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Abstract
The COVID-19 pandemic highlights the need for effective infectious disease outbreak prevention. This could entail installing 
an integrated, international early warning system, aiming to contain and mitigate infectious diseases outbreaks. The amount 
of resources governments should spend on such preventive measures can be informed by the value citizens attach to such a 
system. This was already recognized in 2018, when a contingent valuation willingness to pay (WTP) experiment was fielded, 
eliciting the WTP for such a system in six European countries. We replicated that experiment in the spring of 2020 to test 
whether and how WTP had changed during an actual pandemic (COVID-19), taking into account differences in infection 
rates and stringency of measures by government between countries. Overall, we found significant increases in WTP between 
the two time points, with mean WTP for an early warning system increasing by about 50% (median 30%), from around €20 
to €30 per month. However, there were marked differences between countries and subpopulations, and changes were only 
partially explained by COVID-19 burden. We discuss possible explanations for and implication of our findings.
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Introduction

The current COVID-19 crisis and previous infectious disease 
outbreaks show that uncontrolled pandemics can have disas-
trous global consequences [1, 2], with recent estimates put-
ting the global price tag of COVID-19 in terms of economic 
and disease consequences at 8–16 trillion dollar [3]. At the 
same time, the likelihood of the occurrence of pandemics, 
as well as the magnitude of their impact in terms of disease 
and economic burden, can be lowered drastically if appro-
priate measures are taken [4]. Pandemic prevention could, 

for example, consist of reducing the likelihood of zoonosis 
outbreaks themselves in different ways. It was estimated that 
a global strategy, involving measures like limiting deforesta-
tion and wildlife trade, as well as implementing early detec-
tion and control measures, would require yearly investments 
of over 20 billion dollars, but could be highly cost-effective 
[3]. Aiming to prevent and control zoonosis outbreaks early 
on, however, is only one, although important, piece of the 
puzzle of prevention of and preparedness for future pandem-
ics [5]. Governments around the globe, independently, or 
on a supranational level, must ask themselves how to pre-
pare for, or prevent, a next pandemic or similar health crisis. 
This also involves choices regarding how much funds can 
or should be invested in pandemic prevention measures, not 
knowing when and if such an event will occur again. As was 
pointed out before [6], (welfare) economic tools can assist 
“in the process of building preparedness for similar future 
events”. Next to calculations like those presented by Dobson 
et al. [3], information on society’s willingness to pay for 
pandemic prevention measures can provide useful informa-
tion in this context.
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This was recognized also before the COVID-19 outbreak. 
Himmler et al. [7] attempted to estimate the willingness for 
improvements in health safety provided by an international, 
integrated early warning system for identifying, containing, 
and mitigating large infectious disease outbreaks. Using a 
willingness to pay (WTP) experiment with samples from 
six European countries, they found a mean monthly WTP 
of €21.80 (median €10.00) per household for such a sys-
tem, with large differences across countries (from € 8.89 
in Hungary to €27.32 in Italy). The data for this study were 
collected in March 2018, 2 years before the COVID-19 out-
break, using hypothetical scenarios.

The current COVID-19 crisis provided the opportunity 
to test whether this willingness to pay would change now 
that a pandemic is reality rather than only a hypothetical 
scenario. Hence, we replicated the study by Himmler and 
colleagues in the spring of 2020, at a time when COVID-19 
cases were increasing exponentially, economic consequences 
of the pandemic became clearer, and strict governmental 
measures were already imposed across Europe. This rep-
lication entailed fielding the same survey, using the same 
sampling approach, and same procedures to estimate and 
analyse WTP, to ensure maximum comparability between 
the two studies.

While one might expect the perceived value of such a 
warning system for infectious diseases to increase during 
a pandemic, as its usefulness may be more apparent and 
individuals’ preferences more informed, we aim to confirm 
this and explain any differences across the two time points 
by re-running the same models and comparing results. We 
also want to investigate whether differences are related to 
the impact of COVID-19, in terms of cases per 100,000 
population, and the stringency of governmental measures 
at the time of sampling. In addition, by replicating different 
WTP scenarios in a new context (the pandemic), this study 
addresses common methodological questions regarding 
stated preference studies in general and contingent valua-
tion WTP studies in particular, namely their sensitivity to 
scope and context [8]. This may provide further insights 
into the validity of estimates obtained through such stud-
ies and, hence, their policy relevance. While neither of the 
two experiments may necessarily elicit the “true” WTP, the 
unique setup allows us to at least attempt a more nuanced 
interpretation of the WTP data, which ultimately may also 
inform public investments into pandemic prevention.

Methods

Survey and willingness to pay scenarios

In the spring of 2020, we re-fielded a survey including a will-
ingness to pay experiment, which was initially administered 

in 2018 to samples from the UK, Denmark, Germany, Hun-
gary, Italy, and The Netherlands [7]. The same online panel 
provider was used (Dynata) to obtain samples of 500 indi-
viduals from each of these countries (as in the 2018 sur-
vey). We aimed for the same number of respondents as in 
the 2018 survey to ease comparability of WTP estimates 
across the two data collections. Using quota sampling, the 
country samples were aimed to be representative in terms of 
age and gender for the working age population (aged 65 or 
younger). The 2020 survey additionally included a sample of 
500 individuals from northern Italy (defined as the regions 
north of Lazio and Umbria), where COVID-19 cases, mor-
tality and lockdown measures were most severe at the time 
of sampling.

