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Abstract

We measure how taking into account air quality affects relative welfare levels and welfare convergence
across countries. We use the equivalent variation framework by Jones and Klenow [(2016) American
Economic Review 106(9), 2426-2457.] which takes into account consumption, life expectancy, inequal-
ity, and leisure and extend it with respect to environmental quality in form of air pollution. Our results
show that omitting environmental aspects from welfare accounting might lead to both a substantial
over- or understatement of actual relative welfare and welfare developments for different (groups of)
countries.
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1. Introduction

The last three decades have exhibited both fast economic convergence between developed and
(some) emerging countries as well as economic divergence between the most and least developed
countries. Moving beyond the traditional approach to compare economic welfare across coun-
tries and time based on GDP per capita only, Jones and Klenow (2016) have challenged existing
convergence and divergence facts by including life expectancy (LE), consumption inequality, and
leisure into a broader assessment of welfare development. Air quality has been much discussed as
an important factor of living standards worldwide. Changes in air quality vary substantially and
relate to GDP (growth) differently across countries. This paper extends Jones and Klenow and
quantifies welfare levels and developments across countries taking into account international evi-
dence on airborne particulate matter. We show that considering air quality substantially affects
welfare within and convergence and divergence in welfare across countries.

There exist many different welfare measures that include aspects over and above GDP, for
example, the Human Development Index. Some explicitly address environmental aspects of pol-
lution. Meadows and Club of Rome (1972) is an early example. In light of the famous Millennium
Development Goals, World Bank Group (1997) subtracts the estimated damages of air pollution
from a nation’s calculated net national savings to achieve their well-known sustainability mea-
sure of “Genuine Saving” to account for the depreciation of physical assets, such as cropland
and human capital, due to environmental pollution. The approach of Jones and Klenow (2016)
has the advantage of being based on a concrete utility specification the parameters of which can
be informed by microeconomic data. Moreover, it provides an equivalent variation that can be
used in our setting to quantitatively assess how much consumption would an economic agent be
willing to forego for better air quality. This is particularly useful for welfare comparisons across
countries. Existing approaches based on an equivalent variation such as Jones and Klenow (2016)
and Fleurbaey and Gaulier (2009) do not address environmental aspects.
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Figure 1. Economic development and particulate matter. Notes: Left-hand side shows log levels of GDP and PM2.5 in 2010.
Right-hand side shows growth rates between 1991 and 2010. Data from World Bank (2018).

We focus on a particular aspect of environmental quality: The concentration of airborne par-
ticulate matter. It has been acknowledged as an important source of health risks which led to the
introduction of guidelines and limits with respect to the annual exposure by the WHO and the
EU, among others.! Health risks are long term as high levels of particulate matter negatively affect
aging, cognitive abilities, and through many channels, LE. Poor air quality may also affect physical
and mental health in the short term. Physical and mental health, in turn, affect both productivity
[Madsen (2018)] as well as the accumulation of human capital [Palivos and Varvarigos (2017)] and
hence even the long-run growth path of an economy. A detailed review of the medical literature on
health effects and effects on well-being of particulate matter exposure is given in Mukherjee and
Agrawal (2018). Over and above health risks, air quality affects well-being more generally which
is particularly important in the short term: Particulate matter concentration affects the value of
consumption and leisure, especially when related to outdoor activities. Economic agents may also
distaste poor air quality directly.? The studies of Levinson (2012), Freeman et al. (2019), and Ito
and Zhang (2020) provide empirical support for a disutility of air pollution as they all imply a sub-
stantial willingness to pay for clean air. In line with this literature, we assume that, ceteris paribus,
a person’s utility increases in air quality. Through its effect on health, past air quality already
enters the framework of Jones and Klenow (2016) indirectly via the LE of a country’s population.
In this paper, we therefore evaluate the effects of air pollution on utility that are either short term
or affect health today and change LE in the future.

Population-weighted particulate matter concentration is available for a large sample of coun-
tries and years. Concentration greatly varies across countries with a minimum value of 7.2 jLg/m?
in New Zealand and a maximum value of 100.8 tg/m? in Nepal in 2010. Figure 1 documents the
relationship between particulate matter and GDP both in log levels and growth rates across those
countries included in our welfare assessment. The figure exhibits a broadly negative relationship
between economic development and air quality in 2010 (left-hand side panel). However, China,
India, but also Arab countries are notable exceptions of countries with very high pollution lev-
els relative to countries with a comparable GDP per capita. Worldwide, the population-weighted
annual exposure to PM2.5 has increased about 6% from 39.5 pg/m?® in 1990 to 41.8 pg/m? in
2010. While the PM2.5 concentration in the East Asian and Pacific countries increased by about
14% from 38.1 ug/m?® in 1990 to 43.3 jLg/m? in 2010, the countries of today’s European Union,
especially Eastern European countries, experienced a reduction of about 29% from 20.6 to 14.7
g/m? in the same period. The relationship between GDP growth and pollution growth is pos-
itive, but not generally strong (right-hand side panel). One notable exception is India with high
growth rates in both GDP and particulate matter concentration. Similar patterns have been doc-
umented in Grossman and Krueger (1995) and Bradford et al. (2005).3 Taking into account poor
air quality in welfare comparisons may therefore intensify or weaken welfare levels and welfare
growth in absolute levels, but also relative across countries.
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Factors behind high particulate matter concentration are both natural, due to geographic char-
acteristics, and artificial, due to power generation, heating, transportation, and industrial activity.
Our quantification of welfare differences allows us to evaluate concrete environmental policies
that aim at reducing particulate matter concentration due to these artificial sources such as general
air pollution action plans or bans on certain technologies, for example, diesel cars.

We show that once the concentration of particulate matter is taken into account, the welfare
ranking between countries substantially changes for some country groups, both in terms of lev-
els and growth rates and both compared to the corresponding ranking without air quality (Jones
and Klenow) and a ranking based on GDP per capita only. Our results show that omitting envi-
ronmental aspects from welfare accounting might lead to a substantial over- or understatement
of actual relative welfare and welfare developments. In particular, many developing countries are
even poorer in terms of welfare than suggested by income levels only or welfare measures without
air pollution. Not including air pollution overestimates the living standards of most Central and
Western European countries, and some of these countries are relatively worse off compared to an
assessment based on GDP only. Regarding developments, air pollution declines over time in most
countries which accelerates their welfare growth. This is particularly true for the EU-28 member
states whose welfare has grown 1% point faster than in the USA between the beginning of the
1990s and the second half of the first decade of the 2000s once the improvement in air quality is
taken into account.

Based on our welfare growth assessment, we assess the Chinese “Action Plan on Prevention and
Control of Air Pollution” of 2013 and compute an additional annual welfare growth of 0.7% over
the time frame of the plan. In terms of consumption, Chinese people would therefore be willing to
accept an annual decrease of consumption by 0.7% on average if the goals of the action plan were
realized.

This paper is structured as follows. Section 2 defines the utility framework and discusses the
data and calibration. Section 3 documents the results on relative welfare levels and growth rates
based on our welfare measure and comparing the results to a framework without air pollution
(Jones and Klenow) and based on GDP per capita only. Section 3 also contains the back-of-the
envelope assessment of the Chinese action plan on air pollution. Section 4 addresses robustness
to our baseline utility framework with respect the calibration and the separability of air pollution
with consumption and leisure in the utility function. Section 5 concludes.

2. Model, data, and calibration
2.1. Utility framework

To calculate the alternative welfare measure across countries and over time, we define the
following Rawlsian expected lifetime utility of a random person in country i as

V(e c,Lo,p)=e [u +log (¢) + v(I) — %02 —« log (p)] , (1)

where e is LE at birth which multiplies the expected flow utility per year. LE hence discounts flow
utility. This formulation is derived from an expected lifetime utility formulation with an annual
discount factor of one and is identical to Jones and Klenow (2016) apart from the last term. The
formulation assumes that consumption among a country’s population is log-normally distributed.
Here, log (c) is the flow utility from consumption and u is a utility constant. Consumption is the
stock of private and public consumption, which takes into account that people not only derive
utility from their private consumption but also from the consumption of goods provided by

14
the government. v(/) is the flow utility from leisure which is defined as v(I) = —l‘i_—i(l - l)< € ),
where € is the Frisch elasticity, 6 is the utility weight assigned to leisure, and [ is leisure time.

https://doi.org/10.1017/51365100522000074 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100522000074

1022 A. Balleer and M. Endrikat

log (c) — %02 is the expected value of consumption given a log-normal distribution, with o? as

the variance of the distribution.

Air quality enters equation (1) implicitly through LE. The term —« log (p) captures the addi-
tional flow disutility from air pollution that arises from the contemporaneous effect of air quality
on health and happiness and well-being more generally. Here, « is a parameter and p is the level
of pollution measured in pg/m?. As for leisure, our formulation assumes that pollution is certain,
and hence, the corresponding expected utility equals the utility of its expected value.

We assume linear separability between consumption, leisure, and air pollution. This makes
the model both tractable and comparable to the original formulation by Jones and Klenow (2016).
A similar assumption is made by Michel and Rotillon (1995) and Gradus and Smulders (1993) who
address the role of pollution for economic growth. Suffering from low air quality does not only
exert disutility in itself but might also influence the marginal utility of leisure and consumption
and potentially even the substitutability of the two. If air pollution has a negative effect on the
marginal utility of leisure time, this indirectly influences a person’s labor supply, since it lowers
the opportunity costs of working. Taking this into account, we consider non-separable preferences
in Section 4.

As in Jones and Klenow (2016), we compare the expected lifetime utility of a random person
“Rawls” living in country i to the USA as a benchmark country. The equivalent variation A; mea-
sures the factor by which a person’s consumption living in the USA must be adjusted to make her
indifferent to living in country i:

Veus> Micus lus» Ous> pus) = Ve ¢i, li, 0i, pz) 2)

This condition assumes equal preferences across countries. Using (2), we compute log (1;) and

log (}%‘) for each country, where y; = ny: is a country ’'s GDP per capita relative to that of the

USA4

2.2. Data

Because of comparability, we use the same data sources as Jones and Klenow (2016) and the same
base year 2007.° Real GDP per capita, expenditures, the share of both private and public con-
sumption in GDP, and average hours worked per worker and year stem from the Penn World
Table version 8.0.% LE at birth for both sexes, absolute population, and the employment share
in total population are taken from the World Development Indicators published by the World
Bank. Consumption inequality as measured by the Gini coefficient stems from the UNU-WIDER
World Income Inequality Database version 3.0 (WIID3a).” Under the assumption of log-normal
distributed consumption, the standard deviation of consumption is calculated according to:

o=2. ] (%) 3)

where G is the Gini coefficient. The WIID database contains data on both consumption and
income inequality, and consumption inequality is used whenever it is available. In the case that
there is no information on consumption inequality, we follow Jones and Klenow and use data on
disposable income.

