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Abstract

Bird deaths due to collisions with artificial structures, such as glass windows of buildings and transparent noise barriers,
are continuing to occur in South Korea. The government is trying to prevent bird collisions by increasing the attachment of
specially designed tapes to help birds avoid windows. This article estimates the economic benefits arising from the preven-
tion of collisions by applying a choice experiment (CE). For this purpose, a CE survey of 1000 South Korean interviewees
was conducted. The four attributes to be attached with the tapes for the CE application were a transparent soundproof wall
window on an expressway, a transparent soundproof wall window on a general road, a glass window in a public building, and
a glass window in a private building. The unit was the percentage of each structure with the tapes attached to the window.
The marginal values of a one-unit (1%p) increase in each attribute were computed to be KRW 534 (USD 0.46), KRW 233
(USD 0.20), KRW 1,318 (USD 1.13), and KRW 12,930 (USD 11.05), respectively. This quantitative information will be an
important reference for implementing the prevention policy. For example, based on the collision prevention of 1000 birds
per structure, the priority for attaching tapes can be placed in the order of expressways, public buildings, private buildings,

and general roads.

Keywords Bird collision - Transparent window - Economic benefit - Choice experiment

Introduction

Various human-made structures have a serious negative
impact on birds’ survival. For example, artificial struc-
tures interfere with the smooth movement of birds, exhaust
birds, or cause injuries or deaths of birds through collisions
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(Drewitt and Langston 2008) . Artificial structures that cause
bird collisions include dynamic ones, such as automobiles
and airplanes, and static ones, such as buildings, power lines,
wind turbines, and communication towers. Among them,
in particular, bird collisions with transparent or reflective
structures such as windows in buildings occur frequently,
and these can be fatal to birds (e.g., Klem 1990, 2008; Loss
et al. 2015; Riding et al. 2021).

For example, in Canada and the USA, it has been esti-
mated that 16.1~42.2 and 365.0 ~955.0 million birds,
respectively, die annually due to collisions with building
windows (Machtans et al. 2013; Loss et al. 2014a, b; Loss
et al. 2015). According to Loss et al.’s (2015) study, the
most important reason for bird deaths in North America is
cat attacks, followed by collisions with building windows. A
citizen memory recall survey conducted in Argentina found
that an annual average of 3.7 +10.2 birds per building col-
lide with a building window, of which 0.47 & 1.22 birds, or
12.7%, die (Rebolo-Ifran et al. 2019). Despite the fact that
a considerable number of birds die due to collisions, stud-
ies that have estimated the damage status of bird collisions
at the national level are rare. Recently, there have been two
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citizen science studies related to bird collisions (Rebolo-
Ifran et al. 2019; Uribe-Morfin et al. 2021).

Some studies have analyzed the causes and status of
bird deaths in South Korea. Bing et al. (2012) reported
that the biggest cause of bird deaths is collision with
artificial structures in Hongdo, Jeollanam-do, South
Korea, a middle stopover for migrating birds in East
Asia. More specifically, the main cause of bird deaths
(34.8%) is collisions with artificial structures, followed
by cat attacks with 21.9%. The Korea National Institute
of Ecology (2018) investigated the damage to birds that
collided with artificial structures and estimated that a
total of 7.88 million birds die every year due to colli-
sions, 7.65 million and 0.23 million birds colliding with
building windows and transparent noise barriers, respec-
tively. Every year, 1.07 birds per building and 164 birds
per kilometer of transparent noise barriers located along
the road die. These birds include protected species, such
as endangered species and natural monuments.

Citizens are voluntarily monitoring bird collisions
caused by building windows or transparent noise barriers.
For example, according to Naturing, an online platform
for observing the nature of South Korea, 2723 citizens
were participating in investigating wild bird collisions
with windows as of November 2021 (Naturing, 2022).
Five out of a total of 17 metropolitan governments and 14
out of a total of 228 local governments have also enacted
and promulgated ordinances to prevent and reduce wild
bird collisions. The US House of Representatives passed
H.R 2, which includes H.R. 919-Bird Safe Buildings Act
in July 2020. The Bird-Safe Buildings Act will soon be in
the Senate (American Bird Conservancy, 2020).

In particular, the Korea Ministry of Environment is
implementing three measures to prevent bird collisions.
First, by producing and distributing guidelines for reduc-
ing bird collisions, the adoption of measures to reduce
bird collisions is encouraged when designing buildings
and noise barriers. Second, the notification of the per-
formance and installation standards of soundproofing
facilities has been revised to reflect measures to prevent
bird collisions when installing transparent noise barri-
ers. Third, it is promoting a pilot project to attach bird
collision prevention tapes to glass windows of buildings
and transparent noise barriers that have already been
installed. In addition, a plan to introduce measures to
reduce bird collisions to the evaluation item list during
environmental impact assessment is being considered.

