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A B S T R A C T

The economic aspects of the problem of invasive mosquitoes present a new challenge to science. The impacts of
mosquitoes on humans are intensifying in many regions as several factors – such as climate change and increased
transport – create favorable conditions for the entry of invasive mosquitoes. At the same time budget constraints
limit public prevention measures and demand clear justification of additional costs for controlling invasive
mosquitoes. Consequently, the benefits arising from preventive policies should be clearly articulated and in-
cluded in the evaluation process. The present study evaluates the potential benefits of alternative prevention
measures in the metropolitan area of Athens, Greece, representative of the geographically and climatically
vulnerable Mediterranean cities. The study differentiates the health and nuisance costs associated with invasive
mosquito species from those associated with native mosquito species. In contrast to other findings in the lit-
erature, the benefits from controlling health impacts were found to be higher than those of avoiding nuisance.
This is mainly related to the high health risk induced by new invasive species. Another important finding is that
the expected benefits of mosquito control programs clearly outweigh the respective costs.

1. Introduction

The problems associated with mosquitoes in Athens, Greece - a re-
presentative Mediterranean urban system - have intensified recently
due to invasion by the Asian tiger mosquito (Aedes albopictus). Its ar-
rival was favored by both the geographical position of Greece and cli-
matic conditions, both representative of the vulnerable Mediterranean
region. The Asian tiger mosquito was first detected in Greece in 2003
(Samanidou-Voyadjoglou et al., 2005) and was confirmed for the first
time in the Athens metropolitan area in 2008 (Koliopoulos et al., 2008).
Its establishment is expected to be accompanied by increasing risks of
mosquito-borne diseases, higher nuisance levels and increased expenses
for the confrontation of invasive species (ECDC, 2012).

A recent study (Kioulos et al., 2014) revealed that the eight most
common native mosquito species recorded in the Athens Metropolitan
area, all of the Culex and Anopheles genera, are: Culex pipiens, C. long-
iareolata, C. hortensis, C. theileri, C. territans, C. impudicus, Anopheles ma-
culipennis complex and A. claviger. Mosquito species of medical importance,
such as C. pipiens and A. maculipennis, proliferate in the natural breeding
sites provided by permanent water bodies. These species, which are active
for several months of the year, transmit vector-borne diseases such as West

Nile virus and malaria (Plasmodium vivax), threatening a large proportion
of the population in many areas of Athens.

The newcomer, the Asian tiger mosquito, has already developed
considerable populations with increasing trends in the urban environ-
ment of the Athens Metropolitan area (Giatropoulos et al., 2012). The
larvae of this container-breeding mosquito develop in tree-holes, phy-
totelmata and artificial containers such as tires, barrels, cans, etc.
(Tsiodras et al., 2016; Giatropoulos et al., 2012; Reiter and Sprenger,
1987; Grist, 1993; Simard et al., 2005). Its presence in the Greek capital
was accompanied by the characterization of “an aggressive day-time
biting mosquito”. The Asian tiger mosquito is implicated in the trans-
mission of a wide range of human pathogens. Along with other re-
presentatives of the Aedes genus such as A. aegypti, it is a laboratory
competent vector of at least 22 arboviruses including chikungunya
virus, dengue and the Zika virus. Recent cases of autochthonous
transmission of dengue in both France and Croatia in 2010 and chi-
kungunya virus in Italy (2007) and France (2010) underline the need
for awareness of the risk of the introduction and spread of serious
diseases in continental Europe by the Asian tiger mosquito
(Giatropoulos et al., 2012; Grandadam et al., 2011; Rezza et al., 2007).

Only a limited number of studies have been designed to assess the
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non-market benefits of mosquito control programs (e.g. John et al.,
1992; von Hirsch and Becker, 2009; Dickinson and Paskewitz, 2012;
Halasa et al., 2014; Brown et al., 2015; Bellini et al., 2014). The present
study aims to enrich the literature by evaluating the non-market ben-
efits that are potentially induced by prevention programs, focusing on
two general categories of benefits (Dickinson and Paskewitz, 2012): (1)
reductions in the risk of disease transmission (health impacts) and (2)
reductions in the (biting) nuisance caused by mosquitoes. The present
work also aims to extend the existing literature on using choice ex-
periments to study public preferences and social benefits regarding the
control of invasive species (Adams et al., 2011; Beville et al., 2012;
Fleischer et al., 2013; Rolfe and Windle, 2014) by identifying attributes
that vary considerably between invasive and native species.

We employ the choice experiment method - a stated preference
approach - to investigate the potential social benefits of improving the
public mosquito control program in the Metropolitan area of Athens,
Region of Attica, which is the most populated region of Greece (about
35% of the country's population, approximately 3.8 million citizens).
Apart from its importance in terms of demographics and economic
activity, this region was selected primarily because of the scientific
recording of the presence and spread of the Asian tiger mosquito across
Athens's municipalities and neighborhoods. Eight municipalities were
selected representing the variety and diversity of socio-economic con-
ditions. The selected study area offered the possibility of analyzing ci-
tizens' preferences across different degrees of exposure to the problems
associated with either the Asian tiger mosquito or native mosquito
species and within a different socio-economic context. Our economic
valuation can serve as a decision aid for the ex-ante evaluation of al-
ternative mosquito control programs. The results will be of wider in-
terest as Athens is representative of urban areas with high vulnerability
because of climate change, intensive trade and population movements
(tourism, migration), while at the same time severe public budget
constraints, induced by the ongoing economic crisis, demand clear
justification of the cost of control programs.

2. Methodology

2.1. Τhe Choice Experiment Method

The choice experiment method has its roots in Lancaster's char-
acteristics theory of value, in random utility theory and in experimental
design (Hanley et al., 1998). Lancaster's (1966) theory implies that
consumer decisions are determined by the utility (satisfaction) derived
from the attributes of a good or service and by the levels that these
attributes take. Within this framework, individuals are presented with a
set of alternatives and are asked to choose the most attractive (pre-
ferred) alternative under the assumption that these are the only options
available (Arana and Leon, 2009).

According to random utility theory, the utility function Uij of in-
dividual i for choice j is comprised of a deterministic component Vij and
a random error term eij that captures the effect of unobserved and
omitted variables. Under the premise that individuals act rationally by
selecting from a choice set the option that yields the highest utility, the
probability of selecting a given option is the probability that the utility
provided by this alternative is the highest among the different choices.

