggled to rollout comprehensive testing regimes; contact tracing becomes more difficult at higher levels of infections; banning visits to care homes is likely to cause distress for residents near end-of-life or suffering from dementia; and discriminating against certain groups, such as the elderly, who may be more vulnerable may also be difficult.

The remainder of the paper is organised around two equations estimated for a large sample of countries on daily data up to mid-August: the first explains the evolution of the reproduction rate, R, and the second explains mobility, as a proxy for economic activity. In the next section, various data issues underlying the empirical work are discussed (with further details on construction of R provided in Annex A). The policy implications of the estimated equations are then illustrated with a number of stylised policy scenarios, starting from the first outbreak of the virus, through full lockdown and, most importantly, exploring alternative strategies that would help keep the virus at bay.



Stylised facts about the reproduction rate, mobility and containment, testing and other public health policies

The reproduction rate

Estimates of the reproduction number, R, are constructed separately for each country using an approach adapted from the epidemiological literature and daily series on confirmed infections and deaths from the European Centre for Disease Prevention and Control (ECDC) (see Annex A for a detailed explanation). The median R estimate for a worldwide sample of approximately 70 countries fell from around 3 in February to around 1 in early May and has remained stable since (Figure 1, Panel A). This, however, hides considerable cross-country variation, with R nearing 1.5 in October in European countries, before a further set of major lockdown measures was implemented (Figure 1 Note: The chart summarises trends in R for a selection of worldwide (Panel A) or European (Panel B) countries for which R can be computed over the full sample period. Source: Authors' calculations derived from data on deaths and infections, see Annex A for details.

Containment policies and mobility

Many of the containment measures introduced by governments have had the objective of physical distancing. In the absence of a precise measure of physical distancing, high-frequency data on mobility provide a reasonable proxy. Such data are made available by Google, based on the movement of people with Android-based smartphones and with 'location history' turned on in their settings. The data are available for more than 130 countries at a daily frequency. The series measure the change in mobility from a same-day-of-the-week average in January and early February. 2 In many countries that imposed lockdowns, mobility fell by as much as 70% in late March and April, relative to the pre-lockdown period. There is a manifest link between mobility and GDP at a quarterly frequency (Figure 2) and mobility is used as a focus in the current analysis because good quality indicators of economic activity at a higher frequency with broad country coverage are not readily available. The empirical analysis here relies on a set of variables representing containment measures maintained by the Oxford Blavatnik School of Government [START_REF] Hale | Oxford COVID-19 Government Response Tracker[END_REF] 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 Mobility (normal = 1) GDP forecast revision (no revision = 1) according to the degree of stringency or comprehensiveness with which they are applied. Eight categories of containment measures are distinguished (Figure 3, Table 1), being variously scored 0 to 2, 0 to 3, or 0 to 4. 3 For the purposes of estimation, the cardinal value of these scores are ignored (as there is no reason, for example, to expect a policy with a stringency value of 3 to have treble the effect of a policy with a value of 1) and instead the same policy at different levels of stringency are included as distinct dummy variables (taking the value of zero or one). Subsequently, if the estimation does not deliver the expected ordinal ranking in coefficients (so that a more stringent application of a policy has a greater effect), the same coefficient may be imposed across different levels of stringency by combining policy variables. 4might be an obvious concern given that containment measures were often introduced simultaneously or very close together. However, the estimation here mitigates this problem by having a large country sample, daily frequency of observations and by distinguishing the stringency of such measures. Consequently, the correlations between containment measures variables used in the regressions are mostly far from unity. A possible exception is that there appears to be a degree of multicollinearity between variables representing school closure, workplace closure and stayat-home requirements, which means some caution is required in interpreting specific coefficients as discussed in the text.

Figure 3. Percentage of countries at different stringency levels for containment policies according to the Oxford Covid-19 Government Response Tracker

Note: Stringency is evaluated as an ordinal index, with a higher number representing higher stringency. Each panel subtitle indicates the range for that category. The charts are based on the source's full country coverage for a given date, at most 185 countries. Source: Authors' calculations based on [START_REF] Hale | Oxford COVID-19 Government Response Tracker[END_REF]. 

Test, trace and isolation policies

Evidence for a large cross-section of countries suggests a negative correlation between the number of tests and mortality rates [START_REF] Liang | Covid-19 mortality is negatively associated with test number and government effectiveness[END_REF]. Testing can break the chain of transmission and prevent the local outbreak of new infections, but to be effective requires the scale of testing to be ramped up quickly, a high accuracy of testing and the ability to carry out testing swiftly, which many countries struggled with during the first wave of Covid-19 (OECD, 2020a).

It has been argued that repeated mass testing coupled with the isolation of the infected would eradicate the virus without reliance on contact tracing [START_REF] Taipale | Population-scale testing can suppress the spread of COVID-19[END_REF]. China has demonstrated the potential for mass testing in the city of Wuhan in May, with up to 1.5 million tests being processed in a single day (New York Times, 2020a). In early November 2020, Slovakia tested two-thirds of the country's population using rapid antigen tests [START_REF] Euronews | Slovakia attempts to test entire adult population for coronavirus[END_REF]. Antigen tests provide results more quickly (within 30 minutes) compared to conventional PCR tests. While they are less accurate and miss some of the asymptomatic cases, experts argue these cases are likely to be less infectious (New York Times, 2020b).

