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The environmental Kuznets curve hypothesis (EKC) predicts an inverse U-shaped
relationship between environmental pollution and per capita income. The literature with
respect to the EKC is vast but far from conclusive. This paper adds firm size to the standard
EKC reduced form regression and analyses whether firm size matters once income and
composition are controlled for. Results suggest that large firm countries are initially
associated with higher levels of environmental damage. However, as economies develop,
large firm countries find it easier to adopt more stringent environmental legislation. Once
environmental damage starts to decrease, the decrease ismuch larger in large firmcountries.
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1. Introduction

Empirical literature with respect to the inverse U-shaped
relationship between environmental damage on the one
hand and per capita income on the other (aka the environ-
mental Kuznets curve hypothesis (EKC)) is vast but far from
conclusive. The empirical strategy focuses on reduced form
regressions (Stern, 1996; De Bruyn et al., 1998) and tries to
explain the level of environmental pollution throughper capita
income, per capita income squared and/or cubed and time or
country specific effects (Holtz-Eakin and Selden, 1992; Selden
and Song, 1994; Shafik, 1994; Grossman and Krueger, 1995;
Stern and Common, 2001; Harbaugh et al., 2002). The income
and income-squared variables capture the so-called scale,
composition and income effect. At initial stages of economic
development, the increasing scale of economic activity as well
as the changing composition from agricultural towards
industrial activities generates more pollution. Therefore the
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slope of the income–environment relation is positive. Howev-
er, as income rises, demand for environmental quality
increases and more stringent environmental regulation leads
to the replacement of old technologies by environmentally less
harmful ones. This technique and income effect together with
the changing composition away from industrial towards post-
industrial economic activities puts downward pressure on
pollution. Eventually, as income passes some threshold level,
income and composition effects outweigh the scale effect and
the income–environment relationship becomes downward
sloping.

This paper adds firm size to the standard EKC reduced form
regression. Firm size has been the topic of quite some
discussion in environmental and development literature
(Schumacher, 1989; Beckerman, 1995; Revell and Rutherfoord,
2003). The EKC-literature, however, has largely ignored firm
size as a possible determinant of the composition-channel or
the cost/benefit ratio of environmental policy. Dasgupta et al.
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(2002) find that small plants are on average more pollution
intensive per employee. Large plants however account for
most of the industry-related emissions. This suggests that
although small firms are on average more polluting per
employee, large firms produce larger volumes of emissions.
The evidence presented in Dasgupta et al. (2002) however is
limited to two developing countries, Mexico and Brazil. Cole et
al. (2005) find a significant negative effect of firm size on
pollution intensity for variousmanufacturing industries in the
United Kingdom. This study thus is limited to 1 developed
economy. To our knowledge, there is little empirical evidence
with respect to the impact of firm size on environmental
damage in a large cross section including both developed and
developing countries.

We find that firmsizemattersbutnot ina linearway.Empirical
results suggest that countries whose firms are on average large
(large firm countries), experience higher levels of environmental
degradation than comparable small firmcountries, but only in the
initial stages of economic development. Once per capita income
exceeds a threshold, the large firm country seems to be better off
in terms of environmental pollution.

The remainder of this paper is organised as follows. Section
2discusses the expected role of firmsize in theEKC framework.
Section 3 presents the data and the empirical strategy. The
fourth sectiondiscusses themajor results. Section5 proposes a
number of robustness tests and the last section concludes.
1 We are grateful to W. Harbaugh, A. Levinson and D. Wilson for
making their dataset graciously available.
2. Income, environment and firm size

TheEKC literaturehas identifiedanumberof channels through
which income affects the environment. Firm size could affect 2
of these channels: the composition-channel and the cost/
benefit ratio of environmental policy.

With respect to the composition-channel, the evidence
suggests that the composition of economic activity influences
environmental damage. Cole (2000) for instance finds that the
share of manufacturing output has a positive effect on 8 out of
10 environmental indicators he uses and is significant for 4 out
of these 8. Panayotou et al. (2000) find that the accumulation of
non-residential capital results in rising emissions as a country
industrialises but contributes to lower emissions in the post-
industrial stage.