Under the assumptions that (a) the relationship between utility and
attributes is linear in the parameters and variables, and (b) the random
error terms are distributed independently and identically with a type I
extreme value distribution, the probability of choosing the specific public
mosquito control program j from among the set C of all the available al-
ternative programs can be expressed by a conditional logit model:
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As the systematic component is a linear function of attributes, the

conditional indirect utility function for the jth alternative can be spe-
cified as follows:

∑= +V β ASC β Zij ASC
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where βk is the coefficient (to be estimated) of the k-th choice attribute
Zk and βASC is the coefficient of the alternative specific constant (ASC),
which is a dummy that takes the value 1 if the status quo alternative is
chosen or the value 0 if one of the hypothetical alternative programs is
chosen. Eq. (2) is the main effects model, which can be extended in
order to incorporate a set of individual socio-economic or attitudinal
variables (i.e. characteristics of respondent i) in the utility function.
Since these characteristics are constant across choices for any given
individual, they can be entered as interaction terms with specific at-
tributes (Hanley et al., 2001) or as interaction terms with the alter-
native specific constant (Morrison et al., 1999).

The choice experiment is consistent with utility maximization and
demand theory (Hanemann, 1984). Therefore if a monetary/cost at-
tribute (representing the marginal utility of income) is included in the
choice set, welfare estimates can be derived. Specifically, for the con-
ditional logit model, compensating surplus (CS) welfare estimates can
be obtained from the formula:
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where βΙ is the marginal utility of income (usually represented by the
coefficient of the monetary attribute) and Vi

0, Vi
1 represent the indirect

utility before and after the change under consideration, respectively.
Furthermore, given the linear utility function, the willingness to pay
(WTP) for a marginal change in each attribute level is estimated by
dividing the coefficient of this attribute by the coefficient of the cost
attribute (Hoyos, 2010). Finally, when interaction terms are included in
the model, the WTP function is modified as necessary in order to in-
clude the effect of the respondent-specific characteristics.

It should be noted that the conditional logit model is often criticized
for imposing the independence of irrelevant alternatives (IIA) property,
which requires that the relative probabilities of two alternatives being
chosen should be unaffected by the presence of other alternatives. If
this property is violated then the conditional logit results will be biased
and other discrete choice models, such as mixed (random parameter)
logit models or latent class models should be used. These models are
also thought to be better suited to account for the unconditional un-
observed heterogeneity among the respondents (random parameter
logit models) or for demographic and psychographic differences among
groups of respondents (latent class models). However, this can be also
done through a conditional logit model that incorporates several in-
dividual characteristics of the respondents, under the limitation that
these characteristics should be selected a priori.

2.2. Survey Design and Administration

2.2.1. Selection of Attributes and Attribute Levels
The first step in designing our choice experiment is to select the ap-

propriate set of attributes in order to assess the benefits of improved
mosquito control programs. Alternative levels of those attributes must be
also determined. The aim of this step is to enable participants to choose
their preferred mosquito control program by comparing hypothetical
programs which differ with regard to the levels of the selected attributes.
This is not a trivial task as it involves, among other things, a realistic
representation of the good under valuation (Hensher et al., 2005;
Rodrigues et al., 2016). A realistic representation of policy options is to
provide a status quo alternative for people who are not willing to pay for
the proposed improvements (Louviere et al., 2000). All other policy op-
tions can be considered as improvements over the current programs and
the status quo option can be regarded as a baseline, zero-cost scenario.
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The initial choice of attributes in this study was based on feedback
provided by experts. Next, an extensive web-based pilot study (180
questionnaires) was conducted in November 2014 in the study area
aiming to identify the main factors that may influence the acceptance of
future mosquito control programs. Finally, a small scale pilot study (30
questionnaires with face-to-face interviews) was conducted in May
2015 in order to refine the selected attributes and their levels. As a
result, we reduced the complexity of the choice task by limiting the
number of attributes and their levels to only those that have a clear
relationship with mosquito control programs while this relationship is
articulated in operational terms easily perceived by citizens.

There are two main categories of benefits from improved mosquito
control programs: less nuisance and reduced risks to health. Another
distinction in the present study, which is quite novel, is between ben-
efits from controlling native mosquitoes and benefits from controlling
invasive mosquitoes (such as the Asian tiger mosquito). Two health risk
attributes were used: (a) one related to the health risks that are mainly
associated with native mosquitoes (such as the West Nile Virus - WNV)
and (b) one related to the health risks that are due only to the Asian
tiger mosquito (such as chikungunya fever). Similarly, the nuisance
attributes were also separated into: (a) nuisance during the day-time,
which is a problem that is caused mainly by the Asian tiger mosquito,
an “aggressive day-time biting mosquito” (Giatropoulos et al., 2012),
and (b) nuisance at night mainly associated with the native mosquito
species. Next, a cost attribute was included in order to elicit welfare
effects, as determined by individuals' preferences between alternative
mosquito control programs.

The control of the native species is mainly carried out through an-
nual activities which include monitoring and surveillance of the mos-
quito larvae population, implementation of larvicidal, adulticidal and
surface residual ground treatments, and application of larvicidal and
small scale adulticidal treatments by aerial spraying. On the other hand,
controlling the Asian tiger mosquito calls for a more complex man-
agement plan and coordinated actions. A management plan has been
developed recently by the LIFE CONOPS research initiative (http://
www.conops.gr/management-plan-for-aedes-albopictus-in-greece/?
lang=en) and was officially adopted in 2016 by the Greek Ministry of
Health. It includes a series of actions such as standardized quantitative
monitoring by special ovitraps, the recording of mosquito population
density data, the involvement of the local population in the control
campaign in private areas, residual door-to-door control interventions
and the use of larvicides in the road drains of public areas throughout
the whole breeding season.

The need to implement control methods and management plans
according to the type of mosquitoes was broadly described to all

respondents just before the choice task. More detailed information was
given to those respondents interested in learning more about these
methods during the choice process.

The five selected attributes take various levels according to the ra-
tionale described below and briefly presented in Table 1 which is the
basis for providing information to respondents.

(1) West Nile virus risk (WNVR): West Nile virus is a mosquito-borne
virus, which is carried by native mosquitoes and is usually asso-
ciated with mild symptoms in humans (known as West Nile fever).
However, in less than 1% of cases, the virus can lead to severe
neurological diseases such as encephalitis or meningitis
(Pervanidou et al., 2014). The first recorded outbreak of WNV in-
fection in Greece was in 2010, with 262 cases, which is the highest
annual number of cases recorded so far. The number of cases ranged
between 86 (2013) and 161 (2011) (Kolimenakis et al., 2016) in the
following years, with an average annual risk (at the national level)
of 1 case per 65,000 people. In order to present this attribute in a
realistic and understandable way, three risk levels were assigned
under the assumption of risk neutrality (i.e. a linear utility function
over risk levels): (a) high risk, which is the status quo, corre-
sponding to the highest number of confirmed cases (number of
patients hospitalized in intensive care units), up to 300 cases per
year, (b) average risk of fewer than 150 cases per year and (c) “zero
risk” reflecting an extremely low number compared to the other
levels. It should be noted that WNV epidemiology is quite complex
and it is difficult to predict future outbreaks, with or without new
control programs. Therefore, the three attribute levels reflect only
indicative risk levels in order to estimate the marginal willingness
to pay for a reduced number of incidents. It should be carefully
noted that some level of residual risk remains in regions where the
pathogen has been detected in vectors or transmission to humans
has occurred in the past (ECDC, 2013). Consequently, “zero risk”
(as presented to the interviewees) should reflect a very low, almost
negligible, probability of a future outbreak. By using this verbal
statement, we also tried to overcome the “certainty effect”, ac-
cording to which people give excessive weight to outcomes that are
considered certain relative to outcomes which are merely probable
(Kahneman and Tversky, 1979).

