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Abstract The 2003 outbreak of severe acute respiratory

syndrome (SARS) showed that infectious disease outbreaks

can have notable macroeconomic impacts. The current

H1N1 and potential H5N1 flu pandemics could have a

much greater impact. Using a multi-sector single country

computable general equilibrium model of the United

Kingdom, France, Belgium and The Netherlands, together

with disease scenarios of varying severity, we examine the

potential economic cost of a modern pandemic. Policies of

school closure, vaccination and antivirals, together with

prophylactic absence from work are evaluated and their

cost impacts are estimated. Results suggest GDP losses

from the disease of approximately 0.5–2% but school

closure and prophylactic absenteeism more than triples

these effects. Increasing school closures from 4 weeks at

the peak to entire pandemic closure almost doubles the

economic cost, but antivirals and vaccinations seem

worthwhile. Careful planning is therefore important to

ensure expensive policies to mitigate the pandemic are

effective in minimising illness and deaths.

Keywords Macroeconomic modelling � Influenza �
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Introduction

The outbreak of severe acute respiratory syndrome (SARS)

in 2003 highlighted the importance for countries of making

appropriate preparations for possible future infectious dis-

ease outbreaks [1]. An influenza pandemic had been

anticipated prior to 2009 since there were three influenza

pandemics in the twentieth century, the most recent

occurring in 1968. Now the world is undergoing a pan-

demic and there are fears that the currently mild H1N1

swine flu might precipitate a more deadly strain of influ-

enza either later this year or in the near future. In addition

to this, the current pandemic has not removed the threat of

a more virulent avian flu pandemic in the near future. From

this infectious disease precipice the importance of pan-

demic planning is plain. Most countries have already

published influenza pandemic preparedness plans and

many have invested in antivirals [2]. However, none of

these plans have an adequate economic component for

estimating the likely cost of a pandemic, the benefits of

policies to mitigate disease effects, or the distribution of

these costs and benefits within the economy [3].

Whilst it is important that appropriate measures are

taken to minimise the mortality and morbidity associated

with a pandemic, these measures can be costly: a more

widespread pandemic would be more costly than SARS

[1]. Further, in the case of an infectious disease outbreak,

as illustrated by SARS, the impact will be disproportion-

ately spread across sectors in the economy, which may
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influence policy (e.g. loans and subsidies). It would

therefore be beneficial to estimate the cost of the disease

itself, the distribution of this cost across sectors, and the

cost of policies that may be used to mitigate the pandemic.

It is hoped that, by this method, economic analysis can

better help inform pandemic preparedness policies.

This paper concerns an application of a single country

computable general equilibrium (CGE) model, together

with epidemiological data, to estimate the prospective

impact to several economies of an influenza pandemic.

Whilst these estimates are not intended to be taken as

definitive values of future pandemic costs, in conjunction

with other findings they enable verification of which poli-

cies are of greatest importance in the consideration of

future pandemic costs. They also allow an examination of

sectors that might be expected to exhibit a notable response

to the outbreak. The disease scenarios considered involve a

basic pandemic disease scenario, similar to the pandemics

of 1957 and 1968/1969, as well as a more severe 1918-like

pandemic scenario. Against the background of these dis-

ease scenarios, the additional costs of controlling the dis-

ease, including school closures over various time periods

and prophylactic absenteeism of both 1 and 4 weeks

duration, are assessed.

Since our model estimates the whole economy impact of

influenza it stands in contrast to the partial equilibrium

study by Sander et al. [4], where a microeconomic

approach to cost-utility estimation is used, together with an

infection model, to estimate the cost of disease and miti-

gation strategies for pandemic influenza in the United

States. Sander et al. estimate costs by simulating disease

spread, capturing individual costs based on the human

capital approach and estimating the compensation of lost

working time, together with medical costs that include

complications. Mitigation strategies including school

closure, various antiviral prophylaxis strategies (both

household and household plus work/school contacts) and

pre-pandemic vaccination are used to influence the severity

of the pandemic. Sander’s study therefore uses a direct

method of cost estimation calculated from the individual

level. Our modelling approach is entirely different. We use

a whole economy model and impose aggregate shocks

representing labour supply impacts attributable to illness

and absenteeism. As a result of the fall in labour supply,

productivity is affected, which changes prices, preferences

and consumption patterns and these behaviours are cap-

tured and used to estimate the change throughout the

economy with sectoral level detail from which the overall

impact of the pandemic can be estimated. Our impacts are

not therefore confined to the health sector or to the indi-

viduals who are directly affected, as commented on in [3],

but encapsulate all sectors to provide an aggregate picture

for the entire economy of a country.