We use publicly available data from the World Bank and measure air pollution as the mean
annual exposure of suspended particles measuring less than 2.5 microns in aerodynamic diame-
ter. The concentration of air pollution is measured in jLg/m> and weighted by the population in
both urban and rural areas, which takes into account that people in rural areas typically suffer less
air pollution than people living in urban ones. All measures are annual averages in a country. The
data are published yearly starting in 2010 and every 5 years between 1990 and 2005. Values for
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Figure 2. Particulate matter across countries and over time. Notes: Data from World Bank (2018).

2007 are obtained using a linear interpolation. As Figure 2 shows, particulate matter concentra-
tion varies substantially across countries (left panel) and time (right panel). Including all available
data, we obtain a welfare measure for 148 countries from all income classes for the year 2007.
We consider countries in six distinct groups: First, the Arab countries which exhibit high levels
of air pollution which further increases over time. Second, the BRIC countries with a high and
moderately increasing level of air pollution. Third, low- and middle-income countries which only
slightly improve from a medium level of air pollution. Fourth, Eastern European countries which
start from a comparable medium level but improve their air quality over time. Fifth, Western
European countries which stagnate at a comparably low level of air pollution. And sixth, high-
income countries with low population densities which exhibit the lowest levels of air pollution
throughout. The USA is shown in comparison. Its level lies between Western Europe and the
Nort}éern high-income countries, and its pollution levels are mildly decreasing between 2005 and
2010.

We also consider welfare growth. Due to availability of the data on air pollution, we limit our
sample to the period 1991 until 2010 when calculating growth rates of our welfare measure. Jones
and Klenow (2016) consider the period 1980—2007, however. To obtain growth rates for our sam-
ple, we use updated versions of the Penn World Table (version 9.0) and the UNU-WIDER World
Income Inequality Database (version 3.3, WIID3c). Growth rates for welfare are only available for
a subset of the countries for which we can measure welfare levels. The reason is that some coun-
tries provide levels of leisure (working hours) and inequality in 2007, but not before, in particular
for the range 1990—1995. The country sample for which we are able to calculate welfare growth
rates covers 50 countries. Unfortunately, this excludes interesting countries such as China and the
Arab countries from our welfare growth analysis.

2.3. Calibration

Following Jones and Klenow (2016), we use 6 =14.2 and € =1 to describe the sub-utility of
leisure. The parameter u measures the value of a statistical life which is difficult to calibrate and
differs substantially across studies [see Viscusi and Aldy (2003)]. We set u to 8.28, to make sure
that the lowest flow utility in our sample (Bangladesh) is just equal to zero as a benchmark.” We
follow the same procedure for growth rates and derive the critical % as 7.36. We do not interpret
u here and consider robustness to changing its value in Section 4.

The important parameter in our framework is «, the disutility parameter of air pollution. To
assign a monetary value to clean air, we use the estimates on the willingness to pay for clean
air in USA data from Levinson (2012). Levinson regresses self-reported happiness from survey
respondents on independent real-time local data on air quality controlling for weather conditions,
demographic characteristics, and the respondent’s income. By including both location and time
fixed effects as well as their interactions and by using daily fluctuating data on air quality, the
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author accounts for the fact that people with a relatively higher willingness to pay for clean air
self-select into areas with less air pollution, a fact that cannot be accounted for in studies that
calculate the willingness to pay based on data on house prices, for example. From the regression
results, he derives the average marginal rate of substitution between income and current local
air quality. Levinson’s study concludes that people are willing to forgo about 37 US dollar for an
improvement in air quality of one standard deviation for one day.

We set « equal to the ratio of the estimated coefficient of air quality, measured in logs of pug
PM10 per m?, to the estimated coefficient of income, measured in logs of thousand dollars. Since
the estimated coefficients are based on a concentration of PM10 in pug per m3, we convert the
original PM2.5 data into PM10 data. According to the WHO (2006), the common PM2.5/PM10
ratio is 0.5, and we multiply the raw data on air pollution by the factor two accordingly. Note
that while Levinson (2012) uses data on income, we refer a direct correspondence to consump-
tion. This seems reasonable, since the share of private and public consumption in GDP is usually
relatively high.!% This results in k = 0.67 as our baseline measure of the short-term effect of air
pollution on subjective well-being.

Levinson’s results are larger than those from other hedonic studies [see, e.g. Bayer et al. (2009)].
They are qualitatively in line with the findings of Welsch (2006) who uses a similar approach
to estimate the effect of air pollution on stated well-being. Different to Levinson, he consid-
ers country-wide effects in ten European countries over the period 1990—1997. Besides data
on nitrogen dioxide and lead, he also uses data on particulate matter concentration and finds a
statistically significant negative effect on stated well-being. The approach for non-market envi-
ronmental valuation used in the two mentioned studies needs to be distinguished from methods
of revealed preferences and stated preferences that are well-established in the literature. Frey et al.
(2004) refer to this method as the life satisfaction approach and argue that methods of revealed
preferences and stated preferences both have shortcomings. They state that in the case of the
revealed preferences approach, failures in the market for the goods that are used as comple-
ments or substitutes to the non-market good that is to be valuated might bias the results, whereas
the stated preferences approach might suffer from strategic behavior or limited awareness of the
respondents.!!

Two recent studies for China provide comparable estimates of k based on discrete-choice infor-
mation. Ito and Zhang (2020) use a policy-induced natural experiment which generated variation
in air quality in different regions in China in order to measure the willingness to pay for clean air
based on air purifier investments. This study implies that « = 0.95 which is above, but not too far
from our baseline value.!2 Freeman et al. (2019) use census information and satellite data to infer
the willingness to pay for clean air from residential location choices of Chinese households. This
study implies that ¥ = 1.5 and hence infers a disutility from air pollution higher than our baseline
estimate.!> We will investigate the robustness of our results to this high value of « in Section 4
below.

3. Results
3.1. Welfare levels

We first compute welfare levels in 2007 based on our specification and calibration outlined above.
All calculations are relative to the USA as the benchmark, so in the following we always refer to
welfare relative to the USA. Jones and Klenow (2016) have already documented how taking into
account LE, leisure, and inequality affects the relative welfare positions of countries compared to
an assessment that is based on GDP per capita only. Specifically, they find that assessing welfare
based on GDP per capita only overstates relative welfare of many countries with low-income lev-
els. They also find that European countries perform better on average compared to the USA when
taking into account leisure and inequality. Hence, living standards of European countries are, on
average, much closer to those in the USA than suggested by income levels.
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We now assess how taking into account air pollution changes the welfare levels and ranking of
countries. Figure 3 compares the welfare measure without air pollution on the x-axis to welfare
with air pollution on the y-axis. The figure contains six panels for the six different country groups.
The corresponding graph containing all countries can be found in Figure Al in the Appendix.
Countries below the 45° line are worse off, and countries above this line are better off taking
air pollution into account relative to the USA which refers to the entry 100 on both axes. The
ordering of countries on both axes shows the ranking according to the respective welfare measure
both relative to the USA and to each other. For example, if two countries exhibit similar levels
of welfare without pollution (x-axis), but different levels of welfare with pollution (y-axis), the
country higher up on the axis improves relative to the other country when pollution is taken into
account (see e.g. Australia and Sweden in the lower right panel). Likewise, if a country lies to
the right of another country on the x-axis, but both show similar y-axis entries, the first country
worsens with respect to welfare relative to the other country when pollution is taken into account
(see e.g. Kuwait and Qatar in the lower left panel).

The corresponding measures are also listed in Table Al in the Appendix including also the
Jones and Klenow welfare measure as well as real GDP per capita only. Table A2 in the Appendix
further decomposes our welfare measure into the particular components, that is, LE, consumption
as a share of GDP (C/Y), leisure (L), inequality (Ineq), and pollution (Poll) for 2007. The sec-
ond line for each country shows the values of the raw data, namely, LE, the consumption to
income ratio, average annual working hours, the standard deviation of consumption, and the
PM10 concentration.

Figure 3 shows that most countries reveal welfare losses relative to the USA when pollution
is taken into account compared to the Jones and Klenow measure. The upper left graph shows
that among the 50 poorest countries in the sample, 70% diverge further from the USA in terms
of welfare. Extremely high levels of air pollution of about 227 jLg/m? in Niger, nearly 12 times the
reference value of the USA, and about 99 g/m? in the Central African Republic, reduce the wel-
fare of these two already poor countries by nearly 167 and 110 log points, respectively. Emerging
countries such as India and China also lose out (see upper right graph) as do Eastern European
countries (shown in the middle left graph). For Western European countries such as Austria,
Germany, France, or Belgium whose welfare ranked higher than GDP per capita compared the
USA according to Jones and Klenow, the welfare loss from pollution even outperforms the wel-
fare gains from more leisure and less inequality (compare also Tables A1l and A2). This leads to
relatively lower welfare levels compared to just using GDP per capita levels. Germany, for exam-
ple, with a per capita GDP of about 74% of the USA level in 2007, has a welfare of 83% in terms
of the Jones and Klenow specification, but just of about 63% once air pollution is included in our
calculation.

The lower left graph exhibits that Arab countries are substantially worse off due to their high
air pollution levels. Qatar and Kuwait, both among the top five income countries in 2007, down-
grade particularly strongly both relative to the USA and to the other Arab countries. In contrast,
Northern high-income countries with a low population density such as Sweden, Iceland, Norway,
Finland, Australia, New Zealand, and Canada are countries which improve their relative welfare
position when taking air pollution into account (see lower right graph). New Zealand and Finland
overtake Norway in the welfare ranking in this case. The sample minimum value of 10.8 jLg/m?
increases the Swedish welfare by nearly 40 log points.

Our welfare measure exhibits a statistically significant correlation of 0.69 with GDP per capita
(relative to the USA), which is much lower than the correlation of 0.81 between income and wel-
fare calculated according to the Jones and Klenow framework.!* Moreover, the mean absolute
deviation between our measure and GDP per capita is 55.3% and the median absolute deviation is
59.8% for the year 2007.!> As Figure A2 in the Appendix shows, the majority of countries in our
sample lie below the 45° line, meaning that for many countries, assessing welfare simply according
to GDP per capita might overestimate their living standards.
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Figure 3. Welfare with and without pollution by country groups. Notes: Year 2007. The underlying data are depicted in
columns (4) and (6) of Table A.1.