The contingent valuation procedure consisted of a two-
step payment scale approach followed by an open-ended 
question to elicit the maximum willingness to pay for an 
integrated, international early warning system for infectious 
diseases. The original survey consisted of eight scenarios 
specifying different levels of risk reduction and (health) con-
sequences of an outbreak; respondents all completed two 
basic scenarios first and were randomly assigned two of the 
six remaining scenarios. The 2020 survey only included the 
four most realistic scenarios for the current context. The 
flow of the WTP scenarios in the 2020 survey and the cor-
responding per country target samples available for analysis 
across the two timepoints are shown in Fig. 1. Each respond-
ent completed three scenarios. All respondents first com-
pleted the ‘System’ and ‘Base case’ scenarios (names not 
shown to respondents) and were then randomized to either 
the ‘Certainty’ or the ‘Death’ scenario.

In the ‘System’ scenario, it was outlined to respondents 
that establishing and maintaining an international integrated 
warning system aimed at containing and mitigating infec-
tious disease and food-borne outbreaks, like Ebola, SARS, 
bird flu and salmonella (COVID-19 was added to the 2020 
survey), is costly. Respondents were then asked to assume 
that the funding would take place through national taxation 
via monthly instalments starting immediately and were then 
asked how much they would be willing to pay per month 
for having this international, integrated warning system. In 
the ‘Base case’ scenario, a 4% risk of becoming infected 
with a virus within the next three months was specified. If 
infected, health would reduce from a good to a bad health 
state for the duration of 1 year, which were described using 
EQ-5D-5L profiles corresponding to utility values of 0.887 
and 0.574 (using the UK tariff from Devlin et al. [9] for all 
countries). Respondents were then asked to imagine that the 
risk to become infected can be reduced from 4 to 2% through 
the early warning system and subsequently had to state their 
willingness to pay analogous to the previous scenario. In 
the ‘Certainty scenario’, the risk reduction was specified to 
be from 4 to 0%. In the ‘Death’ scenario, the risk and the 
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reduction were the same as in the ‘Base case’ scenario, but 
the consequence of an infection would be immediate death 
instead of a health deterioration for the duration of 1 year. 
Before each of the risk scenarios, respondents were made 
familiar with the concept of risk and probability using visual 
aids, similar to Bobinac et al. [10]. More details about the 
structure of the survey, the design of the WTP exercise, and 
type of survey administration and data collection can be 
found in the preceding study [7].

Timing of data collection

In addition to the available data of 3140 observations from 
the 2018 survey, we were able to collect WTP responses 
from 3979 individuals in March/April 2020 of whom 650 
also participated in the 2018 survey. Figure 2 shows the 
timeline of the data collection in relation to the prevalence of 
COVID-19 cases and the timing of restrictive policy meas-
ures in each of the included countries [11, 12]. Most of the 
sample was collected in the last weekend of March 2020. 
This was at a time when the number of cases was increas-
ing rapidly in all included countries and restrictive policy 
measures, with a significant impact on peoples’ lives and 
daily activities, had been in place for a couple of weeks, 
with Hungary as the exception for both. The prevalence of 
COVID-19 in that period was consistently two to three times 
higher in Italy compared to Germany, the Netherlands, the 
UK and Denmark, which all experienced a similar trajectory. 
Throughout the sampling period, the confirmed COVID-19 
cases remained at a low level in Hungary. These consider-
able differences between countries need to be kept in mind 
when interpreting the results of our analysis.

Data analysis

Before analysing the WTP data, several steps were under-
taken to facilitate a valid comparison across countries and 
timepoints, taking the results presented in Himmler et al. 
[7] as a reference. First, income and WTP values from the 
UK, Denmark and Hungary were converted to Euro val-
ues using the average exchange rates from March 2018 and 
2020, respectively. Second, using the same criteria as in the 
previous study, protest answers (defined as zero response 
justified by warning system being a government task), 
and outliers (defined as a monthly WTP larger than 5% of 
monthly household income, which was deemed an unreal-
istic WTP) were identified in each of the four scenarios and 
excluded from the WTP analysis of the respective scenario. 
Third, using the country-specific consumer price indices for 
March 2020 from Eurostat, 2020 income and WTP values 
were deflated to 2018 values [14]. Fourth, country-specific 
monetary values were purchasing power adjusted using the 
latest available purchasing power parities from 2018 and 
the European 27 countries index as a base [15]. All mon-
etary values reported in this study therefore represent PPP 
adjusted values in 2018 prices. To facilitate the comparison 
of regression results across the two time points when pooling 
country level data together, we weighted the 2020 WTP sce-
nario observations according to the country composition in 
2018. Although all country samples at both time points ini-
tially consisted of roughly 500 respondents, this was neces-
sary as the data cleaning (protest answers and outliers) lead 
to unbalanced samples at both time points. The additional 
sample of 500 respondents from Northern Italy was omitted 
from these pooled regressions on the representative samples.