Methods

Modelling a pandemic

In order to estimate the macroeconomic cost of pandemic

influenza, the main disease parameters of interest are

deaths (which have a permanent impact on the working

population) and absenteeism (which temporarily impacts

the working population through illness). Illness-related

absenteeism and deaths can be estimated via the clinical

attack rate (CAR) and the case fatality ratio (CFR) of the

disease, respectively. The CAR expresses the number of

people who become ill, and the CFR expresses the pro-

portion of infected individuals who die from influenza.

In order to estimate the CFR of a future pandemic, the

properties of past pandemics are considered, which varied

from 0.04% for the working population in 1958/1969 to

2.5% in 1918 as outlined in the United Kingdom

(UK)Department of Health pandemic influenza plan [5].

Clinical attack rates of [30% were recorded for the

1957 pandemic [6] and estimates of [45% were recorded

in 1968/1969 [7]. In these two pandemics the clinical

attack rates appear to have been highest in children,

whereas the highest recorded incidence in the 1918 pan-

demic was in young adults [8]. For the scenarios here, a

CAR of 35% is applied to the basic disease scenario [5],

and a severe disease scenario with a CAR value of 50%

is also considered, which would result in a further increase

in deaths (as the percentage of the population that dies

is simply the CAR*CFR). This upper boundary on CAR

is based on previous data [7] and is also suggested as

an upper limit in some pandemic preparedness plans

[5, 9–12].

Policies/behavioural change

Two policies are considered, both of which are intended to

mitigate the impact of the disease, but conversely increase

the absenteeism rate in the working population and there-

fore the potential economic cost. First, school closures of 4

and 13 weeks to mitigate disease spread at the peak or

throughout the pandemic, respectively. These closures will

impact on working parents who are responsible for

dependent children. The estimate of this impact is based on

the UK Labour Force Survey (2005; http://www.data-

archive.ac.uk/), which suggests that there are a total of

25,245,000 individuals aged 16–64 who are in paid

employment. Of these, 3,900,000 are women who are

either the head of the household or the spouse of, or

cohabiting with, the head of the household and have

dependent children in the household\16 years of age. That

is, 15.5% of the workforce comprises women who are

probably responsible for dependent children [13] and this
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percentage of the labour supply will therefore be removed

from the economy during the weeks of school closure. This

assumption does not account for the fact that some parents

will continue to work despite having children at home

during the pandemic. Our estimate is therefore likely to be

an over-estimate of absenteeism, but there is insufficient

evidence to estimate an alternative.

The second policy is prophylactic absenteeism. Whilst

this could be instigated by government advice, it is more

likely that individuals will remove themselves from work

of their own volition in an attempt to avoid infection. Some

of the authors were involved in a study to estimate the risk

perception and behaviour of individuals [13] and the results

of this survey from European respondents suggest that 34%

of workers would take prophylactic absenteeism in the

event of an influenza pandemic, of which 3.75% were

women who had children at school and would therefore

overlap with the school closure absenteeism. However, the

remaining 30% represent the additional shock due to pro-

phylactic absenteeism. It should be highlighted that there is

some uncertainty as to whether individuals who state an

intention to take prophylactic absenteeism would, in real-

ity, carry out this intention, so this shock should be seen as

a worst case scenario.

Feedback effects on disease epidemiology

School closure and prophylactic absence are likely to

impact the progression of the pandemic. Ferguson et al.

