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ABSTRACT

Why Europe has become environmentally cleaner: Decomposing
the roles of fiscal, trade and environmental policies*

This paper systematically examines the role of fiscal policy, trade and energy
taxes on environmental quality in Europe using disaggregated data for 12
European countries over the 1995-2008 period. It uses a methodology that
obtains estimates mostly free of time-varying omitted variable biases.
Controlling for the scale effect, our estimations show that fiscal policies and
energy taxes are effective in reducing the concentration of certain pollutants
through different mechanisms. We also find that trade has a direct effect on
production pollutants, which is most likely due to an output composition effect,
but not on consumption pollutants. Increasing the share of fiscal spending and
shifting the emphasis of fiscal spending towards public goods and against
non-social subsidies has a surprising and unintended beneficial effect on the
concentrations of ozone, perhaps the most difficult to control pollutant. Finally,
energy taxes appear to have an important effect in reducing nitrogen dioxide
pollution but it has no effect on ozone and sulfur dioxide.
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1. Introduction

This paper provides a decomposition analysis that quantifies what portion of the observed
pollution reductions in the twelve richest European countries can be attributed to fiscal policies,
trade, and energy taxes and regulations. We show that fiscal policies and increasing trade
openness explain the largest portion of the observed reductions of production-originated
pollutants (e.g., sulfur dioxide) while energy taxes explain most of the observed decreases of
pollutants originated in consumption activities (e.g., nitrogen dioxide). This is the first
econometric study that compares the effects of fiscal expenditure policies, energy taxes and trade
openness on environmental quality in Europe.

In doing this analysis we show for the first time that a policy factor that so far has been
largely neglected plays a key role in affecting pollution: fiscal spending policy. Fiscal spending
has proven to be important in most areas of the economy.® However the relationship between
fiscal policies and environmental quality has received scant attention in the literature. Fiscal
factors are likely to be especially important in Europe where the participation of government
spending in the economy tends to be higher than in most other regions of the world (Dewan and
Ettlinger, 2009).

This paper also examines how increases in trade intensity affect pollution in wealthy
countries. Earlier studies (Grossman and Krueger, 1992; Antweiler et al., 2001, Frankel and
Rose. 2005, among others) have already examined the effect of trade on pollution using samples
that include a large proportion of middle income and poor countries. These studies have found

that trade contributes to reduce pollution. This result may be driven by environmental

! Studies have focused for example on the effects of public expenditure level and composition on poverty reduction,
income distribution and inequality (Kaplow, 2006), unemployment (Fougere et al., 2000), education (Hanushek,
2003), and many other areas.



improvements in poor and middle income countries due to the fact that trade may facilitate their
importation of cleaner technologies already existing in rich countries (Antweiler et al., 2001).
However, trade may not increase environmental efficiency in rich countries; it may merely
induce them to shift production towards cleaner outputs thus displacing their dirty industries to
poor countries. We also analyze the effect of energy taxes and certain environmental regulations
which may increase the incentives in rich countries to produce new more environmentally
efficient technology (Knigge and Gorlach, 2005).

The empirical literature on trade and environment has examined how trade affects
pollution, using cross country panel data, controlling for per capita income, but have not
controlled for government spending level and composition and energy taxes. The studies that
look at the effect of trade on environment may be affected by omitted variable bias as recognized
by Antweiler et al., 2001. These studies use two way fixed effect (TWFE) to deal with the bias;
however this procedure is not efficient to control for country specific time varying omitted
variable bias.

The empirical literature on the effects of energy and environmental taxes has mainly used
simulation exercises, rather than econometric modeling (Baranzini et al., 2000; Fullerton and
Heutel, 2007, Fullerton et al., 2009). One of the reasons argued for this methodology has been
the lack of suitable data that may capture the enormous variability of institutional and policy
variables that may affect pollution (Morley 2010). Another strand of the literature has used firm
or industry level data (Millock and Nauges, 2006; Morley, 2010). These studies find that energy
and environmental taxes have a negative and significant impact on air pollutants. However, these
studies are also likely to be affected by issues concerning time varying omitted variables

discussed earlier.



The aim of the study is to estimate empirically the effects of the level and composition of
government expenditures, trade, and energy taxes on three major air pollutants, sulfur dioxide
(SO2), nitrogen dioxide (NO2) and ozone (03).? SO2 is produced by industrial processes and
electricity generation and it is considered a “production pollutant”. NO2 is produced mostly by
road vehicles and can be considered a “consumption pollutant.” O3 also falls under
“consumption pollutants” as it is the product of the combination of Nitrogen Oxides (NOx) and
volatile organic compounds.

We improve the analysis of the determinants of pollution on two other important aspects:

1. We introduce a method that generalizes the conventional Fixed Country Effects
(FCE) approach; a method that we call time-varying country-specific effects (TVCE).

The TVCE method reduces the risks of spurious correlation between pollution and the
variables of interest caused by time-varying as well as fixed unobserved or difficult-to-measure
variables which may be correlated with the variables of interest. While we directly control for
certain environmental regulations, especially those affecting large plants and NOX, there are
many other economic and institutional variables that may affect pollution which are difficult to
measure and hence exceedingly difficult to directly control for. The TVCE is a parsimonious and
eclectic approach that allows for indirectly controlling for omitted variables without a direct

measurement of them.®

% We select these pollutants because their measurements are reliable and consistent over time, they have the largest
number of observations available, they can be regulated, and accepted quality standards exist for them (EPA, 2010).

* An alternative method to control for time-varying unobservable variables is the so-called Added Controls
Approach which sequentially introduces a large number of controls (Altonji et al., 2005). Nevertheless Altonji et al.
(2005) do caution about this methodology: “....is dangerous to infer too much about selection on the unobservables
from selection on the observables if the observables are small in number and explanatory power or if they are
unlikely to be representative of the full range of factors that determine an outcome”. (p. 182).