(2) Tiger mosquito health risks (TMHR): the Asian tiger mosquito has
great medical importance because it can transmit human diseases
such as the dengue and chikungunya viruses. Dengue virus is
usually detected in tropical and subtropical regions, infecting about
390 million people a year (Bhatt et al., 2013). Its common symp-
toms include fever, lethargy, rash and pain in the joints, while the

Table 1
Attributes and their levels used in the choice experiment.

Attribute Description (as given to respondents) Attribute levels

West Nile virus risk (WNVR) Risk of West Nile Virus outbreak related to the number of patients hospitalized
in intensive care units. Risk levels were defined according to the highest level
actually recorded. Public control strategies could implement measures to reduce
the risk of WNV outbreaks.

High riska (up to 300 cases/year); average risk (up to
150 cases/year); zero risk (small number of cases; none in
most years)

Tiger mosquito health risks
(TMHR)

Tiger mosquito has the potential to transmit infectious diseases such as the
dengue and chikungunya viruses. Although such transmissions have not yet been
reported in Greeceb, the country is potentially at risk of future outbreaks. Public
control strategies may use additional measures (e.g. monitoring and emergence
vector control plans) to reduce the associated risks.

Extra measures; no measuresa

Night nuisance (N_NUIS) Public control strategies may reduce the perceived level of nuisance caused by
mosquitoes at night.

No improvementa; improved level - average nuisance;
improved level - low nuisance

Day nuisance (D_NUIS) Public control strategies may reduce the perceived level of nuisance caused by
mosquitoes during the day.

No improvementa; improved level - average nuisance;
improved level - low nuisance

Implementation cost (COST) Bi-monthly cost of improved public mosquito control measures €0a, €5, €10, €15, €20

a Current attribute levels (status quo).
b A major dengue outbreak was recorded in Athens in 1928 (discussed in Louis, 2012) but in the present context this is of historical interest only; the disease is effectively unknown to

the citizens of Athens.
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more severe forms of dengue virus include dengue hemorrhagic
fever and dengue shock syndrome. Chikungunya virus causes an
acute febrile illness characterized by severe arthralgia (Vega-Rúa
et al., 2015). Although transmission of chikungunya has not yet
been reported in Greece, the country is potentially at risk of future
outbreaks as other Mediterranean countries, Italy in 2007 and
France in 2014, have already experienced outbreak of auto-
chthonous cases. In our study, the TMHR attribute is coded as a
dummy variable that takes the value one if future public control
strategies would involve additional measures to reduce the health
risks of these outbreaks, or zero otherwise. Some indicative mea-
sures – as suggested by WHO (2013) – were presented to re-
spondents in order to describe the aforementioned control strate-
gies. These measures include a surveillance-monitoring system for
the Asian tiger mosquito and an emergency control plan in the
event of the detection of chikungunya or dengue viruses. Since the
actual (baseline) risk level is unknown the willingness to pay for
“extra measures” represents the benefit of knowing that future
public policy will consider these potential health risks - which up to
now have been disregarded - by trying to minimize the possible
impacts of any future transmission.

(3) Night nuisance (N_NUIS): public control strategies may reduce the
perceived level of (biting) nuisance caused by mosquitoes. Native
mosquitoes constitute a biting nuisance mainly at night. In our
study this attribute is measured as the difference between the actual
level of nuisance and two predetermined “guaranteed” levels that
can be reached by the proposed mosquito control program. For this
reason, the actual perceived night nuisance (level) was first re-
ported by each interviewee on a 5-point Likert scale (where 1 = no
nuisance and 5 = intolerable nuisance). If that level is higher than
the proposed level (1 = no nuisance or 2 = low nuisance) the at-
tribute takes the value: [actual level]-[proposed level]. Otherwise it
takes the value zero as the program is not supposed to decrease the
respondent's utility.

(4) Day nuisance (D_NUIS): the Asian tiger mosquito, unlike native
mosquitoes, causes biting nuisance during the day. This nuisance is
measured in the same way as the night nuisance attribute.

(5) Implementation cost (COST): the payment vehicle used in the cur-
rent study is an additional cost on the household's municipal taxes,
which in the study region are included in the bi-monthly electricity
bill. Based on the preliminary web-based pilot study, the “nuisance
period” was found to last on average approximately four months.
Consequently, the surcharge would be imposed only during this
period of the year. This payment vehicle was considered to be the
most appropriate, as it is plausible and familiar to the population
surveyed. The cost attribute included five different levels: no in-
crease (current municipal tax levels) and bi-monthly increases of
€5, €10, €15 and €20. In order to estimate the bid range we used
the data collected from an open-ended question in the pilot web-
based study. Respondents were informed that the revenues gener-
ated would be used exclusively to finance improved mosquito
control programs.

2.2.2. Experimental Design
After selecting the attributes and defining their levels, the next step

was to form a set of alternative policy options with different attribute
levels (profiles) and then to pair these profiles in order to construct the
“choice cards” (choice sets). A complete factorial design incorporating
every possible combination of the five attributes in Table 1 would
contain 3 × 2× 3× 3× 4= 216 possible policy options. Ιn order to
narrow this down to a reasonable number of alternative policies, a
subset of these combinations was used. Attribute levels were therefore
allocated to a manageable number of choice tasks according to an or-
thogonal design that allowed the estimation of all main effects of the
attributes on respondents' choices under the assumption that all inter-
actions between the attribute levels are negligible (Chrzan and Orme,

2000; Street et al., 2005). The SPSS Orthoplan procedure (SPSS Inc.,
version 20.0, Chicago, IL, USA) was used to generate a set of 16 optimal
choice profiles (alternative policies), which corresponds to the first
(unlabeled) option on the choice card. The profiles of the second option
were then constructed manually following a rotated (cyclical) design
which respects the minimal overlap property of Huber and Zwerina
(1996). According to this design, the profiles of the second option are
created by rotating each attribute level one place to the right. By con-
struction, this experimental design, when used in unlabeled stated
choice experiments such as ours, satisfies the following three principles
of an optimal (efficient) design (Huber and Zwerina, 1996): (i) level
balance (i.e. the utility of each alternative in a choice set is equal), (ii)
orthogonality (according to which the parameter estimates of a linear
model are uncorrelated) and (iii) minimal overlap (an attribute level is
not repeated in a choice set) (Bunch et al., 1996).