Unless testing can be carried out quickly and on a truly mass scale, testing also needs to be accompanied by tracing the persons who have been in contact with the infected person. The effectiveness of testing and tracing crucially depends on the coverage of the contact persons. Its success also hinges on the speed with which the tests are carried out and the contact persons identified, tested and isolated if tested positive [START_REF] Hellewell | Feasibility of controlling COVID-19 outbreaks by isolation of cases and contacts[END_REF]. Scenario analysis shows that a high level of testing in tandem with widespread and timely contact tracing and isolation may prevent a subsequent surge in infection rates [START_REF] Panovska-Griffiths | Determining the optimal strategy for reopening schools, the impact of test and trace interventions, and the risk of occurrence of a second Covid-19 epidemic wave in the UK: A modelling study[END_REF]. Scaling-up contact tracing is difficult, but not impossible. ECDC (2020c) recommends: the use of well-trained non-public-health staff and volunteers; repurposing existing resources such as call centres; and using new technologies such as contact management software and mobile apps. Widespread testing and contact tracing is considered by many as a crucial part of policy packages during the de-confinement phase [START_REF]Modelling the impact of testing, contact tracing and household quarantine on second waves of Covid-19[END_REF][START_REF] Ecdc | Contact tracing for COVID-19: current evidence, options for scale-up and an assessment of resources needed[END_REF].

To capture the effect of track-and-contact-trace policies, the policy indicators from the Blavatnik School of Government at the University of Oxford [START_REF] Hale | Oxford COVID-19 Government Response Tracker[END_REF] are used, which in their original form are also scored according to the comprehensiveness of the testing or tracing regime (Table 2). They suggest there was a substantial improvement in the number of countries increasing the extent of their test and trace policies in the 2-3 months from March, but further increases since then have been modest (Figure 4). However, for the estimation work reported here, the cardinal values of these scores are again ignored and instead different dummy variables are used to represent test-and-trace variables at different degrees of comprehensiveness. An additional variable, constructed by the authors and described below, considers the importance of specific testing in care homes (Table 3). However, an important limitation of these indicators is that none cover issues of timing which can be key to a successful strategy: tests need to be done quickly and with a minimum delay before the results are available and then contacts need to be traced quickly. On the other hand, many issues relating to testing, including timing, may be easier when the level of infections is lower, and this can be readily tested in the empirical framework.

Table 2. Scoring of the Oxford testing and contract tracing policy variables

Note: (1) Testing variable relates to policies testing for infection (PCR test), not to policies testing for immunity (antibody tests). Source: [START_REF] Hale | Oxford COVID-19 Government Response Tracker[END_REF]. 

H2

Shielding the elderly

The elderly population is especially vulnerable to Covid-19 with much higher mortality rates than other demographic groups. A particular concern is that mortality rates have been very high in care/elderly/retirement homes (henceforth referred to as 'care homes') in some OECD countries [START_REF] Ecdc | Surveillance of Covid-19 at long-term care facilities in the EU/EEA[END_REF][START_REF] Gandal | Long-term care facilities as a risk factor in death from Covid-19[END_REF]. Evidence, concerning experience in care homes with managing influenza outbreaks as well as the current pandemic, suggests that improving hygiene, including regular hand sanitising and disinfection at the establishment level [START_REF] Koshkouei | How can pandemic spreads be contained in care homes?[END_REF], as well as limiting the migration of staff across different care homes help to reduce infection rates substantially [START_REF] Koshkouei | How can pandemic spreads be contained in care homes?[END_REF][START_REF] Chen | Nursing Home Staff Networks and Covid-19[END_REF], although the latter may be difficult given widespread staff shortages.

Empirical evidence is less clear-cut for testing staff and residents, and limiting visitors, even though these measures could be part of any infection management. Testing in care homes is particularly appealing, especially if testing capacities are limited. Testing should target potential super-spreaders (e.g. healthcare professionals) or groups of people who may find it difficult or impossible to comply with physical distancing, such as the elderly in packed care homes where several people live in the same room (OECD, 2020a). Some argue that these high-risk groups should be regularly tested even in the absence of symptoms [START_REF] Grassly | Comparison of molecular testing strategies for Covid-19 control: A mathematical modelling study[END_REF].

The current empirical work tests for the effectiveness of three types of government policies using variables constructed by the authors: firstly, recommendations to persuade the elderly to stay at home; secondly, restricting visits to care homes; and thirdly, testing of residents and/or staff of care homes (Table 3).

Measures to specifically protect the elderly were relatively rare in mid-March, but have become more common across countries since then (see Table 4 for OECD countries). 5 5 These variables as well as the mask wearing variable are constructed using text search in three Covid-19-related databases: the COVID-19 Government Measures Dataset, run by the Assessment Capacities Project (ACAPS); a database on government responses to the coronavirus compiled by the CoronaNet Research Project; and the CCCSL dataset of the Complexity Science Hub Vienna. These record press and government statements with regard to public policy interventions to reduce the spread of Covid19, obtained from media, government communications and press releases from the United Nations and other international organisations. For every variable, a search is carried out for one or several keywords and the results are evaluated and coded. A potential shortcoming of this approach is that government policies not discussed publicly, or not communicated actively, might not appear in these datasets and hence might not be included in the analysis. 