3.2. Welfare growth

Next, we consider growth in welfare between 1991 and 2010. Again, all calculations are relative to
the USA as the benchmark. We compute 5-year averages of all variables between 1991 and 2010
due to data availability for some variables, but also in order to mitigate short-term fluctuations and
measurement error in the original data. We then compute the growth rate between the resulting
four time intervals according to g; = 1 log (X;) with T =3 periods [following Jones and Klenow
(2016)].

Figure 4 compares the growth rate of our welfare measure to that without air pollution accord-
ing to the specification of Jones and Klenow. The figure is comparable to Figure 3 for the subset
of countries for which we can measure growth developments (see Section 2). Figure A3 in the
Appendix shows all countries, Table A3 in the Appendix exhibits the corresponding numbers and
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Figure 4. Welfare growth with and without pollution by country groups. Notes: Average growth rates for the years
1991—-2010. The underlying data are depicted in Table A.3.

shows several components of welfare growth. The two statistics reveal a high and statistically sig-
nificant correlation of 0.88. Nevertheless, it can be seen that some countries in our sample lie
clearly below the 45° line, indicating that welfare growth in these countries has been slower once
air quality is taken into account. This is the case especially for the low- and middle-income coun-
tries including India and Brazil, the BRIC countries for which we can compute welfare growth. In
fact, Central and Eastern Asian countries have suffered from increasing air pollution over the last
decades, which is reflected in these results.

India and Vietnam are the two countries with the highest growth rates of GDP per capita in our
sample. Our results show that their fast economic growth overstates their actual welfare improve-
ments.1® In absolute terms, the particulate matter concentration increased from 120.6 to 130.1
pg/m? in India and from 53.8 to 55.5 pg/m? in Vietnam between the first half of the 1990s and
the second half of the first decade of the 2000s. The increase in air pollution lowers the growth of
our welfare measure by 1.7% per period in India and 0.7% per period in Vietnam, respectively.

Nearly all European countries in our sample were able to decrease their PM10 concentration
between the beginning of the 1990s and the end of the first decade of the 2000s. On average,
welfare of the EU-28 member states has grown about 1% point faster between the beginning of
the 1990s and the second half of the first decade of the 2000s, once the improvement in air quality
is taken into account.!” As a result, Western European countries mildly improve relative to the
USA. The Northern, high-income and low population density countries move parallel to the USA
and mildly degrade relative to the USA reflecting not much further improvement at a low level of
air pollution.

The group of countries from Eastern Europe was able to achieve high-income growth and even
higher welfare growth, and most of these countries clearly lie above the 45° line. This can be
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explained by the strong reductions of air pollution in many of the former Soviet states after the
collapse of the Soviet Union and the approximation of many of these countries to the European
Union and its environmental standards. The Czech Republic, as an outstanding example, was
able to reduce average air pollution from 61.6 pug/m?> to less than 40 pg/m® during the given
period. Moreover, the integration into the European market enabled these countries to adopt more
modern technologies, which helped to reduce air pollution.

3.3. Assessing welfare effects of environmental policy

Calculating growth rates of our welfare measure can also be used to evaluate specific environ-
mental policy measures regarding their welfare effects. As an example, take the “Action Plan on
Prevention and Control of Air Pollution Introducing Ten Measures to Improve Air Quality” that
was enacted by the Chinese Ministry of Ecology and Environment in 2013'%, It aims to improve
overall air quality in China over a period of 5 years. In particular, the concentration of particu-
late matter was planned to be reduced by 25% in the Beijing-Tianjin-Hebei Province, 20% in the
Yangtze River Delta, and 15% in the Pearl River Delta. Weighting this by the relative population
shares of these three regions translates into a reduction of about 5% for the overall Chinese state'®.
Taking the data for 2013 for China?® and assuming that there are no changes besides the reduction
in the particulate matter concentration delivers an annual welfare growth of 0.7% (growth rate of
A) over the period of 5 years, which is the time frame of the action plan. Since X is the consump-
tion equivalent, this means that in terms of consumption, Chinese people, on average, would be
willing to accept an annual decrease of consumption by 0.7% if the goals of the action plan were
realized. With a real GDP per capita of 11.673 USD (PPP) of which 51% were being consumed by
either private households or the government, this translates into forgone consumption of about
30 USD (PPP) a year per capita over 5 years.

4. Robustness of results

We address four robustness tests to check whether our results hold qualitatively if we deviate from
our basic assumptions. First, we address the role of the value of a statistical life u. Second, we vary
« which critically defines the disutility of pollution. Third, we deviate from the assumption of
separability of air pollution with consumption and leisure in our utility specification. Fourth, we
compute the compensating rather than the equivalent variation.

4.1. Value ofu

Compared to the calibration in Jones and Klenow (2016), we have increased the value of a statis-
tical life & in our assessment in order to avoid negative flow utilities in some countries. # shifts the
flow utility by the same constant for all countries, but the flow utility is weighted with LE which
affects different countries differently. If we compute the welfare measure without pollution with
1 =75 as in Jones and Klenow, it is highly correlated (correlation of 0.98) with the same welfare
measure without pollution with # = 8.28 which we have used in our baseline results. Figure A8
in the Appendix compares our baseline to welfare without pollution with & = 5. It is visible that a
higher value of # makes countries with high LE better off relative to countries with low LE. The
results are still very similar to those in Figure 3.

4.2. Varying k

Our baseline calibration of k22 = 0.67 is based on the regression coefficients of Levinson (2012)
in his specification with log-income and log-pollution. We compare this to «F'5T = 1.5 as implied

by Freeman et al. (2019) (see Section 2.3). Note that this value lies within a range of £™" = 0.03
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Table 1. Robustness checks—Summary results

Correlation with Abs. Deviation (%)
u GDPpc Benchmark Mean Median
Panel (a)—Welfare Levels
Separable ut|l|ty
sebase — =067 8.28 0 689*** - 55 3 59 3
FLST — =15 12.75 0. 550*** o 947*** 76. 61 82. 99
Compensatlng varlatlon 8.28 0 703*** O 751*** 2.65 1.70

Non-separab

55 03
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Benchmark case refers to the baseline calculations in this paper. Absolute deviation is measured relative to GDP per capita.
p <0.1, ** p < 0.05, ** p < 0.01.

and k™** = 1.87 which are values implied by the 95% confidence intervals of the estimated coef-

ficients in Levinson. If we calculate the willingness to pay for a 1 pug/m? reduction in PM10 at
the average income and average pollution level based on «™** = 1.5, we obtain a value of 2098 US
dollars compared to 974 US dollars for the baseline. This would correspond to a willingness to pay
of 82.7 US dollars for a one standard deviation reduction in PM10 for one day.?!

We recalculate our welfare measures keeping everything else equal except for & which we need
to recalibrate following the strategy outlined in Section 2.3 in order to avoid negative flow utilities
in several countries. Table 1 shows that a higher « implies a lower correlation of welfare in levels
with GDP per capita and a higher absolute deviation relative to this measure (see Panel a). Similar
patterns arise for growth rates (see Panel b). Hence, increasing « lets welfare measures deviate even
more from GDP per capita (growth rates). Increasing « results in a measure very highly correlated
to the benchmark calibration. For most countries, the relative welfare levels and growth rates do
not change substantially. Unsurprisingly, a few countries with very high pollution levels lose out
substantially. India moves down 38 ranks in the welfare comparison across countries. Equally
worse off are the Arab countries (between a loss of 32 ranks for Qatar to 16 ranks for Bahrain),
some African countries (Chad, Zimbabwe, South Africa, Egypt, Mali, and Benin), and also Poland
(down 11 ranks), Pakistan and China which lose 10 ranks each in the welfare ranking. While
Poland retains 43% of its baseline welfare, India finds itself at a level as low as 6% of the baseline

welfare measurement.zz

4.3. Non-separable utility function

Extending a comparable non-separable utility function in Jones and Klenow (2016), we consider
the following general flow utility
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Ue,Lp) =i+ =) V[11+_<yy DOy —1 "

with y > 1, which leads to consumption and leisure being substitutes.?

Equation (4) converges to our benchmark specification for y — 1. According to
equation (4), the marginal utility of pollution is negative, for example, U, < 0, which is straight-
forward. Moreover, the marginal utility of consumption increases in the level of air pollution
(Ugp > 0), while the marginal utility of leisure decreases in it (Ujp <0). The economic inter-
pretation is the following: The higher the level of air pollution, the more the individual prefers
consumption over leisure, all else equal. This is in line with one of the theoretical arguments in
Hanna and Oliva (2015).24

Multiplying equation (4) by LE, applying condition (2), and rearranging yields the values of A;
for the case of a non-separable utility function (see Appendix A.1.2 for the derivation). Table 1
shows the results for different values of y keeping all other parameters the same. Even when y
is considerably larger than one, the correlation between welfare with non-separable utility and
our baseline specification is close to one and highly statistically significant. The correlation with
GDP per capita changes only very little. Hence, our results about the relative welfare position of
countries in terms of levels are robust to relaxing the separability assumption.?

Regarding the results for welfare growth, switching from the separable to the non-separable
case alters the results slightly more than in the case of welfare levels. Even for y = 2, the correlation
between the results of both specifications is close to one and highly statistically significant even
if the mean and median absolute deviation to GDP per capita growth both increase by about
14% points compared to the separable case. Figure A7 in the Appendix visualizes that all of the
countries for which we are able to calculate welfare growth rates are better off in the case with
non-separable utility than in the separable case.

The robustness checks show that relaxing the assumption of linear separable utility does not
alter the results qualitatively on average. However, as explained above, the non-separable utility
specification changes the trade-off between the subcomponents by allowing pollution to influence
their marginal utilities. This is especially relevant for countries with high levels of air pollution
with respect to their welfare rank. China and India, as examples, that rank 81 and 110, respec-
tively, out of 148 countries with regard to their GDP per capita in 2007 (relative to the USA),
drop to rank 104 and 122 with separable utility and even further to rank 113 and 128 with non-
separable utility.?® The same is true for Qatar, the country with the highest per capita income in
2007, whose rank drops from 59 in the separable case to 65 in the non-separable case, showing
that not only medium-income and low-income countries are affected by a change in the specifica-
tion. This shows that although our results are robust to relaxing the assumption about separable
utility on average, for some countries their welfare ranking depends substantially on the form of
the underlying utility function.

