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Abstract
Purpose This paper is the second part of a series of articles
presenting the results of research on monetary weighting fac-
tors (MWFs) for the G20 countries, which together account
for approximately 90% of the global GDP.We developed their
MWFs with regard to Life Cycle Impact Assessment (LCIA)
and evaluated them via a large-scale questionnaire survey. We
estimated the economic value of one unit of damage caused by
human activities.
Methods To ensure that the MWFs covered all areas of pro-
tection as defined by the LCIA method based on Endpoint
Modeling (human health, social assets, biodiversity, and pri-
mary production), we conducted a choice experiment in all
G20 countries. We conducted face-to-face interviews to min-
imize survey bias and ensure that the questions were under-
stood by the emerging G20 countries’ respondents. Internet
surveys were adopted to collect samples from the developed

G20 countries’ respondents, where Internet diffusion rates are
generally high. We obtained response data from 200 to 250
and 500 to 600 households of all the emerging and all the
developed G20 countries, respectively. We gathered 6400 re-
sponses in all. We estimated preference intensities using the
random parameter logit model. We calculated MWFs based
on each respondent’s willingness to pay.
Results and discussion We devised MWFs providing the
costs of damage to four safeguard subjects. All the estimated
values are statistically significant at the 1% level, with the
exception of monetary attributes from Mexico. The MWFs
for the G20 are 23,000 USD for human health (per year),
2.5 USD for social assets (per USD of resources), 11 billion
USD for biodiversity (per species), and 5.6 billion USD for
primary production (per 100 million tons). The differences
between the developed and emerging G20 countries are con-
siderable, with the values generally being smaller for the latter
in purchasing power parity (USD) terms. The estimated global
total economic annual impact was approximately 5.1 trillion
USD (6.7% of the world’s total GDP).
Conclusions We obtained reasonable and conservative
global-scale MWFs compared with previous studies.
Moreover, the cross-country heterogeneity in this study
potentially helps extrapolate future/global value develop-
ments from current/local estimates. The variations in
human health and social asset MWFs are small enough
within developed countries to allow international trans-
fers among them, while significant variations in biodi-
versity and primary production MWFs are a caveat to
up-front international transfers even within developed
countries.

Keywords Choice experiment . Cross-country . Economic
valuation .Endpoints .Global scale .LIME(Life cycle Impact
assessmentMethod based on Endpoint modeling) .Weighting
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1 Introduction

Weighting is essential to convert the various types of environ-
mental impacts into a common indicator using numerical fac-
tors based on value choices. Despite the integration of social,
political, and ethical values being a controversial topic,
weighting is frequently used in Life Cycle Assessment
(LCA) studies because of its manageability and comprehensi-
bility. Weighting is defined as one of the steps of LCA (ISO
14040 2006; ISO 14044 2006), and to date, a variety of ap-
proaches have been developed in this regard.

The various methods of assessment with the use of weighting
factors can be classified as proxy method, midpoint method, and
endpoint method (Itsubo et al. 2015). The endpoint method is
further classified into two types. In the first type, normalized
midpoint scores are weighted among endpoints, and in the sec-
ond, weighting is performed by multiplying the value per unit of
damage to the endpoint and the result of endpoint characteriza-
tion. Economic assessments are classified as belonging to the
latter type. The results of an economic assessment are expressed
in monetary values, thus making them easy to understand and
communicate as well as allowing their application to cost-
effectiveness analyses, among others. On the other hand,
methods for converting environmental impacts resulting in health
damage and ecosystem decline into economic values are still in
the development phase. These results may be strongly biased or
incomplete, and their use is often inappropriate depending on
how the information is conveyed. It is often difficult to assess
such impacts in the first place, given the paucity of information
and extensive assumptions.

According to Huppes and Oers (2011), economic assess-
ments are classified into the two approaches: integrated
modeling (i.e., External Costs of Energy (ExternE); New
Energy Externalities Development for Sustainability
(NEEDS, 2006); Weitzman 2007; Tol 2008) or weighting in
LCA (i.e., Environmental Priority Strategies (EPS)(Steen,
1999); Life Cycle Impact Assessment Method based on
Endpoint Modeling (LIME); Weidema 2009). With respect
to the former, while Weitzman (2007) and Tol (2008) evalu-
ated specific domains such as climate change and resource
depletion, NEEDS and ExternE offer the advantage of broader
domain coverage. Whereas the damage costs of the endpoints
are always expressed in monetary values in integrated model-
ing, such simplification and accumulation is inappropriate,
because different types of costs (e.g., market values (repair
or replacement) or non-market values (contingent valuation,
travel cost, and hedonic pricing) and use or non-use values)
are adopted depending on the domains.1 For example,
NEEDS adopts restoration costs (ecosystem health), damage
costs or abatement costs (climate change), restoration costs

(building materials), and yield (crops) as willingness-to-pay
(WTP).2 In addition, the absence of direct weighting across
these terms ensures that integrated modeling does not meet the
requirements of ISO 14040.

EPS, which is categorized as a weighting approach in LCA,
provides monetary evaluation (i.e., WTP) of multi-endpoints
related to the four safeguard areas of human health, ecosystem
production, biodiversity, and abiotic stock resources. This
methodology covers broader domains such as climate change,
air pollution, and resource consumption. However, the result
of the EPS is not based on the direct weighting procedure
among endpoints, but rather, on the WTP that has been esti-
mated by several previous studies conducted in different coun-
tries at various points in time. Since it is presumed that WTP
varies depending on economic, cultural, and social conditions,
such oversimplified accumulation and treatment of these
values provides inconsistent results.

Conversely, LIME, another weighting approach in LCA,
directly weights the four areas of protection—human health,
social assets, biodiversity, and primary production—using
choice experiments. In this study, the monetary term (i.e.,
environmental tax) was included in the questionnaire so that
the respondents could directly compare the importance of the
four safeguard subjects and the changes in income due to the
levying of the environmental tax. Then, WTP for a unit of
each safeguard subject can be calculated using a uniformmod-
el (Itsubo et al. 2012, 2015). In addition, LIME has broader
domain coverage (15 impact categories as midpoint levels)
and also considers aspects such as climate change, air pollu-
tion, resource consumption, and acidification.

While LIME2 (Itsubo et al. 2012) developed national
weighting factors for Japan (which cannot be used univer-
sally as they are specific to Japan), LIME3 (Itsubo et al.
2015 and this study) conducts a large-scale simultaneous
survey in the G20 countries, using a uniform questionnaire
to compare the weighting factors calculated for different
countries and to calculate global-scale weighting factors.
Part 1 of this paper (Itsubo et al. 2015) solely presented the
dimensionless weighting factors, which are normalized to
ensure that the total sum of the values for the four safe-
guard subjects would be 1 focusing on relative awareness
among these subjects. Thus, this study is the first to collate
evidence on monetary weighting factors (MWFs) on a
global scale. The study thus sheds new light on how the
MWFs of developing G20 countries differ from those of
the developed G20 countries and provides useful informa-
tion for economic evaluation in future LCA and cost–ben-
efit analysis (CBA) studies considering the global supply

1 LIME adopts non-market values including non-use values via choice exper-
iments. For more details on value categories, see Turner et al. (1994).

2 NEEDS developed the methodology for ExternE, a series of projects that
evaluates environmental impacts due to energy generation and transportation
and its external costs, focusing on air pollution and climate change. Note that
ExternE does not cover global environmental impacts such as water resource
consumption.
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chain. Moreover, recent LCA studies use an expanded geo-
graphic scope (Hoekstra and Wiedmann, 2014; Hellweg
and Canals 2015). For example, Hoekstra and
Wiedmann (2014) investigated the global environmental
footprint and highlighted several impact categories, such
as greenhouse gas (GHG) emissions, water, land, and
materials, but they could neither derive the possible re-
lationships among these impact categories nor evaluate
the extent of damages in monetary terms. Our results
provide the monetary value per unit of damage to the
endpoint, and thus, when combined with the findings
from previous studies, our results can help the monetary
evaluation of an environmental impact at the global
scale.

The rest of this paper is organized as follows. Section 2
briefly reviews the survey method and calculation procedures
for the MWFs. Section 3 contains details of the estimation
results exploring the global and G20 national MWFs.
Section 4 extends the analysis to the economic evaluation of
environmental impacts on a global scale. Section 5 concludes.

2 Study method

The subjects of the assessment―human health, social assets,
biodiversity, and primary production―and research flow have
already been described in part 1 of this paper (Itsubo et al.
2015). Therefore, we focus on the calculation procedure for
the MWFs. We also briefly review the choice-based experi-
mental design and the discrete choice model used for estima-
tion in this section.