[14] estimate the impact of school closure and absence

from work on mitigating an influenza pandemic. A 34%

CAR is assumed in the absence of mitigation strategies,

which is similar to our base CAR of 35%, and school

closure (closing 100% of schools and 10% of workplaces)

from the day after the first case in pupils or staff is

detected until 3 weeks after the last case in the school) is

estimated to reduce the CAR by 2%. This mitigation

action is most closely related to our scenario policy with

13 weeks of school closure. For our 35% CAR scenarios

we therefore assume a 2% reduction in CAR for 13 weeks

of school closure and one-quarter of this effect (0.5%

reduction) for the 4-week school closure policy. For the

50% CAR scenarios we scale the 13- and 4-week closure

impacts up to 3% and 0.75% reductions, respectively.

Ferguson et al. [14] also show that if 50% of workplaces

close, an additional 1% reduction in CAR is achieved. We

liken this scenario to our longer (4 week) prophylactic

absence scenario (although this involves removal of only

34% of workers) and assume a 1% reduction in the 35%

CAR for 4 weeks of prophylactic absence and one-quarter

(0.25%) for 1 week of prophylactic absence. These

impacts are scaled up to 1.5 and 0.38% reductions for the

50% CAR scenarios.

Antivirals/vaccinations

In addition to the school closure and prophylactic absence

scenarios we also consider antiviral and vaccine strategies.

We assume that antivirals are given after 24 hours and that

coverage is 66% (the remaining 34% are assumed to

receive antivirals too late for them to be effective). We also

assume that antivirals reduce infectiousness by 66% and

hospitals and deaths by 60%. The vaccine strategy we

model assumes a prepandemic, immunising vaccine with

25% efficacy and 80% coverage (all ages).

The pandemic scenarios generated from combinations of

the above policies and disease parameters are summarised

in Tables 1 and 2.

The model

The model is based on the Ecomod one-country CGE

model, as used in previous analyses [15]. It uses the stan-

dard microeconomic theory underlying many such models

including [16–18] and is a single-country CGE open

economy model consisting of 11 sectors. Although the

model is a single-country model, it is an open-economy

model, meaning that foreign trade is captured through

imports and exports. This means that commodities and

their prices differ with regard to origin and destination. The

differences between origins are encapsulated as follows.

Domestically produced commodities are sold both in the

domestic market and abroad. Sales abroad take the form of

exports and are modelled using a constant elasticity of

transformation (CET) function.1 Domestic sales originate

from domestic and foreign sources (imports) and this is

modelled using a composite commodity and Armington

assumption.2 Composite commodities can then be used as

an input into the production process of the domestically

produced commodities or sold for final consumption by

households, government or domestic investment.

There are also differences with regard to the pricing of

commodities. In the model the domestic price of com-

modities is parameterised, as is the import price in the

currency of the world market and the export price. In order

to enable domestic prices to be transformed into currency

on the world market an exchange rate is also parameterised.

CGE modelling also produces the welfare measure of

equivalent variation (EV), which represents the amount of

money that, if an economic change does not happen, leaves

1 A CET function determines how the domestically produced

commodity is allocated between the domestic market and exports.

A constant value for this elasticity is set for each sector.
2 The Armington assumption determines the way in which the

domestically produced commodity and imports are combined into a

composite commodity by means of an elasticity of substitution. This

elasticity is constant for each sector.
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the individual just as well off as if the change had occurred.

This may be thought of as the amount of money that

society might be willing to pay to avert the change [19, 20].

For the purposes of this paper, the welfare measure (EV) is

quoted as a percentage of GDP.