4.4. Compensating variation

Our welfare assessment is based on the equivalent variation described in equation (2) and specif-
ically in equation (A2). The equivalent variation tells us by how much a person living in the USA
has to be compensated in terms of consumption to be indifferent to living in a particular coun-
try. Following Jones and Klenow (2016), one can also compute a compensating variation. The
compensating variation tells us by how much a person living in a particular country has to be
compensated in terms of consumption to be indifferent to living in the USA. Equations (A13) and
(A14) in the Appendix describe this formally. Table 1 compares the compensating variation to
both GDP per capita and our benchmark for welfare levels. Welfare assessment based on compen-
sating variation is a bit more closely related to GDP and correlates positively with our benchmark,
but not perfectly. This is due to the fact that the compensating variation weighs flow utilities with
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different relative live expectancy in both measures. Hence, countries that have a low flow utility
compared to the USA (e.g. due to low consumption or high pollution) and a low relative LE will
be worse off in the compensating variation compared to the equivalent variation. On average,
equivalent and compensating variation deliver close measures, however, as the absolute mean and
median deviation documents.

5. Conclusion

We measure relative welfare in levels and growth rates across countries based on the equivalent
variation approach by Jones and Klenow (2016) taking into account the role of air pollution. In
particular, we model the disutility from air pollution in the form of particulate matter concen-
tration and calibrate the disutility parameter with recent estimates on the revealed willingness to
pay for clean air. We compute consumption equivalents for 148 countries for the year 2007 and
welfare growth over the period 1991 until 2010 for 50 countries.

We show that accounting for air quality remarkably influences many countries worldwide with
respect to both their relative welfare levels and their welfare development over time. In particular,
our results further strengthen one of the main findings from Jones and Klenow (2016) that many
low- and middle-income countries seem to be even poorer in terms of welfare than suggested
by their income levels. Moreover, we can show that they have caught up less with the group of
highly developed countries than has been suggested by their relatively high-income growth over
the last two decades. These findings shed a different light on the well-known discussion of eco-
nomic convergence and highlight the importance of air quality to be considered by policy-makers
especially in developing and emerging countries. With respect to many Western European coun-
tries, leaving out air quality seems to overestimate their welfare levels, since most of these densely
populated countries exhibit relatively high levels of air pollution, although most of them have
been able to reduce them significantly over the last two decades. This partly counteracts the find-
ings from Jones and Klenow, who state that many Western European countries are actually better
off in terms of welfare than in terms of simple income.

Our results are, on average, robust to different values of the air pollution disutility parameter
and to relaxing the assumption of linear separable utility. Nevertheless, a nested utility function
that allows air pollution to influence the marginal utility of consumption and leisure alters the
results for countries with very high levels of air pollution, which seems both plausible and in line
with the literature.

High concentration of particulate matter is not only a concern in developing and emerging
countries, as the recent measures of the Chinese government show, but also of huge inter-
est in many highly developed countries, as the current debate about diesel cars in Germany
underlines. Our approach can be used for ceteris paribus welfare assessments of concrete pol-
icy measures as we have shown exemplary for a recent Chinese action plan for cleaner air.
Moreover, future research should focus on considering and quantifying different preferences
across countries and over time regarding the trade-off between economic development and envi-
ronmental degradation, a fact that is mostly ignored in the literature but yet important to derive
practical policy implications. Additionally, while this paper focuses on air pollution with par-
ticulate matter, it is widely known that several other air pollutants negatively affect people’s
well-being. In light of the current heated debate about banning diesel vehicles from the cen-
ters of several German cities, future research should in particular expand to evaluate the welfare
effects of oxides of nitrogen in order to shed light on the actual costs and benefits from such
interventions.

Our framework could be extended to account for environmental aspects other than air qual-
ity as well. These may affect utility through basic needs such as water access and quality which
is particularly relevant in developing countries or for particular population groups in emerging

https://doi.org/10.1017/51365100522000074 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100522000074

1032 A. Balleer and M. Endrikat

countries. Other environmental aspects may also more strongly relate to consumption inequal-
ity as they are related to the risk of natural disasters. This risk may be relevant for all countries,
but also different across countries depending on geographic characteristics. We leave the assess-
ment of the equivalent variation in welfare with respect to other environmental aspects to future
work.

Notes

1 The limits amount to an annual mean exposure to PM2.5 of 10 pg/m® and an 24-h mean of 25 pug/m® according to the
WHO and 25 pg/m?, respectively, 50 pg/m? according to the EU, see World Health Organization (2006) and European
Environment Agency (2012).

2 See Weuve (2012) or Fonken et al. (2011).

3 See also Dinda (2004) for an overview of theoretical and empirical patterns between output and environmental outcomes.

4 See Appendix A.1.1 for the exact expressions used.

5 See supplementary material of their paper.

6 For detailed information, see https://www.rug.nl/ggdc/productivity/pwt/pwt-releases/pwt9.0.

7 For detailed information, see https://www.wider.unu.edu/project/wiid-world-income-inequality-database.

8 The groups consist of the following countries: Arab: Bahrain, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Morocco,
Oman, Qatar, Saudi Arabia, Syria, Tunisia; BRIC: Brazil, China, India, Russia; Low and middle-income: Angola, Argentina,
Armenia, Azerbaijan, Bangladesh, Belarus, Belize, Benin, Bhutan, Bolivia, Botswana, Burkina Faso, Cambodia, Cameroon,
Cape Verde, Central African Rep., Chad, Colombia, Comoros, Costa Rica, Ivory Coast, Djibouti, Dom. Rep., Ecuador,
Ethiopia, Fiji, Gabon, Georgia, Ghana, Guatemala, Guinea, Honduras, Indonesia, Jamaica, Kazakhstan, Kenya, Kyrgyzstan,
Lao, Lesotho, Liberia, Madagascar, Malawi, Malaysia, Maldives, Mali, Mauritania, Mauritius, Mexico, Moldova, Mongolia,
Montenegro, Namibia, Nepal, Niger, Nigeria, Pakistan, Panama, Paraguay, Peru, Philippines, Rwanda, Saint Lucia, Sao
Tome Principe, Senegal, Serbia, Sierra Leone, South Africa, Sri Lanka, St. Vincent, Sudan, Suriname, Swaziland, Tajikistan,
Tanzania, Thailand, Togo, Turkey, Turkmenistan, Uganda, Ukraine, Uruguay, Uzbekistan, Venezuela, Vietnam, Zambia,
Zimbabwe; Eastern European: Albania, Bosnia Herzegovina, Bulgaria, Croatia, Czech Rep., Estonia, Hungary, Latvia,
Lithuania, Poland, Slovakia, Slovenia; Western European: Austria, Belgium, Denmark, France, Germany, Ireland, Italy,
Luxembourg, Netherlands, Portugal, Spain, Switzerland, United Kingdom; High-income, low population density: Australia,
Canada, Finland, Iceland, New Zealand, Norway, Sweden.

9 Note that Jones and Klenow (2016) set a value of # = 5.0 which leads to negative values of flow utility in our calculations.
This would imply that a random person in this country at that time would prefer death over life. We need to set higher values
due to additional disutility from air pollution in our specification. We keep our baseline # = 8.28 also when replicating the
results of Jones and Klenow without air pollution.

10 In 2007, the average share of private plus public consumption in GDP for the whole country sample excluding the USA is
80%, whereas the USA value is 84%, according to the Penn World Table 9.0.

11 See Bennett (2011), chapter 1, for a detailed discussion about the different approaches.

12 Equation (A5) in Ito and Zhang (2020) regresses the local log market share of air purifiers on an interaction of the local
particulate matter concentration with an indicator for whether a purifier contains an effective filter (HEPA), the price of
the purifier, GDP, and other controls. We compute the effect of particulate matter on demand for clean air (market share
of effective purifiers) from the estimated coefficient of the interaction (8 in Table A3) times the average air pollution level
weighted with the local population. We compute the effect of income on demand for clean air from the estimated coefficient
of the price (« in Table A3) times the average income level weighted with the local population. We then obtain « as the ratio
of these two effects comparable to our baseline measure.

13 Parallel to our baseline, we obtain « as the ratio of the estimated coefficient of air quality measured in particulate matter
to the estimated coefficient of income, see equation (A10) and Table 7 in Freeman et al. (2019).

14 Notice that, although we use their data on all variables besides pollution, our correlation differs from the one that they

report, which is due to the different value for i that we use.

15 As in Jones and Klenow (2016), the absolute deviation in the level case is defined as ‘ — % ‘ -100.

16 Compare also Figure A4 in the Appendix. Overall, the figure shows a weak negative correlation between welfare and
income growth to income growth rates which is —0.25 and barely significant. Hence, there is only weak evidence that in
countries with high-income growth rates, actual welfare improvements may be overrated in general. In total, the mean abso-
lute deviation of the two growth rates is 9.4% and the median absolute deviation is 9.3%, which shows that, on average, there
are quite large differences between the two welfare assessments.

17 There are 24 EU-28 states in our sample for which we are able to calculate growth rates of the welfare measures with and
without pollution. Their average welfare growth without pollution is 27.7% and with pollution this rate increases to 28.7%.
18 http://english.mep.gov.cn/News_service/infocus/201309/t20130924_260707.htm.
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19 Population data for China in total and by province stem from the World Bank and the National Bureau of Statistics of
China.

20 Due to lacking data on average annual working hours in China for 2013, we use the 2007 value for this variable.

21 The willingness to pay for one year is computed as K% with income y and pollution p based on sample values in Levinson
(2012). The standard deviation in pollution is 14.4.

22 Table A4 documents the detailed results.

23 See, for example, Trabandt and Uhlig (2011) for more details about the functional form assumed in equation (4).

24 Empirically, Hanna and Oliva (2015) use data from a natural experiment on the closure of a large polluting refinery in
Mexico City to show that a 20% decrease in local SO, emissions leads to an average increase in de facto hours worked of 3.5%
of the local labor force. Here, variation in hours worked seems to be mainly due to variation in sick days rather than due
to intentional changes in the labor supply. Therefore, our assumptions about the utility function are not inconsistent with
their empirical results. However, in the long run, (changes in) the preferences towards leisure and consumption— besides
other factors such as changes in the marginal tax rate— affect the labor supply and these effects may differ between different
societies due to different preferences [Maoz (2010)].