Mask-wearing

Evidence increasingly suggests that face masks can provide a potentially powerful protection against the transmission of SARS-CoV-2, which travels through droplets dispersed in the air [START_REF] He | Temporal dynamics in viral shedding and transmissibility of Covid-19[END_REF][START_REF] Lau | Characterizing super-spreading events and age-specific infectiousness of SARS-CoV-2 in Georgia[END_REF]. This is especially true in closed and densely packed spaces and because a considerable share of infected people show no symptoms but have a high viral load. Meta-analysis of a large number of nonclinical trials of various coronaviruses indicates that mask wearing reduces significantly the infection rate, especially for masks of the N95 type [START_REF] Chu | Physical distancing, face masks and eye protection to prevent person-to-person transmission of SARS-COV-2 and Covid-19: A systematic review and meta-analysis[END_REF][START_REF] Schünemann | Use of facemasks during the CODIV-19 pandemic[END_REF], but even cloth masks are found to block infection [START_REF] Mills | Face masks and coverings for the general public: Behavioural knowledge, effectiveness of cloth coverings and public messaging[END_REF]). More direct evidence for SARS-CoV-2 comes from smallscale clinical trials, which confirm the desirability of mask wearing in public [START_REF]Human coronavirus data from four clinical trials of masks and respirators[END_REF]. 6Measuring the health-effects of mask-wearing at the regional or country-level, based on public policy pronouncements, is difficult because they might depend on the take-up rate and correct use (covering both mouth and nose) and it is difficult to account for the greater tendency to wear face masks, regardless of policy pronouncements, in some (mostly Asian) countries prior to the current virus outbreak. Nevertheless, recent studies provide empirical support for the beneficial effects of mask wearing. For instance, in a large cross-sectional dataset, public mask wearing was found to be negatively related to mortality [START_REF] Leffler | Association of country-wide coronavirus mortality with demographics, testing, lockdowns, and public wearing of masks[END_REF]. Another country-level study sheds light on the negative correlation between mask wearing and infections for U.S. counties and two different cross-sectional datasets [START_REF] Hatzius | Face Masks and GDP[END_REF]. Finally, [START_REF] Mitze | Face Masks Considerably Reduce Covid-19 Cases in Germany: A Synthetic Control Method Approach[END_REF] conclude that mask wearing successfully lowered infection rates in German regions adopting compulsory mask wearing policies. Countries have been mandating mask wearing more forcefully. While few countries had mandatory mask wearing in closed public spaces in mid-March, a majority of OECD countries had adopted such measures by end-July (Table 4).

In the current empirical framework, mask wearing is investigated using variables constructed by the authors, which denote whether there is an obligation to wear masks in shops, public transport or more generally in closed spaces (Table 3).

Table 3. Scoring of additional public health measures

Source: Constructed by the authors using text search in three Covid-19-related databases. Source: Authors.

Public health measure

Scoring of degree of stringency Protection of the elderly Testing in care homes 1: Testing of residents and/or staff in care homes, regional level 2: Testing of residents and/or staff in care homes, national level Restricting visits to care homes 1: Ban on visits, regional level 2: Ban on visits, national level Keeping the elderly at home 1: Government recommendation to stay at home Mask wearing Compulsory mask wearing indoors 1: Mandatory at the local level 2: Mandatory nationwide

Induced cautious behaviour and towards achieving herd immunity

In addition to the variables representing policy responses, the regression analysis also includes different measures of the death rate from the virus as explanatory variables. 7 Both the national and global daily death rates are included to proxy for general awareness of the virus prompting more cautious behaviour, for example voluntary physical distancing and increased hand-washing. The importance of these variables is that they proxy for changes in behaviour that are likely to be engendered regardless of government-mandated restrictions. In the case of the United States, for instance, [START_REF] Goolsbee | Fear, Lockdown, and Diversion: Comparing Drivers of Pandemic Economic Decline 2020[END_REF] found that visits to businesses declined by up to 60% because of the pandemic, but that legal restrictions explained only 7 percentage points of this drop. Individual choices were far more important and seemed tied to fears of infection as differences in consumer traffic across counties were highly influenced by reported Covid-19 deaths.

Total national deaths attributed to the virus expressed as a share of the population are also separately included, as a proxy for the share of the population that has been infected, with the expectation of a negative coefficient; as the share of the population that has been infected rises (and presumably becomes immune), the speed with which the virus spreads will be reduced.

7 A possible concern with using death rates as proxies on the right-hand side of the equation is that the left-hand side variable (reproduction rate) is already partly estimated based on deaths. This potential problem is attenuated by differences in timing, however. While timing can only be addressed imperfectly because the raw data on deaths are smoothed, the idea is that the reproduction rate for day t is based on infections confirmed on day t+12 and on deaths recorded on day t+22. These leads are incorporated to account for average delays between infections and case detection, as well as average delays between infection and deaths, in the epidemiological literature (see Annex A). In any case, the coefficients on the policy variables of interest are reasonably robust to excluding the death variables from the R regression, although they increase to some extent. 

Empirical evidence on the impact of policies on the reproduction rate and mobility

This section describes the estimated effects of containment measures, testing policies, and other public health measures on both the reproduction rate, R (Table 5), and mobility (Table 6), which underlie the policy scenarios presented in the subsequent section.

The reproduction rate

The (exponential of the) constant in the equations shown in Table 5 can be used to infer an average initial reproduction rate, R0, which is relevant at the start of an epidemic and applies to a population previously free of infection and before any containment or other public health policies have been implemented. R0 is not purely a feature of the virusit depends on the conditions in which the virus emerges, for instance in terms of population density, social norms, etc. R0 would thus be expected to vary across countries, which is captured in estimation through the inclusion of country fixed effects. 8 An important feature of the estimated equation explaining R is that the preferred functional form for the dependent variable is logarithmic; a formal test decisively rejects a linear form in favour of a logarithmic one. 9 This implies that any policy intervention will have a larger effect when R is initially high than when it is low, and underlines the merit of early policy interventions.

Confinement policies

In estimation, the coefficients on five containment policies --workplace closures, restrictions on gatherings, stay-at-home requirements, international travel controls and school closures --are found to have a statistically significant effect in reducing R (Table 5). The coefficient on school closures has the largest effect of any containment policies, but there is a degree of collinearity between school closures, stay-athome requirements and workplace closures arising because such containment policies have often been imposed at the same time.

