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Summary objective To document the impact of the severe acute respiratory syndrome (SARS) outbreak in

Beijing on indicators of social and economic activity.

methods Associations between time series of daily and monthly SARS cases and deaths and volume

of public train, airplane and cargo transport, tourism, household consumption patterns and gross

domestic product growth in Beijing were investigated using the cross-correlation function.

results Significant correlation coefficients were found for all indicators except wholesale accounts and

expenditures on necessities, with the most significant correlations occurring with a delay of 1 day to

1 month.

conclusions Especially leisure activities, local and international transport and tourism were

affected by SARS particularly in May 2003. Much of this consumption was merely postponed; but

irrecoverable losses to the tourist sector alone were estimated at about US$ 1.4 bn, or 300 times the cost

of treatment for SARS cases in Beijing.

keywords severe acute respiratory syndrome, economic impact, leisure industry, postponed consump-

tion, losses, People’s Republic of China

Introduction

Severe acute respiratory syndrome (SARS) emerged in late

2002 in the Guandong province of the People’s Republic

of China. The causative pathogen was identified at the

end of February 2003, and the incidence of cases peaked

in the second quarter of 2003 in China, as well as various

other countries (Donnelly et al. 2004). The eventual

global burden of disease in terms of health outcomes was

small compared to that of other lethal infectious diseases,

but the macroeconomic impact was estimated to be

substantial. Most notably the impact on tourism, food

and travel was estimated at US$ 8.5 bn in mainland

China, US$ 4.3 bn in Canada, US$ 1.4 bn in Malaysia,

US$ 1.3 bn in Hong Kong, US$ 0.2 bn in Singapore and

US$ 0.1 bn in Australia and Vietnam (Keogh-Brown &

Smith 2008). Additional losses were related to exports

and trade, translating into decreases in gross domestic

product (GDP) growth. These estimates are crude and not

based on the same type of data for each country (for

example, the above estimate for Singapore excludes

revenue lost to airline carriers). Furthermore, concurrent

world events, such as the start of the Second Gulf War,

may have influenced these estimates. Nevertheless, the

macroeconomic impact of SARS remains of particular

interest because it provides an indication of the impact an

infectious disease outbreak of international concern may

have in the future both in terms of behavioural change

and associated economic impact (Beutels et al. 2008,

M. R. Keogh-Brown, personal communication). In this

short paper we focus on the impact of SARS on various

indicators of economic activity in Beijing, the city with

the highest attack rate of SARS, using government

statistics hitherto undisclosed internationally.

Methods

We used the SARS incidence and mortality data for the

whole of China as reported to WHO, at the time of the crisis,

in conjunction with cases reported specifically in Beijing to

the authorities (WHO 2008; Ministry of Public Health

2003). These data should mirror the information Chinese

people had during the outbreak. Important contextual dates

during the outbreak were mainly in the third and fourth

week of April, when screening procedures for SARS were
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introduced at airports (April 19th), when the epidemic was

officially announced by the government to the people in

Beijing (April 20th), when daily reports started on national

TV and in newspapers (April 21st), when fever ascertain-

ment was introduced at the Beijing airport (April 22nd) and

on trains and buses (April 23rd), when schools and univer-

sities in Beijing were closed (April 24th), and when places for

entertainment in Beijing were closed (April 26th). On May

22nd the schools in Beijing re-opened.

We verify whether the evolution in the epidemiological

data reflects the rise and fall in concern instilled by this

outbreak and made evident through the evolution of

economic activity in Beijing in particular. Indicators for

economic activity were gathered from government statis-

tics on transport, leisure, tourism, general consumption

and economic growth (personal communications from

Beijing Municipal Statistical Bureau, Beijing Municipal

Bureau of Communication, Beijing Municipal Bureau of

Tourism, Beijing Commerce Committee, 2005).

The data were analysed as time series, i.e. as a sequence of

values of a variable at successive points in time. Where

different time series were compared (e.g. SARS cases and

number of bus passengers), the time scale and intervals in

both series were identical (e.g. daily SARS cases were

compared with daily number of bus passengers, and monthly

SARS cases with monthly number of bus passengers).