Among these, the most important measure is to pre-
vent bird collisions by targeting existing building win-
dows and transparent noise barriers. According to the
National Institute of Ecology, South Korea has a total
of 7,126,526 buildings with the potential for bird col-
lisions and 1421 km of transparent noise barriers. The
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Korea Ministry of Environment supports a pilot project
to attach adhesive tapes for preventing bird collisions to a
total of 10 buildings and transparent noise barriers annu-
ally, with a budget of only KRW 150 million. However,
significant additional costs are required to reduce bird
collisions drastically. Since this cost will be covered by
taxes, it is necessary to investigate whether it is socially
desirable to inject a budget for implementing a project
preventing bird collisions. First of all, it is necessary to
estimate the economic benefits arising from the imple-
mentation of the project.

This study aimed to evaluate the economic benefits
quantitatively. For this purpose, the choice experiment
(CE) method was employed, and CE data were collected
through a person-to-person survey of 1000 interview-
ees nationwide. To the best of the authors’ knowledge,
this article is the first to deal with the economic benefits
of preventing bird collisions in the literature except an
unpublished master’s thesis which deals with these issues.
In addition, the main results of this study, which will be
described later, were statistically significant. Therefore,
this paper can make a significant contribution to the rele-
vant literature dealing with bird collisions. The subsequent
contents of the paper are composed as follows. Section 2
presents the materials and methods. Section 3 covers the
main results and discussions. The conclusions are pre-
sented in the last section.

Materials and methods
Method: choice experiment

To estimate economic benefits, the estimation method
must be determined first. In this regard, a CE was adopted
in this study. A CE is one of several techniques that can
be used to estimate the economic benefits of consuming
a non-market good, such as an environmental protection
policy. The method of collecting data on preferences by
observing people’s behavior is called the revealed pref-
erence technique, and the method of collecting data by
asking people about their preferences is called the stated
preference (SP) technique (Johnston et al. 2017). Con-
cerning the bird collision prevention policy, which is the
subject of the evaluation in this study, it is difficult to
observe the behavior of the people involved. Therefore, it
is hard to estimate the economic benefits of implementing
the policy by applying the revealed preference technique.
Instead, the SP technique should be applied.

The SP technique largely consists of CE and contingent
valuation (CV). Usually, CV asks about consumers’ pref-
erences directly, while a CE asks about them indirectly
(Ahmed et al. 2015; Jin et al. 2017; Huh and Shin 2018;
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Khan et al. 2019). In addition, CV and CE are adopted
for goods with a single attribute and multiple attributes,
respectively (Lim et al. 2018; Lee et al. 2020; Kim et al.
2021). Therefore, CV estimates the average willingness
to pay (WTP) by analyzing data obtained by asking con-
sumers about their WTP for the consumption of a spe-
cific single attribute of a good. On the other hand, a CE
estimates the utility function from the data obtained by
allowing consumers to select their most preferred alterna-
tive among several alternatives related to a multi-attribute
good composed of various levels of several attributes and
then derives the marginal WTP by attribute (Aanesen
et al. 2015; Hanley and Czajkowski 2019). There is no
absolute superiority and inferiority between the CV and
the CE approach, and one is selected from the perspective
of the researcher’s preference and the suitability for the
good to be evaluated (Bersisa et al. 2021).

This research chose to apply the CE method by com-
prehensively considering the following three points.
First, the bird collision prevention policy consisted of
several attributes rather than one attribute. There are var-
ious targets to which tapes for preventing bird collisions
are attached, and the economic benefits need to be esti-
mated for each target. If these targets can be defined as
attributes, the bird collision prevention policy becomes
a multi-attribute good. Consequently, for the purpose of
obtaining economic benefits for each target, a CE, which
is applicable to multi-attribute goods, must be applied.
As will be described below in more detail, a good with
four attributes was adopted in this study.

Second, a CE may avoid or reduce the part-whole bias
that CV may cause. An example is a situation in which
the WTP for the consumption of two goods is estimated.
The values obtained by assuming the simultaneous con-
sumption of two goods in one CV survey and the sum
of the values obtained in two CV surveys for each good
should be the same according to the theory. However, in
actual CV application studies, there may be a difference
between the two, which is called part-whole bias (e.g.,
Mitchell and Carson 1989; Boyle et al. 1994). Part-whole
bias can also occur in CE, but the likelihood of such an
occurrence is greatly reduced (Hanley et al. 1998).

Third, compared with CV, a CE is unlikely to encoun-
ter the problem of response bias (Adamowicz 1995).
Response bias means that interviewees respond posi-
tively or negatively to WTP questions regardless of
their true WTP under the influence of the interviewer.
A CV survey asks respondents whether they are willing
to pay the proposed amount, while a CE survey allows
respondents to choose the best among several alterna-
tives that include price attributes. Therefore, in the for-
mer, the interviewer may influence the interviewee’s
response regardless of the intention, but, in the latter, the

probability of the interviewer’s influence is significantly
lower (Hanley et al. 1998).