Further testing suggests that while the sum of the coefficients on these three containment variables is a robust indication of the effect of a combined package, the coefficient on any one of them is less reliable as it is sensitive to the exclusion of other variables (and for this reason the combined effect of these three 8 The estimated equation includes a full set of country fixed effects to account for fixed country characteristics that could affect virus transmission. There are many such factors, including population density, general social habits, climate, etc. One possibility would be to attempt to include these factors individually, but some factors (such as social habits) are difficult to quantify and failure to account for some important ones could result in omitted-variable bias. Some differences across countries which have been associated with variations in mortality from Covid-19 in the epidemiological literature, such as prevalence of certain conditions or diseases (obesity, diabetes, cardiovascular diseases, etc.), would not necessarily be expected to affect virus, transmission itself, which is the dependent variable here. At the same time, estimation of the reproduction number relies in part on death counts, and there could also be an indirect link between mortality and virus transmission, for instance if a lot of transmission happens in health settings where more serious cases end up. In any case, the country fixed effects would also absorb cross-country differences in determinants of mortality. 9 Testing the appropriate functional form of the dependent variable is not as straightforward as testing for the functional form of explanatory variables because the competing models cannot be nested within a general model. The test is therefore conducted by first transforming the dependent variable by dividing by its geometric mean to make the two competing models (log and linear) comparable. A formal test of model equivalence can be performed with the BoxCox statistic by comparing the relative goodness-of-fit of the two models. The test decisively favours the logarithmic form for R over different country samples. Conversely, when a similar test is carried out for the mobility equation, the linear form is decisively preferred to the logarithmic form. policies is summarised in Figure 5 and referred to as a 'Typical lockdown', rather than showing each of them individually). Similarly, the absence of any role for the closure of public events in the equation is likely related to its overlap with restrictions on the size of gatherings, which is included. The combined effect of applying all containment polices suggests that from an initial R0 value of about 3, a complete package of containment measures would nearly halve the reproduction number. 10 An interesting finding is that the impact differs substantially across countries: workplace closures have a considerably larger negative effect on R in high-income countries as compared to other countries. 11 One possible reason may be that workplace closures can be enforced more effectively in high-income countries while workers, more likely to be covered by social insurance, may be less tempted to circumvent them. This finding is mirrored in the mobility equation: workplace closures have a larger impact in advanced economies. Conversely, while stay-at-home requirements are found to reduce R to a greater extent in advanced economies than in less developed countries, this is not the case for mobility. The lower effectiveness of stay-at-home requirements in less advanced economies may be attributable to larger household sizes and smaller living spaces (Table B.3 in Annex B).

An important feature of these results is that the full R reduction is often achieved well before the maximum level of stringency is reached: for example a stringency score of 2 on the workplace closure variable reduces R, but it is not possible to detect any additional effect on R from a further increase in the degree of stringency. The combined effect of applying all containment polices suggests that from an initial R0 value of about 3, a complete package of containment measures would nearly halve the reproduction number (Figure 5).12 10 The OECD Economics Department compiled an alternative dataset of containment policies covering five areas: stay-at-home requirements, workplace closures, school closures, cancellation of public events and travel restrictions [START_REF] Bulman | The OECD COVID-19 Policy Tracker: What are governments doing to deal with the COVID-19 pandemic?[END_REF]. While these indicators overlap with the Oxford measures, their definitions and coding differ. All policies are scored from 0 to 5, except cancelling of public events, which ranges from 0 to 3. Equations for R based on the OECD indicators include 74 countries and yield results broadly consistent with those based on the Oxford indicators: containment measures as a whole reduce R substantially, even though the impacts of specific containment policies differ from the Oxford-based results. The estimated effects of public health policies do not change as well as the finding that test and trace policies are very effective in a low-infection environment (Table B.1 in Annex B). The OECD trackers of containment policies were discontinued as of October 2020.

Figure 5. Effect of containment policies and public health policies on (logged) R

Note: This chart decomposes the effect on (logged) R from the different containment policies (left hand side red bars) and public health policies (right hand side blue bars) according to the regressions in Table 5.

(1)The effects of school closures (>=2), stay-at-home requirements (>=1) and workplace closures (>=2) have been combined into one segment labelled 'Typical lockdown'. This is both because such policies have often been imposed at the same time and, as discussed in the main text, because multi-collinearity means that the sum of the coefficients on these three containment variables are more reliable than any of the individual coefficients. Source: Authors' calculations.

Test and trace policies

Results suggest that test and trace policies can reduce the spread of the virus (Table 5). The most comprehensive form of test and trace policies are more than 2½ times as effective in reducing R than more limited forms. Test and trace polices are most effective when the infection rate is not too high (which in estimation is taken to be less than 10 new daily cases per million population, a rate which was well exceeded by many countries in March and April), a rather unsurprising finding given the difficulties of tracking down all contact persons in a timely manner if the system is overwhelmed with new cases. Overall, the effect of the most effective test and trace regime in an environment of low daily infection, is estimated to have a greater effect on reducing R than any other public health interventions and is 2-3 times more effective than most individual containment measures (Figure 5). Variant regressions show that isolating the contacts of people who are sick or tested positive with the virus has a non-trivial effect on R and enhances substantially the effectiveness of test and trace policies (Table B.5 in Annex B).

Protecting the elderly

The empirical analysis provides strong evidence that policies can play an important role in shielding the elderly population. Stepping up the testing of residents and staff in long-term care facilities is found to correlate negatively with the transmission of the virus. Restricting visitor access to these establishments goes in tandem with lower reproduction rates. Furthermore, general stay-at-home recommendations for the elderly appears to be associated with less infections (Table 5). The combined effect of these polices on reducing R is estimated to exceed the effect of most individual containment measures, (Figure 5).

Mask wearing

Results show a sizeable and fairly robust negative effect on R from the introduction of mandatory mask wearing in all closed public spaces (Table 5), although other results (not reported) suggest that extending mask wearing obligations to the outdoors does not appear to add much to reducing the reproduction rate.

Awareness of the virus and towards herd immunity

The death rate variables are statistically significant with the expected negative sign and their magnitudes imply they can play an important role in the evolution of R.

The daily death rates are postulated to induce more cautionary behaviour. The global daily death rate has fluctuated around 0.5 per million during the period considered which, from an initial value of R0 of 3, would be expected to reduce R by about 0.6. The national daily death rate varies substantially, both across countries and over time, but for some OECD countries it was running at around 15 per million going into the lockdown in March, and this would reduce R by a further 0.6.