2. We use a new dataset of air pollution for Europe. The existing empirical
estimations have used the GEMS/AIR data which have observations for the period 1971-1996,
(Grossman and Krueger, 1995; Antweiler et al., 2001; Harbaugh et al., 2002; Bernauer and
Koubi, 2006). Our sample, using more recent data, has the advantage of including more
monitoring stations in each of the countries analyzed, for the 1995-2008 period. The number of
observations available for SO2, for example, is five times larger than in the old data set, with
about 16,000 observations distributed in 2,666 monitoring stations. This large number of
observations allows us to implement the TVCE method, which as we shall see requires us to
estimate a large number of auxiliary coefficients. An additional advantage of the sample under
study is the relative homogeneity of the countries in relation to trade policies, which allow us to
understand the effects of trade on production and consumption pollutants in developed countries,
avoiding the possible mixed effect found in more heterogeneous samples that include countries
with different levels of income.

The remainder of this paper is organized as follows: Section 2 discusses conceptual
issues, Section 3 presents the econometric model, Section 4 describes the data, Section 4

summarizes the results and Section 5 concludes.

2. Conceptual Issues

To analyze the impact of government spending composition, it is important to use a
taxonomy of expenditures that is conceptually meaningful and consistent with the available data.
Lopez and Galinato (2007) proposed a taxonomy of government expenditures that distinguishes
between expenditures on what they term “public goods,” defined as those that alleviate the

negative effects of market failures, and expenditures on “private goods,” which do little to




mitigate market imperfections.* Accordingly, government expenditures on public goods include
expenditures on education, health, social transfers, environmental protection, research and
development (R&D), knowledge creation and diffusion, as well as conventional public goods
such as, institutions and law and order. By contrast, government expenditures on private goods
are subsidies to special interest groups including credit and input subsidies, farm commodity
programs, subsidies to the production and consumption of fossil fuels, periodic bail outs of
corporations deemed too large to fail, and others.

Unlike government expenditures on private goods, expenditures on public goods may
complement rather than substitute private sector spending. Household subsidies, both direct and
indirect via education and health care provision, mitigate the negative effects of liquidity
constraints on investments in human capital (e.g. Galor and Zeira, 1993) which according to
recent studies affect a significant portion of households even in wealthy countries (Zeldes, 1989;
Japelli, 1990; Grant, 2007; Attanasio et al., 2008).> Investment in environmental protection,
research and development, and creation and diffusion of knowledge, finance activities that
otherwise would be under-funded due to generally insufficient market incentives for the private
sector to invest in these areas (Dasgupta, 1996; Hoff and Stiglitz, 2000).

A reallocation of government expenditure from private to public goods may result in two
main effects on the environment (Lopez et al., 2011): (1) The expansion of aggregate output

which may increase pollution (scale effect); (2) the restructuring of production in favor of human

* Fiorito and Kollintzas (2004) provide a different but related taxonomy based on the relationship between the types
of goods provided by the government and private consumption. Public goods are defined as those that cannot be
provided by the private sector such as defense, public order and justice. Merit goods include health, education and
others that are in part provided by the private sector but where the public sector may have an important
complementary role.

> In addition, studies have shown that human capital investments often have spillovers that increase their social value
beyond their private returns (Blundell et al., 1999; Fleisher et al., 2010).



capital-intensive activities that tend to pollute less than physical capital-intensive activities
(output composition effect). In addition, fiscal spending reallocation towards public goods may
also induce more investments in R&D and in diffusion of knowledge, which in turn could lead to
cleaner technologies thus triggering the technique effect.

The impact of trade expansion on the environment has also been associated with scale,
technique and composition effects (Grossman and Krueger, 1992; Antweiler et al., 2001; Frankel
and Rose, 2005). The effects of trade vary depending on the nature of the pollutant and on the
level of income of the economy. Increases in the volumes of trade may cause an expansion of the
economic activity (scale effect) thus, ceteris paribus, raising production-generated pollution.
Trade may also induce a technique effect on pollution but this effect has been mainly considered
to be due to the fact that trade increases income, which in turn may raise the desire of stricter
environmental regulations. Hence, if we control for real income, taxes and regulations, as we do
here, the remaining effect of trade should capture mostly the output composition effect. Trade
could also affect pollution by facilitating transfers of technology. The increased technology
transfer effect is most important for poor countries that tend to be the ones that receive
technologies from the more advanced countries. However, given that our sample includes only
rich countries which are the ones that generate environmentally clean technologies, this effect
should not impact their own environments so much.

Environmental regulations and environmental taxes may have an effect on the
environment mostly through the technique effect, in which the level of emissions per unit of
goods produced or consumed is reduced (Knigge and Gorlach, 2005). Environmental and energy
taxes directly increased the costs of “dirty” inputs or of dirty consumption goods such as fuels or

gasoline, thus inducing their savings and substitution. While these policies may also induce



some output composition effect by increasing the relative price of the outputs that use dirty
inputs more intensively, this effect is likely to be weak. As Karp (2011) argues, one possible
explanation for the weakness of the composition effect of environmental policies is that the costs
of complying with environmental regulations account for only a small share of total production
costs, creating little incentives to relocate production of dirty goods. Thus, unlike economy-
wide policies energy taxes and regulations are likely to have first order effects on techniques and
structure of consumption goods and only a second order effect on production composition.
Controlling for the scale effect, and given the sample of developed countries and the type
of pollutants considered in our analysis, it is expected that energy taxes and environmental
regulations mostly amplify the technique effect; trade mostly influences the composition effect in
the case of production pollutants and have little effect on pollution produced by consumption
activities. Fiscal policies may affect pollution via both the technique and output composition

effects.

3. Econometric Model
We assume that the annual average pollutant concentration at monitoring station i, in

country j at time t, Z, , is determined by a vector reflecting the stocks of public and private

goods provided by the government, Gj;, trade intensity Tl , country-specific energy taxes, M,

it
and certain environmental regulations at the country level, R; . In addition, we control for the
three year average of household final consumption expenditure per capita (as a proxy for

permanent per capita income), Y, . We also control for temperature using heating degree days,

Ej.. Finally, the model controls for unobserved monitoring station and fixed and time-varying

unobserved country effects.