Countries and data

The data underlying the model take the form of a social

accounting matrix (SAM) generated from input output

tables of the countries concerned: the UK, France, Belgium

Table 1 Influenza (flu) scenarios for disease only and increased case fatality ratio (CFR). PA Prophylactic absence, SC school closure

Clinical attack rate

(% working population)

CFR Working population

mortality rate (%)

Working days lost

due to illness

School closure

(weeks)

Prophylactic

absenteeism (weeks)

Mild flu

Illness 35 0.04 0.014 5 0 0

PA1 34.75 0.04 0.0139 5 0 1

SC4 34.5 0.04 0.0138 5 4 0

PA1 and SC4 34.25 0.04 0.0137 5 4 1

PA4 34 0.04 0.0136 5 0 4

SC13 33 0.04 0.0132 5 13 0

ALL 32 0.04 0.0128 5 13 4

High CFR

Illness 35 2.5 0.875 5 0 0

SC4 34.5 2.5 0.8625 5 4 0

PA4 34 2.5 0.85 5 0 4

SC13 33 2.5 0.825 5 13 0

ALL 32 2.5 0.8 5 13 4

Table 2 Flu scenarios for increased clinical attack rate (CAR) and severe disease. Antivirals (AV) and vaccines

CAR

(% working

population)

CFR Working

population

mortality rate %

Working

days lost

due to illness

School

closure

(weeks)

Prophylactic

absenteeism

(weeks)

High CAR

Illness 50 0.04 0.02 5 0 0

SC4 49.25 0.04 0.0197 5 4 0

PA4 48.5 0.04 0.0194 5 0 4

SC13 47 0.04 0.0188 5 13 0

ALL 45.5 0.04 0.0182 5 13 4

Severe

Illness 50 2.5 1.25 7 0 0

SC4 49.25 2.5 1.23125 7 4 0

PA4 48.5 2.5 1.2125 7 0 4

SC13 47 2.5 1.175 7 13 0

ALL 45.5 2.5 1.1375 7 13 4

Antivirals and vaccines

Base with AV (?SC) 27.5 0.02 0.0055 4.29 4 0

Severe with AV (?SC) 33 1.5 0.495 6.27 13 0

Base with vaccine (?SC) 19.5 0.02 0.0039 5 4 0

Severe with vaccine (?SC) 24 1.5 0.36 7 13 0

Base with vaccine AV (?SC) 15.5 0.01 0.00155 4.29 4 0

Severe with vaccine, AV (?SC) 17 0.9 0.153 6.27 13 0
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and The Netherlands, for the year 2000, except for the UK,

which was 2003. These countries were specified for the

modelling application by the SARSControl Research Pro-

ject, which funded this research. For each country, the

input–output table data has been aggregated into 11

sectors:

• Agriculture

• Retail

• Hotels and restaurants

• Freight and public transport

• Tourism and travel

• Post and telecommunications

• Insurance

• Education

• Health and social work

• Non-essential items

• Other

Further details on the aggregation of these sectors is

provided in the Appendix.

In addition to the SAM underlying the model, elasticity

parameters for substitution in the CET and Armington

functions were also calculated [21].

Results

Figure 1 shows the impact on GDP of the mild and the

most severe disease scenarios specified in Tables 1 and 2

for all four countries. Focussing on UK values, the loss due

to disease only is 0.48%, the 1 week prophylactic absen-

teeism effect is twice as large (0.94%), the school closure

scenario yields an impact of 1.32%, 1 week of prophylactic

absenteeism combined with 4 weeks of school closure

yields a GDP loss of 1.72%, 4 weeks of prophylactic

absenteeism yields a loss of 2.32% which, in order to place

these impacts in context, is also the reduction in UK GDP

due to the current recession thus far. Thirteen weeks of

school closure yields 3.2%, and combining the 4 weeks of

prophylactic absenteeism with 13 weeks of school closure

yields a loss of 4.85%. The plot shows that there is a

pattern across countries with regard to GDP impact: the

smallest effect is exhibited for the UK, France has pro-

portional impacts for each scenario, but the magnitude of

those impacts is greater than the UK by a factor of 0.05,

Belgium and the Netherlands also exhibit impacts propor-

tional to those of the UK but are greater than the UK

impacts by a factor of 0.07 and 0.19, respectively. One

explanation for this might be the proportionally higher

exports in those countries compared with the UK; since

exports are adversely affected by the influenza shock

(Fig. 4) the overall impact is slightly larger in those other

countries.