Evolutionary trends were our main focus of analysis,

rather than absolute numbers. These trends would be of

greater relevance to other countries or other emerging

infectious diseases. We limited the scope for impact

analysis to a 2-year period (2002–2003), as this was the

time window for which these data were available.

A cross-correlation function is a statistical tool assessing

direct or delayed correlations between two time series.

Correlations between two series can thus be calculated for

different time shifts (or ‘lags’ hereinafter). A significant

correlation at lag 0 means that there is a significant

association between the evolution of two time series

without a delay of one series vs. another one. That is, the

association between both time series is immediate, without

any lag, e.g. if one series shows an increase at day 100, the

other series will show a similar increase at day 100, when

the correlation is positive, and a decrease at day 100, when

the correlation is negative.

A shifted correlation at lag )1 or )2 means that there is

an association between two time series, but with one of the

series being shifted by one or two periods, respectively.

That is, for two associated series, if the first series shows a

change at day 100, then the second series will show a

similar change at day 99 or day 101, for lag +1 and lag )1,

respectively. The extent of the similarity in the evolution of

both series is expressed by the correlation coefficient (with

one being indicative of identical evolutions), and the sig-

nificance level of the association is set at twice the standard

error. In this paper, we typically report the highest

correlation coefficient for which the correlation between

two series was found statistically significant, as well as the

range of lags over which such a significant correlation was

found. This range, by definition, includes the lag at which

the greatest significant correlation was found. For instance

a significant lag range ()2, +3) means that the evolution of

the two series is correlated with shifts of )2 periods, )1

period, 0 periods, +1 period, +2 periods and +3 periods.

We used standard statistical software (SPSS 13.0�, SPSS

Inc, Chicago, IL, USA) to calculate the cross-correlations

between the time series presented here, mainly to identify

the lags at which these correlations are greatest, i.e.

distinguishing direct (lag 0) from shifted dependencies

(|lag| > 0). This technique has also been widely applied in

the field of economics, from stock market (Hamori 2003)

to presidential popularity analyses (Norpoth 1984). The

usual statistical caveats apply in that correlations may

reveal associations, but do not prove causality.

Results

Data available on a daily time scale include number of

train passengers arriving to and leaving from Beijing (1st

March–30th June) and number of bus passengers in Beijing

(21st April–30th June). Figure 1 shows that there was a

substantial impact on people’s travel habits, with a steep

decrease in travel on buses, compared to a year earlier,

during the first week of May.

Also the excess of inbound over outbound train passen-

gers was reversed from mid April till end May, suggesting a

tendency to leave the urbanized and more densely popu-

lated area of Beijing. Note that the number of these train

passengers was from January to March 2003 roughly at the

same level as in 2002 throughout the year (not shown).

These observations by visual inspection are confirmed by

high correlation coefficients between the series of daily

cases and passengers (+0.947 for departing and +0.906 for

arriving train passengers, + 0.913 for bus passengers, each

at lag )1, and each statistically significant over wide lag

ranges [()8, +5), ()9, +3) and ()8, +5), respectively]. The

lag ranges indicate that significant correlations can be

found, expressing presumed anticipated (positive lags),

immediate (lag 0) and delayed (negative lags) responsive-

ness to the rise and fall of SARS cases (and public

prevention measures) over time. That is, these time series

show significant similarities in evolution over a shifted time

window of about 14 days.

Daily transport data of train cargo do not show such

significant associations, other than that there was a weak
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tendency to receive and send more (less) cargo by train

during the days immediately preceding and following the

rise (fall) in SARS cases (maximum significant cross

correlation was +0.459 for train cargo sent at lag +4, and

+0.510 for train cargo received at lag +3).

Figure 2, which summarizes the impact of SARS on a

range of monthly economic and social activity indicators for

the city of Beijing, shows identical patterns of significant

decreases in April, May and June for international air

transport, hotel occupancy, bus transport, subway trans-

port and cargo transport by air. It seems clear that the

maximum impact for these indicators was felt during the

month when the reported death toll was highest, as indicated

by the dark shaded area plotted on the right hand Y-axis.