All the resultant combinations are allowable in the experimental
design as: (a) there was no sign of dominance (i.e. an alternative su-
perior to the other on every attribute) and (b) all level combinations
were plausible and realistic. It is worth noting that the status quo is
considered as the worst case scenario. Consequently, any other option
will either improve or does not alter the current levels of attributes (it is
impossible to reduce health risk and at the same time to increase nui-
sance levels and vice versa). Furthermore, it would not be de facto
correct to consider that programs that lower health risk would also
lower nuisance levels. There are several management plans that are
only effective in reducing the health risk levels (e.g. monitoring systems
for public health risk assessment, emergency control measures in case
of diseases detection, etc.). On the other hand, many native mosquito
species are relatively harmless in terms of health impacts but are as-
sociated with significant nuisance effects. As a result, it was not con-
sidered meaningful to exclude a priori any of the selected combinations.

This process resulted in 16 choice cards with two experimentally
designed alternative mosquito control programs as options, as well as
the status quo option. Respondents were informed that choosing the
status quo option meant that they would pay for neither Option A nor B,
and there would be no improvement over the current mosquito control
program. The inclusion of this option in the choice cards is instrumental
in achieving welfare measures consistent with demand theory (Louviere
et al., 2000; Bateman et al., 2003; Birol et al., 2006). The other two
options represent improvements over the current situation. Since 16
cards are too many for an individual to evaluate, they were randomly
divided into four different sets, each containing four choice cards. Thus
each respondent was presented with four choice cards and asked to
state their preferred option for each card. An example choice card is
shown in Fig. 1.

2.2.3. Questionnaire Design and Survey Implementation
The questionnaire consisted of four sections:

(A) The first section focused on respondents' knowledge of the Asian
tiger mosquito, as well as their perception concerning the health
and nuisance problems associated with mosquitoes. Respondents
were asked about their current status: their perceived level of
nuisance (using a 5-point Likert scale), the portion of the year
(months) with significant mosquito nuisance and their monthly
expenditure for private prevention measures.

(B) The second section introduced the prevention policies, presented
the current risk levels of mosquito-borne diseases, described the
selected attributes, explained the payment vehicle and prepared the
respondents for answering the choice experiment questions. This
section ended with the four choice cards.

(C) A set of follow-up questions investigated: (a) respondents' difficulty
in understanding or answering the choice formats, (b) the reasons
why a number of respondents were not willing to pay for any given
option (in order to distinguish between ‘true zero’ values and
protest responses) and (c) the motivations of respondents who were
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willing to pay for improved mosquito control programs.
(D) The final section focused on the participants' socio-economic

characteristics (age, sex, education level, occupation, annual family
income, family status, etc.).

The survey was administered in face-to-face interviews by three
trained interviewers, using a structured questionnaire. Thirty pilot in-
terviews were conducted in order to complete the training of the in-
terviewers and confirm the feasibility of the survey. The duration of
interviews ranged from 10 to 20 min. Interviews were conducted in the
entrances of the City Halls of the eight selected municipalities. Greek
City Halls house a number of public services and therefore municipality
residents need to visit City Halls relatively often for a variety of ad-
ministrative reasons. Although the sample is not strictly random, it does
achieve a high representativeness concerning geographical location.
The sample was stratified based on location, sex and age (according to
the 2011 Census). Participants were informed briefly of the content of
the survey and were asked to confirm their willingness to participate.
The overall response rate was approximately 35%, which is quite sa-
tisfactory, taking into consideration the sampling method. The survey
was conducted from mid-June 2015 to the end of October 2015. A total
of 495 completed interviews were finally collected.

3. Results

3.1. Analysis of Reasons for Rejecting an Improved Mosquito Control
Program

Although protest responses have been widely debated in contingent
valuation studies, little attention has been given so far to this issue in

choice experiment studies (Barrio and Loureiro, 2013) in order to identify
why individuals choose an opt-out alternative (i.e. declare that they are
not willing to pay anything). Identifying the reason behind protest re-
sponses is important for their appropriate treatment, especially when
benefits are to be aggregated in order to measure the social benefits of a
proposed program, policy or plan. If protest voters are included in the
sample, then aggregated welfare measures may be underestimated. On the
other hand, removing all the status quo answers (i.e. the zero bid answers)
may lead to overestimation (Adamowicz et al., 1998). Because our study
aims to estimate aggregate welfare effects from mosquito control policies,
the correct treatment of protest responses is important.

In order to classify the zero-bid responses as either true zeroes or
protest responses, the questionnaire included a follow-up debriefing
question about the reasons for rejecting any improvement scenario by
choosing the status quo option on all choice cards. If the respondent's
answer was: “It is the state's/municipality's responsibility to pay for the
proposed program”, it was classified as protest vote, while all other
answers were considered as true zero votes. Alternatives and results are
presented in Table 2. By treating the protest response as a refusal to
“trade one attribute for another”, we assume that individuals who chose
this answer were actually avoiding disclosing their true willingness to
pay (Louviere, 2001; Barrio and Loureiro, 2013). For this reason, pro-
test responses were excluded from the subsequent analysis. As shown in
Table 2, 43.2% of respondents were serial non-participants, that is, they
always chose the status quo option but only half of them (107 re-
spondents, 21.6% of the total sample) are considered to be protest
voters. This percentage falls within the 20%–40% range which is de-
scribed as normal in many CV studies (e.g. Carson, 1991). For the re-
maining serial non-participants it is not possible to identify the cost
(tax) threshold that would make them to participate in the proposed

Fig. 1. Example of a choice card used in the questionnaire
survey.
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programs. However, we include them in our analysis aiming to examine
their preferences by means of the ASC variable and the associated in-
teraction terms.

On the other hand, it is worth noting that a significant percentage of
respondents (28.8%) can be considered as serial participants who
completely avoid the status quo. As with the case of serial non-parti-
cipants with true zero responses, these respondents are also included in
our analysis, following Lancsar and Louviere's (2006) caution that
“eliminating these responses from the data may actually lead to unin-
tentional removal of valid preferences”.