25 Figures A5 and A6 in the Appendix visualize this finding for y =2.

26 With y = 1.1. As y increases further, the ranking worsens even more.
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A. Appendix

A.1. Derivation of A
A.1.1 Separable utility. From equation (2) follows:

log (A;) = e"e_—ui'”[li +log (¢c;) + v(l;) — %0.2 — « log(p;)] Flow Utility

1

+ log(ci) — log(cus) Consumption
+ v(l;) — v(lys) Leisure (A1)
1o? — o2 Inequality

— k[ log(pi) — log(pus)] Air Pollution

In terms of consumption shares, ;7",, where y; is country i’'s GDP per capita, rather than its
absolute value, this can be written as:

log(%) = ez [+ log (£ ) +v(l) — S0 — < log (p)]  Flow Utility

2
Gi .
+ 10g( yi ) log ( Yus ) Consumption
+ v(l;) — v(ls) Leisure (A2)

— % (o —ol) Inequality

— k[log (pi) — log (pus)] Air Pollution
with y; = - as country i’s GDP per capita relative to that of the USA.

Al2 Non—separable utility.
Expected utility:
Rewrite equation (4) as

A (pT)Y (1= (v — Dv(D)” —
1—y
E[] (7)Y (1= (v — 1) —
l—y

E[UlcLp)] =1

u

(A3)
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As c is assumed to be log-normally distributed, that is, log (c) ~ A (11, 2). From that it follows
that

1
nw=E [log (c)] =log (¢) — 502 (A4)
with ¢ as the arithmetic mean and o2 as the variance of log (c). We then use that
B[] = elmrntii-nio L7018 0= 30% )+ 1=y (A5)
to express the expected utility as:
_ Z1g2) L1y )262
[e“ Plog @30 )+ 3010 } ™) (1= (y = D)’ =1

1—y

E[U(cLp)]=|u+ (A6)

Limiting case y — 1: For y — 1, the non-separable utility converges to the separable utility.
The same is the case for the expected values. This can be shown by applying 'Hopital’s rule to the
utility function. First, consider the following expression

v (pytr (1 —(y - l)v(l))y -1 - e1=v)(log (c)—« log (p))y log (1—(y —1v()) _ 1

y—1 1—y y—1 1—y
(A7)
Then, take the derivative of the nominator and the denominator
i e(1=y)(log (0)—« log (P))(—log(c) + i log(p))e” 10g(1—(y—1)1/(l))+
y—1 —1
e(1=¥)(log ()« log (p)) gy log (1—(y —1)v(1)) (log (1—(y —Dv() — mv(l))
—1
=1log (c) — « log (p) + v(I) (A8)
Applying the same rule to the expected utility yields:
1
E[U(cLp)] =log(c) — 502 —k log (p) + v(]) (A9)

Calculating the Equivalent Variation: Based on the above, we write expected utility for each
country i and the USA as

_ N 10
[e(l V)<1°g(c’) 203)+2(1 }/)201 PN (- - l)V(li))y -1

1—y

Ui(ei) Ci» li: Uiapi):ei a+

Uus(eus> Cuss bus> Ous» pus)
(1—y)(log (cus)— 202 )+ 1 (1—y) 202 —k\1—
|:e 14 (og (o 20 ) 2 v) o, (pusK)l y (1 _ ()/ _ l)v(lus))y -1

=y (A10)

=ey | U+

We then set
Ui(e;, ci, Ii, 0i, Pz) = Uys(eus» Micus» lus» Uus:Pus) (A11)

and solve for A:
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y—1 lq—
[e(l—y)(log (ci) 20i2>+2(1 7)2(71-2] (pi—lc)l—y (1 —(y — 1)V(li))y —1

e | u+ =
S A=

(ei —eys) (U1 —y)—1) +¢; |:e(1_y)<1°g(c")_%"f)ﬁ(l_y)zgiz] ;77 (1= (r — Dv)”

_ _152 )4 115242
eus [e‘l (log ew)= 3ok ) +30-) ] )7 (1= (v = D)

(A12)
A.1.3 Compensating variation.
The compensating variation is derived by solving
Ui(e;, )\?}Ci’ li, oj, Pz) = Uys(eus> Cus> lus> Ous» Pus) (A13)
for A;.
Applying the compensating variation to our separable utility case then delivers
1og(*y+iv> = ety 4 log(;ﬁ) +v(lus) — Lo — i log (pus)]  Flow Utility
+ log(}%) —log (}%ﬁ) Consumption
+v(I;) — v(l,s) Leisure (A14)
- %(Gi2 - alfs) Inequality
— k[ log (pi) — log (pus)] Air Pollution

A.2. Additional figures and tables
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Table A.1. Different welfare measures relative to the USA (2007)

Country GDP pc Rank Welfare JK Rank Welfare w. poll. Rank

Liberia 0.9 148 0.48 144 0.89 126
Niger 1.2 147 0.44 145 0.27 148
Ethlopla S 14 B 146 B 056 B 140 B 053 R 143
CentAfr Rep S 14 S 145 e 034 e 148 e 041 e 147
Malawi 1.6 144 0.41 146 0.51 144
s.erra Leone B 17 B 143 R 039 R 147 B 062 R 138
Madagascar R 17 . 142 e 097 e 124 e 094 e 125
Burkina Faso 2.0 141 0.57 139 0.46 146
| Togo DONRRI 20 S 140 B 073 B 131 B 065 S 134
Mal| e 20 . 139 s 048 e 143 e 047 e 145
Guinea 2.1 138 0.53 141 0.64 135
Comoros S 21 B 137 B 110 B 123 B 125 R 117
Tanzan|a e 22 S 136 e 065 e 133 e 082 e 129
Rwanda 2.3 135 0.61 136 0.54 140
Nepal e 23 B 134 R 118 R 121 B 053 R 142
Uganda e 24 . 133 e 060 e 138 e 054 e 141
Lesotho 2.8 132 0.61 137 0.97 124
Kenya e 28 B 131 R 076 B 128 B 113 R 121
Bemn e 28 . 130 s 076 s 129 e 067 e 133
Bangladesh 3.0 129 1.68 115 0.62 136
Coted’lvo|re R 32 B 128 B 076 B 130 B 089 R 127
Senegal e 33 S 127 e 113 e 122 e 106 e 123
S. Tome Princ. 3.5 126 2.14 110 2.45 100
Zamb|a RS 38 B 125 R 053 R 142 B 078 R 130
cameroon e 41 . 124 e 073 e 132 e 139
Cambodia 4.1 123 1.37 118

Lao 4.7 117 1.84 113 1.34 115
TaJ|k|stan e
Kyrgyzstan e i e ae e

Djibouti 5.1 114 1.37 119 1.13 120
I
I

Moldova 6.3 111 4.15 97 3.53 90
1
[

Philippines 7.2 108 3.35 104 2.41 101
[
Ango[a e e me e m
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Table A.1. Continued.

Country

GDP pc

Rank

Welfare JK

Rank

Welfare w. poll.

Rank

Cape Verde

‘Swa2|land -

Indone5|a
Bol|V|a

‘Z|mbabwe

Srl Lanka

Syrla
Iraq

Paraguay
Guatemala
Bhutan

Egypt

Mongolla

Jordan b

FI]I

Uzbek|stan R
Nam|b|a

Georgia

Jamaica

Armenla

Surlname

| Albama

co[ombla R

Bellze

Ukralne
Macedonla

Dommlcan Rep

Azerbaljan

South Afrlca -
Thanand

Bra2|l

St Vmcent

Samt Luaa

| Serbla

Costa R|ca

Mauritius

Uruguay

7.6

7

8.0

81

. v83 .

8.3

8.3

8.3

8.5

8.8

16.4

16.5

16.9

17.3

v17'3 R

17.4

17.4

181

18.7

189

201

21.0

211

21.6

v9'7 PR

105

104

103

102

101
100

78
7

76

e
5. ,v_1314 -
-

74

70

69

68

67

66

65

64

637

093

3.86

2.92

089

6.78

o
363
o
o
i
o

418

895

7.61

5.62
2.02

8.29

P
1010

i
e

5.27

157
923

9.20

17.52

17,78

17 19

23 70

13,13

16.78

87

i25” i
i26., i,
1 47 :

..3 33.. [

86

92

iooﬂ [

85

96

76

82

90

111
79

71

72

88

58

84
101
95

3.25

141

1.41

3.07

196 PR

212

370

477

8.40

6.55

566

13 29

94

114
o —
i

87
107

89
92

112

93
96
106

103

88

)
e
o
196
S

56
91

105

75
67
73
2
e

60

70

68

86

109

78

64

41
44

49

43

55

42
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Country

GDP pc

Rank

Welfare JK

Rank

Welfare w. poll.

Rank

Maldives
Turkmenlstan

Lebanon

Venezuela

Panama

Montenegro

Gabon

Bulgarla -

Botswa n a

Belarus

Argentma

Kazakhstan

Iran

Malay5|a -

Tu rkey

MeX|co

ch|[e s

LatV|a

POIand s

Ru55|a

L|thuan|a

Croatla

218
222
229

22.9

234

236
24 4
25 1

255

” 26 2‘
26.7

27.5

27'6. s

28.6

29.1
30.9
46

349

35 O
37.0

37.6

38.8

63
62
61

60

50

58

S
56

S
S
ol
S

51

50

49

48

47

45

44

43

42

12.32

5 44
15 14

13.06

13.11 -
S
S
e

1.57

o
1969
e
Pl
o

18.33

21.06
20 24
19 36

28.34

13 95
23 Ol
34.19

70
91
60

67

48

e
e
R
e —

45
69

50

42
44
47

37

41

PH

66 PR .v11.73. PR

78

62v .

4 56
7.66

13.54

11 39

16 11

872

5 94
9.65

1027
”11 28
15.87

18 76

6 39
9 48
2.66

1073
216

12 22
15 84
13.73 -

24 44

74

83

69

51

47

99
54
102

Estoni

| SaudlArabla -

Portugal
Oman

Czech Rep

Bahamas

Israel

Slovema

Barbados

South Korea

Greece

Cyprus

New Zealand

Bahraln

Italy

Spain

43.6

48.6

50 7
e 52 8. i

. 53 4. R
54 8. R

55.0

57.5
57.7
58.3

58.5

59.7

613

66 8
68.4

69.0

24.70

3.99

50.88

691

29 63

. .,2210. RS

43.91

42.96
35.14
23 57

65 67
62 96

105 24

706

62.00

80.35

62
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Table A.1. Continued.