Since the pattern of losses for scenarios is similar across

countries, discussion focuses on UK GDP losses as plotted

in Fig. 2. It can be seen that as the severity of disease

increases, the increased losses to GDP are relatively minor;

the increased CAR scenarios yield an increased loss to

GDP of approximately 0.21% over their corresponding

base disease counterparts, the increased CFR scenarios

yield a 0.51% greater loss to GDP than base disease and the

severe disease scenarios yield increases of approximately

1.22% over the base disease scenarios. These losses are

smaller than those highlighted above for the introduction of

school closure and prophylactic absenteeism and are fur-

ther demonstrated in Fig. 2, which clearly shows a greater

change in GDP loss for changes in behaviour/policy than

for changes in disease alone.

In Fig. 3 the impacts on domestic output to the domestic

market are viewed from a sectoral perspective; the sectoral

impacts are calculated within the model using the SAM

inputs and elasticities rather than by sector-specific shocks.

For all countries, the plots display a general decline from

left to right, with agriculture exhibiting the smallest impact

and the larger impacts accruing to education, health and

social services, non-essentials and other. The plots for

Fig. 1 Gross domestic product (GDP) for disease and severe disease

by country Fig. 2 United Kingdom GDP loss
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France and Belgium are very similar, with the smallest

impact occurring for agriculture. Retail has a larger impact,

which is similar to that of the insurance sector and other

services, hotels and restaurants, freight and public trans-

port, transport and tourism, and post and telecommunica-

tions exhibit losses between those of agriculture and retail.

Education receives the largest shock, followed by health

and social services and non-essentials.

The UK has similar results, but differences in the UK

economy have resulted in a smaller impact on agriculture.

Hotels and restaurants, together with transport and tourism,

have the next smallest impacts, followed by retail, freight

and public transport, post and telecommunications, insur-

ance and other, all of which exhibit similar impacts. Edu-

cation, together with non-essentials, has the next largest

impact and the most impacted sector in the UK seems to be

the health sector.

The impacts on the Netherlands for the first seven

plotted sectors are similar to those of France and Belgium.

Agriculture receives the smallest (almost zero) impact;

retail, hotels and restaurants, freight and public transport,

post and telecommunications and other exhibit similar

values to the other countries; but education, health and

social services, and non-essentials have almost twice as

large a loss as the other sectors, with non-essentials

receiving the largest impact.

Plots of imports and exports by sector are shown in

Figs. 4 and 5, respectively. All countries show the largest

loss of exports in the agriculture sector, although this

impact is particularly large in the Netherlands. For the UK,

the transport and tourism sector receive larger impacts than

the other sectors, and non-essentials receive the smallest

impact. The other sectors exhibit a similar impact to one

another. France and Belgium’s exports receive a similar

impact across all sectors except agriculture. The Nether-

lands’ exports exhibit a large impact to freight and public

transport, whilst other sectors exhibit smaller values.

Import effects similarly show the largest impact on agri-

culture for all countries except the UK, for which transport

and tourism suffers the largest loss. Again, the impact on

the Netherlands agriculture is large. France and Belgium

imports have a fairly flat effect across all sectors except

agriculture, but the Netherlands suffers proportionally large

impacts to freight and public transport, education and

health and social services. The least impacted sector in the

Netherlands is non-essentials.

Domestic consumption is plotted in Fig. 6. The coun-

tries exhibit similar loss patterns across sectors, with

agriculture receiving very little fall in consumption; the

impacts on the other sectors are fairly similar.

Antivirals/vaccinations

Figure 7 shows the impact of the antiviral, vaccination and

combined antiviral and vaccination strategies we modelled.

Antivirals are estimated to reduce the impact on GDP by

Fig. 3 Domestic output to home market by sector and country
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0.15% for a mild flu scenario with 4 weeks school closure

and 0.75% for a more severe flu scenario with 13 weeks of

school closure. The equivalent savings of vaccinations are

0.21% and 0.94% for the mild and severe scenarios,

respectively, and the savings of the combined strategy are

0.3% for a mild pandemic and 1.23% for a severe pan-

demic; similar savings could be achieved in the other

countries modelled. For the UK intervention strategy, these

Fig. 4 Exports by sector and country

Fig. 5 Imports by country and sector

The macroeconomic impact of pandemic influenza 549

123



savings equate to £4.1bn, £5.7bn, £8.0bn, respectively for

the antiviral, vaccination and combined strategy in a mild

pandemic, and £20.2bn £25.3bn and £33.3bn for the severe

pandemic. The approximate costs of the antiviral and

vaccine strategies is 0.75bn and 0.85bn, respectively,

suggesting that such an intervention would be worthwhile.