In our survey, the questionnaire provided explanations
for the four subjects of assessment and surveyed respon-
dents’ perceptions of these subjects.3 After providing these
explanations and conducting a question-and-answer ses-
sion in order to assist the respondents in evaluating what
they value, the respondents were allowed to read the

questionnaire, which posed several hypothetical choice sit-
uations as described below. The respondents received a
small remuneration for completing the questionnaire. We
considered the attributes of environmental policies using
the choice experiment method. Based on the reference
values (Itsubo et al. 2015), we determined the alternatives,
attributes, and attributes levels, as shown in Table 1.

We designed a hypothetical choice set composed of 16 alter-
natives (8 different choice situations of 2 alternatives) in various
combinations of these attribute levels (4 safeguard subjects and
environmental tax) using the orthogonal planningmethod, which
is common in choice experimental design and was adopted in a
previous study (Itsubo et al. 2012).4 The attributes of the choice
experiment are (1) human health (loss of health per person), (2)
social assets (loss of natural resources per person5), (3) biodiver-
sity (loss of species on a global scale), (4) primary production
(loss of forests on a global scale), and additional tax (yearly per
household). We determined these attribute levels using an LCA.6

3 For the explanation of each subject, see Figure A1 to A4 used in US survey.
After each explanation, the respondents were asked about their perceptions of
each subject. The ratio of the respondents who replied Bvery important^ to the
question BDo you think such a loss of our health (resource, species, and/or
forest) is important?^ is shown in Table 2.

Table 1 Attributes and levels used in the choice experiment

L1 L2 L3 L4

Human health (loss of health per person) Status quo (lose 4 days a year) 1/2 (lose 2 days a year) 1/4 (lose 1 day a year) No loss of life
Social assets (loss of natural resources per

person)
Status quo (lose 60 USD a year) 1/2 (lose 30 USD a year) 1/4 (lose 15 USD a year) No loss of resources

Biodiversity (loss of species) Status quo (100 species extinct a
year)

1/2 (50 species extinct a
year)

1/4 (25 species extinct a
year)

No species extinct

Primary production (loss of forests) Status quo (20 billion tons a year) 1/2 (10 billion tons a year) 1/4 (5 billion tons a year) No loss of forests
Additional tax (yearly per household) No additional expenditure Additional 100 USD

yearly
Additional 200 USD

yearly
Additional 300 USD

yearly

4 The orthogonal planning method, which originated in the experimental de-
sign field, makes it possible to reduce the number of experiments (questions in
the context of this study) significantly and efficiently. This results in minimiz-
ing fatigue for the respondents, and maximizes accuracy and information for
researchers. In addition, since orthogonal rotation ensures that all components
are uncorrelated, multicollinearity can be avoided when estimating the mar-
ginal utility of each attribute (Lorenzen and Anderson 1993). In this study, we
developed eight patterns of choice sets designed using the orthogonal planning
method, and provided the respondent one of the set of eight questions (8 × 2
hypothetical alternatives) at random in order to avoid order effects (see
Louviere et al. (2000) for details).
5 We noted the difficulty faced by the respondents in recalling and (hence
valuing) the term Bsocial assets.^ This has also been observed by several
research consulting companies. Thus, we provided an alternate term, Bnatural
resources,^ with an additional explanation, namely that Bnatural resources
include agricultural products, minerals, fossil fuels, and anything that supports
our everyday lives,^ in order to help participants recall the worth of Baspects
valuable to human society.^
6 The reference values in LIME refer to four areas of protection: human health
(loss of life expectancy, in DALY (disability adjusted life years)), social assets
(loss of assets valuable to human society such as fisheries and agriculture, and
forestry, in USD), biodiversity (species extinction, in EINES (expected in-
crease in number of extinct species)), and net primary productivity (inhibited
plant growth, in tons). These values are assessed by referring to several public
databases such as those of the FAO and IPCC, the USGA’s Mineral
Commodity Summaries, and reliable previous studies. See Itsubo et al.
(2015) for a summary of the current situation of environmental impacts, and
Matsuda et al. (2013), Motoshita et al. (2014), Tang et al. (2015a, b), and
Yamaguchi et al. (2016) for the detailed assessment process.
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In the choice experiment, respondents were asked to choose from
three policies; policies 1 and 2 were adjusted for hypothetical
situations including environmental improvements and the addi-
tional payment of environmental tax, and policy 3 referred to the
current situation, with no additional environmental tax. Figure 1
shows an example of one of the choice sets provided in the
questionnaire. The status quo option (policy 3) was included in
all the questionnaires so that the respondents could always com-
pare and contrast the current and hypothetical situations. All
respondents were asked the similar eight questions as shown in
Fig. 1.7

The questionnaire was translated into the national
language of each surveyed country. The values of the
environmental tax and social assets were converted into
the local currency of the country being surveyed using
the relevant purchasing power parity exchange rate
(World Bank 2013).8 The Internet survey and face-to-
face interview method were primarily adopted for devel-
oped countries and emerging countries, to secure as
large a number of samples as efficiently as possible
and to minimize survey bias, respectively.9 Random
sampling was implemented for both types of surveys.

We obtained response data from 200 to 250 and 500
to 600 households from each of the emerging and de-
veloped countries, respectively.10

The response data collected from the survey were
statistically analyzed using a random parameter logit
model. As already described in part 1 of this paper,
the utility function of respondent n choosing alternative
i is given by

Uni ¼ β
0
nsxsi þ βmmi þ β0γþεni s ¼ HH; SA;BD; PPð Þ ð1Þ

where xsi is an attribute vector for a loss of each safe-
guard subject s—human health (HH), social assets (SA),
biodiversity (BD), and primary production (PP)—of an
alternative i, and mi is a monetary attribute, which is an
additional annual environmental tax in this study, as
shown in Table 1. The constant γ equals 1 if alternative
i is the status quo (the third alternative in this study;
see Fig. 1). εni is a random term including all effects
due to unobservable information of alternative i and
respondent n in our survey. Using the maximum simu-

lated likelihood (MSL) method, we can estimate β
0
ns, a

random parameter vector; βm, a fixed parameter set as a
numeraire; β0, the preference intensity for a loss of each
subject; additional environmental tax; and basic utility
of the status quo option.11

Because βm indicates the marginal utility of income, mar-
ginal willingness-to-pay (MWTP) per household for avoiding
a loss of each subject is calculated from the ratio of βs to βm,
which is given by the following:

MWTPs ¼ βs

βm
s ¼ HH; SA;BD; PPð Þ ð2Þ

where MWTPHH, MWTPSA, MWTPBD, and MWTPPP de-
note MWTP per household for avoiding losses of a day, 1
USD worth resources, 1 species, and 100 million tons,
respectively.

7 We adopted a universal design questionnaire for the respondents from 19
countries who have varied backgrounds (e.g., educational levels, environmen-
tal knowledge, and geographic conditions) in order to compare the weighting
factors calculated for different regions directly. Since we obtained this major
contribution in exchange for adapting to specific local situations, the surveys
were carefully implemented throughmultiple amendment stages such as back-
translation, consulting with local research companies, and several pretests.
8 We first set the initial value of the tax as 100 ∼ 300 USD after referring to
previous environmental valuation studies. Then, we adjusted the values to each
local currency using the PPP conversion factor. After consulting a local re-
search company and conducting several pretests, we amended the level of this
attribute as needed. For example, a large majority of respondents choosing the
status quo option with no additional tax in many choice situations is a sign of a
very high tax. In such cases, we have to amend the tax level to make it more
reasonable.
9 In developed countries, where the internet diffusion rates and familiarity with
environmental policies are relatively high, respondents replied to the question-
naire provided online in HTML format. In emerging countries, where famil-
iarity with the internet and environmental tax are relatively low, trained inter-
viewers visited each respondent’s house and explained the questionnaire to
him/her in detail before obtaining the answers. The internet diffusion rates
prevailing during the course of our study were as follows: Japan (90%),
United Kingdom (90%), Canada (86%), Korea (85%), United States (85%),
Australia (83%), Germany (84%), France (82%), Russian Federation (68%),
Saudi Arabia (61%), Argentina (60%), Italy (59%), Brazil (51%), South Africa
(47%), Turkey (46%), China (46%), Mexico (44%), India (15%), and
Indonesia (15%) (ITU 2013). Traditionally, face-to-face interviews are usually
preferable (Arrow et al. 1993). However, according to recent studies that
examined sample representativeness and hypothesis bias among internet users,
internet-based contingent valuation (CV) surveys provide results similar to
those of face-to-face surveys (Neilsen 2011). In addition, Olsen (2009) con-
ducted a choice experiment study and reported no significant differences in the
unconditional WTP estimates in spite of differences in demographics between
the internet and traditional mail survey modes. With the rapid growth in the
number of users, the internet has become a valuable tool for non-market val-
uations that place priority on receiving valid replies and higher response rates.
See Meyerhoff et al. (2014) as an example of a recent comprehensive study
exploring the effects of respondent and survey characteristics and internet
survey mode effects through a meta-analysis.