While we have data on government expenditure flows for various key components we do
not have reliable measures of their respective stock levels. Similarly, we have data on private
investment but not on private capital stocks. We thus write Equation (1) below in differences so
that the annual differences of the government stocks can be approximated by the lagged level of
the corresponding government expenditures and the differences of the private capital stocks by

the lagged level of private investment. We then have,

Ziy =Wy T 00, Tl +a,m +asl +a,Y, +0¢5Ejt +Vy + &y @

it~ _Mj,t—l’ rthRjt_Rj,t—11

Y1 =Y -Yjas Wy Is an unobserved monitoring station effect; v, is an unobserved function

that includes fixed and time-varying, country-specific effect; and & is an idiosyncratic error

ijt
that is assumed to be independent and identically distributed with zero mean and fixed variance.®

The v, effect corresponds to the TVCE. We approximate the v, effect by a (T-2)"
order (country specific) polynomial function of time,
vi=by +by7 b, 7 by +b, 7T+ 2)
where 7z is a time trend variable (r=1...T), by;,b;,b,;,.....0,,; are country-specific
coefficients and ., is the residual. Using (2) in (1) we obtain the estimating equation where the
new disturbance term is & =&, + ;. The (T-2)™ order (country specific) polynomial function

of time in Equation (2) is the maximum order of approximation that allows for sufficient degrees

of freedom to estimate the effects of observed country variables on pollution.

® The fixed station characteristics Xij vanish as a consequence of first differencing. e



To fully control for the effects of the omitted variables it would be necessary to use the
complete matrix of country-year dummies. It can be shown that estimating a (T —1)" order

polynomial function of time for each country is equivalent to using the complete matrix of
country-year dummies. A problem with doing this is that it would not be possible to estimate the
effect of any observed countrywide variables because in this case the matrix of explanatory
variables would be singular. However, if we assume that the unobserved effects are not
completely anarchic and instead follow certain time patterns (which could be non-linear and non-
monotonic function of time), the (T —2)" order approximation may be sufficient to capture
these patterns while still permitting for the estimation of the effects of the observed country
variables.’

While it is not certain that our assumption that the unobserved time patterns can be fully

captured by the (T-2)" polynomial approximation, we can test whether the 1y residuals (and
therefore the &, = &, + u;, error term) are time independent. If the hypothesis that the residuals

are time independent is not rejected, then the (T-2)" order polynomial approximation may be
sufficient to uncover the full time pattern of the effects of the omitted variables on the
endogenous variable, and thus the TVCE approach would be effective in mitigating time-varying
country-idiosyncratic omitted variable biases. By contrast, rejection of this hypothesis would

suggest that the effects of omitted variables are not fully controlled for.

" The TVCE approach indeed follows the tradition of classical regression analysis of using prior information (or
assumptions) as a means to economizing the number of parameters. For example, in pure cross-country regressions
the full use of country effects would not allow estimating the effects of the (observed) variables of interest, and thus
a common approach is to use regional effects instead of country effects. The prior information or assumption is that
the countries within the region may have common unobserved effects.



The TVCE method is indeed a generalization of the standard fixed-country effect (FCE)
model. The FCE can be defined as applying to levels in which case first differencing, as in
equation (1), would wipe them out. More generally, we may apply the FCE to a regression in
differences instead of merely to levels.® Applying FCE to first differences can be interpreted as a
first order approximation of the unobserved country effects.® In the case where the total number
of time observations per country is greater than 3, the (T-2)" order approximation of the TVCE
method is more general allowing for the FCE-in-differences estimators to be nested within the

TVCE estimators. That is, the FCE-in-differences model can be tested as an especial case of the

TVCE estimators by parametrically testing the restrictions, b; =b,; =...=b, ,; =0 for all
je{l,2,....,3}, whileb, =0, for at least some j .
4. Data

The air pollution data consist of annual averages of observations for SO2, NO2 and O3,
measured at a large number of monitoring stations in 12 countries for the period 1995-2008. Air
quality measures are taken from the AirBase dataset maintained by the European Environmental
Agency. These data include measures of ambient air pollution by monitoring station located
within the European Union members and country candidates. All 12 countries have been

members of the EU since at least 1995. The list of countries is provided in Table A.1.

® The inclusion of the FCE in regressions in differences has been often used in the literature examining the
determinants of economic growth (defined as log difference of per capita GDP), in which FCE are used to control
for unobserved time-invariant country specific characteristics (see for example, Folster and Henrekson, 2001 and
Afonso and Furceri, 2010).

° If the country effect in the level equation is bOoj + bojz' then by first differencing the regression, the level FE

(booj ) vanishes and the FCE applying to differences becomes boj :

10



Government expenditure, household final consumption and trade data are obtained from
the EUROSTAT database. We use the functional classification of government expenditures at
the general government level. The government expenditures on public goods include
expenditures on public order and safety, environment protection, housing and community
amenities, health, recreation, culture and religion, education and social protection. Trade
intensity is defined as the sum of exports and imports of goods and services as proportion of
GDP.

The implicit tax rate on energy and total tax revenue data are obtained from EUROSTAT
Statistical Books (2010). The heating degree days data is obtained from the EUROSTAT
database. Table A.2 presents the description and source of data, while Table A.3 provides
summary statistics of the variables used in the regressions.

5. Estimation and Results

In estimating (1) and (2) we normalize the total government expenditures by GDP and the
government expenditures on public goods by total government expenditures. We also normalize
trade intensity (exports plus imports) by GDP. These normalizations are convenient because they
yield unit free measures of the variables, which diminish the problems of comparing currency
values and inflation across time and countries.

We use a sixth order polynomial approximation for the time- varying country effects
(equation 2). The reason for limiting the approximation to the sixth order is that in our
unbalanced panel data we have countries for which there are only eight years of observations.
This effectively implies that we can estimate a maximum of seven coefficients per country to

capture the v, effect (the by; and the six by coefficients for each country) in order to preserve

enough degrees of freedom to allow for the estimation of the variables of interest.

11



The monitoring station effect y;; may be uncorrelated with the observed explanatory

variables in which case we can use a random station effect model. Alternatively, we may allow
for arbitrary correlation between the unobserved monitoring station effect and the observed
explanatory variables in which case we would need to use fixed monitoring station effects. We
use both random station effects and fixed station effects in combination with time-varying
country-specific effects (RSE-TVCE and FSE-TVCE, respectively). We present the results
obtained using RSE-TVCE in Table 1 while Table 2 shows the FSE-TVCE estimators.™ Since,
as can be seen in Tables 1 and 2 both estimators yield qualitatively identical results, we use for
the subsequent analysis the RSE-TVCE estimators which are likely to be more efficient.
5.1 Specification Tests
5.1.1 Testing for time independence of the residuals.