The incomechannel assumesthatmarginal benefitsof better
environmental quality increasewith income. Examples of other
variables that affect the cost/benefit ratio of environmental
policy can be found in Kaufmann et al. (1998) and Munasinghe
(1999). The results of Kaufmann et al. (1998) support the
hypothesis that higher levels of environmental damage are
associated with decreasing concentrations of sulphur dioxide
emissions because marginal costs of environmental policy
decrease, while marginal benefits increase as higher damage
levels are reached. Munasinghe (1999) argues that for example
knowledgeonenvironmental issuescouldaffect the cost/benefit
ratio of environmental policy and the way in which environ-
mental damage responds to changes in per capita income.

How does firm size fit into these channels? With respect to
the influence of firm size on the composition-channel,
Dasgupta et al. (2002) find that most of industrial emissions
in Brazil come from large plants. This finding is fairly stable
across Brazilian municipalities irrespective of their level of
income. Their analysis shows that firm size is positively
associated with total emissions: in those municipalities
where the share of large plants is low, total emissions are
low. They also find that total emissions are large in those
municipalities where the share of large plants is high.
Assuming that Brazilian municipalities are unable to set
independent environmental policies, this suggests a positive
relationship between firm size and total emissions.

With respect to the cost/benefit argument, Andreoni and
Levinson's (2001) evidence suggests that there are returns to
scale in abating pollution at the plant level. They argue that
“larger industrial boilers cost less to control per unit of abatement than
smaller boilers” (p. 281), i.e. larger firms are faced with lower
marginal abatement costs. Hence one could argue, in line with
Kaufmann et al. (1998) that the point at which the costs of non-
adoptionof environmental policiesoutweigh thoseof adoption
will be reached sooner if firms are large on average. Further-
more, according to Beckerman (1995) small firms are more
difficult to monitor and regulate. It follows that one could
expect that countries whose economy counts a small number
of large firms find it easier to meet certain environmental
standards both from an administrative point of view aswell as
from a marginal abatement cost point of view. Through the
inclusion of firm size in the EKC framework, this paper adds a
variable that reflects marginal abatement costs. However,
lower marginal abatement costs for large firms are only
relevant if these firms are actually required to abate emissions.
The latter will be the result of environmental policies that are
designed to meet demand for better environmental quality by
the general public.

The composition and the cost/benefit channels work their
way fromfirmsize to environmental damagealong anopposite
route. Since it isnotpossible to argue that oneof them is certain
to dominate the other, the net effect of firm size seems to be an
empirical question.However it is possible to distil the following
testable hypotheses from the previous discussion:

Hypothesis 1. In poor countries where environmental policies
are absent, firm size is positively related to emissions.

Hypothesis 2. Since large firms face lower marginal abate-
ment costs and the EKC predicts that marginal benefits of
higher levels of environmental quality rise with income, large
firm countries' marginal benefits will outweigh marginal
abatement costs at lower levels of income. Hence, large firm
countries will enact environmental policies sooner, i.e. at
lower levels of income. Furthermore, the ratio of marginal
benefits to marginal costs of environmental policy in large
firm countries allows them to enact more stringent policies
compared to small firm countries. This will result in higher
levels of abatement.

3. Data and empirical strategy

We have used data on environmental damage, income,
openness, investment and democracy that were used by
Harbaugh et al. (2002) (HLW dataset).1 This dataset reports



Table 2 – Correlation matrix (612 obs.)

MeanGDPpc Size Inv. Trade Rel. GDP Demoa

Mean SO2

conc.
1

GDP per
capita

−0.12 1

Size −0.08 −0.41 1
Investment
as % GDP

0.28 0.39 −0.35 1

Trade
intensity

−0.17 −0.10 0.01 −0.07 1

Relative
GDP

−0.07 0.95 −0.45 0.46 0.02 1

Democracy
indexa

−0.05 0.67 −0.52 0.39 −0.06 0.69 1

% Industry in
GDP

0.35 −0.06 −0.01 0.44 0.02 0.11 0.13

a 583 obs.
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yearly mean ambient pollution levels of sulphur dioxide (SO2),
total suspended particulates (TSP) and smoke collected by the
Global EnvironmentalMonitoring System (GEMS). The data are
maintained by the U.S. Environmental Protection Agency in its
Aerometric Information Retrieval System (AIRS). These pollu-
tion levels are recorded in various monitoring stations in
selected cities around the world and are reported for the 1971–
1992 timeframe although data availability differs across
countries and cities. AIRSdata also includevariables indicating
whether a monitoring station is located in an industrial or a
residential area, in a city centre or along the coast. Income
(measured as per capita GDP in $1985 1000), openness (ratio of
imports plus exports to GDP), investment (measured as a
fraction of GDP), relative GDP (per capita GDP relative to the
mean), city population density and political equality datawere
also taken from the HLW dataset. Column 1a–1c in Table 1
presents summary statistics.