Country GDP pc Rank Welfare JK Rank Welfare w. poll. Rank

France 70.3 21 102.59 5 80.57 11
Japan 71320 9938 8 7186 16
Germany 744 19 8262 18 e 6284 21
| leand (R 755 s 18 e 7916 I 19 [ 9565 [ 7 .
Be[g,um 758 17 3861 . 15 R 5923 23
| Denmark [ 786 s 15 . 7703 i 21 [ 7268 S 15
Sweden [ 794 . 14 e 10328 s .v4 R 14382 PR ]_”
Canada [ 804 13 e 9263 i 12 e 10001 e 5
| Austna s 808 R 12 P 9335 R 11 [ 6443 SR 19
Australla [ 821 I 11 P 10421 P 3 R 12866 PR 3
|ce|and 832 12717 2 e 13528 2
| Nether[ands . 842 . . 9450 I 10 [ 6493 [ 18 .
SWltzer[and P 957 s . 10145 R 6 R 8385 PR 10
|re[and R 964 - 7294 e 23 R 7288 e 14
| Umtedstates e 1000 R . 10000 ! 7 R 10000 SR 6
Norway [ 1128 . . 8970 s i4 [ 8933 PR v.g.v

L
§ O

Singapore 117.i

! Kuwa|t e 1423 .
Luxembourg  179.0
Qatar puttne > S 2417

miNvNiw M ioivicoio

Notes: The countries are ordered according to their GDP per capita relative to the USA Welfare JK is the welfare
measure according to Jones and Klenow (2016).
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Table A.2. Decomposition of welfare measure with pollution (2007) (Second lines show the raw data of the
subcomponents)

Macroeconomic Dynamics

Country

GDP pc

Welfare w. poll.

Log ratio

LE

cHy

L

Ineq

Poll

Liberia

Cent. Afr. Rep.

Malawi

Madagascar

Burk Faso
Comoros

Guinea

Nepal

Rwanda

Benin .
e
tesotho
GEERt

Cote d’lvoire

0.9

Bopa 14
R
Seraleone 17
E
2
Tazania 22
I
Ugnda 24
28

372

Niger 1.2

084
o2

e
0533
0s05
T
o&0
o468
S
o460
L

I
o815
0533
R
0538
oe3
R
oo2
oem

0.890

—0.007
hedls
1221
0967
Thiss
0591
1009
Tiass
1117
1469
-
—1191
0993
Ll
—1443
14%
LAy
e
1058

—1.572

1.280

—0.533

53.9

0.000

528

70 304

455

—0 254

56.7

—0.333

509

70 238
65 4
—0 583

45.8

—0.313

497

70 355

556

0. 244

53.5

—0.472

595

—0.424

522

—0 463

54.9

—0.110

670

70 316
53 7
—0 350

51.7

—0.394

54.4

70 616

54.4

—0 927

45.2

—0.125

677

O 570

52.7

1 308
0.927
1.000

0.861
—0.053

0 801

0 143

0 975

0 160

0.992

0.020

0.862

0.192
1 024

0.883

—0.066

0.791
—0.012

0.835
0.023

0.865

0.121

0.954

0.072

0.908

—0.035

0.816

0.104
0.938

1 343

—0.125
559
0.062

0.746

0.929

0 437

0.093
2
Sl
788
B

0.168

0.019

0 044
0.329
1.174

0 463

0.095

0.074

586

790

0.034
817
0.089

814

792

840

0.055
840
0.046

644

694

629

0.077

0.080
690

0.045

0.080

0.000

0.658

0.658

0.000
0.658
O 069

O 543
—0.075

0.763... e
0.78

—0.060

0.744

0.000
0.658

—0.051

0.732

—0.038

0.713
0 010

O 642
—0 181

. 892... .
,.70 179,. .
0.889

—0.009

0 671
70 158

0.865

0.000

0.658

0.035
O 603

70 149
0.855

0.000

0.000
0.658

0 014

18 98

—1 665
227 12
71 101

98 71

—0 816

64 73

—0 726

56 66

70 415

35.82

—0 599

46 99

—1 188
112 14
70 963

80 40

—l 231
119 50
—0 455

38 01

70.710

55.35

—0 527

42 22

—1 248
122 66
71 068

93.97

—l 171
109 39
—1.034

89 39

70 300

30 21

—0 639

49 88

—1 437
162 07
70.718

56.06
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Table A.2. Continued.

Country GDP pc  Welfare w. poll. Log ratio LE C/Y L Ineq Poll

Senegal 33 1.056 1139 0467 0127 0050 —0.078
EE e e e e
N o s SIS s
R - Y
Zambia 38 078  —1577 0733 —0012 0043 —0167
- T i
T Tt e
meels el e . ar omm wm o
T T T
T
Chad 42 0621 1912 0508 —0246  0.051  0.000
R
R e

i i i B D
T T It
o O s

Mauritania 4.6  0.816 ~1729 0392 —0.055  0.086 —0.043
B T e
e e o s SO Lo

65.7 0.668 810 0635
R AT Tt
T B
—0.355 0162 0038  0.000

Kyrgyzstan 4.9 3.078

| TaJ|k|5tan IR

e
Pakistan 53 1.280 ~1421 0322 0014 0095 0057 —1266
T i R
T T e g

e e e e s e
R T T T e
™ Fia - i T

Moldova 63 3525 —0581 0367 0252 0082 —0077 —0471
I T
Nt S PP o o
72.0 LO61 677 0658 7343
T T T
3 o S o
Morocco 7.3 2,999 0890 0231 0139 0068 —0.074 0514
o O e
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Table A.2. Continued.

Country GDP pc  Welfarew. poll.  Log ratio LE C/Y L Ineq Poll

Angola 7.5 0.753 2299 0592 0773 0012 0106  —0839
T R S
I T e T e
B
swazland 79 141l  —1722 1098 0168 0090 —0247  —0.636
R e T
e
 mietorcer o O e e
T P e
e e s we
raq 83 1468 —173 0247 0262 0108 0000 1331
T N
S ey
B T =
T T T T e
T A e st bes e
Zimbabwe 83 1411 1772 1150  0.154 —0.050 0095  —0.622
e M RO e v o me
e e
' ' ' 7.7 083 759 0921 4199
owems 55 amn 10w oms om oo omw  os

Jordan 101 4773 —0.750 0182 0108 0041  —0.806
Jordan 101 473 0750 e an o em
e e e S
o M dasms o Tt o At
e S s
Uzbekistan SER10. 5 S asa i S0 e o om e
‘Namibia 111 1961  —1734 0093 0051 —0483  —0.628
Namibia 111 =~ 1961 -—L734 R
Ve U ot B O
' ' ' 0897 627 0755  36.08
Tt e oo ome os
Jamaical ILS T S A0L T 0,340 o
Armenia 123 6.549 —0.630 0086 0062 0000 0583
Ammenia 123 6549~ —0630 T o o
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Table A.2. Continued.

Country GDP pc  Welfare w. poll. Log ratio LE C/Y L Ineq Poll

Suriname 13.0 5.663 —0831 -0364 —0208 0100  0.000
T B e o
P o SO G
i T
Ecuador 140 6047  —0840 —0116 -0126 0058 —0261
e S
T RS
ity L5 - B g
R ™ R T T T e
B
BosniaHerz. 155 8866 0559 0131 0290 0120 0057
S T
T St
i i 0 i S O O 2R O
s S SO e
i T
Belize 165 9912 —0510 —0.130 0173  0.056  0.000
s
o PO
68.2 0.851 815 0.511

e
e
0101 008  0.000

Macedonia 17.3 8.126

| SOUth Aﬂ.’.iéa” [

P T e e e
ot O S
Thailand 18.1 5.794 1139 0180 0207 0043 —0.099 0610

s T

T R T

e

R I I e T

S i - T T
Saintlucia 189 14372 —0274 0221 0275 0008 0000 —0.336

R T

Ot O O S

34 0967 566 0658 3648

T TR TR BT e T e

At i o S
Mauritius 211 10.657 0683 0264 —0.079 0027 —0.001 —0367

s o
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Macroeconomic Dynamics

Country

GDP pc

Welfare w. poll.

Log ratio

LE

C/Y

Uruguay

Maldives

Venezuela

Pamama
e
Gabon
Bulgaia
I

Belarus

Argentina

Kazakhstan

Malaysia
Turkey
Mexico

Chile

Latvia

Poland
Russia

Lithuania

21.6

229

234

23.6

25.1

262

26.7

Turkmenistan 22.2

Lebanon 22.9

233

24.4

25.5

15.432

6.390

4559

o
0476
s
e
2663
1073

B

11.390

—0.336

—1.094

—0.547

—2.454

28.6
29.1
30.9

34.9

37.6

35.0

37.0

o
28
1276
B
1582
13733

18.763

27.6 d d

—1.024

—0.790

—0.695

—1.227

_1.583

—0.882

0686

—2.182

—0.821

—0.806

—0.868
—1.008
—0.791

—0.991

70 lOl

759

—0 101

754

—0.578

646

70 191

736

—0 292

719

—0 115

755

70 201
74 0
—0 636

609

0259

727

71 027

521

—0 406

702

70.029

0 821

—0 410

0.561

0392
0.571

—0.267

0.647
0.004

0.848

—0.247

066

0 015
0.858

—0.738

0.404

0.025

0.866

—0.574

0.476

—0 071

0 787

0.012

802
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Table A.2. Continued.

Country GDP pc Welfare w. poll. Log ratio LE C/Y L Ineq Poll

Croatia 38.8 24.442 0462 0125 —0.081 0067 0078
e e e
T T e
T
Trin.Tobago 432 13653  —1152 —0.494 —0.433 0020  0.000
e e o S
S ST S8

Mg L2 ! B i
L o S
A
Malta 484 51643 0065 0106 0016 0029 0.110
R .
T R e
i e e
T e e
L
Oman 528 6910 2034 0200 —0694 0062  0.000
s
B
67 073 892 0.430
T TR ST e e
|Bahamas =~ 548 = = 22009 == =008 =020L e

Israel

Slovenia 0.010 0.137 —0.352

South Korea 58.3 23.574 0905 0085 —0290 0117 0076  —0.659
S VT i
T T R T

o EE B e e ke me
I TRl e T
. Lt S

NewZealand 613 105.244 0540 0179 —0.018 0023 0058 0345
o
S e o S

746 034 186 0658 11627
T R T T T
o O

Spain 69.0 80.350 0152 0218 —0130 0025 0049  —0.010
O e e
T FO P o S

- - ” 808 0776 629 0471  24.50
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Macroeconomic Dynamics

Country

GDP pc

Welfare w. poll.