The total national death rate (i.e. based on cumulative deaths) also varies substantially across countries and has been increasing relentlessly through time in most countries. It is used here to proxy the profile of the number of people that have already been infected (and so are subsequently immune), so helping to reduce R. In a number of major OECD countries (including the United Kingdom, Spain, Italy and France) the total death rate currently exceeds 400 per million, at which level R would be reduced from 3 to 2.5. 13

13 The estimated coefficient on the total national death rate implies a herd-immunity threshold of about 1 600 deaths per million population (or 0.16%), since the estimated equation predicts that R would fall below one above this level of cumulative deaths. For an estimated average R0 of 3.0, a standard epidemiological relationship predicts herd immunity once (1 -1 / 3) = 67% of the population has been infected (assuming persistent immunity). Both findings are consistent with current estimates of the infection fatality rate (IFR) for Covid-19, which is heavily stratified by age but ranges from 0.1% to 0.4% at the population level [START_REF] Oke | Global Covid-19 Case Fatality Rates (updated 9[END_REF]. Indeed, this IFR range corresponds to a populationfatality rate of 0.07% to 0.27% (= 67% * [0.1% to 0.4%]) for herd immunity. The estimated one (0.16%) falls within this range.

Table 5. The drivers of the reproduction rate

Sample period: 1 January to 17 August 2020

Note: For details of the construction of data on R see Annex A. The policy variables are based on the variables described in Tables 1 to 3 in the main text, but re-normalised to be (0, 1) dummy variables as described in the main text. The notation in brackets "(=n)" after a containment policy variable denotes that the dummy variable is assigned a 1 if the original score for that policy was equal to n, whereas the notation "(>=n)" denotes that the dummy variable is assigned a 1 if the original score for that policy was greater than or equal to n. 

The policy drivers of mobility

Putting in place containment and isolation policies hinders the free daily movement of people. Empirical results 14 suggest that seven of the eight categories of containment policies have a negative effect on mobility (Table 6). 15 Unlike in the equation for R, there is a clearer ranking in coefficients, so that the more stringent application of a particular policy tends to reduce mobility by more. For example: the most severe form of workplace closure (score of 3) has nine times the effect on mobility of the mildest form (score of 1). These findings suggest that moving to the more stringent forms of workplace closure, stay-at-home requirements and school closure has large negative effects on mobility and hence economic activity, although it is difficult to detect any corresponding benefit from further reductions in R. 16For policies such as the cancellation of public events and travel restrictions, the most limited application of the policy has no significant effect on mobility. Applying all containment policies in their most severe forms would reduce mobility by more than half relative to normal, with 50% of this reduction accounted for by workplace closures and stay-at-home requirements.

Alternative estimations explore the effect of mask-wearing on mobility. The positive coefficient estimates suggest that mandating mask wearing in public transports and shops raises mobility. Similarly, more extensive testing and the isolation of contact persons are found to encourage mobility (Table B.6 in Annex B), possibly by reducing concerns about infection.

The national daily death rate from the virus is again included to proxy general awareness of the virus and its effect in voluntarily reducing mobility due to an increase in natural caution. A national daily death rate running at around 15 per millionsimilar to the rate experienced by some major OECD countries going into the lockdown in Marchwould reduce mobility by 10%, independently of any government-mandated polices.

14 For the estimated equation explaining mobility, unlike that for R, the preferred functional form for the dependent variable is linear, not logarithmic, which makes it more straightforward to evaluate the effect of policies. The specification includes a full set of country fixed effects to account for invariant country characteristics, although their inclusion is much less critical here given that mobility is a relative measure constructed so that it equals one in normal times in each country.

Table 6. The drivers of mobility

Sample period: 1 January to 17 August 2020

Note: Mobility data are made available by Google, based on the movement of people with 'location history' turned on in their smartphone settings. The index used here measure the change in mobility from a same-day-of-the-week average in January and early February, so that normality would suggest an index of 1.0. The containment policy variables are based on those summarised in Table 1, but re-normalised to be (0, 1) dummy variables as described in the main text. The notation in brackets "(=n)" after a containment policy variable denotes that the dummy variable is assigned a 1 if the original score for that policy was equal to n, whereas the notation "(>=n)" denotes that the dummy variable is assigned a 1 if the original score for that policy was greater than or equal to n. "**" denotes statistical significance at the 5% level. Source: Authors' calculations.

Scenario analysis

As reported in the previous section, equations estimated for a large sample of countries find welldetermined effects from containment policies on R and mobility, as well as strongly significant effects from a range of health policies on R. However, another important feature of both equations is that the prevalence of the virus is found to alter behaviour regardless of government-mandated policies: mobility is reduced and the general population is more ready to adopt physical distancing and other measures which reduce R. In order to draw out the policy implications of these estimations, a number of stylised scenarios are constructed using the estimated equations to follow the evolution of R and mobility from the first outbreak of the virus, through full lockdown, followed by a number of alternative exit strategies (Figure 6, Table 7).

At the first outbreak of the virus, for the typical country, the initial reproduction number R0 is estimated to be about 3 and, before the impact of the virus is felt on the economy, mobility is normal (represented by the red triangle at the top right-hand-side corner of Figure 6). Even before the implementation of government-mandated measures, awareness of the seriousness of the virus (represented by the daily death rate) is likely to reduce mobility and foster more cautious behaviour, leading to a fall in R, although it remains well above 1.0 (the red triangle-labelled "Pre-lockdown + natural caution" in Figure 6, which is calibrated on the daily death rates of a number of major OECD economies just prior to lockdown).

Once the number of daily infections is high (here proxied by the high national daily death rate), the implementation of a wide range of containment measures will be essential to contain the spread of the virus. In the scenarios considered here, the implementation of full lockdown (FLD) measures, accompanied by a limited test-and-trace regime, reduces R to close to 1.0, but at the cost of a sharp fall in mobility (represented by the blue squares in Figure 6). The degree of stringency with which lockdown measures are applied will determine the extent of the fall in mobility, with two scenarios considered here: the first assumes that containment policies are applied with a degree of stringency which is typical of that followed by countries in March/April (corresponding to the median country); the second assumes all containment policies to be applied to their maximum possible degree of stringency. Mobility falls by more than 40% in the former case and by more than 60% in the latter, however the estimation results suggest there is little additional benefit in terms of lowering R from maximising the degree of stringency of containment policies (particularly with regard to workplace closures or stay-at-home requirements).