Fig. 1  Willingness-to-pay scenarios and target samples per country for 2018 and 2020 survey. Note. The 2018 survey included additional sce-
narios not shown here. The target sample for Italy in 2020 was 1000, with 500 from northern Italy (north of Lazio and Umbria)
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After these steps, mean and median willingness to pay 
were calculated for each scenario for all countries, the 
repeated sample (of respondents who participated in 2018 
and 2020), and the total sample. To check whether a change 
in WTP would be related to changes in WTP (or ability to 
pay) for an everyday product, we calculated the difference 
in WTP between the two time points for a pair of shoes, the 
included warm-up WTP exercise. To facilitate a comparison, 
the shoe WTP values were rescaled to the mean WTP in the 
‘System’ scenario in 2018.

To test if the changes in WTP across the timepoints were 
significantly different and not a result of differences in the 
samples between the two time points, we ran ordinary least 
squares (OLS) models in the following form, pooling the 
data from 2018 and 2020:

Willingness to pay values for the four scenarios s and the 
samples c (countries and combined sample) were regressed 
on the year indicator y2020 , controlling for the vector SES 
which contains the following variables: log of monthly 
household income, age, age-squared, gender, level of edu-
cation, marital status, and employment status. Only the 

(1)WTP
isc

= �
sc
+ �

sc
∗ y2020 + �

sc
∗ SES

isc
+ �

isc

resulting � parameters, which indicate the change in WTP 
due to the COVID-19 outbreak, will be reported. Standard 
errors were clustered on country level for the combined sam-
ple regression. A similar fixed effects regression, excluding 
the time invariant covariates, was run for the sub-sample 
of individuals, which were observed at both time points to 
account for time invariant unobservables.

Himmler et al. [7] conducted linear regression analysis 
to examine whether factors influencing WTP were in line 
with theoretical considerations, as well as previous empiri-
cal findings of WTP determinants. To test if there were 
meaningful shifts in the importance of these determinants 
between 2018 and 2020 samples, and whether these could 
be linked to the COVID-19 outbreak and its consequences, 
we repeated the analysis for both timepoints. WTP values 
from all four scenarios (Fig. 1) and countries were com-
bined, increasing the number of observations and therefor 
the statistical power to detect significant changes.

WTP was modelled as a function of the same vector 
SES as in Eq. (1); health status HS , as measured using 
the sum score of the EQ-5D-5L; the level of awareness of 
outbreaks aware ; whether individuals or a family mem-
ber have been exposed to an infectious disease outbreak 
before or not ( exposure ); and the health-risk attitude of 

Fig. 2  Timing of survey responses in 2020, COVID-19 cases and Government Stringency Index of measures. Note. Case data from ECDC [12]. 
Stringency index from Oxford COVID-19 Government Response Tracker [13]
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respondents, which was assessed using the sum score 
of the six-item version of the health-risk attitude scale 
( HRAS ) and included as quartile indicators [16]. The 
awareness variable, which was originally a sum score of 
12 Likert-scale questions, was split into three sub-scores to 
provide more nuance: personal risk perception and behav-
iour, societal consequences of outbreaks, and risk and 
response. For the full questions, see Appendix Fig. A1.

It is important to note that the (statistical) comparison 
of regression coefficients from two independent samples 
is inherently difficult, even if the data generating process 
is the same and the samples should be comparable. Con-
sistent inference on the parameters across the 2018 and 
2020 samples was facilitated through Stata’s ‘suest’ com-
mand [17]. This command provides estimates for seem-
ingly unrelated regressions using a joint variance–covari-
ance matrix of all parameters. This allowed us to compute 
t-tests comparing coefficient estimates across 2018 and 
2020 samples. Standard errors in the regressions were 
clustered on individual level to account for the depend-
ence of WTP responses within an individual.

A significance level of 10% was used throughout the 
analysis. The statistical analysis of the data was performed 
using Stata 16.0 (Stata Corp. 2019. Stata Statistical Soft-
ware: Release 16. College Station, TX: Stata Corp LP).

Results

Sample characteristics

Sample characteristics and country composition are pre-
sented in Table  1. While observations were otherwise 
equally distributed across countries, we obtained a larger 
sample for Italy in 2020, with 394 respondents specifi-
cally from north Italy. Information on the response rate and 
completion rate was not provided by the sampling agency. 
There were no considerable changes in overall respondent 
characteristics between the two sampling periods except 
an increase of the share of dependent employed individu-
als from 54 to 58% and an increase in monthly household 
income by 5.4% (after adjusting for inflation and purchasing 

Table 1  Characteristics of full 
sample and repeated sub-sample 
across timepoints

Note. aIn 2018 PPP. Income information was available for 2772 and 3608 respondents in full sample and 
578 and 584 respondents in repeated sample. bSouth and cNorth Italy. *p < 0.10 in independent t-tests com-
paring repeated to full sample in the respective year