EV results, quoted as a percentage of GDP, are pre-

sented in Table 3. For the UK, these results range from

0.37% for the mild disease only scenario up to 4.985% for

the most severe, suggesting that society would be willing to

pay some £10bn to £131bn to avert the economic impact of

the pandemic. Impacts on the other three countries are

slightly smaller, but it should be highlighted that these

estimates do not include society’s willingness to pay to

avoid the illness and possible death that accompany pan-

demic influenza.

Discussion

This paper has presented the results of both main economic

indicators and sectors for a single country CGE model of

the UK, France, Belgium and the Netherlands. The con-

stitution of these countries’ economies results in slightly

different impacts, with GDP impacts being largest for the

Netherlands, followed by Belgium, France and the UK. In

terms of domestic output to the domestic economy, the

Netherlands suffers due to the essential commodities of

agriculture at the expense of its agriculture imports and

exports, but education, health and social services, and non-

essentials have much larger domestic output losses; the UK

similarly displays very small agriculture impacts;

its imports and exports do not suffer as much as the

Netherlands but the UK experiences large impacts to the

health sector. In general, whilst there are slight differences

Fig. 6 Household consumption by country and sector

Fig. 7 Impact of antivirals, vaccination and combination treatment

on GDP
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between countries, the country results are quite similar,

with France and Belgium in particular showing very sim-

ilar impacts to each other. Overall, the economic impacts

of the disease itself, despite the large number of infections

and deaths, is likely to be small: between 0.5% of GDP for

a mild pandemic to just over 2% for a severe pandemic.

However, the model suggests that the main factors influ-

encing the size of the economic impact are behavioural

changes to avoid infection, such as prophylactic absen-

teeism and policies such as school closure. This is not to

suggest that the economic impact should take precedence

over saving lives and reducing infections when determin-

ing policy, but that the potential effectiveness of policies

should be weighed against their economic impact. For

example, based on these results, the difference between

closing schools for the peak of the pandemic (4 weeks)

versus closing them for the entire pandemic (13 weeks)

would cost the UK an estimated £27 billion and might

double the cost of the pandemic. It might therefore be

advisable to consider the cost-effectiveness of such a pol-

icy before it is implemented.

Prophylactic absenteeism could also be costly. How-

ever, as already mentioned, it is possible that the estimates

of prophylactic absenteeism used may not be realised in

practice. However, publicising the lack of effectiveness of

prophylactic absenteeism to discourage such absence might

be worthwhile.

Sectoral impacts suggest that labour intensive sectors

such as insurance, health and social services and education

receive large losses to domestic output, whilst agriculture is

the least affected sector across all countries. Imports and

exports exhibit quite different effects from those of domestic

output; it would seem that agriculture, whilst maintaining its

output to the domestic market suffers the largest losses in

imports and exports. France and Belgium exhibit similar

sectoral effects, with less distinction between sector losses,

whereas the UK and the Netherlands show greater variation

between sectoral losses. Further development on this model

Table 3 Equivalent variation as a percentage of GDP. EV Equivalent variation

United Kingdom EV

(% of GDP)

France EV

(% of GDP)

Belgium EV

(% of GDP)

The Netherlands EV

(% of GDP)