The first specification test in Table 1 shows the p-values testing the significance of the
coefficients associated with the time trend variable in the regression of the residuals

(&, = constant + Bz ). In addition, the second specification test in Table 1 also shows the simple
correlation coefficients between the residuals and the time trend. The coefficients of the trend
values as well as the correlation coefficients are insignificant at the 1% level of significance for
the three pollutants. These tests suggest that our assumption that the ., error component is

time-independent is valid for SO2, NO2 and O3 and hence that the TVCE approach adequately

controls for time-varying, country-specific omitted variables.

1% The standard errors in all the estimates are robust to heteroskedasticity and autocorrelation.

12



5.1.2 Testing the Fixed Country Effect model.

We test the null hypothesis that b,; =b,; =b,; =b,; =b;; =b;; =0 for all j which, as

discussed earlier, is a test for the validity of the Fixed Country Effects model. The restricted
model is rejected at 1% level of significance in favor of the TVCE model for each of the three
pollutants, meaning that the often used fixed country effect specification is statistically rejected.

The coefficients by;,b,;,b;;,b,;,b;;,b;; are jointly significant at 1% level of significance

i
and the majority of them are significant at 1%. This, in conjunction with the relatively large
impact that the inclusion of these effects have on the estimates of the coefficients of the key
variables, reflect the importance of the RSE-TVCE approach.™

5.1.3 Reverse causality.

Consistent with the econometric model presented in Section 3, the normalized
government expenditures are lagged in the model. This may avoid the direct reverse causality
between these variables and the concentration level of the pollutants, often a source of biases of
the estimated coefficients. In principle it would be possible that such lagged expenditures are
correlated with other concurrent omitted variables which would still cause biases in the estimated
coefficient. However, as we argued earlier, the country-specific time-varying effects largely
minimize such a risk as these effects control for omitted variables.

It may be argued that reverse causality may be an issue for energy taxes as the tax

variable is not lagged. Higher levels of pollution may be a factor that induces governments to

raise energy taxes in which case the reverse causality bias on the coefficient of the energy tax

1 Table C.1 in Appendix C presents a summary of the analysis of the predicted values of the TVCE function. In
most of the countries the effect of the omitted variables has been negative for SO2, and has changed sign over time
for NO2 and O3. The majority of the predicted values of the TVCE function are non monotonic and have at least 2
turning points.

13



variable would be upwards. However, it is unlikely that the level of energy taxes are influenced
much by variations in local pollution as energy tax policies are mostly motivated in renewable
energy and climate change policies rather than on local pollution-related objectives (Newberry,
2005; Biermann and Brohm, 2005; Decker and Wohar, 2007). But even if reverse causality were
indeed an issue, the finding of a negative effect of the energy tax on pollution, as we do find
when using the RSE-TVCE estimates, would merely make such estimates a lower bound
measure of the true effect and would not alter the sign of the estimates. That is, if we corrected
for reverse causality biases the estimates of the effect of the energy tax would be even more

negative than what we obtain.

5.2 Analysis of the Estimates
5.2.1 Impact Analysis

The estimates indicate negative and significant effects of the government spending level
and composition on SO2 and O3, and negative but not statistically significant effects on NO2, as
shown by the share of expenditures in public goods over total government expenditure
coefficient and the share of total government expenditure over GDP coefficient (Table 1). Trade
shows a negative and significant effect on SO2 concentrations but not on the other pollutants,
and energy taxes exert a negative and significant effect on NO2 but not on the other pollutants.

In Table 3 we show the elasticities for the main determinants of each pollutant. The
importance of each one these effects is also expressed by the relative changes within the sample
(impact of changes in the explanatory variables in one standard deviation as proportion of the

sample standard deviations of the pollutant).

14



Increasing the share of government expenditures on public goods by 1%, holding total
government expenditure constant, may result in a 3.9% reduction of SO2 concentrations and a
1.25% decrease in the case of O3. Increasing the share of expenditures on public goods by one
standard deviation reduces SO2 concentrations by 22.7% and those of O3 by 19.4% of their
respective standard deviations.

The concentrations of SO2 and O3 may be reduced by 2.6% and 0.82% respectively if
total government expenditure increases by 1%. The increase of one standard deviation of the
share of total expenditure with respect to GDP may result in a standard deviation reduction of
35.1% for SO2 and 31.7% in the case of O3.

We find that the elasticity of energy taxes is -0.31 for NO2. If the energy tax rates
increase by one standard deviation, the concentration of NO2 may be reduced by 12% of its
standard deviation.'?> The estimated effects of energy taxes are not significant for SO2 which is a
production pollutant caused mainly by industrial processes and electricity generation; neither did
we find statistically significant effects of energy taxes on O3, a consumption pollutant that is
formed by certain precursor gases in combination with weather conditions.*® Our results suggest
that energy taxes only have effect on pollution levels caused mainly by road and off-road fuel

consumption.

12 These findings are consistent with the elasticity estimates in a few studies that have measured these effects.
Millock and Nauges (2006) estimate elasticities of energy taxes on NO2 and SO2 that vary from -2.7 to -0.2
depending on the industry analyzed

3 One of the reasons energy taxes do not have a significant effect on O3concentrations might be the nature of this
pollutant since it is not emitted directly by any source and it is rather formed by the combination of certain precursor
gases especially under hot and sunny weather conditions (EEA, 2009). Another possible reason might be the
positive effect of energy taxes over the participation of diesel vehicles on the automobile fleet (data that is not
available for all countries and time periods); diesel vehicles tend to emit three times more ozone-precursor gases
than gasoline vehicles. Vestreng et al., 2008 has shown that this is true in the countries where systematic data on the
participation of diesel vehicles are available.

15



Trade has a negative and significant effect on SO2 and no significant effect on NO2 nor
on O3 concentrations. The estimates imply that increasing trade intensity by 1% may result in a
1.1% reduction of SO2. If trade intensity is increased by one standard deviation, SO2
concentrations are reduced by 49% of its standard deviation. Hence, as predicted by our
conceptual analysis, trade affects “production” pollutants most likely through the composition
effect but does not affect “consumption” pollutants .