Even in the absence of further policy changes, the reproduction number will evolve during lockdown as the number of infections/deaths change the fall in the daily death rate may tend to lower natural caution and so lead to some increase in R and mobility; on the other hand, as the total number of individuals that have already been infected and are immune rises then this will tend to lower R. The estimation results and particular calibrations used in constructing these scenarios suggest these two effects roughly cancel each other out.

A number of strategies for avoiding a full lockdown are considered (represented by the green circles in Figure 6). The basic issue facing policy-makers is how to prevent the need for the full set of containment policies while bringing or keeping R under control. The estimation results (Table 5) suggest that the implementation of a comprehensive test and trace policy together with a package of other public health measures would more than compensate for the removal of lockdown policies, so that their successful implementation would see a return to near normality of mobility, with R remaining below 1 (as represented by the green circle labelled "No LD + full health measures" in Figure 6).

An even more decisive reduction in R below 1 might be achieved, if comprehensive public health measures were accompanied by maintaining some containment policies (here assuming that restrictions on large public events, large public gatherings and international travel remain), although it would come at some cost to mobility (Partial LD + full health measures" in Figure 6).

In practice, as the experience of several countries is showing, implementing a full range of public health policies and a comprehensive test and trace regime may be difficult, especially once the daily infection rate has begun to rise. Variant scenarios with "limited health measures" assume only a limited test-andtrace regime together with mandating mask-wearing in indoor public places, but no other public health policies targeted at the elderly or care homes. Such a combination of policies accompanied by a full relaxation of lockdown measures might see mobility initially return to just below normal levels (assuming the daily death rate has previously been reduced by lockdown), but R will likely increase well above 1.0 (represented by the scenario labelled "No LD + limited health measures" in Figure 6). However, this situation would not be a stable equilibrium, as with R above 1.0 there would be a subsequent pick-up in infections and deaths, which in turn would further reduce mobility, regardless of further government action.

A limited set of health measures accompanied by maintaining the same limited containment policies, would come at a more immediate cost to mobility, but bring R down by more, although in the scenario considered here it would still remain above 1 ("Partial LD + limited health measures"), and so would not represent a sustainable situation. Note: The points represent scenarios, each of which are generated from consistent combinations of the equations for R and mobility using assumptions for the explanatory variables that are summarised in Table 7. The red triangles denote the situation at the start of the virus outbreak, blue squares the situation following full lock-down policies, and the green circles represent various exit scenarios. Source: Authors. 

Which lockdown policies should stay in place longest?

The policy scenarios suggest that a prudent strategy would likely consist of imposing some lockdown policies, at least until it is clear that R remains decisively below 1. This raises the question as to whether the estimations help to inform this choice by suggesting policies with a better trade-off in terms of the benefit from virus control relative to the cost in terms of mobility foregone. There are, however, some reasons for caution in interpreting the results in this way. Firstly, as previously noted, there is evidence of collinearity between some containment policies --notably school closures, workplace closures and stayat-home requirements --which suggests particular caution in interpreting the estimated coefficients relating to these policies. Secondly, while most containment policies have, at some level of stringency, an effect on R and mobility which is statistically significantly different from zero, the difference between policies, particularly as regards the effect on R, is often not statistically significant.

Bearing these limitations in mind, the containment policies which appear the most obvious candidates for extension are:

• Restrictions on international travel, including obligations to quarantine all arrivals from selected countries, would reduce R significantly and may have only a small effect on mobility (although this may be because the mobility measure does not capture international mobility accurately).

• Restrictions on gatherings has a substantial effect on reducing R, whereas the cancellation of public events (which would seem to be inevitably linked) has a relatively small effect on mobility. Such policies may be particularly effective because such large public gatherings may otherwise represent a risk of being so-called 'superspreader' events.

In both cases, such measures might have serious adverse effects on particular sectors of the economy (notably, entertainment and travel) which might warrant some targeted support. However, their effect on wider economic activity may be more limited than that of other containment measures.

The estimation results also suggest that resort to the most stringent form of workplace closures, school closures and stay-at home requirements at the national level are likely to have a relatively large adverse effect on mobility (and by extension economic activity) relative to the reduction in R achieved.

Conclusion

Recent optimistic news about the availability of a number of vaccines against the coronavirus needs to be tempered by the realisation that, even in the countries that are in the vanguard, it is likely to be the middle of next year before a large share of the population has been vaccinated. In the meantime, governments around the world will be trying to calibrate policy interventions so as to keep the spread of the disease under control without crippling economic activity.

This study uses country experience during the first phase of the pandemic to estimate the impact of different government interventions on both the reproduction rate of the virus, R, and on mobility, as a proxy for economic activity. The empirical results then inform a number of scenarios where the epidemic/economic trade-off of different policy packages is assessed:

 When the daily infection rate is high, a comprehensive combination of containment policies is needed to reduce the spread of the virus, although these are likely to severely reduce mobility and economic activity.

 Once the daily infection rate has been lowered, test-and-trace policies represent a better alternative for controlling the virus, because they have no significant adverse impact on mobility or economic activity. Testing is found to be more effective in reducing R if accompanied by comprehensive contact tracing. Specific testing in care homes is also important to control the spread of the virus.

 Other public health policies can also contribute to restraining the spread of the virus, including: mandating mask-wearing in public indoor environments; restricting visits to care homes; and stayat-home recommendations for the elderly population.

Even with a comprehensive test-and-trace regime and supporting public health policies, there may be a need to resort to selective containment measures. These should prioritise restrictions on large gatherings and international travel. Where there are localised outbreaks of the virus, then targeted lockdown measures are appropriate.