Indeed, in May 2003, 169 new Chinese SARS deaths (49%

of all Chinese SARS deaths) were reported to WHO, lagging

about a month the peak in incidence of reported SARS cases,

as indicated by the light shaded area in Figure 2. Note,

however, that the distribution of reported cases is more

peaked than that of reported deaths. Domestic air transport

to and from Beijing showed a substantial increase in May

2003, up by 34% compared to a year earlier. However, this

is contrasted by April, June and July, when domestic air

travel decreased compared to a year earlier. In none of the

months of 2003, there was a substantial difference between

numbers of arriving and departing passengers for domestic

air travel. Over the year 2003, there were 0.75% fewer

passengers arriving to, and 0.36% more passengers depart-

Figure 1 Evolution of daily bus and train

usage in Beijing during the severe acute

respiratory syndrome (SARS) outbreak in
2003.

Figure 2 Evolution of monthly indicators

of economic activity in Beijing during

the severe acute respiratory syndrome
(SARS) outbreak in 2003.
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ing from, Beijing on a domestic flight, than in 2002. For

international flights these percentages are much higher,

25.0% and 24.7%, respectively. Furthermore the net influx

of international passengers was positive in 2002, with

19 000 more passengers arriving than departing, but turned

negative in 2003, showing an overall excess of 64 000

departing passengers. It is thus hardly surprising that cargo

by air decreased substantially (notwithstanding cargo by

road was hardly affected). Figure 2 also indicates that as the

SARS crisis unfolded, GDP growth, which had been accel-

erating vs. the previous year, slowed down considerably to

end at a similar growth rate as the year before. All in all, GDP

growth in Beijing was 10.5% in 2003, vs. 10.2% in 2002.

Table 1 lists cross-correlations and lags (in months) at

which significant correlations were found between a range

of monthly economic indicators and monthly reported

SARS cases and deaths. In addition to confirming the above

observations, Table 1 indicates that most indicators show

significant immediate as well as 1 and 2 months delayed

negative impacts, with virtually always the most important

correlate 1 month delayed (lag )1), and the largest year-

on-year drop observed in May.

Table 1 Lags (in months) at which significant cross-correlations occur (at confidence level of 2 · standard error*), correlation coefficient

for most significant lag and year-on-year changes for a range of indicators of socio economic activity

SARS cases

Lags with significant

correlation, and
greatest correlation

at boldfaced lag

SARS deaths

Lags with significant

correlation, and
greatest correlation

at boldfaced lag

Year-on-year

largest
decrease (2003

vs. 2002)

Year-on-year
largest increase

(2003 vs. 2002)

Year-on-year

total change
(2003 vs.
2002)