3.2. Individual Characteristics of Participants

The initial sample consisted of 495 respondents, reduced to 388
after correcting for protest responses. Table 3 summarizes the socio-
economic characteristics of respondents in the initial and reduced
samples, as well as the main mosquito-related characteristics. It is
worth noting that the values of most characteristics are very similar in
both samples, showing that protest responses are rather evenly dis-
tributed across the sample.

About 42% of participants are male, the average age was about
45 years old, the average number of children (below 15 years old) per
household was 0.5 and the median educational level was university
education. The average household income was approximately 17,000€/
year, while 11–12% of the participants were currently unemployed.
Regarding the overall representativeness of the sample, no major de-
viations appeared as compared to the Athens 2011 Census data, on the
variables for which the sample was stratified (mean age = 41.3 years;
male gender = 47.9%). Minor deviations also appeared for the vari-
ables of “Education”, “Income” and “Unemployment”. These deviations
have been taken into account in the assessment of the aggregate ben-
efits and specifically in their interpretation as key indicators for the
evaluation of the control programs.

Two binary variables were used to capture participants' perception
of the risk of mosquito-carried diseases (77% of the reduced sample,
78% of the full sample, viewed mosquitoes as a danger to public health)
and of the impact of mosquitoes on their quality of life (67–69% stated
that mosquitoes affected it negatively). It is worth noting that the

Table 3
Descriptive statistics for the sample: socioeconomic characteristics of respondents and responses related to the mosquito problem.

Variable name Description Full sample (n = 495) Sample corrected for protest responses
(n = 388)

AGE Age of respondents 46.0a

(13.2)
45.3
(13.5)

SEX Sex:
1 = male, 0 = female

41.8% 41.5%

EDUC Education level:
1 = primary education,
2 = lower level secondary education,
3 = upper secondary education,
4 = university education,
5 = post-graduate studies

4.4%
7.3%
39.2%
43.2%
5.5%

4.4%
7.0%
38.9%
43.3%
5.9%

INCOME Annual household income (in thousand euros) 17.0
(10.0)

16.9
(10.1)

UNEMP Employment status:
1 = unemployed, 0 = employed

11.3% 12.0%

CHILDREN Number of children below 15 years old living in the household 0.52
(0.85)

0.50
(0.85)

DANGER Mosquitoes considered to be a danger to the public health:
1 = yes, 0 = no

77.8% 77.1%

QoL Mosquitoes could negatively affect quality of life:
1 = yes, 0 = no

68.7% 66.5%

KNOW Aware of the existence of Asian tiger mosquito:
1 = yes, 0 = no

81.4% 81.2%

MONTHS Number of months of the year that individuals experience the mosquito problem 3.66
(2.31)

3.58
(2.24)

N_NUIS Nuisance level due to mosquitoes at night:
1 = no nuisance, 2 = low, 3 = average, 4 = high,
5 = intolerable

3.40
(1.05)

3.38
(1.06)

D_NUIS Nuisance level due to mosquitoes during the day:
1 = no nuisance, 2 = low, 3 = average, 4 = high, 5 = intolerable

2.06
(1.08)

2.04
(1.07)

TIME Time of nuisance:
1 = only at night, 0 = all day

53.0% 56.1%

PREV_COST Individual prevention costs (€/month) 6.74
(7.41)

6.61
(7.27)

WORK Contribution of the mosquito control program to outdoor working conditions:
1 = yes, 0 = no

25.3% 24.8%

HOME Contribution of the mosquito control program to effectively reduce indoor (home)
nuisance:
1 = yes, 0 = no

57.8% 56.5%

a Mean with standard deviation in parentheses.

Table 2
Reasons for rejecting every improvement scenario, among individuals who chose the
status quo option on all choice cards.

Individuals %a Classified as
protest votes

It is the state's/municipality's
responsibility to pay for the
proposed program

107 21.6% Yes

There are more important priorities to
pay for

54 10.9% No

Unable to pay/income restrictions 46 9.3% No
Negative impact on public health and

ecosystems
6 1.2% No

The proposal would not work 1 0.2% No
Total 214 43.2%

a % of total sample (n = 495).
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majority of respondents (81%) were aware of the presence of Asian
tiger mosquitoes in their area of residence.

In agreement with the web-based pilot study, the average duration
of the mosquito problems (mainly the nuisance) is about four months
per year, supporting our choice of using a payment vehicle only for that
period. The nuisance level was relatively higher at night, with a mean
of 3.4 on the 5-point Likert scale (nuisance level between average and
high), while daytime nuisance was considered to be low. Fig. 2 presents
the distribution of the perceived nuisance level during the day and
night, which can be taken as an indication of the relative nuisance
caused by the Asian tiger mosquito and native mosquitoes, respectively.

Another relevant indicator, the “time of nuisance” variable, shows
that more than half of the respondents experienced nuisance only
during the night. In terms of the potential contribution of the proposed
program to nuisance reduction, 25% of respondents considered the
improvement of outdoor working conditions to be an important con-
tribution, while about 58% stated that they were expecting an effective
reduction in indoor nuisance. Finally, individual prevention costs were
found to be €6.61–€6.74 per month per household. Future reduction of
these costs can be considered as one of the potential social benefits of
the preventive/control measures. Therefore, people with high current
costs are expected to have a higher probability of choosing a policy
option that is better that the status quo.

3.3. Conditional Logit Results

A total of 1552 choice sets were included in the analysis, which was
run using LIMDEP 8.0, NLOGIT 3.0 software (Greene, 2007). Three
functional forms of the utility function were specified as follows: (1) a
main effects model, (2) a model including interactions between the
observed individual characteristics and the alternative specific constant
(ASC variable), aiming to identify factors that may influence the choice
of choosing or rejecting a new mosquito control program, and (3) a
model with multiple interactions – with either ASC or the attributes of
the alternatives – in order to capture preference heterogeneity among
individuals not only across different alternatives but also across dif-
ferent attributes. It should be noted that, in all three models, the ASC
describes the choice of opting-out (option C – Status quo). Table 4
summarizes the results of maximum likelihood estimation of these
conditional logit models in the reduced sample.