Estimation of effective reproduction number (R)

The estimation of effective reproduction numbers relies on code developed by [START_REF] Systrom | Estimating COVID-19's Rt in Real-Time[END_REF], who extends the static Bayesian approach of [START_REF] Bettencourt | Real Time Bayesian Estimation of the Epidemic Potential of Emerging Infectious Diseases[END_REF] to estimate a time-varying 𝑅 𝑡 for US states. The code is adapted slightly to apply it to countries instead of US states and to combine information from both confirmed cases and deaths.

The basic idea is to estimate 𝑅 𝑡 as a function of how many new cases appear each day using Bayes' Theorem. New information from each day's case count is used to adjust expectations of what 𝑅 𝑡 is, getting closer to the true value as more daily data become available.

Formally, the likelihood that the reproduction rate is 𝑅 𝑡 given 𝑘 𝑡 new cases on day 𝑡, 𝑃(𝑅 𝑡 |𝑘 𝑡 ), is:

𝑃(𝑅 𝑡 |𝑘 𝑡 ) =
𝑃(𝑘 𝑡 |𝑅 𝑡 ) • 𝑃(𝑅 𝑡 ) 𝑃(𝑘 𝑡 )

[1]

where 𝑃(𝑘 𝑡 |𝑅 𝑡 ) is the likelihood of seeing 𝑘 𝑡 new cases on a given day given 𝑅 𝑡 , 𝑃(𝑅 𝑡 ) is the prior belief about the value of 𝑅 𝑡 without today's data and 𝑃(𝑘 𝑡 ) is the probability of seeing this many cases in general.

Obtaining the likelihood function 𝑃(𝑘 𝑡 |𝑅 𝑡 ) starts from the Poisson distribution for the probability of seeing 𝑘 𝑡 new cases given an average arrival rate of new cases per day (𝜆).

𝑃(𝑘 𝑡 |𝜆) = 𝜆 𝑘 𝑡 𝑒 -𝜆 𝑘 𝑡 !

[2]

The average arrival rate of new cases (𝜆) relates to the effective reproduction number of an infectious disease in the following manner [see [START_REF] Bettencourt | Real Time Bayesian Estimation of the Epidemic Potential of Emerging Infectious Diseases[END_REF] for the derivation]:

𝜆 = 𝑘 𝑡-1 𝑒 𝛾(𝑅 𝑡 -1) [3]
where 𝛾 is the reciprocal of the serial interval (i.e. the average number of days over which an infected person will contaminate others). Based on the epidemiological literature, a serial interval of seven days is assumed here [START_REF] Anderson | How will country-based mitigation measures influence the course of the COVID-19 epidemic?[END_REF][START_REF] Salje | Estimating the burden of SARS-CoV-2 in France[END_REF]. Given this assumption and an observation for cases on the previous day (𝑘 𝑡-1 ), equation [3] can be substituted into equation [2] to obtain 𝑃(𝑘 𝑡 |𝑅 𝑡 ).

Except for the first day, where an independent prior is needed, the prior probability in equation [1], 𝑃(𝑅 𝑡 ), is based on yesterday's posterior estimate, 𝑃(𝑅 𝑡-1 ). The distribution of 𝑅 𝑡 is assumed to be a Gaussian centred on 𝑅 𝑡-1 , so 𝑃(𝑅 𝑡 |𝑅 𝑡-1 ) = 𝒩(𝑅 𝑡-1 , 𝜎), where 𝜎 is a Gaussian noise parameter reflecting the belief that the value of 𝑅 𝑡 likely changes from day to day. The higher 𝜎, the more noise and the more the value of 𝑅 𝑡 is expected to drift each day. Applying noise on noise iteratively means that there is a natural decay of distant posteriors.

The denominator of Bayes' rule in equation [1] is given by: 𝑃(𝑘 𝑡 ) = ∑ 𝑃(𝑘 𝑡 |𝑅 𝑡 ) • 𝑃(𝑅 𝑡 )

𝑅 𝑡

[4]

It is the sum of the distribution of the numerator over all possible values of 𝑅 𝑡 (assumed to theoretically range from 0 to 12). The value of 𝜎 is chosen so as to maximise the likelihood of the observed data over all days t and countries i, 𝑃(𝑘):

𝑃(𝑘) = ∏ 𝑃(𝑘 𝑖,𝑡 ) 𝑖,𝑡 [START_REF] Bulman | The OECD COVID-19 Policy Tracker: What are governments doing to deal with the COVID-19 pandemic?[END_REF] The procedure just described is applied separately to the worldwide daily dataset of new cases and new deaths. The idea is that both series contain some information about the progression of the epidemic and a better estimate can likely be obtained by combining this information. The series for daily new cases and new deaths are sourced from the European Centre for Disease Prevention and Control (ECDC). To reduce noise, the raw series are filtered using a 7-day centred rolling Gaussian window before estimation.

Nationally reported statistics on Covid-19 cases and deaths can be affected by measurement errors, while differences in coding and reporting practices pose challenges when used for international comparisons. A possible alternative would be to look at all-cause (excess) mortality, which takes into account the possible underreporting of Covid-19 deaths (OECD, 2020b). However, this measure would reflect indirect effects, possibly positive (e.g. fewer road fatalities) or negative (e.g. increased mortality caused by foregone treatment).

As this study focuses on dynamics of the epidemic per se, excess mortality has not been considered as a convenient outcome variable. In addition, use of excess mortality would severely limit the estimation sample. Measures of excess deaths are currently available for only about 25 countries and only at the weekly or monthly frequency. For some countries, the data cover only selected major cities. Timeliness is another issue, in some countries the data are only made available with a lag of several weeks or even months. Working with the available excess deaths data at the weekly frequency would therefore mean shrinking the sample coverage substantially in both the country and time dimensions. Finally, to the extent that new infections have skewed toward younger age groups over the Northern Hemisphere summer, as reported by many countries, excess deaths may no longer be an accurate reflection of the number of new infections. The same issue applies to R measures based on deaths. This is one reason why the R measure used in the main analysis is an average of two R independent estimates, one based on new cases and one based on new deaths.