Log ratio

LE

C/Y

Japan

Germany
Finland
T
L
Denmark 786
T

Conads

Austria

Australia

Iceland

Netherlands

71.3

74.4

5649
59.230

78.611

143.825

128.657

135.281

64

Switzerland

United States

Norway

Kuwait
Luxembourg

Qatar

100.0

112.8

1423
179.0

241.7

Singapore 117.1

71.863

62.843

T72.677

100000
89.335

31.727

90.081

10.083

0.008

0169
0237
e
0030
—0.078
e
looou o218
64a3l 0226
e

0.486

0000
e
1306
10424 2614
Coesr

—3.177

0. 318

825

0 117

795

0 111

793

0 115

795

O ll4

794

0.029

782

0 241

809

O 220

80.8

0 151

800

0 266

813

0 253

79.0
0 000

778

0 188

804

O 154

80.4

~0.172 '

743

0 167

801

—0 009

776

70.155

0 724
—O 195 o

O 695

—0.223

0.676

70.175

0 709

O 016 o d

O 859

—0 193

O 697

70.187

0701 [ . .

—0.171

O 712

O 701

0.720

v_0187 ; . . .

70.160

O 074 o

0.000

o
o

0464 7
A
o

—0 990

o
G
0.508
B
0204 1

0.536

S
0.000
B
o
0483
D
R
0.000
e
D2
0.468
S
0658 220.62

19 40

162 05

32 59
—O 100
l 087

18.57
0 000

0 061
17 73

46.73
—1 437

70 351

—1 646

Notes: The countries are ordered according to their GDP per capita relative to the USA. C/Y: Consumption share in GDP; Ineq:

Inequality; L: Leisure; LE: Life expectancy; Poll: Pollution.
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Table A.3. Welfare growth 1991—2010

Country

GDPpc

Welfare

Diff.

LE

N

T

Ineq

Poll

Barbados

dapan
.
—
Uruguay
ey
—
U

Switzerland

Canada

Mexico

Germany

France
Bulgaria
Costa Rica

Austria

Pakistan

Denmark
Australia

Turkey [

004
005
oor
S
oo
ooy
—
L
o0
B
on
‘ 0.11

0.11

o
o
o3
—
013

0.13

0.}18 )

oims
ot
-
0124
0224
"
0208
0188
o
0220

0.207

0z
o
oast
020
-
om
oz

0.297

0.077

0147
o
o046
013
i
o115
0092
o

0.111

0.099

P
Belgum 012 0189 0074
o4
e
002
013
o
oos
oors

0.162

0. 043

71 8 74 5
0.134

O 056

794 826

0.029

66.0; 67.9

0.065

771 810

O 043

731 761

0 068

777 816

O 044

68.9;72.9

0.053

75.5;78.1

0 070

780 819

O 062

777 809

O 043

72 O 75 7
0076

76.5;79.8

0 071

773 812

O 022

713730

0.025

76.2;78.5

0.074

761 803

O 018

609 646

O 063

752 785

0.073

77.6;81.4

0.097
65.9;73.5

0.068
75.9;79.6

0.091

089 104' '

0 098

063 074

0.110

0.67;0.75

0.090

0.77' 0.81

O 071

083 082

0 108

071 075

0 073

085 080

0.113

0.77;0.82

0 061

064 057

0 083

075 072

O 114

080 081

0.129

0.74;0.72

0 124

075 077

0 156

077 085

0.117

0.89;0.87

0 127

072 072

0 140

088 090

0 117

070 067

0.120

0.73;0.70

0.160
0.77;0.83

0.097
0.74;0.70

70 030

085 081

0 029

079 083

—0 008

081 080

70.012

084 083

0 004

083 083

—0 001

086 086

70.015

0.84;0.82

0.006

0.81;0.82

0.008

0.81;0.82

—0.004

0.82' 0.82

—0 006

079 079

—0.013

0.88;0.87

0 004

086 087

70.003

0.86;0.86

—0 011

077 076

0 002

083 083

70.005

0.81' 0.80

—0 003

085 084

—0 003

081 080

0.018
0.84;0.86

—0.049

067,086

—0 002

057 058

0 047

086 067

70 015

062 069

—0 017

077 083

0 007

062 058

70 031

0.95' 1.04

—O 002

069 070

0.019

064 055

70 020

054 064

0 038

100 088

.004

0.009
0.86; 0.87 .49;

0.47,0.48

0 010

058 053

0 004

0.62' 0.60

—O 025

081 089

0.013

055 047

70 001

056 056

—O 001

044 045

0.002

0.61;0.60

0.022
0.86;0.78

0. 062

417 316

—O OOl

252 254

0 038

378 320

0.000

35.1' 35.1

0 022

261 237

0 043

350 290

0.024

415;37.3

0 039

221 187

0 030

252 220

0.007

15.7' 15.3

0 030

516 451

0.022

0.038

32.2;27.2

37.7;,32.6

0 024

273 245

0 096

774 507

0 050

424 339

0 034

353 304

0.018
135' 124
0 035

243 208

0.019

13.5;12.4

0.001
61.4;61.3
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Country

GDPpc

Welfare

Diff.

(E

N

)

Ineq

Poll

UK.

CzechR
ndonesia
—

Netherlands
Portugal
e
Brazil o

Slovenia b

Greece

Ecuador b

Finland

Spain

0.14

0.14

Venezuela b
Hungary
ch|le

Slovakia b

S. Korea

Latvia b
Norway .

po[and s

0.14
0.14
0.17
0.17

0.17

0.266

0.341
0.316

0.285

0.181

0.241

oz

=
o
o036
P
o
oz

0.404

0302
0173
S
0234
0265

0.304

0.125

0.161

0.085

0.171

0.002

0.055

0.046

—0.012

0.153

0.032
0.069

0.099

0.145

0.083

0.160
71.9;74.6
0.168

0.167

0.059

765798

0 068

726 769

0.035

64.3;67.8

0.058

78.2; 81.1

0 054

772 803

0 070

74 6 78 6
0.135

O 083

76.0; 80.1

0.072

66.7;72.7

0.088

73.5;78.8
0.111

0.043

77.4; 79.9

0 041

704 747

0.072

72.2,75.2

O 032

70 4 73 5
0.134

0.065

69.4;73.6

0.063

74.0;79.6

0.041

0.094

72.6; 79.8

0 073

672 722

0.061

77.3;80.6

0.054
71.4;75.6

0. 170

0.79,0.86

0 125

077 074

0.149

0.71;0.73

0.134

071 069

0 155

069 067

0 196

079 086

0.186

0.61;0.64

0.159

0.80;0.77

0 160

079 077

0.210

0.82' 0.92

0 151

082 075

0.85;0.80

0 148

073 064

0.178

0.87;0.83

0.162

0.78;0.70

0 240

079 087

0.226

0.60' 0.63

0 245

083 089

0.138

0.59; 0.43

0.266
0.82;0.86

0. OOO
O 016
—0 010
70 OOl
—0 013
—0 007
O 002
0.011
—0 004
70 006
—0 049

—0.001

0.065

—0 Oll

70 001

0.006

0.010

O 049

0 018

—0 005

0.0ll
0.81;0.82

084084
0 81 0. 83.”” .
0 79 0. 78:
0 84 0 84‘ -
‘0 86 0. 85.”” :
0 82 0. 82:‘
086,086
e
0 85 0. 85:
0 83 0 83‘ -

080 075

e
0 82 0. 81:
085,085
Do sl
083084
0 73 0 77‘ -
0 80 0. 82. o

085 084

0.002

063,062

—O 007

040 045

—O 015

058 066

0.001

0.45' 0.45

0 005

052 050

0 003

067 065

70 002

049 050

0.048

1.15;1.01

0 005

046 043

0 007

064 061

0 019

O 99 0 93
—0 010

0.82;0.82

0 062

093 071

0 001

049 048

0.019

1.03;0.97

—0 013

036 046

0 008

061 057

—O 025

056 068

0 002

047 046

70 007
0.53; 0.57

0. 035
‘28 4 24 4
0 099
61 6 39 7
0 016
33 3 31 l>
0.034
l2.6; 10.8

‘ 0 033
35 3 30 6
0 003
119 6 19 3
0.036
38.2;32.6
30.3;24.2
0 066
43 3 32 3>
0.030
25.7; 22.5
0 019

35 5 32 7
0.016

0.008
0.63;0.58 .5; 19.

32.2;29.1
0 043
60 8 50 3
0.084
65.0; 44.9
—0 010
42 l 43 9
0 088
59 7 40 Sb
0.00l
51.3; 51.0
0 075
50 2 36 O
0 031
20 4 17 8
0.081
75.9;53.1
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Continued.

Country

GDPpc

Welfare

Diff.

(E

N

T

Ineq

Poll

Peru
Ireland
Lithuania

Estonia

|nd|a i,

02
ozt
oz
om
Vietmam 030

0.208

029
o400
v
028

—0.049

0.019
0.154
68 0 73 9

—0.070

O 049

670 732”””

0 084

753 800

0 039

694 720

O 103

0 011

713 747

0 014

594 657

0 213

085075

0 172

070 052

0 292

0.89, 0.95

0 258

083 079”'

0 195

096 071

0 244

084 071

—0 027

080;0.78 0.

—0 015

084 082

—O 004

084 083

0 009

081 082‘ -

0 039

068 070

0 011

078 080

—0 005

087 088”

0 020

066 056

—0 004

063 064

O 008

062 058” -

—0 010

062 066

—0 018

060 068

—0 022
60 l 66 2
0 027

210 186

0077

0.048
201,163
—0.007
538,555
—0.017

120 6; 130. 1

Notes: The countries are ordered according to their GDP per capita growth. Growth rates are computed based on the averages of the periods
1991—1995 and 2006—2010 (second lines). C/Y: Consumption share in GDP; Ineq: Inequality; L: Leisure; LE: Life expectancy; Poll: Pollution.
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Table A.4. Different welfare measures relative to the USA (2007)
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Country

GDP pc

Rank

Welfare xbase

Rank

Welfare «

FIST _ 1 5

Rank

Liberia

Niger

Ethiopi“a” B
Cent. Afr. Rep.

