
SUPPLEMENTARY APPENDIX: QUANTIFYING ECONOMIC COST OF NON-PHARMACEUTICAL 

INTERVENTIONS 

Productivity loss  

There are two types of productivity losses: COVID-19 infection related and wider population productivity 

loss. COVID-19 infection related productivity loss applies to those who are required to undergo isolation 

or quarantine because they are infected or are in close contacts to people with COVID-19 infection. The 

productivity loss for patients serving a compulsory quarantine order depends on the ability and 

productivity of working from home and the duration of the quarantine order. Wider population 

productivity loss occurs as a result of broad preventive NPIs such as workplace closure or workplace 

distancing as opposed to being directly affected by COVID-19. This productivity loss is attributable to the 

nature of jobs and services provided, level of infrastructure to support remote working, and individual 

companies’ operations. Both categories of productivity loss must take into considerations the 

percentage of work that can be done from home. For example, Makridis et.al used digital-labour 

intensity for each industries in the US to estimate the proportion of work that can be done remotely.[1] 

Other countries such as Canada and Australia have made public servants work remotely even as the 

lockdown and social distancing eases.[2, 3] These policies for public servants can be used as a proxy to 

estimate the proportion of work that can be done remotely. Clearly, this is a variable that needs to be 

adapted to local settings.  

In addition, productivity loss can be attributed to school closures. The United Nations Educational, 

Scientific and Cultural Organization has identified high economic costs among parents who miss work 

due to unavailable alternatives to childcare arrangements.[4] This could cause further strain the 

healthcare system if these parents are healthcare providers. Furthermore, there is large disparity in 

support for home learning between income levels.[5] This translate to loss of learning, especially among 

the disadvantaged minorities in the population. The United Nations has further identified the potential 

for rippled effects of school closures beyond learning with higher drop-out rates among poorer 

communities, which have direct economic consequences in potential future earnings for student 

affected.[6] This impact is particularly adverse during the foundation years of education, where a three-

month school closure during grade 3 in developing countries is estimate to lead to higher drop-out rate 

by Grade 10,[7] and $16,000 income loss over a student’s lifetime.[8] 

Therefore, it is important to consider the opportunity costs due to productivity loss directly and 

indirectly attributable to COVID-19 and NPIs. 

Test-trace-isolate policies costs: 

Contract tracing activities will depend on the number of positive cases identified. The European Centre 

For Disease Control and Prevention guidance on contact tracing has suggested resource estimates of 2-3 

and 7-20 close contacts during lockdown and pre-lockdown period, respectively.[9] Contact tracing 

manpower operational cost depends on the efficiency of contact tracing networks (how may contacts 

each contact tracing staff can process) and the mobility of infected individuals (social contacts) 

multiplied by tracers’ wages and the necessary infrastructure cost to maintain the operation. 

Travel restriction 

To our knowledge, travel restriction has not been featured in any published cost-effectiveness analysis 

of vaccines given that border closures (between countries and between states/ provinces) of the current 

magnitude has been unprecedented. Global tourism and hospitality have experienced extreme 

decline.[10] Tourism and hospitality contribute a substantial portion to global economy in terms of 
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tourist receipts, employment, and infrastructure investments,[11] and is particularly critical for open 

economies such as Singapore. As such, border closure or travel restriction represents significant 

opportunity cost to countries. Opportunity cost of loss of tourism can be approximated from respective 

national economic databases. For example, in 2019, the Singapore tourism revenue reached SGD 27.7 

billion (USD 20.4 billion), contributed 5.5% of the GDP and created 206,200 jobs.[12-14] In 2019, 

Vietnam tourism revenue reach USD 31 billion, contributed 6.3% of GDP, and created 4,951,000 

jobs.[15] The difference of these revenue between 2020 and 2019 can be utilized as an estimation for 

the opportunity cost due to tourism.  This tourism revenue represents the opportunity cost of NPIs, such 

as the potential benefit gain when travel is resumed upon the introduction of COVID-19 vaccines. This is 

likely a conservative estimation of opportunity costs as tourism receipts are likely to have larger ripple 

effect throughout the economies due to multiplier effect, especially for those relying heavily on tourism 

sector such as Thailand and Vietnam. 