Full sample Repeated sample

2018 2020 2018 2020

Monthly income in €a 2917 (3765) 3052 (4969) 2571* (2038) 2726* (4564)
Age 42.2 (14.0) 42.7 (13.1) 43.8* (12.2) 45.8* (12.1)
Female 0.51 0.51 0.50 0.50
No finished sec. education 0.03 0.03 0.03 0.02*
Finished high school 0.57 0.57 0.58 0.58
Tertiary education 0.40 0.40 0.39 0.40
Married 0.58 0.57 0.56 0.59
Employed 0.54 0.58 0.58* 0.60
Self-employed 0.10 0.11 0.12* 0.11
Unemployed 0.06 0.08 0.08* 0.07
Homemaker 0.07 0.06 0.07 0.07
Student 0.10 0.06 0.05* 0.04*
Retired 0.09 0.08 0.07* 0.08
Unable to work 0.04 0.04 0.03 0.03
Country
UK 0.18 0.16 0.19 0.19
DK 0.16 0.13 0.10 0.10
GER 0.17 0.16 0.19 0.19
HUN 0.16 0.13 0.16 0.16
IT 0.17 0.17b 0.25 0.15b

0.10c 0.10c

NL 0.17 0.16 0.11 0.11
Observations 3,140 3,979 650 650
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power). Important to note is that the level of income was 
lower in the 2020 sample for Hungary (Appendix Table A1 
contains country level means). The sub-sample of individu-
als, who were observed at both timepoints had a significant 
lower level of income and was significantly older than the 
full samples in 2018 and 2020. Furthermore, the repeated 
sample has been previously exposed to infectious diseases 
to a lesser degree (Appendix Table A2). These differences 
imply that the individuals who participated twice in the 
survey, represent a specific selection of individuals. In this 
hereafter called ‘repeated sample’, respondents from the 
UK, Germany and Italy are furthermore overrepresented, 
as less individuals who already participated in 2018 could 
be sampled from Denmark and the Netherlands. Appendix 
Table A4 shows the dataset conditioning for the different 
parts of the analysis.

Changes in awareness, exposure, health‑risk 
attitude, health, and well‑being

To aid in interpreting the WTP results, we will first sum-
marise some descriptive evidence on changes in contextual 
factors like awareness of outbreaks, health risk attitude, past 
exposure, and health and well-being between the March 
2018 and March 2020 samples. More detailed descriptions 
of these factors and/or the corresponding results are pro-
vided in Appendix 1.

Overall, the awareness or perceptions of risks and con-
sequences of infectious disease outbreaks increased (Fig. 
A1). People feel more at risk compared to others, would 
be more willing to take precautionary measures advised by 
authorities, are more concerned about infectious diseases 
compared to other diseases, and are informing themselves 
about outbreaks more often. They are more aware of the 
damage such outbreaks can have on health, social life, and 
the economy, while agreeing to a much higher degree that 
outbreaks are a major public health concern (65–81%). 
Interestingly, the share of individuals, who think that the 
risk of outbreaks cannot be lowered by taking precaution-
ary measures, remained almost the same (7–6%). A striking 
observation is that even during the COVID-19 pandemic, 
45% of respondents agreed with the statement that outbreaks 
originate in other countries and it would be their responsibil-
ity to deal with them (44% in 2018), dismissing the need for 
an international response.

The sample of March 2020 was, in general, slightly more 
health-risk averse with a mean HRAS score (range 6–42) of 
30.1 (SD 5.8) compared to the 2018 sample (28.8, SD 5.7). 
This shift can largely be explained by respondents agree-
ing to a greater extend with the statement “To enjoy good 
health now and in the future, I am prepared to forego a lot 
of things” (49% to 62%) (Fig. A2). The relative increases in 
awareness and health risk aversion between 2018 and 2020 

were similar across all countries (Appendix Table A3). The 
highest levels thereof were observed for Italy for both time 
points.

The share of individuals reporting that they themselves or 
a family member have been exposed to an emerging infec-
tious disease or foodborne outbreak in the past decreased 
from 19 to 16% in the total sample. In Italy, this share 
increased from 13 to 16% and 18% in north and south Italy, 
respectively. The large differences in self-reported exposure 
between countries (Appendix Table A3) may partly be a 
result of a different interpretation of the question (in 2018 
the share varied from 10% in Denmark to 62% in Hungary). 
Similarly, observed decreases in the rate between the two 
timepoints could reflect more accurate responses in 2020, 
as respondents were likely more knowledgeable about the 
subject area due to the COVID-19 outbreak. In terms of the 
impact the COVID-19 outbreak on self-reported health, life 
satisfaction and capability well-being, we did not observe 
any meaningful changes between the 2018 and 2020 sample 
(Appendix Fig. A3).

Willingness to pay across countries and timepoints

Of the total of 20,606 WTP values across the four scenarios, 
1104 were classified as outliers, and 1643 as protest answers 
(Appendix Table A5 provides scenario level information). 
Dropping these observations lead to a WTP analysis sample 
of 17,859 observations. The share of protest answers and 
zero WTP responses were in general lower in 2020 com-
pared to the 2018 sample, apart from the ‘Death’ scenario. 
The largest drop in the share of protest answers was observed 
for Hungary (e.g., from 17 to 7% for the ‘System’ scenario. 
The share of WTP values classified as outliers on the other 
hand, increased for almost all scenarios and countries.