In the main effects model (1st model), the conditional indirect uti-
lity function is assumed to be a linear function only of the five selected
attributes. The results in the first column of Table 4 showed that all
attributes are statistically significant at the 1% level, except for the
daytime nuisance (D_NUIS) which is statistically significant at the 5%
level. In effect, all the selected attributes contribute to influencing in-
dividuals' choices. Furthermore, all the regression coefficients have the
a priori expected signs. The negative WNVR coefficient indicates that
individuals are more likely to choose alternatives that will reduce the

potential number of patients hospitalized in intensive care units due to
WNV outbreaks. The positive TMHR coefficient shows that mosquito
control programs which reduce the risks of diseases transmitted by the
Asian tiger mosquito have a higher probability of being selected. The
positive coefficients of N_NUIS and D_NUIS indicate that people are
more likely to choose programs that lead to substantial reduction of
nuisance levels. Comparing these two coefficients, it appears that it is
more important to avoid nuisance at night than during the day. This can
be explained by Fig. 2, which shows that only part of the sample is
affected by daytime nuisance, which in turn indicates that the Asian
tiger mosquito has not yet widely spread to all neighborhoods of the
study area. The monetary attribute (COST) has, as predicted by eco-
nomic theory, a negative sign implying lower preference for a given
choice when the cost of this choice increases. Concerning the ASC
coefficient, its positive sign reveals that individuals are likely to choose
the status quo situation, mainly (as shown in Table 2) due to the fact
that “society has more important problems than mosquito control” and
due to budget constraints.

In the second model, eight interaction terms between individual
characteristics of respondents and the ASC were included (Table 4). The
only important difference from the first model is the reduced magnitude
and significance of the daytime nuisance (D_NUIS). The negative signs
of the coefficients of ASC ∗ DANGER and ASC ∗ QoL imply that moving
away from the status quo is more likely if the respondent considers
mosquitoes to be a danger to public health or a factor that has a ne-
gative impact on their quality of life. The interactions of ASC with AGE,
EDUC (education level) and UNEMP (unemployment status) reveal that
older, less educated, and currently unemployed people are more likely
to choose the status quo. On the other hand, as expected, households
with higher annual income are more likely to move away from the
status quo. Finally, the ASC ∗ WORK and ASC ∗ HOME interactions
shed some light on the activities that are currently affected by mos-
quitoes. People may receive more utility by departing from the present
situation than from keeping it, if they expect that future mosquito
control programs will improve their outdoor working conditions
(WORK) or their everyday indoor activities (HOME).

In the third model, interactions between individual characteristics
and the experimental attributes were tested. The sign and significance
of the main attributes remain the same as in the second model
(Table 4). The main difference from the previous model is that the
utility from maintaining the present situation (status quo) now depends
only on the individual characteristics of age, education and un-
employment. Furthermore, according to the interaction between the
tiger mosquito health risk attribute and the perception of threat
(TMHR ∗ DANGER), respondents who consider mosquitoes to be a
danger to public health are more likely to select a program that deals
with diseases transmitted by the Asian tiger mosquito. However, this
was not the case for the health risk associated with WNV. A possible
explanation for this finding is that the diseases such as chikungunya and

Fig. 2. Perceived nuisance level of mosquitoes in
the study area during night and day.
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dengue fever that are as yet unknown to the citizens of Athens may be
seen as more serious and therefore more in need of attention under a
risk averse rationale.

A number of characteristics were also found to interact with the
monetary (COST) attribute. Households with higher annual income, as
well as households with high individual prevention costs, are more
likely to be willing to pay a higher surcharge on their municipal taxes
for improved (public) mosquito control programs. Similarly, those who
seek better outdoor working conditions and less discomfort during their
indoor activities are more likely to pay higher taxes for the proposed
programs. A rather unexpected result was the negative sign of the

COST ∗ CHILDREN interaction. The a priori expected sign was positive,
on the grounds that households with more children may be more
willing to contribute to reducing the health risks and the nuisance from
mosquitoes to their children. A possible explanation for the negative
sign is that the size of family is related to the income per family
member. Furthermore, families with more children are very often fa-
milies of lower aggregate income. A lower relative income may actually
reduce the willingness to pay for mosquito control programs.

The overall fit of the three models was evaluated by McFadden's
pseudo R2 value and the Akaike information criterion (AIC). The
pseudo R2 was 0.137, 0.177 and 0.205 in the first, second and third
model, respectively. According to Louviere et al. (2000) and Hensher
et al. (2005), values between 0.2 and 0.4 are considered to be extremely
good fits, while values higher than 0.1 are acceptable. According to
both criteria, the conditional logit models with interaction terms seem
to provide a better fit than the main effects model. Specifically, the
third model is an improvement over the other two models, with an
explanatory power (pseudo R2 = 0.205) that can be considered to be an
extremely good fit.

3.4. WTP Estimates and Welfare Impacts of Mosquito Control Program
Scenarios

The marginal willingness to pay (MWTP) for a change in any of the
four non-monetary attributes can be calculated by estimating the
marginal rate of substitution between the tax surcharge and the cor-
responding control program attribute. In order to obtain these MWTP
values, the β-coefficients of Table 4 were used and their 95% con-
fidence intervals were generated using the Wald procedure (delta
method) in LIMDEP 8, NLOGIT 3.0 (Greene, 2007). Respondents' va-
luations of the mosquito control attributes on an annual basis were
estimated for all three CL models (Table 5).

As shown in Table 5, MWTP estimates are quite similar across the
three models with a decreasing trend from model 1 to model 3. The
estimated ΜWTP values for the average respondent, according to the
best fitting model (3rd model), indicate that:

(1) Households are willing to pay about 0.0346€ to avert a (hospita-
lized) WNV infection. This estimate, according to Table 1, corre-
sponds to annual payments (WTP) of 5.19€/household in order to
reduce the actual high risk level to an average risk level through a
more effective mosquito control program. The mean willingness to
pay for virtually eliminating the WNV infection risk was found to be
10.38€/household/year, with 95% confidence interval from 6.6 to
13.8€/household/year.

(2) The implementation of additional measures (i.e. a surveillance-
monitoring system and an emergency control plan) to reduce the
disease risks associated with the Asian tiger mosquito was also a
significant determinant of WTP. The average annual WTP for taking

Table 5
Marginal willingness to pay (MWTP) estimates (€/year) for better mosquito control
programs.

Attribute 1st model
(main effects
model)

2nd model
(ASC
interactions)

3rd model
(multiple
interactions)

West Nile virus risk −0.0390
[−0.052,
−0.026]a

−0.0380
[−0.052,
−0.024]

−0.0346
[−0.046,
−0.022]

Tiger mosquito
health risks

16.74
[12.90, 20.56]

16.04
[12.24, 19.86]

13.86
[10.52, 17.22]

Night nuisance 4.70
[3.20, 6.22]

3.94
[2.42, 5.42]

3.54
[2.20, 4.88]

Day nuisance 2.66
[0.48, 4.84]

1.38
[−0.88, 3.62]

1.20
[−0.86, 3.24]

a In brackets: 95% confidence intervals.

Table 4
Results of fitting conditional logit models to the reduced sample.