10 After answering the eight choice questions, the respondents who chose
policy 3 (status quo) for every choice situation faced an additional choice; they
were requested to select what they perceived to be the most appropriate reason
for preferring the status quo option from among the following: (1) I cannot
afford the large amount of tax, (2) I am not interested in environmental prob-
lems, (3) I am not sure that my own opinions are reflected in the actions, (4)
People in other regions should bear the responsibility, (5) There is no need to
pay a tax for such actions, (6) I made this choice for religious reasons, and (7) I
cannot trust the information provided. To conduct the estimation using reliable
response data, we excluded the response data of respondents who selected
answers (3)–(7) as their protest responses. See Arrow et al. (1993) for recom-
mendations pertaining to eliminating protest responses.
11 It is naturally acceptable to assign β0 = 0 if the respondents have no basic
preference for the status quo. While β0 = 0 for LIME2 (Itsubo et al. 2012), it is
more appropriate to assign β0 ≠ 0 for some countries in this study because of
those statistical significance. The MSL method and estimation procedures are
described in detail in part 1 (Itsubo et al. 2015). Louviere et al. (2000) give a
technical account of the choice model.
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The MWFs of each subject are defined as follows:

MWFHuman health ¼ MWTPHH∙
F
D
∙365 ð3Þ

MWFSocial assets ¼ MWTPSA∙
F
D

ð4Þ

MWFBiodiversity ¼ MWTPBD∙F ð5Þ
MWFPrimary production ¼ MWTPPP∙F ð6Þ

where F denotes the global number of households, and D
denotes the global population.12 Therefore, the monetary val-
ue per unit of damage to each safeguard subject, namely, year,
USD, species, and 100 million tons, respectively, is obtained
as the corresponding MWF in this study.13

3 Results and discussion

3.1 Respondents’ perceptions

Table 2 shows respondents’ perceptions with respect to the im-
portance of each safeguard subject. The respondents in G8 coun-
tries tend to view biodiversity (67.2%) and primary production
(74.3%), which are the constituents of the ecosystem, as more
important, rather than human health (49.7%) and social assets
(49.0%), which are the constituents of human society. On the
other hand, the majority of respondents from the emerging G20
countries perceive all these losses as very important, with the
highest priority being accorded to human health (80.2, 69.6,
74.9, and 77.9%, respectively). In addition, variances in re-
sponses between the emergingG20 countries are generally larger
than the corresponding values for the G8 countries’ respondents.

We also asked the respondents to choose what they per-
ceived to be the most serious problem from among the follow-
ing 10 alternatives: global warming, unsafe drinking water

and lack of sanitary facilities, air pollution, insufficient water
supply, diminishing natural resources due to the consumption
of minerals and fossil fuels, deforestation, land exploitation or
development, unemployment, lack of education, and the rights
of women and children. Global warming was considered to be
the most serious problem of all for the G8 countries’ respon-
dents, followed by unsafe drinking water and lack of sanitary
facilities. A relatively large number of the respondents from
the other emerging countries chose air pollution as either the
most or the second most serious problem.

3.2 Estimation results

3.2.1 Preference intensities

Table 3 displays the estimation results using utility function (1)
for the G20, G8, G20 excluding G8, and each of the G20 coun-
tries. The number of respondents in the G20, G8, and G20
excluding G8 countries is 6183, 4146, and 2037, respectively.
The corresponding log likelihood ratios are 0.47, 0.45, and 0.51,
all of which are sufficiently high for the discrete choice mod-
el.14,15 We assumed that the parameters are distributed
normally.The mean and standard deviation values are reported,
except for an environmental tax that is set as a numeraire. BYes^
is displayed with its direction in the column BStatus quo^ if β0 is
statistically significant, and BNo^ is displayed otherwise.

First, the estimated preference intensities of all four subjects
are statistically significant and negative at the 1% level, since
utility decreases as a result of increased damage. The parameters
of environmental tax are also negative and statistically significant
at the 1% level in every area except Mexico (listed in italics). All
the estimates for the status quo parameter are negative, thus
indicating that, on average, the respondents prefer an improve-
ment over the current status in these countries.

3.2.2 Monetary weighing factors

Table 4 shows the MWFs calculated using the results in
Table 3 and Eqs. (2) to (6). According to the estimates

12 For our calculations, we used 1,794,600,980 as the global number of house-
holds and 7,052,000,000 as the global population for calculations (UN
Demographic Yearbook 2010).
13 We can obtain other MWFs of the social assets equivalents, MWFSA, de-
fined as follows for each subject:

MWFSAHuman health ¼ βHH
βSA

∙365 (F1)

MWFSASocial assets ¼ βSA
βSA

(F2)

MWFSABiodiversity ¼ βBD
βSA

∙D (F3)

MWFSAPrimary production ¼ βPP
βSA

∙D (F4)

Because βSA indicates the marginal utility in USD of social assets equiva-
lents per person, the monetary value of social assets equivalents per unit of
damage to each safeguard subject is obtained as the alternative MWF. The
basic MWFs (evaluated based on environmental tax) are consistent with the
value ofWTP used in general economic valuation studies, while the alternative
MWFs (evaluated based on social assets) are useful for integrating the damage
to the four safeguard subjects into a single index. Although the alternative
MWFs of social assets equivalents (MWFSA) have been adopted previously
(LIME2, Itsubo et al. 2012), this study prioritized the use of the basicMWFs to
maintain consistency with general economic valuation studies. To compare
these representative values, see Table 6.

14 The likelihood ratio index (LRI) is defined as LRI = 1−(L1/L0), where L1
and L0 denote the natural log of maximum likelihood of our model (SLL
(simulated log likelihood) in formula (11) of Itsubo et al. (2015)) and that of
the null model with all β = 0 except β0 (an intercept), respectively. LRI ranges
from 0 to 1, and 0.2 are sufficiently high for a discrete choice model. LRI is
also known as McFadden’s pseudo R-squared, which is used to evaluate the
goodness-of-fit of logistic models. See McFadden (1974) for details.
15 The LRI for Saudi Arabia is extraordinarily high, exceeding 0.9. This means
that the majority of the respondents provided similar answers in the choice
experiments. According to a local research company, the field survey was
carefully monitored, which is evident from the careful records of serial num-
bers, age groups, etc. We thus attributed this result to domestically similar
preferences among Saudi Arabian respondents with respect to these four safe-
guard subjects with some speculation that a strong bias might have existed at
the time the survey was conducted.
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obtained using the pooled data of all G20 countries, the
MWFs are 10,000 USD for human health (per year), 0.77
USD for social assets (per USD of resources), 6.6 billion
USD for biodiversity (per species), and 3.1 billion USD for
primary production (per 100 million tons). Similarly, 7300
USD for human health, 0.47 USD for social assets, 6.3 billion
USD for biodiversity, and 2.8 billion USD for primary pro-
duction are obtained as theMWFs for the developed G8 coun-
tries. All the results are lower than the corresponding values of
the emerging countries: 20,000 USD for human health (2.7
times), 1.7 USD for social assets (3.6 times), 7 billion USD for
biodiversity (1.1 times), and 3.7 billion USD for primary pro-
duction (1.3 times). These gaps are particularly prominent in
the MWFs of human health and social assets, while a small
difference exists between the MWFs of biodiversity and pri-
mary production. The results based on the pooled data indicate
that the loss of health and social assets are perceived as more
urgent and crucial in the emerging countries relative to the
developed G8 countries.

Table 4 also shows country-specific MWFs.16 For the de-
veloped countries, the MWFs of human health range from

2900 USD (USA) to 16,000 USD (Italy), and the correspond-
ing values for the emerging countries are 6700 USD (Russia)
to 84,000 USD (Argentina). This result is consistent with the
dimensionless weighting factors calculated in part 1 of this
paper. The health of residents constitutes one obvious differ-
ence between the developed and emerging countries.
Respondents from emerging countries tend to suffer poor
health because of environmental problems, such as air pollu-
tion, as described in Table 2. This constitutes an immediate
threat, which, conversely, is already restricted to some extent
in developed countries.