CE is essentially based on two economic theories.
The first one is Lancaster’s (1966) multi-attribute utility
theory. The theory assumes that a good or service con-
sists of a group of attributes and that the utility gener-
ated by consuming it is the sum of the values of all the
attributes. When an object to be valued is internalized
as an attribute of a specific multi-attribute good, it is
impossible to consume only that attribute, but, follow-
ing this assumption, the marginal value of consuming
the attribute alone can be evaluated. The second one is
McFadden’s (1974) random utility maximization (RUM)
theory. This assumes that consumers choose the alterna-
tive that maximizes their utility when faced with several
alternatives. Moreover, it is assumed that the utility con-
sists of two parts: an observable and an unobservable
part (Alcon et al. 2020).

Determination of attributes

The first task in applying a CE is to determine the attrib-
utes (Kwak et al. 2010; Kim and Yoo 2020; Kim et al.
2021), which means defining each attribute and setting its
levels. The authors made an initial version of the attribute
list while examining the literature related to bird colli-
sions. In the initial version, the transparent noise barri-
ers and glass windows of the building were considered as
key attributes, and conflicting birds were classified into
endangered species and other birds. The list of attributes
was refined by obtaining advice from experts in bird colli-
sions. In addition, through discussions with policymakers
of the Korea Ministry of Environment, meaningful attrib-
utes were identified in relation to the implementation of
the policy to prevent bird collisions. Through these pro-
cesses, the type of artificial structure to which tapes are
to be attached to prevent bird collisions was identified and
specified. However, it was judged that the endangered spe-
cies did not produce significant results due to the lack of
population. By considering the main contents of the pol-
icy, the unit of attributes could be determined as the ratio
of the artificial structure to which the tapes were attached
to the total amount of the artificial structure. Specifically,
according to the Korea Ministry of Environment (2021),
there are a total of 7,243,472 buildings in South Korea
where bird collisions occur as of 2019, and the extension
of transparent noise barriers was 1421.94 km as of 2018.
In addition, the number of bird deaths caused by bird col-
lisions averaged 1.07 per year per building and 164 per
year per km of transparent noise barriers.

Table 1 contains information on the finally confirmed
attributes. Apart from the price attribute, the adopted attrib-
utes for the CE application were the glass windows of the
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Table 1 Attributes selected in this research

Attributes  Descriptions

Levels

Expressway The percentage of transparent noise barriers on expressways with bird collision preven-

tion tapes

Road The percentage of transparent noise barriers on general roads with bird collision preven-
tion tapes

Public The percentage of public buildings with glass windows with bird collision prevention
tapes

Private The percentage of private buildings with glass windows with bird collision prevention
tapes

Price Additional increase in yearly household income tax for 5 years

Level 1: 0%*

Level 2: 3% (protecting 1052 birds)
Level 3: 5% (protecting 1753 birds)
Level 4: 7% (protecting 2454 birds)

Level 1: 0%*

Level 2: 1% (protecting 1977 birds)
Level 3: 2% (protecting 3954 birds)
Level 4: 4% (protecting 7908 birds)

Level 1: 0%*

Level 2: 1% (protecting 2034 birds)
Level 3: 2.5% (protecting 5084 birds)
Level 4: 5% (protecting 10,169 birds)

Level 1: 0%*

Level 2: 0.1% (protecting 7422 birds)
Level 3: 0.2% (protecting 14,844 birds)
Level 4: 0.3% (protecting 22,266 birds)

Level 1: KRW 0*
Level 2: KRW 1000
Level 3: KRW 2000
Level 4: KRW 5000
Level 5: KRW 10,000

#The business-as-usual or current status of each attribute. USD 1.0 was approximately equal to KRW 1170 at the time of the survey

four types of structures which the tapes would be attached:
a transparent soundproof wall window on an expressway, a
transparent soundproof wall window on a general road, a
glass window in a public building, and a glass window in a
private building. The attributes have three main characteris-
tics. First, building windows and transparent noise barriers
were considered because most bird collisions are caused by
these two structures. For this reason, the Korea Ministry
of Environment is currently carrying out a pilot project to
attach bird collision prevention tapes to these structures, and
expanding this project is the core of the policy to prevent
bird collision.

Second, the types of building ownership were divided
into the public and private sectors. The reason for this
is that in public buildings, the tape attachment and man-
agement are relatively easy, while in private buildings,
they are relatively difficult because the owner’s consent is
required. The Korea Ministry of Environment estimates
that only 3% of all buildings are publicly owned and the
rest are privately owned. Third, transparent noise barri-
ers were divided into those on expressways and those on
general roads. The tape attachment and management are
easier for the former than for the latter. This is because
in the case of South Korea, there are far more owners
and managers of general roads than highways. According
to the Korea National Institute of Ecology (2018), as of
2017, the transparent noise barriers installed on highways
and general roads were about 15% and 85%, respectively.

@ Springer

Designing the choice set

Combining the levels of each attribute presented in Table 1
while excluding the level of O from the price attribute
yielded a total of 1024 (=4 x 4 X 4 X 4 X 4) alternatives. It
would be impossible for the respondents to evaluate all these
alternatives. Even if the respondents were forced to make
1024 value judgments, they would be likely to make inac-
curate judgments because there are too many alternatives.
In this case, the number of alternatives that respondents
should evaluate needed to be reduced through the orthogo-
nal design method. This reduction is a conventional process
that is almost always adopted in applied CE studies (Mariel
et al. 2021).