Variables 1st model
(main effects
model)

2nd model
(ASC
interactions)

3rd model
(multiple
interactions)

Attributes
Constant (ASC) 0.351⁎⁎⁎

(0.116)a
1.126⁎⁎⁎

(0.397)
0.072
(0.404)

WNVR −0.0018⁎⁎⁎

(0.0003)
−0.0017⁎⁎⁎

(0.0003)
−0.0018⁎⁎⁎

(0.0003)
TMHR 0.754⁎⁎⁎

(0.077)
0.738⁎⁎⁎

(0.078)
0.524⁎⁎⁎

(0.112)
N_NUIS 0.212⁎⁎⁎

(0.032)
0.181⁎⁎⁎

(0.033)
0.148⁎⁎⁎

(0.044)
D_NUIS 0.121⁎⁎

(0.050)
0.063
(0.053)

0.061
(0.054)

COST −0.090⁎⁎⁎

(0.008)
−0.092⁎⁎⁎

(0.008)
−0.186⁎⁎⁎

(0.014)
Interaction terms (individual

characteristics with ASC)
ASC ∗ DANGER −0.162⁎

(0.096)
ASC ∗ QoL −0.154⁎⁎

(0.078)
−0.110
(0.078)

ASC ∗ AGE 0.015⁎⁎⁎

(0.005)
0.015⁎⁎⁎

(0.005)
ASC ∗ EDUC −0.216⁎⁎⁎

(0.073)
−0.185⁎⁎

(0.073)
ASC ∗ UNEMP 0.704⁎⁎⁎

(0.183)
0.690⁎⁎⁎

(0.182)
ASC ∗ INCOME −0.022⁎⁎⁎

(0.0062)
ASC ∗ WORK −0.260⁎

(0.142)
ASC ∗ HOME −0.478⁎⁎⁎

(0.122)
Interaction terms (individual

characteristics with
attributes)

NUIS ∗ TIME 0.063
(0.054)

TMHR ∗ DANGER 0.277⁎⁎⁎

(0.106)
COST ∗ PREV_COST 0.0029⁎⁎⁎

(0.0006)
COST ∗ CHILDREN −0.011⁎⁎

(0.005)
COST ∗ INCOME 0.002⁎⁎⁎

(0.001)
COST ∗ WORK 0.046⁎⁎⁎

(0.010)
COST ∗ HOME 0.037⁎⁎⁎

(0.009)
Goodness of fit
N 1552 1552 1552
Log-Likelihood (LL) −1533.5 −1481.2 −1443.5
AIC 3079.0 2990.4 2921.1
Pseudo R2 0.137 0.177 0.205

⁎⁎⁎ Significant at 1% level.
⁎⁎ Significant at 5% level.
⁎ Significant at 10% level.
a Numbers in parentheses are standard errors.
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action against these unknown health risks is 13.86€/household,
which seems to be higher than the WTP for an average risk re-
duction concerning the WNVR attribute and almost equal to the
WTP for virtually eliminating the WNV infection risk.

(3) WTP for mosquito nuisance control differs substantially between
night and day. According to the third model, people are not willing
to pay for nuisance reduction during the daytime. In contrast, a
household is willing to pay on average 3.54€/year for a one-unit
change on the 5-point Likert scale of nighttime nuisance. These
findings indicate that given the current low abundance and biting
nuisance of invasive day-biting mosquitoes (Fig. 2), there is cur-
rently little willingness to pay to reduce nuisance from this source.

By substituting the conditional logit coefficients of Table 4 in Eq. (3)
it is possible to obtain compensating surplus estimates for a wide range
of policy scenarios. Hence, it is also possible to estimate the aggregate
annual social benefits of specific improvements in mosquito control
policies by multiplying individual households' consumer surpluses by
the number of households in the study area. The following four sce-
narios were used to explore the aggregate benefits (i.e. the total will-
ingness to pay):

• Scenario 1 (high prevention scenario effective against all mosquito
species): in this (ambitious) scenario, public mosquito control pro-
grams will achieve zero risk of WNV, zero nuisance level both day
and night, and will also take extra measures against the Asian tiger
mosquito health risks.

• Scenario 2 (high prevention scenario effective for the native mos-
quito species): mosquito control programs will deal effectively with
the WNV risk and with the night nuisance (both reduced to zero),
whereas the two attributes related to the Asian tiger mosquito
(TMHR, D_NUIS) remain at their current levels.

• Scenario 3 (medium prevention scenario effective for all mosquito
species): in this scenario, public mosquito control programs achieve
a low risk for WNV, a low nuisance level both day and night, and
also take extra measures against health risks associated with the
Asian tiger mosquito.

• Scenario 4 (medium prevention scenario effective only against the
native mosquito species): improvements impact only on the WNV
risk level (low level) and the night nuisance (low level); the two
attributes related to the Asian tiger mosquito remain at their current
levels.

The difference between Scenarios 1 and 2 evaluates the added value
of implementing effective prevention policies that target not only the
native species but also the Asian tiger mosquitoes. The difference be-
tween Scenarios 3 and 4 provides added value estimates for less ef-
fective policies that take into consideration invasive species.
Compensating surplus and aggregate annual benefits estimates from the

best fitting model (3rd model) under all scenarios are reported in
Table 6.

The results indicate that social benefits from the ambitious strategy
(SC1) could reach up to 47.3 million euros per year, while according to
a more realistic scenario (SC3) social benefits are estimated to be 32.3
million euros per year. The added value (relative contribution to the
social welfare) of taking measures not only against native but also
against the Asian tiger mosquito is substantial as the additional benefits
of implementing SC1 instead of SC2 account for 48% of the social
benefits of SC1. Likewise, the additional social benefits of implementing
SC3 instead of SC4 account for more than 65% of the aggregate benefits
of SC3. Τhis added value has been attributed mainly to the possible
health risks associated with tiger mosquito and not to the biting nui-
sance of the Asian tiger.

4. Discussion and Conclusions

This paper attempts to appraise the potential benefits of improved
mosquito control programs in the Athens Metropolitan area in Greece,
where recently established invasive mosquitoes have increased biting
nuisance and the risks of outbreaks of mosquito-borne diseases.
Generally, mosquito control programs and prevention strategies aim to
contribute towards protecting against the outbreak of epidemic dis-
eases, improving quality of life and reducing losses in economic activ-
ities. Precise estimates of the benefit arising from the implementation of
improved control programs are burdened with uncertainties and lim-
ited knowledge, which result in a very low number of case studies. The
economic valuation was based on a stated preference technique that
offers the respondent easily understood and operationally defined
choices of future control programs, varying in attributes related to
health impacts, nuisance levels and private (household) costs. Our
study adds to recent choice experiment studies applied to mosquito
control conducted in the USA in order to assess WTP for both West Nile
Virus vector and nuisance mosquito control (Dickinson and Paskewitz,
2012; Brown et al., 2015).