The MWFs of social assets range from 0.08 (USA) to
0.95 (Italy) in the developed countries, and from 0.71
(Brazil) to 11 (Argentina) in the emerging countries.
This result indicates that the respondents in developed
countries evaluate social assets with some discount, while
those in emerging countries place more value on social
assets than their private income. This viewpoint may arise
because, unlike the respondents in emerging countries,
those from developed countries perceive social assets to
be substitutable by other technologies and international
trade in exchange for money.

The MWFs of biodiversity range from 1.7 billion USD
(USA) to 11 billion USD (Italy) in developed countries, and
from 3.4 billion USD (Brazil) to 19 billion USD (Argentina)
in emerging countries. The MWFs of primary production
range from 810 million USD (USA) to 4.8 billion USD
(Italy) in developed countries, and from 1.9 billion USD

16 The MWFs could not be calculated for Mexico because of the insignifi-
cance of the numeraire parameter of environmental tax. In addition, among the
G8 countries, the all values for Italy are generally larger than those for the other
countries in the group. Because the internet diffusion rate is considerably low
in Italy (59%) although it is a developed country, there is possibly some upper
bias in the online response data from Italy.

Fig. 1 An example of the profiles used in this study. Note: Instead of
using quantitative values such as fractional numbers, we adopted visual
aids in order to improve respondents’ understanding of possible changes
in the four areas of protection as defined by LIME. Before undertaking
the choice experiment, we explained to the respondents that the black dots
indicate the degree of loss; the higher the number of black dots, the
greater the degree of loss. Visual aids are used as risk communication

tools and can facilitate the understanding of relatively small risks in the
context of health. We selected icon arrays (shown in this figure) from
among a variety of tools, such as risk ladders and pie charts. Loomis
and duVair (1993) evaluated the effect of visual aids on WTP. For addi-
tional details about the application of visual aids, see Lipkus and Holland
(1999), Okan et al. (2012), and Garcia and Cokely (2013)
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(Brazil) to 11 billion USD (Argentina) in emerging countries.
In contrast to the dimensionless weighting factors calculated
in part 1 of this paper, two subjects related to the ecosystem
are negatively, although weakly, correlated with individual
income levels.17

3.2.3 Cross-country heterogeneity

Regarding the standard deviations, there is considerably great-
er variation in the emerging countries for all subjects. These
variations are approximately 6 times (human health), 12 times
(social assets), and more than double (biodiversity and

primary production) the corresponding values in developed
countries. For two subjects related to human society, the var-
iations in the MWFs are quite small within the developed
countries but considerably large among the emerging coun-
tries. This finding indicates that while the MWFs related to
human society, namely, human health and social assets, are
internationally transferable within developed countries, cau-
tion must be exercised while considering such transfers
among emerging countries or between developed and emerg-
ing countries. Moreover, the variations in the MWFs of bio-
diversity and primary production, which are related to the
ecosystem, are considerably large in both developed and
emerging countries. Thus, these MWFs must be used judi-
ciously when considering international transfers even within
developed countries.

17 Based on the statistics GDP per capita (PPP, current international USD)
from World Bank (2013).

Table 2 Respondents’ perceptions of safeguard subjects and environmental problems

The ratio of the respondents who think a loss of each safeguard subject very
importanta

The most serious problem
and ratio (%)b

Human health Social assets Biodiversity Primary production 1st 2nd

G8 average (SD of national means) 49.7 49.0 67.2 74.3

(13.4) (8.8) (6.9) (5.8)

USA 58.2 53.1 63.6 70.5 GW 27 UE 22

Canada 58.6 54.0 68.7 75.8 GW 28 WS 16

Australia 50.1 46.7 68.8 71.3 GW 30 WS 13

Germany 30.6 41.7 69.8 80.0 GW 30 DF 12

UK 57.0 55.0 68.4 75.2 GW 25 WS 18

France 48.2 48.0 68.9 76.3 GW 28 WS 17

Japan 29.0 32.8 52.8 63.5 GW 41 WS 11

Italy 65.8 60.7 77.0 81.9 GW 23 AP 20

G20 excl G8 average (SD of national means) 80.2 69.6 74.9 77.9

(20.7) (23.9) (21.0) (22.7)

Korea 48.0 44.5 57.5 62.0 GW 64 AP 9

Argentina 93.5 88.0 95.0 94.5 GW 33 AP 18

Saudi Arabia 87.0 38.5 29.5 23.0 AP 26 UE 18

Russia 46.0 33.5 55.0 60.0 AP 40 DF 14

Mexico 95.5 90.0 95.5 98.5 GW 36 WS 13

Turkey 84.0 78.0 91.5 95.5 GW 32 ED 19

Brazil 94.5 86.5 90.0 86.5 GW 27 WS 17

South Africa 89.5 77.0 72.5 81.5 UE 46 GW 22

China 52.0 45.0 66.5 71.5 GW 31 AP 29

Indonesia 99.0 93.5 82.0 95.0 UE 28 GW 28

India 93.0 91.4 88.8 89.3 WS 27 AP 20

a The ratio of the respondents who replied Bvery important^ to the question, BDo you think such a loss of our health (resources, species, and/or forest) is
important?^
b The respondents were asked what they believed was the most serious problem from among the following 10 alternatives: GW (global warming),WS
(unsafe drinking water and lack of sanitary facilities), AP (air pollution), insufficient water supply, diminishing natural resources resulting from the
consumption of minerals and fossil fuels, DF (deforestation), land exploitation or development, UE (unemployment), ED (lack of education), and the
rights of women and children
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3.2.4 Population-weighted MWFs

As described above, the MWFs estimated using the
pooled data are useful for an overview of the data;
nevertheless, they are highly influenced by the compo-
sition of the sample. Table 5 shows the population-

weighted averages of the estimated factors of each
G20 country after adjustment according to the current
population statistics (World Bank 2013). For MWFs
based on environmental tax, each population-weighted
average of the MWFs (23,000 USD for human health,
2.5 USD for social assets, 11 bill ion USD for

Table 3 Preference intensities for the four subjects and environmental tax

Number of samples LRI Preference intensity

Human health Social assets Biodiversity Primary production Tax Status quo

G20 6183 0.47 −6.3.E−01 −1.7.E−02 −2.1.E−02 −9.8.E−03 −5.7.E−03 Yes
(7.1E−01) (2.2E−02) (2.0E−02) (8.9E−03) −

G8 4146 0.45 −5.5.E−01 −1.3.E−02 −2.5.E−02 −1.1.E−02 −7.0.E−03 Yes
(6.8E−01) (1.7E−02) (2.3E−02) (1.0E−02) −

G20 excluding G8 2037 0.51 −8.1.E−01 −2.5.E−02 −1.5.E−02 −7.8.E−03 −3.8.E−03 Yes
(7.8E−01) (2.9E−02) (1.3E−02) (6.6E−03) −

Country specific
USA 483 0.47 −6.8.E−01 −7.1.E−03 −2.1.E−02 −9.9.E−03 −2.2.E−02 Yes

(6.9E−01) (9.3E−03) (1.8E−02) (9.5E−03) −
Canada 543 0.47 −6.7.E−01 −2.3.E−02 −2.2.E−02 −1.1.E−02 −9.8.E−03 Yes

(8.6E−01) (2.8E−02) (2.3E−02) (1.0E−02) −
Australia 484 0.45 −4.7.E−01 −1.7.E−02 −2.7.E−02 −1.0.E−02 −7.7.E−03 Yes

(5.6E−01) (2.5E−02) (2.6E−02) (9.8E−03) −
Germany 509 0.46 −3.3.E−01 −1.8.E−02 −2.8.E−02 −1.3.E−02 −6.3.E−03 Yes

(4.5E−01) (2.0E−02) (2.3E−02) (1.0E−02) −
UK 515 0.50 −6.4.E−01 −2.4.E−02 −2.6.E−02 −1.2.E−02 −9.0.E−03 Yes

(7.2E−01) (3.5E−02) (2.4E−02) (1.0E−02) −
France 508 0.43 −5.1.E−01 −1.7.E−02 −2.2.E−02 −1.1.E−02 −5.9.E−03 Yes

(6.8E−01) (2.5E−02) (2.3E−02) (9.8E−03) −
Japan 591 0.46 −3.9.E−01 −2.1.E−02 −2.5.E−02 −1.3.E−02 −1.1.E−02 Yes