The coefficients of the per capita level of household consumption are positive in our
estimates and mostly significant while most existing empirical studies for high income countries
obtain a negative effect on local pollutants. This divergence may stem from our effort to
mitigate the omitted variable biases by controlling for energy taxes, environmental regulation
and other unobserved economy-wide variables that may be positively correlated with per capita
income or consumption and that have a negative impact on pollution. The standard estimates of
previous studies are likely to attribute the effects of these variables to per capita income and thus
conclude that increasing per capita income may reduce pollution. By contrast our estimates
isolate the pure effect of income or consumption on pollution.

5.2.2 Decomposition Analysis.

Table 4 shows the average annual changes in all pollutants for the analyzed period and
the decomposition of fiscal, trade and environmental policy effects on each one of them.
Production pollutants, SO2 in particular, has decreased very rapidly over the period at an annual
rate of 8.5% but consumption pollution has not improved nearly as much. NO2 concentrations
have fallen by only 1.4% per annum and ozone concentrations have increased in almost all

countries showing an average annual rate of increase of 0.9%.

16



As mentioned in the conceptual section, we would expect fiscal policies to mostly affect
air pollution concentration by increasing the composition and technique effects. We also argue
that trade exerts its effect mostly through the composition effect on production pollutants while
its technique effect is likely negligible for consumption pollutants. We also expected that
environmental policies and energy taxes would affect consumption pollution mainly via the
technique effect. As can be seen in Table 4, these predictions are fully corroborated by the
empirical results.

SO2 reductions are mostly explained by trade and fiscal policies, which together explain
practically all the observed reductions, meaning that without those policies SO2 levels would
have increased over the analyzed period. The large contribution of trade may be the result of the
shifting of production towards cleaner possibly human capital-intensive industries.
Environmental regulation, specifically the “Large Combustion Plant Directive”, also contributes
to the reduction in SO2 concentrations possibly through a technique effect.

In the case of NO2 energy taxes explain a major part of the modest observed reductions,
about 52% reduction which is most likely associated with technique effects. This suggests that
energy taxes are an effective instrument to reduce this type of consumption pollutant, and
reflects the European countries’ demand (on average) for less NO2 emissions per unit of goods
consumed.

Fiscal policies associated with an increase participation of government spending in GDP
and progressive shifts towards the provision of public goods have a strong (unintended) effect
towards reducing ozone. In fact, the combined effect of the observed fiscal spending policies in
Europe has been to induce a reduction of ozone concentrations by more than 1% per annum.

That is, if Europe had not increased the share of government spending in GDP and if it had not
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change the spending composition towards public goods, ozone would have increased twice as
fast as what in fact occurred. The European fiscal spending policies may explain why in these
countries O3 concentrations have not increased nearly as much as in other regions of the world.
Additionally, fiscal policies are the only policies considered that have any effect on ozone

pollution, which is probably the most difficult to control among the measured pollutants.

5.3 Sensitivity Analysis

In addition to the specification tests reported earlier, we performed a series of sensitivity
analyses to ascertain the robustness of the estimators. We check for extreme data points that may
dominate the sign and significance of key estimates and look for individual country dominance.

We conducted two types of dominance tests. In order to account for extreme data points
we first re-estimate the model by excluding observations in the top and bottom 1% of the share
of government expenditures on public goods. The same procedure is followed by re-estimating
the model without observations in the top and bottom 1% of the energy tax rate, pollutant
concentration and trade intensity. The parameters are robust to the sample changes, except for
the case of trade when dropping the bottom 1% of SO2. This result indicates that the effect of
trade is weak even on production pollutants, once we control for energy taxes, environmental
regulations, fiscal expenditure as well as other unobserved factors. Signs, significance and
magnitudes of the parameter estimates from these models are shown in Tables B.1 to B.6 in
Appendix B.

The second type of tests focuses on the effect of potential country dominance. We re-
estimate our benchmark models, dropping one country at a time, to check whether they alter the
parameter estimates of the share of public goods (for the SO2 and O3 regressions), of the energy

taxes (for the NO2 regressions) and of trade (for SO2). As shown in Figures B.1 to B.4 in
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Appendix B, removing one country at a time does not affect the sign and significance of the
estimated parameters, with the exception of share of public goods over government expenditure
in the O3 regression, which seems to be dependent on Italy.**
6. Conclusion

This study finds that fiscal, trade and energy tax policies implemented by the twelve most
developed European countries have had different impacts on the analyzed pollutants. Large and
increasing public sector participation and increasing prioritization of public goods over private
goods in most European countries have had a hitherto ignored effect by contributing to a cleaner
environment. In addition, we find that the high energy tax policy adopted by the majority of the
European countries over the last few decades have substantially contributed to reduce the levels
of one important consumption pollutant, NO2, but not of ozone. The direct effect of trade
intensification has only affected SO2 concentrations but not any of the consumption pollutants.

Controlling for the scale effect, our estimations show that fiscal policies, trade, and
energy taxes are effective in reducing the concentration of different pollutants through different
mechanisms. Trade contributes by increasing the composition effect on “production” pollutants,
reallocating production towards cleaner industries given Europe’s comparative advantage in
producing human capital intensive goods. As for “consumption” pollutants, the direct effect of
trade is negligible and fiscal policies also contribute to reducing one important consumption

pollutant, O3.

It is worth noticing that Italy includes a large number of observations, more than 1,500 observations or about 8%
of the total. Thus, this does not necessarily indicate a lack of robustness of the estimators; it is indeed remarkable
that the coefficients are robust to the exclusion of all other countries even if dropping individual countries often
entails removing 7% or more of the total observations.
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Energy taxes have had an impact on consumption pollutants that can be directly related to
energy consumption such as NO2 but have been ineffective on reducing the levels of O3 which
is a pollutant that is much more difficult to control.

These results should be regarded as an added incentive for EU countries to at least persist
if not increase the emphasis on fiscal policies and energy taxes that trigger the development on
new technologies. The study may also present an argument for other countries which have not
yet adopted these policies to implement them. The results have implications for several non-
European countries including the USA and large developing countries which currently have
much lower energy taxes and fiscal spending policies that are heavily oriented to provide private
goods instead of public goods. Pursuing fiscal policies as adopted by some European countries
may potentially have a large and unintended environmental pay-off.