Our findings show a higher preference for health protection than for
nuisance reduction. This differs from the results of the Dickinson and
Paskewitz (2012) study, in which nuisance impacts were higher than
the health ones. It should be noted that Dickinson and Paskewitz (2012)
study used a different framing of the nuisance reduction; instead of
using a “nuisance scale” attribute, they presented a choice of mosquito
control programs that could target mosquito nuisance (this verbal ex-
pression may be considered as a nuisance safety oriented attribute).
Therefore, some of the observed differences in the WTP estimates might
be explained by the actual relative importance of nuisance and health
risk in each study area and/or by differences in survey design.

A possible limitation of our study is the limited experience of the
Athens population of (actual) health risks induced by invasive mos-
quitoes. To confront it we have used a verbal description based on the
action taken to prevent transmission of chikungunya and dengue in the
future. Consequently, we were only able to estimate the perceived
(subjective) risk reduction provided by improved mosquito control
programs (i.e. new management plans). Our study revealed that citizens
are willing to pay considerable amounts of money for protection against
the spread of diseases unknown to the participants, implying a risk-
averting behavior against invasive mosquito species.

Concerning WTP for reducing the WNV risk, our results are con-
sistent with the study of Dickinson and Paskewitz (2012), who also
found that the WTP for control of disease-carrying mosquitoes increases
as the health risk increases. From this perspective, as climate change
trends seem to worsen the problem by increasing the risk of transmis-
sion of new diseases (e.g. Zika virus), more efficient mosquito control
strategies in the coming years are likely to provide increasing benefits
(Attaway et al., 2016).

Concerning the mosquito nuisance control, it was found that there
are significant differences between WTP estimates for nighttime

Table 6
Compensating surplus (CS) estimates (€/household/year) and aggregate social benefits
(€/year) arising from different policy scenarios (SC1–SC4).

Scenario Estimates

CS estimate SC1 31.3
CS estimate SC2 16.14 [51.61%]a

Aggregate social benefits SC1 47,315,000
Aggregate social benefits SC2 24,418,000
Added value from implementing SC1 22,898,000
CS estimate SC3 21.34
CS estimate SC4 7.40 [34.64%]a

Aggregate social benefits SC3 32,280,000
Aggregate social benefits SC4 11,183,000
Added value from implementing SC3 21,097,000

a Numbers in brackets are percentages as compared to the best policy scenario (SC1 or
SC3).
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nuisance (attributed to native mosquitoes) and daytime nuisance (at-
tributed to the Asian tiger mosquito). The latter WTP was found to be
insignificant, indicating that the presence of invasive species has not
significantly altered the willingness to pay for nuisance reduction so far
in the study area, possibly due to the currently relatively low biting
nuisance. The fact that there is much variation in the perceived nui-
sance levels (Fig. 2) provides a framework for further research on ex-
amining the spatial correlations between nuisance levels and WTP es-
timates for nuisance reduction. Important considerations regarding the
nuisance impact can be found in a case study by von Hirsch and Becker
(2009) using a contingent valuation approach.

Even though it is very difficult to provide precise estimates of the
total costs and the aggregate social benefits of mosquito control pro-
grams, our study suggests that the benefits of mosquito control, in terms
of reduced nuisance and reduced health risks, are likely to exceed the
associated implementation costs. The average annual public mosquito
control costs in the Athens Metropolitan area amount to approximately
800,000€/year (http://diavgeia.gov.gr), at an average annual cost of
0.56€/household. On the other hand, our results suggest that the ag-
gregate benefits from improved control programs could reach 11.2
million € per year under the most conservative scenario, representing
an aggregate benefit of 7.4€/household/year. These figures provide an
evaluation of additional mosquito control programs. Specifically, the
benefit-cost ratio will be greater than one (and thus the programs will
be economically justified) for programs that achieve at least the target
levels of Scenario 4 as long as the extra implementation cost is no more
than 13 times the current mosquito control costs. This cost may increase
up to 56 times the current cost if a high prevention scenario effective
for all mosquito species (SC1) is implemented.

On the other hand, the expected added value of taking measures not
only against native mosquitoes but also against the Asian tiger mos-
quito was found to be substantial in both medium and high prevention
scenarios, representing a benefit of about 15€/household/year. As al-
ready noted, this benefit can be mainly attributed to the high health risk
induced by the introduction of new invasive species in the study area. It
is also worth remarking that the consumer surplus estimates for sce-
narios 1 and 2 (high prevention scenarios) are comparable to the ex-
isting individual prevention costs of the participants (26.5€/year).
Therefore, on average, participants' stated preferences appear con-
sistent with their revealed behavior with regard to prevention, pro-
viding support for the external validity of our choice experiment.

With regard to the validity and generalizability of our estimates it
could be also argued that the survey respondents may differ system-
atically from the general population according to characteristics that
were not used in our sample stratification (e.g. income, education), or
according to some unobservable characteristics that may influence the
decision to participate (e.g. interest/concern with mosquito-borne dis-
ease). For this reason we have also assessed an extreme “under-
estimated” case, assuming that 65% of the non-respondents place a zero
value on both health risk and nuisance reduction, in order to place a
lower bound on the total WTP. In the most conservative scenario (SC4),
the average WTP would be at least 2.59€/year/household, while the
total aggregate benefits from the improved control program would be at
least 4.16 million €. Based on these findings, the benefit-cost ratio will
be greater than one for programs that achieve the SC4 targets at a cost
of no more than 5.2 times the current mosquito control costs.

Similar results favoring mosquito control policies were found in all
previous valuation studies. For example, John et al. (1987), using a
contingent valuation method (CVM), found that the total benefits from
mosquito control programs are twice the associated costs. Farmer et al.
(1989), also employing a CVM, found that benefits were 3.4 times
higher than costs. Von Hirsch and Becker (2009) recently estimated a
mean WTP 3.8 times higher than the associated costs. In the present
study, our findings cannot provide a precise benefit-cost ratio. How-
ever, they can be used in order to inform future benefit-cost studies that
will examine specific and detailed mosquito control programs, which

will be fully costed. Citizens' preferences as recorded in the current
study comprise an essential component of such an evaluation.

Our study contributes to the evaluation of public policies aimed at
the provision of public goods, in this case, mosquito control programs.
The strict budgetary constraints impose the need for an economic jus-
tification of the corresponding public expenditure. The science of eco-
nomics attempts an answer by employing techniques and methods, such
as stated preference methods, which are still under debate in the lit-
erature (Bithas, 2011, Gsottbauer et al., 2015, Kallis et al., 2015). Even
though the results from these methods could be perceived as indicating
trends, rankings and hierarchies, they provide valuable indicators for
the evaluation of future public actions.
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