When both the case-based and death-based 𝑅 𝑡 can be calculated for a given country and day, the final 𝑅 𝑡 estimate is an average of the two, except that a 10-day lead is applied to the death estimate to reflect the time window between case detection and death, consistent with [START_REF] Anderson | How will country-based mitigation measures influence the course of the COVID-19 epidemic?[END_REF] and [START_REF] Salje | Estimating the burden of SARS-CoV-2 in France[END_REF]. The average time lag between infection and case detection is taken into account in the regression model itself by leading the 𝑅 𝑡 series as dependent variable by 12 days relative to the right-hand side variables (e.g. government interventions). This means that the regressions assume an average of 12 days between infection and case confirmation, and 22 days (12 days + 10-day lead for deaths) between infection and death. For some countries and time periods where deaths are too low to calculate a death-based 𝑅 𝑡 , only the case-based estimate can be computed. In such cases, the final 𝑅 𝑡 estimate is based on new cases only. This is also true of the most recent ten days of the sample period given the lead applied to the deaths estimate.
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Table 1 . Scoring of different stringency levels of containment policies according to the Oxford Covid-19 Government Response Tracker

 1 

	Note: Not shown in the table, but "No measures" or "No restrictions" are always scored 0.
	Source: Hale et al. (2020).

Containment measure Scoring of degree of stringency

  

	School closures	1: Recommend closing
		2: Require closing (only some levels or categories, eg just high school, or just public schools)
		3: Require closing all levels
	Workplace closures	1: Recommend closing (or work from home)
		2: Require closing (or work from home) for some sectors or categories of workers
		3: Require closing (or work from home) all-but-essential workplaces (e.g. grocery stores, doctors)
	Cancel public events	1: Recommend cancelling
		2: Require cancelling
	Restrictions on gatherings	1: Restrictions on very large gatherings (above 1000 people)
		2: Restrictions on gatherings between 101-1000 people
		3: Restrictions on gatherings between 11-100 people
		4: Restrictions on gatherings of 10 people or less
	Close public transport	1: Recommend closing (or significantly reduce volume/route/means of transport available)
		2: Require closing (or prohibit most citizens from using it)
	Stay at home requirements	1: Recommend not leaving house
		2: Require not leaving house with exceptions for daily exercise, grocery shopping, and 'essential' trips
		3: Require not leaving house with minimal exceptions (e.g. only once a week, or one person at a time)
	Restrictions on internal movement 1: Recommend not to travel between regions/cities
		2: Internal movement restrictions in place
	International travel controls	1: Screening

2: Quarantine arrivals from high-risk regions 3: Ban on arrivals from some regions 4: Ban on all regions or total border closure

Table 4 . OECD countries scoring highly on specific policies

 4 Note: 'Mask-wearing indoors' denotes mandatory mask wearing in all closed public spaces. Source: Variables constructed by the authors using text search in three Covid-19-related databases, see footnote 5.

	Month first implemented	Recommend elderly stay-at-home	Restrict visits to care homes	Test in care homes	Mandate mask wearing indoors
	March	Czech Repubic	Austria	Norway	Switzerland
		Finland	Canada	Czech Republic	
		Hungary	Chile	Lithuania	
		Ireland	Czech Republic	Sweden	
		Mexico	Denmark	United States	
		Netherlands	Finland		
		Slovakia	Germany		
		Slovenia	Hungary		
		Spain	Israel		
		United States	Italy		
			Luxembourg		
			Netherlands		
			Portugal		
			Slovakia		
			United States		
	April	Poland	Sweden	Austria	Canada
			Switzerland	Belgium	Chile
				Denmark	
				Ireland	
				Israel	
				Luxembourg	
				Portugal	
				Switzerland	
	May	South Africa	Norway		Austria
			Turkey		Czech Republic
					Estonia
					Finland
					France
					Greece
					Israel
					Lithuania
					Portugal
					Slovakia
					Turkey
	June				Japan
					Netherlands

Table 7 . Scenario assumptions and outcomes for R and mobility

 7 

	Note: The assumptions here correspond to the scenarios illustrated in Figure 6.
	Source: Authors' calculations.

The mobility data are available for six location categories (grocery and pharmacies, parks, residential, retail and recreation, transit station and workplaces). This study works with a mobility index that is a linear combination of those six categories, giving greater weights to workplaces and transit stations. However, the six measures are highly correlated and a different weighting would have little influence on the results and conclusions.

The scoring of measures refers to their design, not necessarily how they have been applied. This represents a potential weakness as the variables do not capture how enforcement and abidance by regulations has varied across countries.

Multicollinearity, implying problems in being able to separately identify coefficients on different explanatory variables,

There is also mounting anecdotal evidence in favour of mask wearing: a sick traveller wearing a mask not infecting fellow passengers; sick hairdressers not contaminating mask-wearing clients; and Starbucks employees in Korea wearing a mask not catching Covid-19 while customers were infected by a super-spreader individual[START_REF] Bai | Still confused about masks? Here's the science behind how face masks prevent coronavirus[END_REF].

The sample is divided into two groups of countries: those whose GDP per capita was greater than USD 25 500 in 2018 in Purchasing Power Parity terms, and countries with lower per capita income levels.

Note that given the log specification of R the effectiveness of policies in terms of their absolute effect on R is nonlinear and weakens at lower initial values of R. In addition, as described in the scenario analysis below, the effect on R from a full package of lockdown measures is likely to be enhanced by greater caution from the general population.

The failure to detect any effect from restrictions on gatherings is likely related to its close correlation with the policy to cancel public events.

Using the OECD containment measures (covering 68 countries) yields very similar estimation results (Table B.2 in Annex B).

Auxiliary regression results