To the best of our knowledge this is the first paper that systematically examines the role
of fiscal spending policy, trade and energy taxes on Europe’s environmental quality, using a
methodology that allows obtaining estimates mostly free from time-varying omitted variable

biases.

20



REFERENCES

Afonso A., Furceri, D. (2010). Government size, composition, volatility and economic growth.
European Journal of Political Economy 26: 517-532

Antweiler, W., Copeland, B. R., Taylor, M. S. (2001). Is Free Trade Good for the Environment?.
American Economic Review 91, 877-908.

Altonji, J. G., Elder, T. E., Taber, C. R. (2005). Selection on observed and unobserved variables:
Assessing the effectiveness of catholic schools. Journal of Political Economy 113, 151-184.

Attanasio, O. P.; Goldberg, P. K., Kyriazidou, E. (2008). Credit Constraints in the Market for
Consumer Durables: Evidence from Micro Data on Car Loans. International Economic Review
49, 401-436.

Baranzini, A., Goldemberg, J., Speck, S. (2000). A future for carbon taxes. Ecological
Economics 32, 395-412.

Bernauer, T., Koubi, V. (2006). States as Providers of Public Goods: How Does Government
Size Affect Environmental Quality? Working Paper No. 14, Center for Comparative and
International Studies (ETH Zurich and University of Zurich). Available at SSRN:
http://ssrn.com/abstract=900487.

Biermann, F., Brohm, R. (2005). Implementing the Kyoto Protocol without the United States:
The Strategic Role of Energy Tax. Adjustments at the Border. Climate Policy 4, 289-302

Blundell, R., Dearden, L., Meghir, C., Sianesi, B. (1999). Human Capital Investment: The
Returns from Education and Training to the Individual, the Firm, and the Economy. Fiscal
Studies, 20, 1-23.

Dasgupta, P. (1996). The Economics of the Environment. Environment and Development
Economics 1, 387-428.

Decker, C.S., Wohar, M.E. (2007). Determinants of state diesel fuel excise tax rates: the political
economy of fuel taxation in the United States. Annals of Regional Science 41, 171-188.

Dewan ,S., Ettlinger, M. (2009) Comparing Public Spending and Priorities Across OECD
Countries. Center for American Progress. www.americanprogress.org
Environmental Protection Agency (EPA) (2010). Available at: http://www.epa.gov/air/urbanair/.

EUROSTAT Statistical Books (2010), Taxation Trends in the European Union Data for the EU
Member States and Norway.

Fiorito, R., Tryphon, K. (2004). Public goods, merit goods, and the relation between private and
government consumption. European Economic Review 48, 1367 — 1398.

21


http://ssrn.com/abstract=900487
http://www.epa.gov/air/urbanair/

Fleisher, B., Li H., Zhao, M.Q. (2010). Human Capital, Economic Growth, and Regional
Inequality in China. Journal of Development Economics, 92, 215-231.

Folster, S., Henrekson, M. (2001). Growth effects of government expenditure and taxation in
rich countries. European Economic Review, 45: 1501-1520.

Fougeére, D., Kramarz, F., Magnac, T. (2000). Youth employment policies in France. European
Economic Review 44, 928-942.

Frankel, J. A., Rose, A. K. (2005). Is Trade Good or Bad for the Environment: Sorting Out the
Causality. The Review of Economics and Statistic 87, 85-91.

Fullerton, D., Heutel, G. (2007). The General Equilibrium Incidence of Environmental Taxes.
Journal of Public Economics 91, 571-591.

Fullerton, D., Leicester, A., Smith, S. (2009). Environmental Taxes. In: Institute for Fiscal
Studies (IFS) (Eds.), Dimensions of Tax Design. Oxford: Oxford University Press, pp. 428-521.
Available at: http://works.bepress.com/don_fullerton/37

Galor, O., and J. Zeira. (1993). “Income Distribution and Macroeconomics,” Review of
Economic Studies 60, 35-52.

Grant, C. (2007). Estimating credit constraints among US households. Oxford Economic Papers
59, 583-605.

Grossman, G. M., Krueger A. B. (1992). Environmental impacts of a North American Free Trade
Agreement. Centre for Economic Policy Research Discussion Paper 644.

Grossman, G. M., Krueger A. B. (1995). Economic Growth and the Environment. Quarterly
Journal of Economics 112, 353-378.

Hanushek, E. (2003). ‘“The Failure of Input Based Schooling Policies’. ECONOMIC JOURNAL,
vol. 113(485), pp. F64-F98.

Harbaugh W., Levinson A. M., Wilson D. M. (2002). Reexamining the empirical evidence for an
Environmenal Kuznets Curve. Review of Economics and Statistics 84, 541-551

Hoff, K., Stiglitz, J. (2000). Modern Economic Theory and Development. In Meier, G., Stiglitz J
(Eds.), Frontiers of Development Economics. New York: Oxford University Press and the World
Bank, pp. 389-459.

Jappelli, T. (1990). Who is Credit Constrained in the US Economy? Quarterly Journal of
Economics 105, 219-234.

Kaplow, L. (2006). Public goods and the distribution of income. European Economic Review 50,
1627-1660.

22


https://mail.arec.umd.edu/owa/redir.aspx?C=6e6dafd0b3b04020a168770f50cb6f8c&URL=http%3a%2f%2fworks.bepress.com%2fdon_fullerton%2f37

Karp, L. (2011). The Environment and Trade: a Review. Department of Agricultural and
Resource Economics, University of California, Berkeley.
http://areweb.berkeley.edu/~karp/environmenttradejan24.pdf

Knigge, M., Gorlach B. (2005) Effects of Germany’s Ecological Tax Reforms on the
Environment, Employment and Technological Innovation: Summary of the Final Report of the
Project. Ecologic Institute for International and European Environmental Policy, Berlin, August
2005)

Lopez, R, Galinato, G. (2007). Should Governments Stop Subsidies to Private Goods? Evidence
from Rural Latin America. Journal of Public Economics 91, 1071-1094.

Lopez, R., Galinato, G., Islam, A. (2011). Fiscal Spending and the Environment: Theory and
Empirics. Journal of Environmental Economics and Management, forthcoming.