Applying the main effect orthogonal design produced
a total of 16 alternatives. Of these, two were randomly
extracted eight times without replacement, resulting in
a total of eight choice sets. A business-as-usual (BAU)
alternative means that the current state was added to each
choice, which consisted of a total of three alternatives.
The choice sets were randomly distributed into two bun-
dles. In other words, each bundle contained four choice
sets. All the interviewees were then randomly divided
into two groups. The first bundle and the second bundle
were presented to the first group and the second group
in the questionnaire, respectively. In the CE survey, the
interviewees facing each choice set chose their most
preferred alternative. Therefore, all the interviewees
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E 3% 7% 0%
Xpressways (Protecting 1,052 birds) (Protecting 2,454 birds)
4% 4% 0
General roads (Protecting 7,908 birds) (Protecting 7,908 birds) 0%
. R 2.5% 5% 0
Public bmldmgs (Protecting 5,084 birds) (Protecting 10,169 birds) 0%
; oo 0.2% 0.1% 0
Private bIllldlllgS (Protecting 14,844 birds) (Protecting 7,422 birds) 0%
Price KRW 1000 KRW 10000 KRW 0
Please check the most
preferred one with V among O O O

Alternatives A, B, and C.

Fig. 1 A sample choice set used in this research

performed a total of four choice tasks. Figures 1 and 2
illustrate a choice set.

Implementation of the CE survey

To obtain data objectively and neutrally, a professional
survey agency (Research Prime), which is located in
Seoul, conducted the CE survey. Prior to conducting
the survey, the initial version of the questionnaire was
sufficiently modified by a supervisor belonging to the
agency. For example, the sentences presented in the
questionnaire and explanatory materials were modified
to easier expressions and sufficient photographic mate-
rials were added. In addition, specific expected effects
for each attribute were additionally described in the CE
choice card presented to respondents. The subsequent
survey was implemented in two stages: a preliminary
survey and a main survey. Through a preliminary survey
of about 30 people, the clarity and understanding of the
draft questionnaire were intensively checked. In addi-
tion, open-ended questions about WTP were asked to
determine the levels of the price attribute. The final ver-
sion of the questionnaire was confirmed, with the level
of the price attributes reflecting the main results of the
preliminary survey.

The survey was conducted during June 2021. Data on
1000 households nationwide was obtained. Interviewees

were selected by the survey agency by applying the
method of extraction in proportion to the population by
gender, age, and region. At this time, the 2015 census
data, the most recent data collected by the National Sta-
tistical Office, were used. The unit of the survey was
the household, and the interviewees were extracted as
the household head or spouse of the head aged 20 to 65.
In the CE survey, they were asked to make value judg-
ments on behalf of their household rather than expressing
their personal views. Therefore, the information on the
economic benefits discussed later was derived from the
perspective of individual households.

The survey method was face-to-face individual inter-
views in which interviewers belonging to the agency
visited the interviewees’ house and implemented the
questionnaire. Compared with telephone and Internet
interviews, individual interviews may have the disadvan-
tage of high costs. However, the authors judged individ-
ual interviews to be an appropriate method to induce CE
value judgment responses effectively while helping the
respondents to understand the good to be valued. Since
the survey took place during the COVID-19 pandemic,
the survey was conducted with both interviewers and
interviewees making every effort to prevent infection.
In the process of conducting the survey, visual aids such
as pictures, photos, and diagrams were also presented as
shown in the “Appendix” section.
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Fig.2 A sample choice set used
in this research
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RUM theory

RUM theory was developed by McFadden (1974) and is
largely composed of two parts. First, the core of RUM theory
is that the utility arising from the consumption of the chosen
alternative is greater than or equal to the utility arising from
the consumption of any other alternative when a consumer
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selects one among several alternatives. As such, RUM theory
is quite intuitive. By generalizing this decision-making pro-
cess, the situation in which interviewee p chooses alternative
g among K alternatives can be expressed as follows:

U, 2 Uy forallk #qgk=1,--,K) 1)

pg =
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where U, is the utility that interviewee p enjoys from con-
suming alternative g, and U, is the utility that interviewee
p enjoys from consuming any other alternative k.

In this way, individuals are often placed in a multino-
mial choice situation in which they choose one of several
alternatives. For example, an individual must choose one of
the available transportation modes, such as bus, taxi, sub-
way, or walking, when traveling to a destination. As another
example, people have to choose one of the various foods for
lunch every day. RUM theory is quite useful in modeling
these decisions.

The second part of RUM theory involves a consumer’s
utility generated from consuming a good or service, which
consists of observable and unobservable components. The
former and the latter are also referred to as the deterministic
and the stochastic component, respectively. Thus, the utility
arising from interviewee p consuming alternative g can be
expressed as follows:

Upg = Vg + Hpq 2)

where V,,, is an observable or deterministic component and
is a function of the attributes of alternative g chosen by inter-
viewee p and their characteristics, and g is an unobservable
or stochastic component.