Figure 3 presents mean and median WTP for an early 
warning system for infectious diseases across scenarios and 
countries, comparing 2018 values to the values obtained 
during the COVID-19 outbreak in 2020. The figure also 
includes the scenario and country level estimates of β, 
the timepoint dummy from the pooled regression analysis 
(Eq. 1). There is large variation in WTP values across coun-
tries, scenarios and timepoints. Important to note is that the 
country specific WTP values were rather stable across the 
four scenarios, despite the differences imposed in the sce-
nario description (Fig. 1). The total mean WTP increased 
by between 30 and 40%, depending on the scenario, cor-
responding to an additional monthly contribution of 7€–9€ 
(baselines values were 20€, 21€, 23€ and €22 for the four 
scenarios). The total median monthly WTP increased by 
between €1.6–€3.6 (15–40% increase). The total variation 
in elicited WTP values more than doubled in each of the four 
scenarios. In 2018, the variation in WTP in the ‘System’ 
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scenario was 28.6, while in 2020 the standard deviation was 
71.2.

The largest increases across all scenarios where found 
for Denmark. There, WTP in the ‘System’ scenario almost 
doubled, even after accounting for differences in socio-
economic characteristics (baseline 2018 value of €22, 
β-coefficient €20.6). Besides for the ‘Certainty’ scenario 
in the UK, moderate increases in monthly WTP of up to 
€10 were found in the remaining countries. The WTP was 
lowest in Hungary, with values remaining almost stable 
across timepoints (maximum monthly WTP increase of 

€2.8 and not significant). There was a larger increase in 
monthly WTP in northern Italy (up to €9.1) compared to 
the south, with the Italian sample reporting the highest 
levels of WTP in 2018. Interestingly, WTP was stable or 
even decreased in the subset of observations, which were 
observed twice. Results from the reference point included, 
WTP for a pair of shoes (rescaled to mean of the ‘System’ 
results for 2018), indicated that willingness and ability 
to pay, in general, slightly increased across the two time-
points, except for Hungary and the repeated sample.

Fig. 3  Changes in willingness to pay for an early warning system 
across scenarios, countries and timepoints. Note. WTP in 2018 PPP. 
Changes in mean WTP from 2018 to 2020 represented as bars. WTP 
for shoes as reference and rescaled to ‘System’ 2018 values. Deep 
color bars for Italy represent additional WTP in northern Italy com-
pared to southern Italy and 2018. Total sample values weighted to 

maintain same country composition on aggregate. β parameters rep-
resent coefficients of the y2020 dummy variable from regressions on 
the pooled sample, controlling for log of income, age, gender, edu-
cation, and marital and employment status (Eq. 1). N is the number 
of observations in the respective regressions. *p < 0.10 **p < 0.05 
***p < 0.01
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As COVID-19 cases and governmental measures 
increased over the period of data collection (Fig. 2), whether 
certain sub-samples were collected particularly early on or 
later may have impacted WTP. However, we found no wor-
risome pattern in our data.

Figure 4 plots willingness to pay values for the 2020 
sample against the country aggregate number of COVID-
19 cases and the government stringency index. There 
seems to be a positive relationship between number of 

cases and the WTP for an early warning system. Interest-
ingly, the occurrence of extreme values seems to decrease 
over time (higher number of cases equals later timepoint 
as number of cases was consistently increasing over the 
sampling period) within most countries. A positive rela-
tionship was also observed for WTP and the government 
stringency index, although the variation in the strictness of 
government measures was much smaller (Fig. 2).
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Fig. 4  Willingness to pay during COVID-19 outbreak in relation to number of cases and measures. Note. Case data from ECDC [12]. Stringency 
index from Oxford COVID-19 Government Response Tracker [13]. Horizontal line represents linear fit. Random variation added to GSI (jitter)
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Determinants of willingness to pay

Table 2 presents results of the seemingly unrelated estima-
tion procedure, allowing the comparison of coefficients of 
WTP determinants across 2018 and 2020 sample. A struc-
tural difference in the overall associations was confirmed by 
a Chow-test, which rejected the null hypothesis of equality 
of coefficients in the 2018 and 2020 samples (chi-squared: 
56.37, P < 0.01). The included variables explained a larger 
share of the variance in WTP in the 2020 regression. While 
the directions of associations with WTP remained stable for 
some variables (log-income, being female, tertiary educated, 
or self-employed, and past exposure), the estimated coef-
ficients switched sign for variables like being married or 
unemployed. Besides these changes, large and significant 
differences in coefficient size were found for log-income, 
self-employment, being in the highest health-risk aversion 
quartile. Personal risk perception and behaviour also played 
a larger role for the 2020 WTP values. That coefficient esti-
mates generally increased may partly be explained by the 
larger WTP values and the larger variation in WTP values 
found in 2020 compared to 2018 (standard deviations in all 
four scenarios doubled).

Appendix Table A6 presents the results for the subsample 
of repeated observations. As differences in WTP between 
the two timepoints were considerably less pronounced in this 
sample, changes in the importance of determinants occurred 
less frequently. The Chow test further confirms no structural 
change in overall coefficients between the two timepoints 
(chi-squared: 19.21, P = 0.57). In general, the variables 
followed a similar pattern compared to the full sample. A 
notable exception is that the coefficient of self-employment 
did not increase. No structural change in coefficients esti-
mates was also found in the subsamples of respondents from 
Italy based on the Chow test (chi-squared: 22.53, P = 0.13).1 
Interestingly, the coefficient of past exposure decreased 
(Appendix Table A7).