Millock, K., Nauges, C. (2006). Ex-Post evaluation of an earmarked tax on air pollution. Land
Economics 82, 68-84.

Morley, B. (2010). Empirical Evidence on the Effectiveness of Environmental Taxes. Working
Paper No. 02/10. Department of Economics, University of Bath, Bath, UK.

Newberry, D. (2005). Why Tax Energy? Towards a More Rational Policy. The Energy Journal
26, 1-40.

Vestreng, V., Ntziachristos, L., Semb, A., Reis, S., Isaksen, I. S. A., Tarrasén, L. (2008).
Evolution of NOy emissions in Europe with focus on road transport control measures.

Atmospheric Chemistry and Physics Discussions 8, 10697-10747.

Zeldes, S. P. (1989). Consumption and Liquidity Constraints: An Empirical Analysis. Journal of
Political Economy 97, 305-346.

23



Table 1

Random Monitoring Stations Effects with Time Varying Country Effects (RSE-TVCE)

Ln Diff SO2 Ln Diff NO2 Ln Diff O3
Share of expenditures in public goods over -5.33** -0.19 -1.69**
total government expenditures (lagged) [1.27] [0.49] [0.52]
Share of total government expenditures over -5.52** -0.37 -1.73*
GDP (lagged) [1.78] [0.71] [0.77]

. . -0.11 -0.18** 0.057
Time difference of Energy Tax Rate [0.06] [0.03] [0.04]
Time difference of Regulation over large -0.49**

Plants [0.07]

. . . -0.34 1.54
Time difference of Regulation over NOx [0.51] [0.83]
Time difference of Log of Trade -1.13** -0.41 -0.21
(X+M)/GDP [0.40] [0.25] [0.43]
Time difference of 3 Year Moving Average 0.053** 0.004 0.026*
of Ln of Household final consumption per [0.02] [0.01] [0.01]
capita
Observations 16,222 19,374 15,282
No. of Monitoring Stations 2,666 3,176 2,274
Overall R-Squared 0.11 0.06 0.10
Specification tests:

1. Test fqr the tlmellndependence of the 0.99 0.99 0.99
residuals: p-values

2. Correlation coefficient between the

residuals and 7 -0.00001 0.00001 0.00001
3. Testing the fixed country effects-random

site effects model:

Log Likelihood Ratio Test 426** 322** 316**

Ho: b; =b,; =....... =b,_,;=0

Robust standard errors in brackets.
* significant at 5%; ** significant at 1%

Not reported in the table are 77 coefficients for each equation for the variables that capture the TVCE, 12

coefficients for year effects and one coefficient for heating degree days.

'Regressions estimated for testing time independence of the residuals: Eijp = constant + £ . The values of

3 (standard error) for SO2, NO2 and O3 are -2.38¢-12 (.0007246), 2.72¢-06 (0. 00038), and 2.89¢-11 (0. 0003573),

respectively.
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Table 2
Fixed Monitoring Stations Effects with Time Varying Country Effects (FSE-TVCE) Regressions

Ln Diff SO2 Ln Diff NO2 Ln Diff O3
Share of expenditures in public goods over -5.92** -0.27 -1.68**
total government exp (lagged) [1.34] [0.54] [0.58]
Share of total government expenditure over -6.17** -0.12 -1.61
GDP (lagged) [1.91] [0.79] [0.86]

. . -0.14* -0.20** 0.05
Time difference of Energy Tax Rate [0.07] [0.034] [0.04]
Time difference of Regulation over large -0.47**

Plants [0.08]

. . . -0.55 1.70
Time difference of Regulation over NOx [0.66] [1.06]
Time difference of Log of Trade -1.09* -0.37 -0.23
(X+M)/GDP [0.48] [0.27] [0.48]
Time difference of 3 Year Moving Average 0.06* 0.04** 0.05**
of Ln of Household final consumption per [0.02] [0.01] [0.01]
capita
Observations 16,222 19,374 15,282
Overall R-Squared 0.12 0.07 0.13
No. of Monitoring Stations 2,666 3,176 2,274
Specification tests:

1. Test fqr the tlmellndependence of the 0.99 0.99 0.99
residuals: p-values

2. Correlation coefficient between the

residuals and 7 -0.00001 0.00001 0.00001
3. Testing the fixed country effects-random

site effects model:

Log Likelihood Ratio Test 463** 361** 403**
Ho: bljzsz: ....... :bT_Z’j:O

Robust standard errors in brackets.

* significant at 5%; ** significant at 1%

Not reported in the table are 66 coefficients for each equation for the variables that capture the TVCE, 12
coefficients for year effects and one coefficient for heating degree days.

25




Table 3

Elasticities and Sample Quantitative Effects

SO2 NO2 03
Elasticity of the Share of Public _3.97%* s L1 o5
Goods
Change in the pollutant when the
Share of Public Goods increases by i . i .
one Standard Deviation (% of std dev 22.10% .S 19.45%
of pollutant)
Elasticity of the ratio of total Py, N ao*
government expenditure over GDP 2.63 NS 0.82
Change in the pollutant when the
ratio of total government expenditure | . ) op%
over GDP increases by one Standard 35.10% n.s 31.37%
Deviation (% of std dev of pollutant)
Elasticity of the Energy Tax Rate n.s -0.31** n.s
Change in the pollutant when the
Energy Tax Rate increases by one i o
Standard Deviation (% of std dev of NS 12.32% n.s
pollutant)
Elasticity of Trade -1.13** n.s n.s
Change in the pollutant when Trade
increases by one Standard Deviation -49.23%** n.s n.s

(% of std dev of pollutant)

* significant at 5%; ** significant at 1%

n.s.: non significant
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Table 4

Decomposition analysis of the effect of the various factors

Annual average contribution (in percentage points)

Annual Fiscal Policy Environmental Policy

average rate

of growth of Government _

the pollutant | Government orovided _ Trade Policy

(%) p_rowdeq non-social Regulation | Energy taxes
social capital capital
SO2 -8.51 -5.56* -2.27* -3.79* n.s -2.76%
NO2 -1.37 n.s n.s n.s -0.58* n.s.
03 0.91 -0.39* -0.71* n.s n.s n.s.