Assuming that V,, is a linear function of attributes, fol-
lowing conventional practice in the literature, U, can be
rewritten as follows:

qu = (XlAql + aquz + 053Aq3 + 0(4Aq4 + a’5Aq5 + Mpf[ (3)

where alternative g is composed of five attributes: express-
way, road, public, private, and price, as presented in Table 1,
and ay, a,, a3, a,, and a5 are the parameters corresponding
to the level of the five attributes, A, A,, A3, A4, and As,
respectively.

Applying Roy’s identity from microeconomics to Eq. (3)
and omitting subscript g for simplicity, the marginal WTP
for each attribute can be derived as follows:

0As Q;

MWTP:——:——f '=1,...’4
! 04, as o @

Estimation of the utility function

McFadden (1974) proposed a multinomial logit model
(MNL) that can be used to estimate Eq. (3). In the MNL
model, the stochastic component, Hpgs is assumed to follow
independent and identical type I extreme value distribution.
The MNL model is widely applied in the literature because
Eq. (3) can easily be estimated by applying the maximum
likelihood estimation method if this assumption is met. How-
ever, the MNL model makes two restrictive assumptions.

First, as indicated by Hausman and McFadden (1984), inde-
pendence of irrelevant alternatives (ITA) is assumed. This
assumption is often violated and not satisfied. Therefore, it
may be desirable to apply a model that does not adopt the
IIA assumption.

Second, preference homogeneity is assumed. In other
words, the parameters of the utility function are assumed
to be the same for each respondent (Hess et al., 2005;
Hynes et al. 2008, 2021). If the preference homogeneity
assumption is satisfied, the parameters of the utility func-
tion are fixed values, and thus, there is no need to define
the distribution of each parameter. However, this assump-
tion can be too restrictive. If preference heterogeneity is
allowed, the parameter of the utility function becomes a
random variable. That is, the coefficients for the attribute
presented in Eq. (3) become random coefficients.

Therefore, it is necessary to consider a model that allows
preference heterogeneity or random coefficients without
making ITA assumptions. The mixed logit (MXL) model
suggested by Train (2009) is one of the representative mod-
els that meet this requirement. The respondents’ preference
heterogeneity is explicitly reflected in the MXL model,
which considers the coefficient for each attribute as a ran-
dom variable (Hensher and Greene, 2003). In this regard,
this study estimates the utility function by applying the
MXL model. The probability of an interviewee choosing
alternative g is modeled as follows:

exp(V,)
Pr(q) = / T o) @9 )

—1€xp(V))

where f(a|6) is a possibility density function (pdf), 6 being a
vector of parameters corresponding to a vector of variables,
a. Normal pdf is most commonly used, and other types of
pdf, such as log normal pdf, are sometimes used (Revelt and
Train 1998).

Results and discussion
Data and utility function estimated in this study

As explained above, five attributes, as presented in
Table 1, were used. Expressway, road, public, private, and
price indicate the percentage of transparent noise barriers
with bird collision prevention tapes on expressways, the
percentage of transparent noise barriers with bird colli-
sion prevention tapes on general roads, the percentage of
public buildings with glass windows with bird collision
prevention tapes, the percentage of private buildings with
glass windows with bird collision prevention tapes, and
the additional increase in yearly income tax per house-
hold, respectively.
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The utility function shown in Eq. (3) has the disadvan-
tage of not reflecting respondent heterogeneity. Therefore,
in this study, to reflect respondent heterogeneity explicitly
in the utility function, an alternative-specific constant (ASC)
was added. The ASC has a value of 1 and a value of O when
the BAU alternative is selected and when it is not selected,
respectively. Adding the ASC, «,, to Eq. (3) produces the
following equation:

Uy=a,+aA, +0A, + a3A 5+ @A + asAys + py,
(6)

To reflect respondent heterogeneity further, several
covariates associated with respondents’ socioeconomic
characteristics can additionally be considered (Yoo et al.
2008). Five covariates were considered in this study:
gender, age, education, income, and knowledge: defini-
tions and explanations of these covariates are reported in
Table 2. The gender variable has a value of 0 when the
interviewee is male and 1 when the interviewee is female.
The proportion of women and men was exactly the same.
The age, education, and income variables refer to the
interviewee’s age, with an average value of 48.1 years,
the education level of the interviewee in years, and the
average monthly income of the interviewee’s household,
with a sample average of KRW 5.22 million (USD 4.46
thousand), respectively. The knowledge variable refers
to whether the interviewee had heard of bird collisions
with artificial structures before the survey, with 71% of
all interviewees responding “yes.”

A total of four observations were obtained per inter-
viewee because each interviewee made a total of four
value judgments. In the four observations for the same
interviewee, the values of the covariates were the same,
resulting in a problem of identification. That is, the coef-
ficients of the covariates were not estimated. A common
way to solve this problem is to add the cross-product term
of the covariate and the ASC to the utility function. This
approach was also applied in this study. Thus, Eq. (6) is
a utility function without covariates, and the following
equation is a utility function including covariates:

Upg =, + 1Ay + ;A + a3 3

+ Ay + asAys + apay ¢ Gender, D

+ apa, e Age, + ay3a, o Education,,

+ apay, « Income, + a5, » Knowledge, + pp,

Results

The second and third columns of Table 3 contain the esti-
mation results of Eqgs. (6) and (7), respectively. The total
number of observations is 4000 (=4 x 1000). In Table 3,
information on the distribution function of each coefficient
used in this study is also presented. The types of distribution
functions were determined through the following process.
First, when estimating the model without covariates, it was
assumed that all the coefficients follow a normal distribu-
tion. However, this was not reasonable because the coef-
ficient for the public variable was estimated to be negative.
In addition, the coefficients for the private variable were not
statistically significant.