Malawi

Sierra Leone

Madagascar

Burkina Faso

Togo

Mali

Guinea

Comoros

Tanzania

Rwanda

Nepal

Ugandvé B
Lesotho

Kenya

Benin

Bangladesh

Cote d’lvoire

Senegal

S. Tome Princ.

Zambia

Cameroon

Cambodia

Tajikistan

Kyrgyzstan

Djibouti

Pakistan

Vietnam

Moldova

India

o
Philippines

Morocco

Angovla

0.9
1.2

1.4

1.4
1.6

17
2.0
2.1

2.2

2.3

2.3

24
2.8
2.8

2.8

3.3
3.5

3.8

4.1

4.1

4.9

53

519

6.3

6.3

6.5
7.2

7.5

17
2.0

2.0

2.1

3.0
3.2

4.9

5.1

7.3

148
147

146

145
144

143

142

140

139
138
137

136
135

134

133

132

131

130

129

128

127
126

125

124

123

120

117

116

115

114
113
112

111

110

109
108

107

106

141

0.89
0.27

0.53

0.41
0.51

0.62

0.94

0.46
0.65

0.47
0.64

1.25

0.82
0.54

0.53

0.54

0.97
1.13

0.67
0.62

0.89

1.06
2.45

0.78

0.61

1.23

0.62

1.34
1.60
3.08

1.13
1.28

1.93

3.53
111

2.87
241

3.00

0.75

126
148

147

147
144

138

125
146

134

145
135

117

129
140

142

141
124

121

133
136

127

123

100
130

137

119

115

110

95
120

116

108
122

98

101

97

131

90

0.49
0.04

0.08
0.14

0.45

0.09
0.16

0.09
0.18

0.29
0.12

0.11

0.26
0.47

0.15
0.10

0.31
1.28

0.15

0.18

0.51

0.11

0.26

0.21

108
148

135

147
137

132

113

146
133

145
131

107

121
139

141

142

123
109

134
143

125

120

98

124
126
100

84

128

99

98

89

130
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Table A.4. Continued.

Country GDPpc Rank Welfarex®¢ Rank Welfarex™ST =15 Rank

Cape Verde 7.6 105 3.25 94 1.09 95
”Swazlland e 79 . 104 I ,141 e 040. e
m|ndones|a B 80 - 103 R ,3 72,..,,. i 87 S 5 99. ] 76
.Bol|v|a e 81 e 102 R ..v1.93,. . 107 e ..057 e 104
‘Z|mbabwe e 83 . 161v o ,.1'4,1 — ,11.3 [ 0.39. s 118
..Sn Lanka R 83 - 100 R 366 i 89 S 141 ] 90
.syna e 83 . 99 e 343 . 92 e 115 e 94
leaq . e 83. . 58 — 1'4,7 e, 0..,28 R,
! Paragﬁay e ,.8 . 97 B ,3 - R 93 S 158 B 86
.Guatemala e ..8.8 S 96 S ..,3 07,. . 96 e ..099.,. e 97
”BH‘utén” e 97.,. . 95 I ,1'96 S 106 [ 045. e
.Mongoha e 100 . 93 R ..,3 70,. . 88 e ..172 e 79
‘Jordan S .v101., . 92 o ,4 7 S 8.2 [ 1.68. e 83
.Uzbek|stan R 105 I 90 S 3.48,. . 91 e 107 e 96
”Nam|b|a I .,11 1. . ég — 1'9,6 S 105 [ 0..,69 s 105
! Georg|a S 11 4 88 B ,6 i R 75 S 5 47. B 67
Jama|ca e 118 B 87 S ..v840,. . 67 e ..462.,. R 59
Armema ‘ v12 3' ” 86 - 6.55 - 73 D 2.99 - 70
“Sunname R ,..13 0 B 85 B ,5 66,. B 79 B ,,.3 09. B 69
.Alban|a e 137 . 84 R 13 29,. . 48 e ..987 e 38

Colombla T
vBellze ‘ vl6.5‘ : 77 - 9.91 :
| Ukra|ne R 165 B 76 B ,7 o ST R
.Macedoma R 173 S 75 B ..,8 13,. e et
”Dom|n|can Rep . .v173., o ,9'17 e e
“Azerbauan e ,..17 : S 73 R 384 TSSO s o
.South Afnca R 17.4 I 72 e 181 . 109 e 046 e 110
‘Thalland I .v181. o 5,79 —— 7'8 [ 2..,57 e
! Braz|l R ,..18 3. 70 B ,9 02,. B 64 R 635 B 52
ISt Vmcent e 187 S 69 S ..15 46,. . 41 e 924 e 40
vSamt Luaa ' v18 9‘ : 68 - 14. 37 - 44 - : 8.v77 - 45
| Serb|a R ,..20 ; B 67 B ,.12 87,. B 49 B 703 B 50
.Costa R|caw R 210 S 66 B ..15.00,. S 43 e 911 e 42
Mauritius 211 65 10.66 55 6.14 53
Uruguay B ,..21 . B 64 B 1543 B 42 B 1250 B 35
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Country

GDP pc

Rank

Welfare base

Rank

Welfare «F15T = 1.5

Rank

Maldives
Turkmenrstan

Lebanon

Venezuela

Panama

Montenegro

Gabon

Bulgarla o

Botswa na

Belarus

Argentlna

Kazakhstan

Iran

Malay5|a -

Tu rkey

MeX|co

Ch|[e R .
349

LatV|a

POIand [

Ru55|a

L|thuan|a
38.8

Croatla

Estoni

. Arabla B
507
B
o

,54 8,. :

Portugal
Oman

Czech Rep

Bahamas

Israel

Slovema

Barbados

South Korea

Greece

Cyprus

New Zealand

Bahraln

Italy

Spain

21.8

22.2

22.9

22.9

234

ne
: 24 4
S
S
262
S
S
276

28.6

29.1

309

350

370

37.6

55.0

2
577
o

597

613

668

68.4

69.0

63

62

61

60

58

57
56

55

54

58]

52

51

50

49

48
47
46

45

44
43
42

35
e
e
29

28 o

27

2%

24
23

6.39

456
766

13 54

2 16
16 11
5 94

10 27

15.87

18.76

9 48
11 73

2.66
10 73

1139
&1

965

1222

11.28
15.84
1373

24.44

74

83
69

47

99

54

B

7

58

39

37

33

25
72

31

35

26

27
28
34

17

20

71

22

12

62

51

61, R .v5'32v. RS

50
53
40

45

251

1 72
3.15

731

073
1082
L68
3.81
5.76
675

985

0.55

5130
1623
28.87
21

61 37
45 31

172 63

158

48.35

85.99

382

075
459

4.62

5.68
8 40
7 46

14 40

156
1409” PR
28.45

29
10 84

75

80
63
68

49

101
o
sl
o

105

18
88
30

27
28

36

17

23

87
20

43

33
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Table A.4. Continued.

Country GDPpc Rank Welfarex®®¢ Rank Welfarex™ST =15 Rank

France 70.3 21 80.57 11 71.34 12
Germany ................. 7 44 ............ 19 6284 21 ......................... 4968 ..................... 19
| leand (R 755 S 18 [ 9565 P 7 [ 13121 PR 5
Be[g,um [ 758 s 17 PR 5923 R 23 (R 4001 PR 25
| Denmark [ 786 B 15 R 7268 R 15 I 6929 [ 13
Sweden 794 14 14382 1 R 25703 ]_
Canada 804 13 e 10001 5 e 13041 6
Austna [ 808 B 12 [ 6443 R 19 [ 4657 [ 22
Australla R 821 s 11 P 12866 R 3 (R 20322 [ 2
|ce|and ..................... 8 32 ............ 10 ............... 13528 ............... 2 ....................... 1 7625 ...................... 3
| Nether[ands R 842 OO [
SWltzer[and R 957 S
|re[and 964
| Umtedstates . 10000 FE
Norway 1128 S

Singapore 117.1
| Kuwa|t e 1423 e
Luxembourg 1790 e
Qatar Rt > 2417 e e

LN W A O N0 ©
foim i wiomiogiNio o
: RO IO N W

o 55
w
=
o
w
)
o
~

The countries are ordered according to their GDP per capita relative to the USA.

Correlation: 0.948 (p=0.000)

Welfare with pollution (relative to the U.S.)

® 100 1

Welfare according to the Jones and Klenow specification (relative to the U.S.)

Figure A.1. Welfare with and without pollution (2007).
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Correlation: 0.689 (p=0.000)

1

ot

pt
=
2
£
E
2
=
H
&
s
ES

<RWT

o 0
GDP per capita relative to the U.S. (in %)

Figure A.2. GDP per capita and welfare with pollution (2007).

s

Correlation: 0.879 (p=0.000)

ion - average growth rate

Welfare with pol

1 1
s o1 a8 0z o

= o3 s
Welfare without pollution - average growth rate

Figure A.3. Welfare growth with and without pollution (1991—2010), all countries.
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PL 5. Korma
Tusey > Kiaia
Xy CrochR -
Estoria
« Bugaia «Posna  x
st o

8

< Cooroa < Ecusder

Difference between welfare growth and income growth

Correlation: -0.248 (p=0.083)

H

GDP per capita - average growth rate

Figure A.4. GDP per capita growth and deviation from welfare measure (1991—2010).

150

Correlation: 0.985 (p=0.000)

Welfare with non-separable utility (v =2) (% of U.S.)

0 100
Welfare with separable utility (% of U.S.)

Figure A.5. Welfare with separable vs. non-separable utility.

250

Correlation: 0.566 (p=0.000)

50}

00

Welfare with non-separable utility (7 =2) (% of U.S.)

*KWT

100 150
GDP per capita (% of U.S.)

Figure A.6. GDP per capita vs. welfare with non-separable utility.
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]
i

ty (7=2) - average growth rate

Correlation: 0.923 (p=0.000)

H
£
g
=
3
]
s
ES

Welfare with separable utility - average growth rate

Figure A.7. Welfare growth separable vs. non-separable utility.
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(a) Low & middle-income (b) BRIC
8 8
8 &
o e
XRUS
—~ ¢ 2 Xera
4]
o . -
9]
o - -
8
[4) 0 5 10 15 20 25 o 5 10 15 20 25
=
&
o (o) Eastern Europe (d) Western Europe
% R E
N
% g
<
Il g
13 2
s . xon g
i~y -
2
S g T ®eze g
S o
2 8 s
o XLVA XPOL E
Q e xBGR
Ny
o =]
= <
; 0 10 20 30 40 50 60 70 40 60 80 15‘] 120 140
g
(3]
= S .
o (e) Arab World (f) High-income, low pop. density
e ﬂ o
- HISL
2 xaus
8
2
XNZL
B g xean
xen
s xron
g
e o e
M sy X,
o R _ N 1 ~ I
ﬂr 1'ﬂ 20 3‘4} a0 S0 60 80 n‘u 1&] 120 140

Welfare according to Jones and Klenow with u = 5 (relative to the U.S.)

Figure A.8. Welfare with and without pollution and & = 5 by country groups. Notes: Year 2007.
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