Note: The rates of growth used to create this table were calculated as the annual average growth. In the case of the
pollutant the annual rate of growth of each monitoring station was calculated, and then a country average was taken
for each country and finally the average over all of the years available in the sample. For the rest of the variables at
the country level, first the rate of growth with respect to the previous year was calculated then the average of the

whole period.
*Significant to at least 5%
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Appendix A

Table A1
Country List
Austria Denmark France Netherlands
Belgium Spain United Kingdom Portugal
Germany Finland Italy Sweden
Table A.2
Description of Variables
. i Years
Variable Description Available Source
Lo Year average of daily mean SO2 concentration, .
Sulfur Dioxide micrograms per cubic meter 1995-2006 AirBase from the European
Year average of daily mean NO2 concentration Topic Centre on Air and
Nitrogen Dioxide micro ramg or cubi)(l: meter ' 1995-2008 Climate Change, under
Year e?verag;,O of daily mean O3 concentration contract to the European
Ozone micrograms per cubic meter 1995-2008 Environment Agency
Household final
consumption expenditure Market value of all goods and services including durable 1989-2008
per capita (3 year moving | products purchased by households.
average)
Government expenditure on public goods over total
Share of government government expenditure. Including: Public order and EUROSTAT
expenditure on public safety, Environment protection, Housing and community | 1989-2008
goods amenities, Health, Recreation, culture and Religion,
Education, Social protection
Share of total government .
expenditure over GDP Total Government Expenditure over GDP 1989-2008
Trade Intensity Imp(_)rts of goods and services plus exports of goods and 1994-2008
services over GDP
. EUROSTAT Statistical
Energy Tax Rate Implicit Tax Rate on Energy 1995-2008 Books (2009)
Requlation on Large Large Combustion Plant Regulation dummy, takes the
Uti?ities g value of 1 from 2001 (year in which it was established), 1990-2008 EEA Report No 2/2007
and 0 otherwise
Regulation on NOx Rc_acmr_ocal of the target values of NOX under the 1990-2008 EEA Report No 2/2007
Directive for NOx.
Heating Degree Days Measurement that reflects the demand for energy needed 1995-2008 EUROSTAT

to heat a home or business
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Table A3
Summary Statistics

Variable Mean Std. Dev. Min Max Units
502 6.73 547 | 0.003 | 85.47
NO2 ug/m3 microgram
29.26 15.72 0.31 120.13 per Cubic Meter
03
48.31 13.91 0.96 117.17
Household final
ti dit 1995 E
per capita (3 year moving 2.08 114 | 045 | 530 e
average)
Share of government
expenditure on public 0.74 0.03 0.65 0.80
goods
Share of total government
expenditure over GDP 0.47 0.05 0.38 0.63
Euros per Ton of
Energy Tax Rate 1.66 0.37 0.91 3.16 Oil Equivalent
Trade Intensity 0.74 0.26 0.47 1.73
Heating Degree Days 0.95 0.06 0.80 1.19
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Appendix B

B.1 Extreme Observations Checks
Dropping the top and bottom 1% of the observations on each year.

Table B.1
Coefficient of Share of Expenditures in Public Goods in the RSE-TVCE Regressions

Bottom 1% of Share of Top 1% of Share of Top and Bottom 1% of
Regression Public Goods Public Goods Share of Public Goods
Expenditures Expenditures Expenditures
S0O2 -5.35** -5.33** -4.33**
03 -1.40** -1.65** -3.13**

* significant at 5%; ** significant at 1%

Table B.2
Coefficient of Share of Expenditures in Public Goods in the RSE-TVCE Regressions
Redression Bottom 1% of Top 1% of Pollutant | Top and Bottom 1%
g Pollutant of Pollutant
SO2 -6.34** -4.22%* -5.04**
03 -1.66** -1.13* -1.19**

* significant at 5%; ** significant at 1%

Table B.3
Coefficient of Energy Tax in the RSE-TVCE Regressions

Regressions

Bottom 1% of Energy
Tax Rate

Top 1% of Energy Tax
Rate

Top and Bottom 1% of
Energy Tax Rate

NO2

-0.19**

-0.19**

-0.32**

* significant at 5%; ** significant at 1%

Table B.4
Coefficient of Energy Tax in the RSE-TVCE Regressions

Regressions

Bottom 1% of
Pollutant

Top 1% of Pollutant

Top and Bottom 1%
of Pollutant

NO2

-0.19*%*

-0.19**

-0.20**

* significant at 5%; ** significant at 1%
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Table B.5
Coefficient of Trade Intensity in the RSE-TVCE Regressions

Regressions

Bottom 1% of Trade
Intensity

Top 1% of Trade
Intensity

Top and Bottom 1% of
Trade Intensity

SO2

-1.19**

-0.93*

-1.04*

* significant at 5%; ** significant at 1%

Table B.6
Coefficient of Trade Intensity in the RSE-TVCE Regressions

Regressions

Bottom 1% of
Pollutant

Top 1% of Pollutant

Top and Bottom 1%
of Pollutant

SO2

-0.21

-1.27*%*

-0.46

* significant at 5%; ** significant at 1%
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B.2 Country dominance Checks
Dropping one country in each estimation

Figure B.1

Coefficient of the Share of public Goods in the RSE-TVCE Regression for SO2

-10

-12

/ -95%

\/ e §5%

Figure B.2

Coefficient of the Share of public Goods in the RSE-TVCE Regression for O3
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Figure B.3
Coefficient of the Energy Taxes in the RSE-TVCE Regression for NO2
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Figure B.4
Coefficient of the Trade Intensity in the RSE-TVCE Regression for SO2
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Appendix C

Table C.1
Analysis of the Predicted Values of the Time-Varying Country Effects (v,)

SO2 NO2 03
Number of countries with byj=b;=b3=0 4 5 5
Signs of the Predicted v, Values
Number of countries with positive predicted 0 0 0
values for all years
Number of countries with negative
. 6 0 4
predicted values for all years
Number of countries with predicted values
. . 5 11 7
that change sign over time
Monotonicity of the Predicted v, Values
Number of countries with monotonic
. . 0 0 0

predicted values over time
Number of countries with one turning point
. . 3 0 0
in the predicted values
Number of countries with two turning

L . 8 11 11
points in the predicted values
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