Bus passengers Lag )1, )2

)0.860

Lag 0, )1, )2

)0.856

May: )70.3% March: +7.7% )13.5%

Subway passengers Lag 0, )1, )2
)0.850

Lag 0, )1, )2
)0.801

May: )62.4% Sept: +18.9% )2.1%

Arriving airline passengers (INT) Lag 0, )1, )2

)0.923

Lag 0, )1, )2

)0.891

May: )98.2% Jan: +12.7% )25.0%

Departing airline passengers (INT) Lag 0, )1, )2
)0.895

Lag 0, )1, )2
)0.892

May: )96.3% March: +8.0% )24.3%

Arriving airline passengers (DOM) Lag )2

)0.515

NS June: )56.6% May: + 29.5% )0.75%

Departing airline passengers (DOM) Lag )2

)0.521
Lag )2
)0.437

June: )57.8% May: +39.5% +0.36%

Hotel occupancy Lag 0, )1, )2

)0.867

Lag 0, )1, )2

)0.858

May: )81.5% Jan: +10.0% )18.1%

International tourists Lag 0, )1, )2

)0.698

Lag 0, )1, )2

)0.715

May: )93.8% Jan: +12.4% )40.4%

Visitors from Hong Kong,

Macao and Taiwan

Lag 0, )1, )2

)0.851

Lag 0, )1, )2

)0.842

May: )92.5% Nov: +24.1% )24.1%

Air cargo Lag )1, )2

)0.561

Lag )1

)0.552

May: )51.2% Oct: +27.1% )1.1%

Road cargo NS NS May: )22.4% July: +43.3% +7.2%

Food expenditures Lag 0, )1

)0.625
Lag 3, 0, )1, )5
)0.586

May: )18.5% Sept: +14.4% +5.9%

Cloth expenditures Lag 3, 0, )1, )6, )7

)0.525

Lag 0, )1, )6

)0.551

May: )32.5% Nov: +24.2% +10.1%

Expenditures on necessities NS NS May: )7.8% Jan: +24.9% +11.4%
Retail account Lag )6

+0.474

Lag )6

+0.479

May: )3.3% Jan: +31.2% +17.9%

Food & beverage services account Lag 0, )1

)0.717
Lag 0, )1

)0.649
May: )39.7% Feb: +43.5% +8.0%

Wholesale account NS NS No decrease Feb: +138.8% +92.2%

Large retail account Lag +6

+0.484

Lag +6

+0.480

May: )8.2% Jan: +24.9% +6.6%

INT, international; DOM, domestic; NS, non-significant: no lag could be identified where cross-correlation is significant at a confidence
level of twice the standard error.

*Assuming that the time series are not cross-correlated and that one of the series is white noise.
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At various lags in food and cloth expenditures,

(barely) significant correlations were found, but this

seems to be more coincidental than having any causal

link with SARS (Table 1). The account for retail shows a

weak positive tendency for lagging the SARS time series

by 6 months, whereas the account for large retail shows

a similar tendency for preceding it by 6 months.

Although for all retail, this could be indicative of a weak

tendency to postpone consumption in each month, and

to make up for it later, it would not explain the

tendency for large retail, and seems therefore also

unrelated.

Furthermore, as could be expected, for wholesale,

necessities and road cargo no significant correlation was

found at any lag. Figure 3 illustrates this further by

showing that expenditures in disposable income seem

virtually unaffected by the SARS outbreak, other than that

the average resident in Beijing [disposing on average of

1157 Chinese Yuan (or $US 139) per month in 2003)]

saved relatively more in the month of May. This seems to

have been made up for in later months (especially after

August), mostly by spending more on education and

amusement (Figure 3). Note that in September 2002,

Beijing residents on average spent more than they saved,

and that both income and expenditure peak around the

Chinese New Year period (in both 2002 and 2003, New

Year’s day was in February). Table 1 indicates that there

does not seem to be a marked difference in correlations

between any indicator and cases or deaths. For both case

and death series individually, the delayed correlations are

the most significant, even if they too should be slightly

delayed with one another. However, cross correlation

between the case and the death series is greatest at lag 0

(coefficient 0.937), implying an immediate direct impact

between both time series when using a monthly time scale.

Conclusion

The impact of an infectious disease outbreak is uncer-

tain, more so when that outbreak is of a new disease
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Figure 3 Monthly average disposable income and associated consumption patterns per Beijing resident (2002–2003).

Tropical Medicine and International Health volume 14 suppl. 1 pp 85–91 november 2009

P. Beutels et al. Economic impact SARS

ª 2009 Blackwell Publishing Ltd, 14 (Suppl. 1), 85–91 89



with unquantified mode and rate of transmission, infec-

tivity and lethality (Smith et al. 2006). Outbreaks like

SARS are predicted to generate immediate direct eco-

nomic effects from the impact of the disease itself (health

sector costs related to treatment of those infected), from

policies to contain disease (public sector and private

costs related to quarantine, isolation and school closure

for instance) and from the fear that is generated by the

outbreak, which will affect individual behaviour (Smith

2006).