Table 2  Determinants of 
willingness to pay across time 
points

Note. WTP values from all four scenarios as dependent variable. Standard errors were clustered on indi-
vidual level and are presented in parentheses. Northern Italy subsample from 2020 excluded. Country dum-
mies and constant omitted from the table. Regression is weighted by 2018 country sample sizes. *p < 0.10, 
**p < 0.05, ***p < 0.01

2018 2020 P Difference

Socio-economics status
Log income 9.41*** (1.01) 33.57*** (3.70)  < 0.001
Age (Δ5 years)  – 5.38*** (1.39)  – 2.87 (2.71) 0.399
Age-squared 0.18** (0.08)  – 0.03 (0.15) 0.220
Female -3.55*** (1.03)  – 2.78* (1.67) 0.682
Tertiary education 1.21 (1.10) 4.23*** (1.48) 0.099
Married 2.17** (1.03)  – 15.87*** (3.12)  < 0.001
Self-employed 2.06 (2.09) 38.95*** (7.65)  < 0.001
Not employed  – 2.25** (1.14) 8.37*** (2.19)  < 0.001
EQ-5D-5L sum score (Δ5 points)  – 0.89*** (0.22)  – 0.01 (0.31) 0.019
Awareness of outbreaks
Personal risk perception (Δ5 points) 6.02*** (0.82) 13.16*** (1.95) 0.007
Societal consequences (Δ5 points)  – 2.14*** (0.80)  – 1.52 (2.12) 0.784
Risk and response (Δ5 points)  – 2.07 (1.29)  – 17.31*** (3.90)  < 0.001
Past exposure 4.20*** (1.28) 2.37 (1.95) 0.432
Health risk attitude
HRAS-SF Q2 0.12 (1.33)  – 2.28 (2.40) 0.382
HRAS-SF Q3  – 0.40 (1.33)  – 1.27 (2.12) 0.729
HRAS-SF Q4 4.88*** (1.56) 12.18*** (2.46) 0.011
Observations 6611 8442
Adjusted R-squared 0.190 0.278
Chow test statistics 56.37*** P < 0.01

1 Excluding the additional sample from northern Italy in 2020, as we 
did not have comparable data for this sample for 2018.
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Discussion

Summary of WTP results

During the onset of the COVID-19 crisis in Europe, we 
repeated an experiment from 2018 by Himmler et al. which 
elicited the WTP for improvements in health safety pro-
vided by an international, integrated early warning system 
for identifying, containing and mitigating large infectious 
disease outbreaks. Overall, we found statistically sig-
nificant increases in mean monthly WTP by about 50%, 
depending on the specified WTP scenario (e.g., from €20 
to €28 in the ‘System’ scenario), while the corresponding 
medians increased by about 30% (e.g., from €9 to €13 
in the ‘System’ scenario). Differences between countries 
were more pronounced compared to the 2018 data collec-
tion. The largest increases in WTP were observed for the 
UK, Denmark, and Italy. We furthermore found rather sta-
ble WTP values in a sub-sample of individuals before and 
during the COVID-19 outbreak. Most of these individuals 
did not, or only slightly changed their WTP between the 
two timepoints (Appendix Fig. A4).

Possible explanations of changes and patterns 
in WTP

The observed moderate increases in WTP for an early 
warning system for infectious diseases elicited pre-pan-
demic and during the first wave of COVID-19 in Europe 
may be interpreted in different ways. An optimistic inter-
pretation is that the experiments set out to elicit WTP 
twice for the same good: an early warning system. The 
fact that the resulting WTP estimates at both points in 
time were not considerably different could signal that the 
anticipated risks and consequences of pandemics influenc-
ing the WTP during the first experiment were similar to 
the more informed ones during the second experiment. 
The higher awareness of outbreaks, and the risk and con-
sequences of their occurrence, which we observed, then 
lead to respondents forming reasonable and realistic 
increases in WTP given their ability to pay. The elicited 
WTP estimates in 2020 then constitute an upper bound, 
as the COVID-19 pandemic and its consequences likely 
and hopefully remain an extreme variant of an infectious 
disease outbreak.

A more pessimistic interpretation would be that the 
chosen approach does not invite respondents to reveal 
changing preferences, for instance due to insensitivity to 
scale and scope in the elicitation technique. The methods 
used in, as well as the framing and scope of the experi-
ment, may then not adequately reflect changes in ‘actual 

WTP’ following the COVID-19 outbreak. Although our 
data do suggest that there is some plausible sensitivity 
in our results and also some patterns that represent logi-
cal deviations from the initial WTP estimates, we cannot 
fully disentangle or refute the optimistic and pessimistic 
interpretations of our findings.

In terms of the differences in changes between coun-
tries, the finding that WTP in Italy increased more than for 
instance in Germany, the Netherlands, and Hungary, may 
not be unexpected given that Italy was hit hardest by the 
pandemic in March/April 2020. We did not find consider-
able changes in WTP in Hungary, which could be related 
to the fact that, at the time of data collection, it was the 
least affected country. On an individual level, WTP values 
during the COVID-19 outbreak seem to be determined to a 
higher extent by respondent characteristics. This relates to 
the potential impact of such a pandemic on individuals’ lives 
and livelihoods, or the perceived individual (health) risks, 
as well as attitudes towards these risks. The most notable 
change in WTP determinants was observed for being self-
employed. This is in line with first evidence from Germany, 
indicating that self-employed individuals were hit hard-
est by the pandemic in terms of economic consequences 
[18]. Gross monthly income was reduced for 59% of self-
employed (vs. 15% of employed), with a median reduction 
of €1,500.