Mild_illness -0.37 -0.29 -0.28 -0.25

Mild_PA1 -0.73 -0.57 -0.55 -0.48

Mild_SC4 -1.02 -0.80 -0.77 -0.68

Mild_PA1 & SC4 -1.34 -1.05 -1.01 -0.89

Mild_PA4 -1.81 -1.42 -1.37 -1.21

Mild_SC13 -2.53 -1.98 -1.91 -1.69

Mild_ALL -3.89 -3.05 -2.95 -2.60

Inc_CFR_illness -0.77 -0.60 -0.58 -0.51

Inc_CFR_SC4 -1.42 -1.11 -1.08 -0.95

Inc_CFR_PA4 -2.22 -1.74 -1.68 -1.48

Inc_CFR_SC13 -2.93 -2.30 -2.22 -1.96

Inc_CFR_ALL -4.30 -3.37 -3.26 -2.87

Inc_CAR_illness -0.53 -0.42 -0.40 -0.35

Inc_CAR_SC4 -1.18 -0.93 -0.89 -0.78

Inc_CAR_PA4 -1.98 -1.55 -1.50 -1.32

Inc_CAR_SC13 -2.69 -2.11 -2.04 -1.79

Inc_CAR_ALL -4.05 -3.18 -3.07 -2.71

Severe_illness -1.32 -1.03 -1.00 -0.88

Severe_SC4 -1.97 -1.55 -1.49 -1.31

Severe_PA4 -2.78 -2.18 -2.10 -1.85

Severe_SC13 -3.48 -2.73 -2.64 -2.33

Severe_ALL -4.85 -3.81 -3.68 -3.25

Base ? AV & SC -0.90 -0.71 -0.68 -0.60

Severe ? AV & SC -2.86 -2.24 -2.17 -1.91

Base ? vaccine & SC -0.86 -0.67 -0.65 -0.57

Severe ? vaccine & SC -2.71 -2.12 -2.05 -1.80

Base ? vaccine AV & SC -0.79 -0.62 -0.60 -0.52

Severe ? vaccine AV & SC -2.47 -1.93 -1.87 -1.64
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to accommodate sector-specific shocks that reflect changes

in consumer behaviour towards those sectors during a pan-

demic would also be beneficial.

There is some evidence to suggest that vaccinations,

antivirals or a combined strategy of both antivirals and

vaccines could be a cost-effective intervention, and this

evidence does not fully take into account the additional

benefits of lives saved from these strategies.

The welfare measures also show that, particularly for the

severe scenarios, there is potentially a high societal will-

ingness to pay in order to avert the economic changes

attributable to the pandemic. It would therefore seem that

investment in appropriate strategies, such as vaccines and

antivirals, to mitigate the cost of the pandemic is justified,

provided that those strategies are effective in reducing the

impact of the disease.

Whilst these results do not provide definitive estimates

of the cost of a future influenza pandemic, they do high-

light the fact that the economy is highly sensitive to the

strategies and policies that are implemented in response to

a pandemic. This suggests that a very careful balance must

be found to minimise death and disease whilst ensuring that

strategies used are not only justified by their effectiveness

but also carefully measured in their implementation. Whilst

our results provide a helpful indication for the implemen-

tation of school closure and the cost of prophylactic

absenteeism, further analysis is necessary in order to

inform policy makers whose decisions may have marked

effects on the economies of the world.
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Appendix

Symmetric input–output (IO) tables aggregation

Agriculture

• Products of agriculture, hunting and related services

Retail

• Retail trade services, except of motor vehicles and

motorcycles; repair services of personal and household

goods

Hotels and Restaurants

• Hotel and restaurant services

Freight and Public Transport

• Land transport; transport via pipeline services

Tourism and Travel

• Water transport services

• Air transport services

• Supporting and auxiliary transport services; travel

agency services

Post and Telecom

• Post and telecommunication services

Insurance

• Insurance and pension funding services, except com-

pulsory social security services

Education

• Education services

Health and Social Work

• Health and social work services

Non-Essential Items

• Wearing apparel; furs

• Leather and leather products

• Machinery and equipment not elsewhere classified

(n.e.c.)

• Office machinery and computers

• Electrical machinery and apparatus n.e.c.

• Radio, television and communication equipment and

apparatus

• Medical, precision and optical instruments, watches

and clocks

• Other transport equipment

• Furniture; other manufactured goods n.e.c.