These latter effects are arguably the most significant as

they potentially range widely across the economy. As

reported elsewhere (Sadique et al. 2007), there are

predicted to be effects primarily related to social

distancing; covering reduced travel, leisure pursuits,

commercial activity and even employment rates. This

would be expected to affect sectors comprising clothes,

furnishings, cars, leisure, transport and tourism, for the

duration of the outbreak. However, in some instances

lost economic activity during the outbreak would be

predicted to be regained once the outbreak is over,

which has been termed the ‘bounceback’ effect (M. R.

Keogh-Brown, personal communication). For instance,

workers may work overtime to make up absence from

work, consumers may undertake postponed purchases of

consumer clothes or furnishings. In some cases though,

the losses will be permanent, such as reductions in

restaurant receipts or public transport. More indirect

effects may include a reduction in foreign investment,

which may be a result of the perception of how the

outbreak was handled by an economy, and longer-term

effects may be felt through traditional economic avenues

according to the severity of the impact. It is these wider

(non-health sector related) effects, related to reductions

in consumption and investment patterns for instance,

that make the usual form of economic quantification of

the cost-of-illness inadequate in the case of an infectious

disease outbreak, as discussed elsewhere (Beutels et al.

2008). Although there has been some empirical corro-

boration of these hypothesized effects (Keogh-Brown &

Smith 2008), additional evidence such as that presented

in this paper is important to add validity to these causal

pathways as they are used to specify the impact of

shocks in macro-economic models of infectious disease

outbreaks.

The overall macroeconomic impact of SARS in China

was noticeable only as a slowing down of growth in the

third quarter, and this impact dissipated over the year.

However, in particular sectors there was a substantial

decrease in consumption. Especially leisure activities (such

as bars and restaurants), local and international transport,

and tourism were impacted in the third quarter, but

quickly rebounded in the fourth quarter after the crisis

subsided. This is illustrated in depth in this paper for

Beijing. SARS had a major impact on tourism (and travel

in general), and all indirect consumption arising from it,

as well as on local entertainment and transport in Beijing.

We have shown that the delay to the first impact of SARS

on related indicators is likely to be short (1 day to

1 month), but that more impacts are felt with longer

delays thereafter.

An important limitation of this study is that we were

only able to use data over a 2-year period. But 2002 and

2003 were the two most relevant years for the inferences

we tried to make here for three main reasons. First, by the

last quarter of 2003 we did not find any significant negative

impact vs. 2002. Second, SARS caused a relatively small

number of deaths before it was eradicated, and thus the

permanent loss to the workforce it caused is negligible in

view of the size of the Chinese workforce. Third, overall

economic growth was 10% to 11% in each of the 4 years

after the SARS crisis, so that any long lasting negative

effect or bounceback of SARS would have been at least

partly absorbed and therefore very difficult – if not

impossible – to identify with significant statistical confi-

dence.

Estimating the cost of the SARS crisis in Beijing is not

straightforward. While we can establish reductions in

consumption, much of this consumption is postponed and

cannot be considered a permanent loss to the economy.

With regard to irrecoverable consumption, we can spec-

ulate that the decline in tourism and consumption for

leisure was at least partly irrecoverable. The year-on-year

impacts per month serve then only as an indicator with

the likely impact (assuming continued growth) being

larger. For instance, assuming tourism would have con-

tinued to grow as in 2002, the 2003 reduction in foreign

and domestic visitors in Beijing can be estimated at

1 470 000 and 60 000, respectively. Based on data from

the year 2000 (Hsyndicate 2008), using an average length

of stay of 4 days, and a daily expenditure of US$ 230 for

foreigners and US$ 220 for domestic visitors, this

translates into a loss of US$ 1.4 bn. Clearly, this estimate

is speculative and arguably conservative, yet considerable

enough to indicate that SARS had a large monetary

impact in Beijing, even when narrowing the impact down

to the tourist sector. It was previously estimated that the

health care cost per SARS patient in Beijing was 17150

Chinese Yuan (or about US$ 1886) (Xiao et al. 2004).

This would amount for 2521 cases in Beijing to total

treatment costs of US$ 4.8 m. This simple calculation tells

us that the losses to the tourist sector alone were about

300-fold that of the cost of treatment for SARS cases in

Beijing.
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