At the same time, we also found patterns that may be 
considered more unexpected. For instance, the increase in 
WTP in Northern Italy was small in relation to the severity 
of the crisis there during data collection. This contradicts 
the explanation that WTP is importantly influenced by the 
severity of the crisis. A potential explanation for this finding 
could be that Italians in this region were relatively dissatis-
fied with the COVID-19 response of their government, as 
well as with the assistance from the international community 
[19]. This could have decreased their trust in the possibility 
of an effective integrated international early warning system. 
It is also important to note that WTP was already highest 
in Italy in the 2018 sample, arguably leaving less room for 
further increases. Likewise, finding a high WTP for the early 
warning system in Denmark does not appear to correlate 
with the COVID-19 burden in that country (Fig. 2). There, 
it may relate both to higher incomes and the high level of 
trust in national public institutions and the government [20], 
which also prevailed during (the early phase of) the pan-
demic [21]. A further possible explanation for country-level 
WTP changes not being directly related, or at times being 
even reversely related to the burden of COVID-19, is that 
contributing to a preventive system now, actually does not 
help to overcome the current crisis. Respondents may feel 
that the current crisis should be given priority in terms of 
public expenditures, especially if the COVID-19 burden is 
severe. In that sense, it is good to highlight the difference 
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between our study considering preventative actions, com-
pared to curative or mitigating actions, for instance asking 
about the WTP for a vaccine. Again, given the setup of our 
study we cannot be conclusive regarding these potential 
influences.

Another aspect, which may have influenced WTP val-
ues elicited during the pandemic, could be that individuals 
anticipated an economic downturn, and the personal conse-
quences thereof, as a result of the pandemic. Therefore, they 
might be less willing (or able) to pay additional taxation. 
However, results from the non-health-related reference point 
included in our survey (WTP for a pair of shoes) and the 
income information indicated that, on average, the ability 
to pay (for everyday products at least) was not yet signifi-
cantly affected by the COVID-19 outbreak. Indeed, the first 
noticeable economic consequences of the pandemic likely 
occurred after our sampling period in March 2020. Also, 
respondents in the second data collection may have been 
more aware of the fact that such a system would help to 
avoid later losses in income. This could have resulted in an 
increased willingness to pay, since they were more aware 
of the benefits of such a system for their own economic 
situation.

These explanations may also have caused WTP values 
to be fairly stable in the subgroup of respondents who com-
pleted the survey at both moments in time. In addition, it 
is important to note that respondents in this subgroup had 
a lower income (Table 1), and had a lower level of previ-
ous exposure to infectious diseases (Table A2). The country 
composition in this sample also did not reflect the original 
sampling quotas (equal across countries) and the individu-
als, who were observed twice, were different compared to 
the samples in their respective countries (Table A2). That 
we found a small decrease in ability to pay (as measured via 
the WTP for shoes scenario) for the repeated sample, which 
is in contrast to what was found for most included country 
samples, further highlights that this sample represents a spe-
cific selection of individuals.

Additional findings

We found notable shares of protest answers and zero 
responses. Moreover, a large share of respondents at the 
time were not convinced of the need of an international 
response during the COVID-19 outbreak. Furthermore, a 
significant proportion of respondents were still not aware 
of (or ignored) the seriousness of the societal impact of an 
outbreak, as well as the fact that precautionary measures 
could decrease the risk of outbreaks (Sec. “Changes in 
awareness, exposure, health-risk attitude, health, and well-
being”). These individuals may therefore disapprove of the 
governmental measures taken and might be hesitant to take 
up vaccination if available [21, 22].

Finding no differences in well-being and life satisfaction 
between the 2018 and 2020 samples may be somewhat sur-
prising. The fact that the survey was fielded at a time when 
the full impact of the crisis on individuals’ well-being and 
the economy at large was not clear to respondents (Fig. 2) 
may help to explain this. A study from Germany, compar-
ing individuals from a large panel sample across April 2020 
and April 2019, also did not find a change in life satisfaction 
due to the COVID-19 outbreak [23]. Capability well-being, 
as assessed by the ICECAP-A, which specifically aims to 
measure capabilities and opportunities, was also not lower 
in our second survey compared to the first, even though the 
COVID-19-related lockdowns imposed quite drastic limita-
tions on individuals’ freedom and rights. It is interesting to 
see how such outcomes will evolve during the crisis, espe-
cially when these restrictions are imposed for longer periods 
of time.