• Recreational, cultural and sporting services

Other

• Products of forestry, logging and related services

• Fish and other fishing products; services incidental of

fishing

• Coal and lignite; peat

• Crude petroleum and natural gas; services incidental to

oil and gas extraction excluding surveying

• Uranium and thorium ores

• Metal ores

• Other mining and quarrying products

• Food products and beverages

• Tobacco products

• Textiles

• Wood and products of wood and cork (except furni-

ture); articles of straw and plaiting materials

• Pulp, paper and paper products

• Printed matter and recorded media

• Coke, refined petroleum products and nuclear fuels
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• Chemicals, chemical products and man-made fibres

• Rubber and plastic products

• Other non-metallic mineral products

• Basic metals

• Fabricated metal products, except machinery and

equipment

• Motor vehicles, trailers and semi-trailers

• Secondary raw materials

• Electrical energy, gas, steam and hot water

• Collected and purified water, distribution services of water

• Construction work

• Trade, maintenance and repair services of motor

vehicles and motorcycles; retail sale of automotive fuel

• Wholesale trade and commission trade services, except

of motor vehicles and motorcycles

• Financial intermediation services, except insurance and

pension funding services

• Services auxiliary to financial intermediation

• Real estate services

• Renting services of machinery and equipment without

operator and of personal and household goods

• Computer and related services

• Research and development services

• Other business services

• Public administration and defence services; compulsory

social security services

• Sewage and refuse disposal services, sanitation and

similar services

• Membership organisation services n.e.c.

• Other services

• Private households with employed persons

UK IO tables aggregation

Agriculture

• Products of agriculture, hunting and related services

Retail

• Retail trade services, except of motor vehicles and

motorcycles; repair services of personal and household

goods

Hotels and Restaurant

• Hotel and restaurant services

Freight and Public Transport

• Land transport; transport via pipeline services

Tourism and Travel

• Water transport services

• Air transport services

• Supporting and auxiliary transport services; travel

agency services

Post and Telecom

• Post and telecommunication services

Insurance

• Insurance and pension funding services, except com-

pulsory social security services

Education

• Education services

Health and Social Work

• Health and social work services

Non-Essential Items

• Wearing apparel; furs

• Leather and leather products

• Machinery and equipment n.e.c.

• Office machinery and computers

• Electrical machinery and apparatus n.e.c.

• Radio, television and communication equipment and

apparatus

• Medical, precision and optical instruments, watches

and clocks

• Other transport equipment

• Furniture; other manufactured goods n.e.c.

• Recreational, cultural and sporting services

Other

• Products of forestry, logging and related services

• Fish and other fishing products; services incidental of

fishing

• Coal and lignite; peat

• Crude petroleum and natural gas; services incidental to

oil and gas extraction excluding surveying

• Uranium and thorium ores

• Metal ores

• Other mining and quarrying products

• Food products and beverages

• Tobacco products

• Textiles

• Wood and products of wood and cork (except furni-

ture); articles of straw and plaiting materials

• Pulp, paper and paper products

• Printed matter and recorded media

• Coke, refined petroleum products and nuclear fuels

• Chemicals, chemical products and man-made fibres

• Rubber and plastic products

• Other non-metallic mineral products

• Basic metals
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• Fabricated metal products, except machinery and

equipment

• Motor vehicles, trailers and semi-trailers

• Secondary raw materials

• Electrical energy, gas, steam and hot water

• Collected and purified water, distribution services of

water

• Construction work

• Trade, maintenance and repair services of motor

vehicles and motorcycles; retail sale of automotive fuel

• Wholesale trade and commission trade services, except

of motor vehicles and motorcycles

• Financial intermediation services, except insurance and

pension funding services

• Services auxiliary to financial intermediation

• Real estate services

• Renting services of machinery and equipment without

operator and of personal and household goods

• Computer and related services

• Research and development services

• Other business services

• Public administration and defence services; compulsory

social security services

• Sewage and refuse disposal services, sanitation and

similar services

• Membership organisation services n.e.c.

• Other services

• Private households with employed persons
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