Thus, the distribution of coefficients for these two variables
was changed from a normal distribution to a log-normal distri-
bution. This produced reasonable signs and statistical signifi-
cance at the 1% level for all the estimated coefficients in the
model without covariates. The coefficients for all four attrib-
utes, excluding the price attribute, have positive signs, which
is reasonable because it means that people’s utility increases as
the number of artificial structures with bird collision prevention
tapes increases. In addition, the estimated coefficient for the
price attribute is negative, which is also reasonable because it
implies that people’s utility decreases as income tax increases.

Second, in the model with covariates, it was assumed that all
of the estimated coefficients for the five added terms follow a
normal distribution while maintaining the same distribution func-
tion of the five attribute variables and the estimation coefficient
for the ASC term in the model without covariates. Looking at
the estimation results, not only are all the estimated coefficients
statistically meaningful at the 1% level but also the sign itself is
reasonable. The coefficients of both the ASC-gender term and
the ASC-age term were estimated to be positive. This means that

Table 2 Variables adopted in

. Variables Definitions Mean Standard deviation
this research
Gender The interviewee’s gender (0 =male; 1 =female) 0.50 0.50
Age The interviewee’s age 48.14 9.64
Education The interviewee’s education level in years 14.36 2.12
Income The interviewee’s household’s monthly income 5.22 209.69
before tax deduction (unit: million Korean won)
Knowledge Dummy for the interviewee’s recognizing the bird 0.71 0.45

collisions before the survey (0=no; 1 =yes)

@ Springer



Environmental Science and Pollution Research (2023) 30:2945-2957

2953

Table 3 Estimation results of the models

Variables? Model without covariates Model with covariates
Assumed distribution Mean of the Variance of Assumed distribution Mean of the Variance of

coefficient the coefficient coefficient the coefficient

estimate estimate estimate estimate
ASC Normal —26.1290%* 3165.26%* Normal 12.1300%* 2308.85%*
Expressway Normal 0.9480%* 09.53%* Normal 2.2260%* 82.36%*
Road Normal 0.4140%* 10.60%* Normal 0.7760 59.07%%*
Public Log-normal 2.3410%* 759.45%* Log-normal 3.9450%* 2022.74%%*
Private Log-normal 22.9580%* 19,340.55** Log-normal 63.7870%* 307,411.99%*
Price Normal —17.7560%* 508.16%* Normal —49.3720%* 4680.91%*
ASCegender Normal 16.0310* 7894.15%%*
ASCeage Normal 3.3220% 661.66%*
ASCeeducation Normal —14.3380* 11,207.20%*
ASCeincome Normal —34.0880* 72,814.62%*
ASCeknowledge Normal 3.2240 2433.66%*
Log-likelihood —3021.38 —2929.45

Number of observations 4000

2The variables are defined in Tables 1 and 2

YASC refers to an alternative-specific constant that represents a dummy for the interviewee’s choosing business-as-usual alternative. * and **

indicate statistical significance at the 5% and 1% levels, respectively

Table 4 Yearly household marginal willingness to pay (MWTP) esti-
mates for each attribute from the model without covariates

Attributes® MWTP estimates

Expressway KRW 534 (USD 0.46) per %p
Road KRW 233 (USD 0.20) per %p
Public KRW 1318 (USD 1.13) per %p
Private KRW 12,930 (USD 11.05) per %p

aThe attributes are explained in Table 1. At the time of the survey,
USD 1.0 was approximately equal to 1170 Korean won

a female or older interviewee choosing the BAU alternative has
greater utility than a male or younger interviewee. On the other
hand, the coefficients of the ASC-education and ASC-income
terms were estimated to be negative. In other words, for those
who chose the BAU alternative, the higher the education level or
the higher the income level, the lower the utility.

By combining the results presented in Table 3 with Eq. (4),
the MWTP for a unit improvement in each attribute could
be estimated. It was important in making this estimation to
determine which one of the estimation results of Eqs. (6) and
(7) to use. In the case of the model with covariates, the estima-
tion result varies depending on how the set of covariates was
selected; thus, the MWTP value for each attribute also varies.
Therefore, this study used the estimation results of Eq. (6),
free from the influence of the covariates, and estimated the
MWTP for each attribute. Table 4 summarizes the MWTP
estimation results for each attribute.