(6.7E−01) (3.0E−02) (2.5E−02) (1.2E−02) −
Italy 513 0.50 −7.0.E−01 −1.5.E−02 −2.4.E−02 −1.1.E−02 −4.1.E−03 No

(6.4E−01) (1.4E−02) (2.4E−02) (8.9E−03)
Korea 184 0.42 −4.9.E−01 −1.9.E−02 −1.4.E−02 −8.9.E−03 −6.7.E−03 Yes

(6.9E−01) (4.1E−02) (2.3E−02) (1.0E−02) −
Argentina 195 0.66 −1.1.E+00 −5.1.E−02 −1.2.E−02 −7.5.E−03 −1.2.E−03 No

(4.4E−01) (3.2E−02) (2.7E−04) (9.8E−04)
Saudi Arabia 200 0.92 −4.5.E+00 −7.9.E−02 −6.6.E−02 −3.6.E−02 −9.9.E−03 No

(1.1E+00) (1.7E−02) (5.9E−04) (4.5E−04)
Russia 177 0.40 −4.0.E−01 −1.8.E−02 −1.6.E−02 −7.0.E−03 −5.6.E−03 Yes

(7.7E−01) (4.0E−02) (1.9E−02) (6.8E−03) −
Mexico 167 0.49 −5.6.E−01 −2.9.E−02 −1.5.E−02 −8.4.E−03 −1.8.E−04 No

(6.1E−01) (2.5E−02) (1.5E−02) (7.3E−03)
Turkey 191 0.51 −7.5.E−01 −3.5.E−02 −2.2.E−02 −9.1.E−03 −2.5.E−03 Yes

(8.1E−01) (4.6E−02) (2.9E−02) (9.2E−03) −
Brazil 182 0.39 −6.1.E−01 −1.5.E−02 −1.0.E−02 −5.8.E−03 −5.5.E−03 Yes

(6.4E−01) (2.4E−02) (4.6E−03) (5.2E−03) −
South Africa 179 0.46 −8.1.E−01 −2.0.E−02 −1.2.E−02 −6.3.E−03 −3.1.E−03 No

(7.6E−01) (2.7E−02) (1.2E−02) (5.8E−03)
China 199 0.53 −4.1.E−01 −1.9.E−02 −1.3.E−02 −5.8.E−03 −1.6.E−03 Yes

(3.7E−01) (1.4E−02) (2.2E−03) (8.3E−04) −
Indonesia 176 0.54 −6.3.E−01 −1.6.E−02 −6.9.E−03 −7.2.E−03 −2.3.E−03 Yes

(4.7E−01) (1.3E−02) (8.1E−03) (1.5E−03) −
India 187 0.68 −9.0.E−01 −3.3.E−02 −1.9.E−02 −1.0.E−02 −2.4.E−03 No

(3.1E−01) (1.6E−02) (5.8E−04) (1.5E−04)

This table shows the estimation results of average preference intensities and standard deviations (given in parentheses), using utility function (1) for the
G20 countries. LRI is the likelihood ratio index, defined as LRI = 1 − (L1/L0), where L1 and L0 denote the natural log of the maximum likelihood of our
model and that of the null model with all β = 0 except β0 (an intercept), respectively. BYes^ in the column Bstatus quo^ indicates that the preference
intensities for the current status are significantly different from zero and negative in all concerned countries. All parameters are statistically significant at
the 1% level, except for environmental tax in Mexico and several standard deviations (written in italics if insignificant)
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biodiversity, and 5.6 billion USD for primary produc-
tion) is larger than the results obtained using the simply
pooled data by giving more weightage to the

preferences of respondents from the emerging countries.
In addition, the differences between the values of the
developed and emerging countries become larger (5200

Tabl 4 Weighting factors expressed in monetary values

Monetary weighting factors (USD)

Human health (1 year) Social assets (1 USD) Biodiversity (1 species) Primary production
(100 million tons)

G20 (WFG20) 1.0.E+04 7.7.E−01 6.6.E+09 3.1.E+09

G8 (WFG8) 7.3.E+03 4.7.E−01 6.3.E+09 2.8.E+09

G20 excluding G8 (WFG20excG8) 2.0.E+04 1.7.E+00 7.0.E+09 3.7.E+09

Country specific

USA (WFUSA) 2.9.E+03 8.3.E−02 1.7.E+09 8.1.E+08

Canada (WFCAN) 6.4.E+03 6.0.E−01 4.0.E+09 2.0.E+09

Australia (WFAUS) 5.7.E+03 5.6.E−01 6.4.E+09 2.4.E+09

Germany (WFDEU) 4.9.E+03 7.4.E−01 8.0.E+09 3.6.E+09

UK (WFGBR) 6.6.E+03 6.7.E−01 5.2.E+09 2.5.E+09

France (WFFRA) 8.0.E+03 7.1.E−01 6.8.E+09 3.3.E+09

Japan (WFJPN) 3.3.E+03 4.9.E−01 4.1.E+09 2.2.E+09

Italy (WFITA) 1.6.E+04 9.5.E−01 1.1.E+10 4.8.E+09

Korea (WFKOR) 6.8.E+03 7.4.E−01 3.7.E+09 2.4.E+09

Argentina (WFARG) 8.4.E+04 1.1.E+01 1.9.E+10 1.1.E+10

Saudi Arabia (WFSAU) 4.2.E+04 2.0.E+00 1.2.E+10 6.6.E+09

Russia (WFRUS) 6.7.E+03 8.2.E−01 5.1.E+09 2.2.E+09

Mexico (WFMEX) NA NA NA NA

Turkey (WFTUR) 2.8.E+04 3.6.E+00 1.6.E+10 6.6.E+09

Brazil (WFBRA) 1.0.E+04 7.1.E−01 3.4.E+09 1.9.E+09

South Africa (WFZAF) 2.5.E+04 1.6.E+00 7.1.E+09 3.7.E+09

China (WFCHN) 2.4.E+04 3.0.E+00 1.5.E+10 6.5.E+09

Indonesia (WFIDR) 2.5.E+04 1.8.E+00 5.3.E+09 5.5.E+09

India (WFIND) 3.5.E+04 3.6.E+00 1.4.E+10 7.6.E+09

SD of the mean WFs among

G8 4.1.E+03 2.5.E−01 2.8.E+09 1.2.E+09

G20 excluding G8 2.3.E+04 3.1.E+00 5.7.E+09 3.0.E+09

This table shows the MWFs of human health (year), social assets (in USD of resources), biodiversity (species), and primary production (100 million
tons). NA not available, because of insignificance of the monetary parameter for Mexico

Table 5 Summary of the
population-weighted monetary
weighting factors obtained in this
study

Monetary weighting factors (USD)

Human health
(1 year)

Social assets
(1 USD)

Biodiversity
(1 species)

Primary production
(100 million tons)

MWFs

G20 (WFG20, weighted) 2.3.E+04 2.5.E+00 1.1.E+10 5.6.E+09

G8 (WFG8, weighted) 5.2.E+03 4.3.E−01 4.4.E+09 2.1.E+09

G20 excluding G8
(WFG20excG8, weighted)

2.7.E+04 2.9.E+00 1.3.E+10 6.3.E+09

This table presents the population-weighted averages of the estimated MWFs for each G20 country, the G8
countries, and other emerging countries
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USD, 0.43 USD, 4.4 billion USD, and 2.1 billion USD
in developed countries, and 27,000 USD, 2.9 USD, 13
billion USD, and 6.3 billion USD in emerging coun-
tries, respectively) when considering weighted MWFs.
Figure 2a, b shows the representative values of this
study, which are global-scale and country-specific
MWFs related to human society and the ecosystem,
respectively.

3.3 Comparison with previous studies and validity of our
results

3.3.1 Results of Japanese respondents in LIME2

In order to compare this study’s results with those of LIME2
(Itsubo et al. 2012), Table 6 shows the reference values and
MWFs of the two studies. First, note that the questionnaire

used for the current study provided the respondents with the
reference values of damages on a global scale, while the na-
tional reference values for Japan were provided in the LIME2
questionnaire. The global reference values reflect damages
that have occurred at locations relatively far away from the
respondents, while the national reference values reflect the
damages (half of which originated in Japan in LIME2) that
have occurred closer to home (i.e., Japan). The reference
values corresponding to each damage event are 4 days per
person annually (double that in LIME2), 60 USD per person
annually (less than one-third of 200 USD in LIME2), 100
species in the world annually (100 times the corresponding
value in LIME2), and 20 billion tons in the world annually
(100 times the corresponding value in LIME2).