Limitations of the analysis

Similar limitations as were outlined in more detail in the first 
study [7] apply to the current study as well. These relate to 
more general limitations of stated preferences and contingent 
valuation approaches, such as hypothetical response bias, 
insensitivity to scope, and framing effects [8, 24]. These 
limitations are particularly important when the good under 
valuation is less tangible to respondents. This clearly applies 
here, as the early warning system for infectious diseases and 
its consequences are still hypothetical. Respondents there-
fore may have had difficulties in imagining such a system and 
its potential costs and benefits. Insensitivity to scope, which 
has been shown to exist before in the health domain using a 
similar setup [25], was evident in our analysis considering 
the WTP results for the different presented scenarios. The 
small difference across scenarios may also be a result of 
respondents anchoring their WTP on their valuation of the 
first presented WTP scenario (‘System’ scenario). Insensi-
tivity to scope may also explain the relative insensitivity of 
observed WTP values to the changes in circumstances over 
time, i.e., the COVID-19 outbreak. Regarding the hypotheti-
cal nature of the experiments, the following is important to 
note: the COVID-19 outbreak made the pandemic scenario 
more real. However, whether that made the presented WTP 
scenarios (Fig. 1) more realistic for an average respondent, 
is unclear. If scenarios were not recognized as relevant for 
the COVID-19 situation (e.g., because not so many people 
will be infected or die, or because the health states were 
not deemed plausible in relation to COVID-19), the sce-
narios possibly remained as hypothetical as in the first data 
collection.

In terms of the comparison of the 2018 and 2020 WTP 
values, it needs to be acknowledged that ideally, we would 
have resampled the full 2018 survey population. This would 
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have enabled us to compare the same individuals within rep-
resentative country samples. Although attempted this turned 
out not to be possible, and hence we needed to assume that 
the representative samples from 2018 and 2020 did not dif-
fer too much in terms of unobserved characteristics, which 
would have influenced WTP. For example, the data collec-
tion during the COVID-19 outbreak on such a topic could 
have attracted specific populations who would sooner select 
into participating in a survey on this topic. On the other 
hand, we took several steps, to enable a (valid) comparison, 
like PPP adjusting, accounting for inflation, weighting sam-
ple compositions or controlling for observable characteris-
tics in the year-dummy regressions.

A final limitation concerning our sample is that we do not 
have WTP information from individuals aged 65 and older, 
which are the ones with the highest risk of serious health 
consequences due to a COVID-19 infection. The sample of 
65 and younger may be seen as primarily (though clearly 
not exclusively) affected by economic consequences. This 
may be a reason why we found that age and health were not 
significant determinants of WTP in 2020, while self-employ-
ment and unemployment were. One might hypothesize that 
the largest changes in WTP over time may have occurred in 
the risk group of individuals aged 65 and above, which were 
not included in our samples. This reduces the generalisabil-
ity of our findings, especially in contexts where the financing 
of an early warning system would be based on contributions 
from all citizens, including those older than 65 years of age.

While not a limitation, it is important to note that our 
study focused on European countries and similar experi-
ments may have led to very different WTP results in other 
parts of the world even after PPP adjustment. Knowledge 
about COVID-19 and the public’s perception of the pan-
demic and the associated risks, factors likely influencing 
WTP, vary widely across the globe [26–28]. In addition, 
the measures taken against COVID-19 between for example 
Europe and East Asia are different, thus may also translate 
to differences in WTP for an early warning system, as indi-
viduals would value efforts for either adopting or avoiding 
these measures more depending on individual values. One 
prominent example relate to the type of isolation used (or 
mandated) for mild COVID-19 patients [29, 30], where East 
Asian countries such as China adopted facility-based isola-
tion with financial support and mental health counselling 
and lowered patients’ anxiety to transmit virus to family 
members, yet this may not be valued in Western countries 
such as the UK due to privacy infringements.

Conclusions

Repeating a European survey from 2018 eliciting the WTP 
for an early warning system aimed to prevent or mitigate 
outbreaks of infectious diseases, we found a higher WTP in 
2020 as compared to 2018 in all countries except Hungary. 
We also observed a considerable increase in the heteroge-
neity in elicited values (both within and between country 
samples). Respondents showed some sensitivity to scope and 
to the context of the experiment (the COVID-19 outbreak), 
oftentimes in expected directions. However, the sensitivity 
to scope and context varied and should be interpreted with 
caution (see e.g., Bobinac et al. (2012)). Our results should 
therefore be taken to represent a range of WTP values rather 
than a precise estimate of some ‘true’ WTP for an early 
warning system. We also stress that the contingent valua-
tion WTP method has notable limitations, especially given 
the abstract nature of an early warning system. Nonetheless, 
also in the absence of clearly better alternatives, our study 
aims to provide a relevant indication of the societal valuation 
by European citizens of such an early warning system for 
infectious diseases. Conducting a back-of-the-envelope cal-
culation aggregating the median WTP values at the country 
level (similar to [7]),2 the moderate increases in individual 
WTP translate into sizable increases at a societal level. The 
implied yearly maximum ‘willingness to be taxed’ increased 
from €1.3bn to €1.9bn in the UK, or from €6.0bn to €7.8bn 
summed over all six countries (Appendix Table A8).

Which of these two estimates, ex-ante or during the pan-
demic, is considered more informative depends also on the 
expected context of future outbreaks, which likely will have 
less extreme trajectories compared to COVID-19. Moreo-
ver, our study was conducted in the early stages of the pan-
demic when both duration and full societal impact were still 
unclear. Together with further related research during the 
subsequent stages of the pandemic, and also information on 
the (cost-)effectiveness of measures to prevent and control 
infectious disease outbreaks, this may inform policy makers 
on the type and magnitude of possible investments to prevent 
future outbreaks or mitigate their consequences.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10198- 021- 01353-6.
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