The MWTP for transparent noise barriers on express-
ways, which means the WTP for an increase (1%p) in the
percentage of transparent noise barriers with bird collision
prevention tapes on expressways, was computed to be KRW
534 (USD 0.46) per household per annum. The MWTP
for transparent noise barriers on general roads was KRW
233 (USD 0.20). The MWTP for glass windows of public
buildings was KRW 1318 (USD 1.13), and the MWTP for
glass windows of private buildings was KRW 12,930 (USD
11.05). These MWTP estimation results are listed in order
of size: glass windows in private buildings, glass windows in
public buildings, transparent noise barriers on expressways,
and transparent noise barriers on general roads.

Discussion of the results

In this section, the results are discussed in two ways. First, some
implications derived from the results reported in Table 4 are
considered. If the government’s financial resources are infinite,
all projects that generate benefits can be implemented. However,
since the government always faces budget constraints, it has to
prioritize various projects. As can be seen from the information
on the attributes presented in Table 1, in this study, four struc-
tures were set to be managed where bird collisions occur. By
combining Table 1 and Table 4, the annual WTP per household
to save 1000 birds by implementing the bird collision prevention
policy could be calculated for each structure. The process and
results of the calculation of this value are presented in Table 5.
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Table 5 Willingness to pay (WTP) for saving 1000 birds for each artificial structure

Artificial structures * WTP for an increase of 1%p in the percentage of artificial
structures with bird collision prevention tapes per year per

household in Korean won (A)

Number of birds ~ WTP for saving 1000 birds per year per
that save lives (B) household in Korean won (1000 x A/B)

Expressway 534
Road 233
Public 1318
Private 12,930

351 1,521.4
1977 117.9
2034 648.0
74,220 174.2

#The artificial structures are explained in Table 1. At the time of the survey, USD 1.0 was approximately equal to 1170 Korean won

The first column of Table 5 reports the four kinds of struc-
tures. The second column presents the values obtained in
Table 4. Column 3 contains the number of birds saved by the
bird collision prevention policy corresponding to column 2. In
column 4, the annual household WTP values for implement-
ing bird collision prevention to save 1000 birds are provided.
Looking at the values presented in the last column, concerning
the policy enforcement targets, people placed economic value
on preventing bird collision in the order of expressways, public
buildings, private buildings, and general roads.

It is necessary to establish whether these rankings are con-
sistent with the government’s policy direction. Currently, the
government prioritizes the implementation of the bird collision
prevention project on expressways. Surprisingly, the results pre-
sented in Table 5 are exactly consistent with this. In addition,
among the four structures, general roads have the lowest prior-
ity for the bird collision prevention policy, and the results of
this study are consistent with this. Since attaching bird collision
prevention tapes to private buildings, which are private property,
is somewhat troublesome, public buildings have a higher priority
than private buildings, which the results of this study support
well. The WTP for public buildings is about 3.7 times larger
than that for private buildings. Therefore, the results of this study
are consistent with the government’s ongoing pilot project to
prevent bird collisions and the government’s policy direction. It

Table 6 Hypothetical scenarios of preventing bird collisions

can be seen that the current government policy is consistent in
terms of public preference and direction. This is an interesting
discovery from this study.

Second, by expanding the results presented in Table 4 to the
population, information on the total economic benefits could be
derived. To this end, this study arbitrarily created three alterna-
tive scenarios related to bird collision prevention. The WTP for
realizing these three scenarios, or the economic benefits arising
from the realization of these three scenarios, was calculated.
According to Statistics Korea, South Korea had 20,573,060
households in 2021. When expanding the information on the
sample to the population, this value was used. The specific con-
tents of each scenario and the process of computing the eco-
nomic benefits are shown in Table 6.

The proportions of bird collision prevention tape installation were
different for the four structures: expressways, general roads, pub-
lic buildings, and private buildings. Scenarios A, B, and C indicate
that the levels of each attribute have a combination of (7%, 4%, 1%,
0.1%), (3%, 1%, 5%, 0.3%), and (5%, 2%, 2.5%, 0.2%), respectively.
The household WTP and national economic benefits for scenario A
were calculated to be KRW 7281 (USD 6.22) and KRW 150 billion
(USD 128 million) per annum, respectively. Those for scenario B
are KRW 12,304 (USD 10.52) and KRW 253 billion (USD 216
million), respectively, and those for scenario C are KRW 9017 (USD
7.71) and KRW 186 billion (USD 159 million), respectively.

Attributes® Scenario A Scenario B Scenario C
Expressway 7% expansion 3% expansion 5% expansion
Road 4% expansion 1% expansion 2% expansion
Public 1% expansion 5% expansion 2.5% expansion
Private 0.1% expansion 0.3% expansion 0.2% expansion

Yearly household economic KRW 7281 (USD 6.22)
benefits arising from a

scenario

KRW 150 billion (USD 128 mil-
lion)

Yearly national economic ben-
efits arising from a scenario®

KRW 12,304 (USD 10.52)

KRW 253 billion (USD 216 million)

KRW 9017 (USD 7.71)

KRW 186 billion (USD
159 million)

*The attributes are explained in Table 1. At the time of the survey, USD 1.0 was approximately equal to 1170 Korean won

bSouth Korea had 20,573,060 households at the time of the survey

@ Springer



Environmental Science and Pollution Research (2023) 30:2945-2957

2955

As the final step, the cost—benefit analysis for conducting a
project of attaching bird collision prevention tapes to 1% of the
four structures was attempted. The related cost for one building
or 1 km of transparent noise barriers on a road was estimated to
be KRW 15 million. Therefore, the cost involved in this project
amounts to about KRW 1069 billion. The annual national WTP
is about KRW 309 billion. This value is an annual benefit that
occurs once a year during the period 2021-2025, a total of five
times. Concerning the cost-benefit analysis, the Korea Ministry
of Strategy and Finance has adopted two guidelines to use 4.5%
as the social discount rate and to set the present value of costs
and benefits at the end of the previous year.