Next, because the parameter of social assets—another
monetary parameter—was set as the numeraire in LIME2
and the basic statistics (i.e., population) used are at the
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national scale, we recalculated the global-scaleMWFs defined
above based on the results of LIME2 so that we may compare
the MWFs estimated using the data of the Japanese respon-
dents in our study. The values are generally less than those of
LIME2, except for social assets. ForMWFs based on environ-
mental tax, the MWFs are 3300 USD a day per person (three-
quarters of 4400USD), 0.49 USD for 1 USDworth per person
(differs by one order of magnitude from 0.03USD), 4.1 billion
USD for one species (differs by two orders of magnitude from
240 billion USD), and 2.2 billion USD for 100 million tons
(differs by one order of magnitude from 77 billion USD).

For the loss of human health, the world and national aver-
ages were presented to the respondents in our questionnaire
and for LIME2, respectively. Our pre-survey and interview
data obtained before the main large-scale survey indicated that
Japanese respondents perceived their health risks to be lower
than the world average. This fact led to lower MWFs in our
study even though they evaluated the same subjects.
Regarding the loss of social assets, the MWFs of LIME2 are
significantly small (0.03 USD). Note that the subjects evalu-
ated are inherently different, namely, the loss of resources in
the world in the current study and the loss of resources in
Japan alone in LIME2. This fact indicates that Japanese re-
spondents probably place more value on the global-scale loss

of mineral and fossil resources. This interpretation is consis-
tent with the fact that Japan lacks such resources and relies
heavily on resources imported from other countries. Another
possible reason of the noticeable difference between the
MWFs of social assets is the growing interest in mineral and
fossil resources in Japan from 2005 to 2013.18

Regarding the loss of biodiversity and primary production,
note that the respondents of the two studies were provided

Table 6 Comparison between LIME2 and LIME3—the results of Japanese respondents

Year LIME2 (Itsubo et al. 2012) 2005 LIME3 (this study)2013

Reference valuesa (the respondents faced in questionnaire) HH 2 Day/p/year 4 Day/p/year

SA 200 USD/p/year 60 USD/p/year

BD 1 Species/national/year 100 Species/world/year

PP 0.1 %/national/yearf 10 Times/world/yearf

2 (100 mil.t./national/year) 200 100 mil.t./world/year

MWFs (USD)b

Global scaled Value per person HH 4.4.E+03 1 DALY (year)/p 3.3.E+03 1 DALY (year)/p

Value per person SA 3.4.E−02 1 USD/p 4.9.E−01 1 USD/p

National total value BD 2.4.E+11 1 EINES/world 4.1.E+09 1 EINES/world

National total value PP 7.7.E+10 100 mil.t./world 2.2.E+09 100 mil.t./world

MWFs (USD of social assets equivalent)b,c

National scalee Value per person HH 1.3.E+05 1 DALY (year)/p

Value per person SA 1.0.E+00 1 USD/p

National total value BD 1.3.E+11 1 EINES/national

National total value PP 4.1.E+10 100 mil.t./world

Italic numbers are the representative values of each study

HH human health, SA social assets, BD biodiversity, PP primary production
a Reference values are derived by the LCIA method
b 1 USD = 112.3 JPY (PPP, current international USD in 2013 (World Bank))
c The representative values of LIME2 are calculated using Eqs. (F1) to (F4) in footnote 18
dWorld total population and number of households are 7,052,000,000 and 1,794,600,980, respectively
e Japan’s total population in LIME2 is 127,800,000
f Proportion to the total forest in Japan

18 The different composition of types of depleted resources could be another
cause for the variation in the MWFs of social assets between the two studies.
For example, the major cause of the loss in our study is consumption of fossil
and mineral fuels, while it is global warming in LIME2. In our study, the
causes for the loss were denoted by a combination of fossil fuel consumption
and mineral fuel consumption (65% and 35%, respectively, as shown in Fig.
A2). The major cause of this loss of natural resources is Bthe impact on future
generations due to consumption and depletion of fossil fuels.^ Apart from
these causes, the natural resources that our grandchildren and descendants
should receive are also dwindling from Bconsumption and depletion of min-
erals fuels.^ In LIME2, on the other hand, the causes of the loss included a
combination of global warming, consumption of fossil fuels, consumption of
mineral fuels, soil acidification, photochemical smog, and eutrophication (53,
19, 12, 13, 2, and 1%, respectively). The major cause of the loss is global
warming, due to which more land is being lost to submergence below the sea
level, leading to decreasing harvests of agricultural andmarine products. Apart
from these, our social assets are also dwindling from the consumption of
minerals and fossil fuels, as well as soil acidification.
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different information pertaining to these damages. The
Japanese respondents evaluated the global-scale environmen-
tal damage in the current study and domestic environmental
damage in LIME2. The trend that the respondents are willing
to pay more for local environmental conservation than for
conservation in foreign countries has also been observed in a
previous study on environmental economic valuation
(Lindhjem et al. 2011, Tsurumi et al. 2015). For the respon-
dents, WTP for biodiversity differs according to the location
of the problem. In addition, the MWFs at the national scale,
which are the representative values of LIME2, appear in the
last four rows for reference.19

3.3.2 Previous economic valuation studies

The results of previous studies on the economic evaluation of
the four subjects except for social assets, which have no com-
parative values, are listed in Table 7. For consistency, all the
figures have been converted to show the values for 1 year’s
loss of life for human health, one species for biodiversity, and
100 million tons for primary production.

Value of statistical life (VSL) estimates are widely used by
many US and European agencies, such as US Department for

Transportation (DOT), the US Environmental Protection
Agency (EPA), UK Department for Transportation (DFT),
and European Commission, in policy assessments pertaining
to mortality risk reduction. For comparison, these values are
converted into Value of Statistical Life Year (VSLY), given
by20

VSLY ¼ VSL

1− 1þ rð Þ−L
� �.

r
ð7Þ

where L is the remaining lifetime (assumed to be 40 in
Table 7), and r is the rate at which the utility is discounted
(assumed to be 0 in Table 7). Though it is inappropriate to
make a simple comparison with the results of our study (be-
cause the values of VSL employed by these official agencies
are mainly based on wage risk and road safety studies using
private market data), we observe that these values are larger
than the results of our study.

VSL estimates from various studies show a wide range,
from 7292 USD to 86.3 million USD, with median 2.4 million
USD, depending on the risk valuation context such as cause of

Table 7 Economic values related to losses in the four subjects

Unit This study Previous studies

Values Original unit Authority/Study

Human healtha 1 year (USD) 2.3.E+04 2.3.E+05 VSL USDOT

2.1.E+05 VSL USEPA

6.8.E+04 VSL UKDFT

4.8.E+04 ∼ 9.6.E+04 VSL European Commission

1.0.E+05 YOLL EPS

4.8.E+04 VOLY NEEDS/ExternE

Social assetsb 1 USD (USD) 2.5.E+00 − − −
Biodiversityc 1 species 1.1.E+10 3.9.E+11 Water fringe Mitani and Kuriyama (2005)

(USD) 3.9.E+10 Cheirotonus jambar Yoshida (2013)

1.6.E+10 Wild cat (median) MOEJ (2014)

4.5.E+10 Wild cat (mean) MOEJ (2014)

Primary productiond 100 million tons 5.6.E+09 7.0.E+10 Tropical forests TEEB (2009)

(USD) 1.6.E+10 Other forests TEEB (2009)

1.6.E+10 Woodland/Shrubland TEEB (2009)

1.0.E+10 Grasslands TEEB (2009)

a The values shown represent the economic values of 1 year’s loss of life. VSL estimates have been converted to VSLYusing Eq. (7)
b No comparative values for social assets are available in the literature
c All figures have been converted to show the world total value for one species. We referred to Mitani and Kuriyama (2005) and adjusted the values from
2005 to 2013 prices using the PPP conversion factor at that time and the US CPI because their survey was conducted a decade ago
dAll figures in TEEB (2009) have been converted to show the world total value of 100 million tons, assuming annual average plant growth per hectare as
10 tons

19 These values are calculated using equations (F1) to (F4) in footnote 18.

20 For recent introduction of VSL and VSLY, see Hammitt (2000) and
Lindberg (2015) for examples.
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death (e.g., traffic accident, wage risk, cancer, other illness,
and environment-related), immediate or future risk, change in
public or private risk, and small or large risk reduction
(Lindhjem et al. 2011).21 The information regarding loss of
health in our questionnaire can be specified as environment-
related, latent, public risk, and small change in risk (4 days
annually), and all these contexts cause smaller mortality
values (Arberini and Scasny 2011; Lindhjem et al.
2011). For other LCA methodologies, 100,000 USD
per year of lost life (YOLL), adopted in EPS derived
from previous VSL estimates, is also reasonably larger
than the result of our study.22 NEEDS, which is proxi-
mate to the subject evaluated in our study in terms of
methodology and the definition of mortality, employs
48,000 USD as the mean value of the increase in life
expectancy.23 In the context of public programs using
interview data, our study and NEEDS share the same
idea of life expectancy evaluation, but the scales of
such impacts differ (national in NEEDS and global in
LIME), leading to smaller values in our study. This
interpretation is consistent with our result showing
smaller values for developed countries, where the re-
spondents have a relatively lower baseline risk percep-
tion than those in emerging countries.