Compulsory face mask  

The implementation of compulsory face mask policy is currently not universal. Hence, this cost 

parameter may be dropped if a jurisdiction does not impose compulsory use of face mask. The costs 

should reflect the economic costs of the masks and the resources required for monitoring and enforcing 

the policy. First, mandatory face masks will incur a societal cost borne by either the citizens or by 

governments (in the case where masks are freely distributed to the population). Second, manpower and 

administrative cost are incurred in monitoring and enforcement of the policy. However, there needs to 

be careful consideration of the assignment of cost. For example, in Singapore, Safe Distancing 

Ambassadors (SDA) are employed by the government to ensure public compliance with masks and social 

distancing policies.[16] The SDAs are usually individuals who have been displaced from their current 

jobs. Hence, it will be appropriate to include the cost of hiring these individuals. However, in some 

countries, the monitoring and enforcement may involve redeploying existing manpower and such cost 

may not need to be considered. For example, UK redeploys its police force to ensure mask 

compliance.[17]  

Social distancing  

There are many disadvantages associated with prolonged school closures. Hence, it is very likely that as 

COVID-19 lingers on, most countries will adopt as-needed school closure in response to clusters forming 

in schools rather than indefinite school closure. As a result of school closures, parents and guardians 

(working dependents) of the affected students would incur productivity loss related to childcare 

activities such as time loss from work or direct non-medical cost such as hiring of babysitters and part-

time domestic helpers to help with household chores. This can be estimated by approximating forced 

absenteeism among working caregivers due to school closures and wages forgone.[18] Studies have 

shown that 12-13 week school closure in the UK during influenza pandemic in 2009 led to 0.2-1% GDP 

reduction. 

The same considerations may be applied to as-needed workplace closure. As the COVID-19 SEIR model 

incorporates contact matrices to characterise the spread of infections, it is possible to estimate the 

number of individuals who will be affected with each school or workplace closure.  

Currently, the impacts of WFH policies or remote working settings on productivity are not well 

characterised. As such, to estimate the economic impacts of WFH, we will vary the productivity penalty. 

In our base case analysis, we will assume that there is a productivity loss of 10%. Current evidence from 

working from home (or remote working) based on a Chinese travel agency reported a 13% increase in 
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productivity.[19] However, in a HRM Asia report, 20% of the interviewed workers in Singapore reported 

decline in productivity and 33% reported an increase in productivity.[20] 

We will estimate the proportion of the workforce that can work from home, which is up to 80% in 

Singapore,[21] which will differ in other jurisdictions, especially in lower-and-middle-income countries. 

This data can be obtained from published government guidelines for essential services, or using the 

percentage of workforce in each industry as a proxy. For example, employees with deskbound duties 

can work from home, while those in the manufacturing sector who require hands-on operations cannot.   

Social distancing and/or partial lockdown have caused substantial economic loss to businesses. This loss 

can be estimated from economic data (retail sales, consumers expenditure, etc.) or projected based on 

weighted impacts from various sectors, ranging from hardest-hit contact-intensive personal care 

industries (up to 90% business loss) to mildly affected low-contact industries.[22, 23]  For example, 

Leibovici et al. found that in the US, 85% of the production of high contact-intensive industries are 

directly consumed (final demand) as compared to 39% for low contact-intensive industries. This means a 

decline in high contact-intensive industries will lead to a greater rippled effect in consumption via input-

output linkages. Furthermore, we believed there are rippled effects to the economy as consumers 

behaviours are quickly adapting to prolonged limited social gathering.[24]  

According to IFO Institute for Economic Research (IFO), an estimate production loss ratio can be applied 

to various economic activities under strict lockdown scenarios.[25] We can apply this ratio and weighted 

composition of services sector to derive total economic loss. The robustness test can be done by varying 

the ratio to reflect specific country’s lockdown stringency. For example, “motion pictures, video and 

television programme production” may be deemed as non-essential services and thus production level 

ratio can be set to 0 (instead of 1 in IFO’s scenario) for strict social lockdown. In Singapore, using the 
lockdown production ratio provided in the IFO’s calculation and sectoral GDP contribution in 2019 for 
Singapore, we expected that for a 4-week national lockdown (ie. “circuit breaker”), average lockdown 
production is 0.42, representing a 58% fall in production output in the month under lockdown. 

In economies with heavy reliance on household consumptions for economic growth such as the US 

where final consumption of goods and services is at 82.1% of GDP in 2016,[26] social distancing 

measures that ban or restrict retail services will likely have major economic consequences. 
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