All the cost and benefit values can be recalculated as pre-
sent values as of the end of 2020 using this discount rate. The
detailed process of recalculation is reported in Table 7. Table 8
summarizes the results of calculating the net present value, ben-
efit/cost ratio, and internal rate of return as indicators of the
cost-benefit analysis using the information presented in Table 6.
These values are KRW 332.93 billion, 1.33, and 22.7%, which
definitely exceed 0, 1.0, and 4.5%, respectively. Therefore, the
implication is that this project needs to secure economic feasibil-
ity and be implemented immediately.

Conclusions

As bird deaths from collisions with artificial structures have
recently emerged as a social issue in South Korea, this subject
has attracted people’s interest. As the income level of South
Koreans has increased, they have become interested not only in
human welfare but also in the welfare of animals, in which they
previously had no interest. Consequently, the government plans
to expand the implementation of the bird collision prevention
policy in the future. The core of the policy is to attach tapes
to the glass windows of buildings and transparent soundproof
wall windows to prevent collisions. Information on the eco-
nomic benefits of the implementation is required. This research
aimed to estimate the economic benefits ensuing from enforcing
the bird collision prevention policy by applying a CE, an SP

Table 8 Summary of the results from the economic feasibility analy-
sis

Benefit/cost ratio Net present value Internal rate of return

1.33 KRW 332,933 million ~ 22.7%

technique. More specifically, four objects for implementing the
policy were selected as attributes, and data were collected by
conducting a nationwide CE survey of 1000 households.

It is judged that this article can contribute to the literature
from the perspective of policy as well as research. First, from
a research perspective, to the best of the authors’ awareness,
this study was the first attempt in the literature to estimate the
economic benefits of implementing the bird collision prevention
project. In particular, a CE, one of the SP techniques, was suc-
cessfully applied. The respondents readily accepted the hypo-
thetical market set up in the CE survey, and the main estima-
tion results secured statistical significance at the significance
level of 1%. In addition, to improve the rigor of the CE analysis,
the utility function was derived by estimating the MXL model
explicitly reflecting preference heterogeneity and not requiring
IIA assumptions. However, it may be considered that there is an
unpublished master’s thesis estimated in Canada in 2010 that
the average annual WTP for reducing bird window collisions
is USD 31 per household. If the unpublished master’s thesis is
published as a literature, significant implications can be derived
by comparing the results of this study and its results.

Second, from a policy perspective, the main results of the
study had important implications. Through consultation with
policy officials of the Korea National Institute of Ecology, the
structures subject to bird collision prevention tape attachment
were identified as consisting of four types: transparent noise bar-
riers on expressways, transparent noise barriers on general roads,
glass windows in public buildings, and glass windows in private
buildings. For each of these four structures, the economic ben-
efits of improving the ratio of the tape-attached building by 1%p
were estimated. The results were in the order of private build-
ings, public buildings, expressways, and general roads. In the
survey, respondents were not presented with information such

Table 7 Values for annual
benefits and costs

Year  Benefits®

Costs® Net benefits®

Current value

Present value

Current value  Present value  Current value  Present value

2021 308,904 295,602 1,069,192 1,023,150 —760,288 —1727,548
2022 308,904 282,873 308,904 282,873
2023 308,904 270,692 308,904 270,692
2024 308,904 259,035 308,904 259,035
2025 308,904 247,881 308,904 247,881
Sum 1,544,522 1,356,084 1,069,192 1,023,150 475,330 332,933

#The unit of the values is million Korean won. At the time of the survey, USD 1.0 was approximately equal

to 1170 Korean won
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as government policy priorities or budget allocation for various
bird collision prevention projects. Therefore, the results of this
study are the value of each attribute judged by the public regard-
less of the government policy direction. Of course, the public
opinion may not be the truth, but it must be important informa-
tion from the perspective of policymakers and decision-makers.

In addition, the economic benefits of preventing 1000 bird
collisions for each structure were calculated in the order of
expressways, public buildings, private buildings, and general
roads. It was found that this order was generally consistent with
the priorities of the government’s investment in the attachment
of tapes. These findings can be used as important references in
prioritizing related budget inputs for each structure. For exam-
ple, the cost—benefit analysis performed on a project of attach-
ing bird collision prevention tapes to 1% of the total structures
indicated that the economic feasibility of the project was secured
and the project should be conducted.

Appendix

Visual aids used to describe bird collision to respondents.
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