WTP for avoiding extinction of a species has been
estimated by several studies. Table 7 shows the compa-
rable values calculated based on the results of previous
studies and world statistics. While these studies com-
monly evaluated accessible local species such as water
fringe, cheirotonus jambar, and the iriomote wild cat
(Mitani and Kuriyama 2005; Yoshida 2013; MOEJ
2014, respectively), we evaluate abstract species present
in locations relatively far away from the respondents
and on the global scale. This difference in approach
leads to somewhat smaller values for our study.

For primary production, TEEB (2009) estimates the
potential benefits of several biomes, including forests,
based on the results of 104 case studies (507 values).
Assuming average yearly plant growth per hectare as 10
ton, the comparable values can be calculated as shown
in Table 7. As is the case with biodiversity, the respon-
dents in the studies commonly evaluated biomes close
to their respective habitations, thus explaining the rela-
tively smaller values in our study.

The MWFs of our study are generally smaller as
compared to the previous studies. This is because our
questionnaire informed the respondents about the global-
scale damages. Although the gaps are probably
underestimated in each subject (sometimes an order of
a magnitude smaller), these gaps are still regarded to be
within the reasonable range. We obtained reasonable
and conservative values as MWFs for the G20
countries.

4 Further discussions

Since the weighting factors derived here represent the eco-
nomic value of one unit of damage, the economic value of
the environmental impact related to each safeguard subject
can be derived by multiplying its relevant reference value
and its MWF. Therefore, the world total economic value
(WTEV) of the annual environmental damage caused by hu-
man activity can be obtained by Eq. (8):

WTEVImpact; annual ¼ ∑
s
RVs MWFs s ¼ HH; SA;BD; PPð Þ

ð8Þ

where RVs is the reference value of each safeguard subject
(Itsubo et al. 2015). The results are presented in Table 8. The
WTEVof annual impacts was estimated to be approximately
5.1 trillion USD, which is equal to 6.7% of world’s total GDP
in 2013. In addition, using the MWFSAs, we arrive at a result
of approximately 2.5 trillion USD, which is equal to 3.3% of
the world’s total GDP.

Compared with the results of the Stern Review (Stern
2007), which estimates the economic damage due to cli-
mate change (2.5 to 10 trillion USD), and the findings of
TEEB (2009) (several trillion USD), which estimates the
economic damage accruing from the loss of an ecosystem
service, our result is reasonable although it appears to be
an underestimate for the following reasons. First, the ref-
erence value of social assets (4.49E−11) does not contain
of the impacts of global warming because of its undevel-
oped functional model and lack of data. We should in-
clude the loss of social assets (such as damages arising
from agricultural, forestry, and fishery production, and
energy consumption) and land loss due to floods (all of
which are considered in assessment reports such as that of
the IPCC) in future estimations. In addition, currently, the
loss of human health due to toxic releases and the loss of
primary production due to acidification are also excluded
from our reference values. The reference value regarding
the loss of biodiversity is also underestimated in our study
because we exclude damages other than that caused to

21 Kuriyama et al. (2009) is one of the representative study providing VSL
estimates in Japan, which range from 1.9 million USD to 4.4 million USD in
the context of traffic accident.
22 The original value is 85,000 ELU (Environmental Load Unit, which was
equivalent to the Euro in 1999) converted into 2013 international dollars here.
For weighting factor for human health impact in EPS, see Steen (1999).
23 The original value is 41,000 Euro (year 2000) based on the results using the
contingent valuation method (CVM) and its data from nine countries to esti-
mate damage costs due to impacts on human health (total sample strength is
1463).
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vascular plants and the impact of soil erosion due to min-
ing in surrounding areas.24

5 Conclusions

This study calculated the MWFs for the G20 countries by
conducting a large-scale survey using a uniform question-
naire. Random sampling was implemented, and a total of
6400 responses were obtained. In all the areas surveyed, the
results were statistically significant at the 1% level, with the
exception of monetary attributes for Mexico. Using the
population-weighted values of each G20 community provided
the following estimates of the MWFs: 23,000 USD for human
health (per year), 2.5 USD for social assets (per USD of re-
sources), 11 billion USD for biodiversity (per species), and 5.6
billion USD for primary production (per 100 million tons).
The differences between the results of the developed and
emerging G20 countries are considerably large, with the
values generally being smaller in the former in purchasing
power parity (USD) terms. The significant variations in these
estimated results indicate that caution should be exercised
while transferring the MWFs of biodiversity and primary pro-
duction (which are related to the ecosystem) internationally or
even within developed countries. However, the MWFs of the
subjects related to human society (human health and social

assets), which showminor variations among the G8 countries,
may be transferred within developed countries.

Our results indicate that the WTEV of annual impacts is
approximately 5.1 trillion USD, which is equal to 6.7% of the
world’s total GDP and comparable to the findings of the Stern
Review (Stern, 2007) and TEEB (2009), which calculated
global economic damage due to climate change and loss of
ecosystem service, respectively. While the main goal of this
study is not to examine absolute impacts, rather impacts rela-
tive to some defined unit, we obtained reasonable MWFs on a
global scale compared with previous studies and provide use-
ful evidence of the difference in MWFs between developed
and emerging countries.

The reference values in this study reflect the damages that
have occurred on a global scale, and the evaluators are people
in various different regions (e.g., 19 countries from the G20).
Therefore, the MWFs of our study refer to the willingness to
pay for a marginal reduction in the global environmental im-
pact for different geographical scales (e.g., G20, G8, G20
excluding the G8 states, and each country). From this aspect,
country-specific MWFs could be different from other national
weighting factors, reflecting the damages that have occurred
closer to home. This is a topic for further research and could
be of significant help in conducting a cost–benefit analysis
using LCA. For an LCA practitioner, these MWFs can be
chosen depending on the aims of the application. In general,
the reliability of country-specific weighting factors is higher
than those at the global scale. If LCA users wish to share the
calculated results internationally (e.g., among the member
countries of the G8), it would be useful to know the weighting

24 We evaluated an annual marginal damage cost for the status-quo scenario.
Thus, our analysis could be conservative as it disregards some impacts.

Table 8 Annual global damage cost

Reference values estimated by LCIA method Monetary values of annual damage Impact categories
based on MWF

Amount of annual damage units USD tax equivalent

Human health 7.87E+07 DALY 1.8.E+12 GW/AP/PO/WU

Social assets 4.49E+11 US$ 1.1.E+12 FF/MR

Biodiversity 1.02E+02 specy 1.1.E+12 GW/LU/FF/MR/BR

Primary production 1.78E+02 100 million tons 9.9.E+11 LU/FF/MR/BR

WTEV 5.1.E+12

World total GDP 7.6.E+13

% of world GDP 6.7%

Monetary weighting factors (USD per unit) Weighted MWF

Human health 1 DALY per person 2.3.E+04

Social assets 1 USD per person 2.5.E+00

Biodiversity 1 species per world 1.1.E+10

Primary production 100 million tons per world 5.6.E+09

World total GDP is 76 trillion dollars (PPP, current international dollar) in 2013 (World Bank)

GW global warming, AP air pollution, PO photochemical ozone creation,WUwater use, LU land use, FF fossil fuel consumption,MRmineral resource
consumption, BR biotic resource consumption
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factors of the group countries (e.g., the MWF of the G8). If
users share the results domestically, the country-specific
MWFs would be helpful; however, it must be noted that the
values reflect damages incurred on a global scale.

One of the biggest advantages of direct weighting in the
LIME method is that unlike other integrated models, the data-
generating process can be fully controlled across different
countries/regions if the questionnaire is well designed. This
means that with the LIME methods, we can directly compare
individual behaviors in different countries and investigate
how country-specific attributes (such as living standards or
regulations) affect their WTP for each safeguard subject.
Establishing cross-country heterogeneity allows us to formal-
ly link local estimates with global ones. Additionally, cross-
country studies help extrapolate future value developments
from the current estimates, especially when country-specific
attributes are expected to change over time.

Acknowledgements We are grateful to International Research Unit of
Nikkei Research Inc. for its valuable support. This research has been
implemented by the financial support of Cabinet Office.

References

Arberini A, Scasny M (2011) Context and the VSL: evidence from a
stated preference study in Italy and the Czech Republic. Environ
Resour Econ 49:511–538

Arrow K, Solow R, Portney PR, Leamer EE, Radner R, Schuman H
(1993) Report of the NOAA panel on contingent valuation, Jan 11

Garcia RR, Cokely ET (2013) Communicating health risks with visual
aids. Curr Dir Psychol Sci 22(5):392–399

Hammitt JK (2000) Valuing mortality risk: theory and practice. Environ
Sci Technol 34:1396–1400

Hellweg S, Canals LM (2015) Emerging approaches, challenges and
opportunities in life cycle assessment. Science 344(6188):1109–
1113

Hoekstra AY, Wiedmann TO (2014) Humanity’s unsustainable environ-
mental footprint. Science 344(6188):1114–1117

Huppes G, Oers LV (2011) Background review of existing weighting
approaches in Life Cycle Impact Assessment, JRC Scientific and
Technical Report. http://eplca.jrc.ec.europa.eu/uploads/LCIA-
review-of-weighting-methods.pdf

Itsubo N, Sakagami M, Kuriyama K, Inaba A (2012) Statistical analysis
for the development of national average weighting factors - visual-
ization of the variability between each individual’s environmental
thoughts. Int J Life Cycle Assess 17:488–498

Itsubo N, Murakami K, Kuriyama K, Yoshida K, Tokimatsu K, Inaba A
(2015) Development of weighting factors for G20 countries - ex-
plore the difference in environmental awareness between developed
and emerging countries. Int J Life Cycle Assess, Open access. doi:
10.1007/s11367-015-0881-z

ITU World Telecommunication (2013) ICT statistics. http://www.itu.int/
en/ITU-D/Statistics/Pages/stat/default.aspx (28 Nov 2015)

Kuriyama K, Kishimoto A, Kanemoto Y (2009) Valuing mortality risk
reductions: a scope test for validity in contingent valuation method.
Rev Environ Econ Pol Studies 2(2):48–63 (Japanese)

Tsurumi T, Kuramashi K, Managi S, Akao K (2015) Determining future
environmental value: empirical analysis of discounting over time

and distance. In: Managi S (ed) The Routledge handbook of envi-
ronmental economics in Asia. Routledge, New York

Lindhjem H, Navrud S, Braathen NA, Biausque V (2011) Valuing mor-
tality risk reductions from environmental, transport, and health pol-
icies: a global meta-analysis of stated preference studies. Risk Anal
31(9):1381–1407

Lindberg G (2015) Accidents. In: Nash C (ed) Handbook of research
methods and applications in transport economics and policy.
Edward Elgar Pub, Ch. 8, Cheltenham

Lipkus IM, Holland JG (1999) The visual communication of risk. J Natl
Cancer I Monographs 25

Loomis JB, duVair PH (1993) Evaluating the effect of alternative risk
communication devices on willingness to pay: results from a dichot-
omous choice contingent valuation experiment. Land Econ 69(3):
287–298

Lorenzen TJ, Anderson V (1993) Design of experiments: a no-name
approach. Marcel Dekker

Louviere JJ, Hensher DA, Swait JD (2000) Stated choice methods, anal-
ysis and applications. Cambridge University Press, Cambridge

Matsuda T, Ii R, Itsubo (2013) Development Global Damage factors of
Resource Consumption. The 6th International Conference on Life
Cycle Management in Gothenburg 2013

McFadden D (1974) Conditional logit analysis of qualitative choice be-
havior. In: Zarembka P (ed) Frontiers in econometrics. Academic
Press, New York, pp 105–142

Meyerhoff J, Morkbak MR, Olsen SB (2014) A meta-study investigating
the sources of protest behavior in stated preference surveys. Environ
Resour Econ 58(1):35–57

Mitani Y, Kuriyama K (2005) Nature restoration projects and environ-
mental valuation: a case study of vegetation restoration of Asaza in
lake Kasumigaura, Japan. Jpn J Soc Environ Econ Pol Stud 10:60–
72 (in Japanese)

Ministry of Environment, Japan (MOEJ) (2014) Economic valuation of
biodiversity with contingent valuation method (in Japanese)

Motoshita M et al (2014) Consistent characterisation factors at midpoint
and endpoint relevant to agricultural water scarcity arising from
freshwater consumption. Int J Life Cycle Assess. doi:10.1007/
s11367-014-0811-5

NEEDS (New Energy Externalities Developments for Sustainability)
(2006) Final report on the monetary valuation of mortality and mor-
bidity risks from air pollution

Nielsen J (2011) Use of the Internet for willingness-to-pay surveys: A
comparison of face-to-face and web-based interviews. Resour Energ
Econ 33(1):119–129

Okan Y, Garcia-Retamero R, Cokely ET,Maldonado A (2012) Individual
differences in graph literacy: overcoming denominator neglect in
risk comprehension. J Behav Decis Making 25:390–401

Olsen S (2009) Choosing between internet and mail survey modes for
choice experiment surveys considering non-market goods. Environ
Resour Econ 44:591–610

Steen B (1999) A systematic approach to environmental priority strate-
gies in product development (EPS) version 2000 - models and data
of the default method. Centre for Environmental Assessment of
Products and Material Systems report 1999:5

Stern N (2007) The economics of climate change. The Stern Review.
Cambridge University Press, New York

Tang L et al (2015a) Development of human health damage factors for
PM2.5 based on a global chemical transport model. Int J Life Cycle
Assess. doi:10.1007/s11367-014-0837-8

Tang L et al (2015b) Development of human health damage factors re-
lated to CO2 emissions by considering future socioeconomic scenar-
ios. Int J Life Cycle Assess. doi:10.1007/s11367-015-0965-9

TEEB (2009) The economics of ecosystems and biodiversity: climate
issues update (table 3)

Tol R (2008) The social cost of carbon: trends, outliers and catastrophes.
Economics 2:2008–2025

Int J Life Cycle Assess (2018) 23:2349–2364 2363

http://eplca.jrc.ec.europa.eu/uploads/LCIA-review-of-weighting-methods.pdf
http://eplca.jrc.ec.europa.eu/uploads/LCIA-review-of-weighting-methods.pdf
http://dx.doi.org/10.1007/s11367-015-0881-z
http://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx
http://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx
http://dx.doi.org/10.1007/s11367-014-0811-5
http://dx.doi.org/10.1007/s11367-014-0811-5
http://dx.doi.org/10.1007/s11367-014-0837-8
http://dx.doi.org/10.1007/s11367-015-0965-9


Turner RK, Pearce D, Bateman I (1994) Environmental economics: an
elementary introduction. Harvester Wheatsheaf

UN demographic yearbook (2010) http://unstats.un.org/unsd/default.htm
Weidema BP (2009) Using the budget constraint to monetarize impact

assessment results. Ecol Econ 68:1591–1598
Weitzman ML (2007) A review of the Stern review on the economics of

climate change. J Econ Lit Am Econ Assoc 45(3):703–724

World Bank (2013) PPP conversion factor, private consumption (LCU
per international $), http://data.worldbank.org/indicator/PA.NUS.
PRVT.PP/countries?display=default (21 July 2014)

Yamaguchi K et al (2016) Ecosystem damage assessment of land trans-
formation using species loss. Int J Life Cycle Assess. doi:10.1007/
s11367-016-1072-2

Yoshida K (2013) The economics of biodiversity and ecosystem services.
Showado (in Japanese)

2364 Int J Life Cycle Assess (2018) 23:2349–2364

http://unstats.un.org/unsd/default.htm
http://data.worldbank.org/indicator/PA.NUS.PRVT.PP/countries?display=default
http://data.worldbank.org/indicator/PA.NUS.PRVT.PP/countries?display=default
http://dx.doi.org/10.1007/s11367-016-1072-2
http://dx.doi.org/10.1007/s11367-016-1072-2

	Development of weighting factors for G20 countries. Part 2: estimation of willingness to pay and annual global damage cost
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Study method
	Results and discussion
	Respondents’ perceptions
	Estimation results
	Preference intensities
	Monetary weighing factors
	Cross-country heterogeneity
	Population-weighted MWFs

	Comparison with previous studies and validity of our results
	Results of Japanese respondents in LIME2
	Previous economic valuation studies


	Further discussions
	Conclusions
	References