Firm size data were derived from the UNIDO Industrial
Statistics Database. This database supplies data on the
number of employees and on the number of establishments
for 4-digit ISIC manufacturing sectors for the years 1981–1992.
For each country, we have taken the total number of employ-
ees and establishments to calculate the average firm size as
the ratio between the total number of employees and the total
number of establishments.

Due to data availability, the total number of observations
for the sulphur dioxide sample dropped from 2381 in the
originalHLWdataset to 614. Theseobservations come from144
monitoring stations in 62 cities located in 24 countrieswhereas
the HLW dataset contains observations for 285 stations in 102
cities located in 45 countries. Table 1 reports summary
statistics for the observations that were available after adding
firm size data. Comparing these statistics with those for the
full HLW dataset reveals that the observations that were
dropped do not have a sizeable effect on the overall distribu-
tion of the various variables. Although both the mean and
maximum level ofmean SO2 concentration is somewhat lower
in our dataset compared to the HLW dataset, per capita GDP
variables, investment as a share of GDP, trade intensity,
Table 1 – Summary statistics, SO2 sample

HLW Size dataset

Obs. Mean S.D. Obs. Mean S.D.

Mean SO2 conc. 2401 49.4 50.9 614 37.06 32.80
GDP per capita 2381 9.43 5.73 612 11.08 5.47
Year 2401 1983 5.17 614 1986 3.43
Population density 2401 2.75 3.99 614 3.67 5.07
Size – – – 614 57.31 40.85
% of industry in GDP – – – 614 32.70 5.05
Industrial dummy 2401 0.09 0.28 614 0.06 0.23
Residential dummy 2401 0.82 0.38 614 0.88 0.32
Centre city dummy 2401 0.86 0.35 614 0.90 0.30
Coastal dummy 2401 0.57 0.50 614 0.62 0.49
Investment as %GDP 2381 23.1 5.49 612 22.64 6.84
Trade intensity 2381 42.5 32.9 612 47.54 38.81
Democracy index 2322 7.23 4.16 585 8.72 2.93
Relative GDP 2381 1.12 0.91 612 1.33 0.84
# Sites 285 144
# Cities 102 62
# Countries 45 24
democracy and relative GDP variables seem to be quite
comparable. Also note that the average values for the variables
indicating whether a monitoring station is located in an
industrial, residential, coastal or a city centre are comparable.
Our observations with respect to SO2 therefore share most of
the characteristics of the full HLW dataset and should not be
seen as a very particular sample from that larger dataset.

With respect to TSP, the number of monitoring sites was
reduced to 81 (from 149 in HLW dataset) in 29 cities (53 in HLW
dataset) in 20 countries (30 in HLW dataset). Although the
distribution of the TSP dataset was not significantly different
from the HLW dataset for most variables, our dataset did not
include any observation from an industrial city area and
almost all of our observations came from residential areas in
city centres. For this reason, we have chosennot to use the TSP
subsample. With respect to smoke, the total number of
available observations dropped to 136 and these observations
came from residential areas in city centres. This is why we
also dropped the smoke observations from our dataset.

We also collected data on the importance of industrial
activities, measured as percentage of GDP, from the World
BankWorld Development Indicators 2003. Summary statistics
can also be found in Table 1. Table 2 reports pairwise
correlation coefficients for the main variables. Firm size
seems to be positively associated with open countries and
correlates negatively with most other variables in our dataset.
However, correlation coefficients seem to be small. This
seems to suggest that our measure of firm size is not a
substitute for other variables and especially per capita GDP,
investment or the importance of industry in GDP.

In line with the EKC literature, we estimate a model of the
following form:

mljit ¼ b1yit þ b2y
2
it þ b3y

3
it þ b4sit þ b5yitsit þ b6xit þ ll þ eljit ð1Þ

where mljit is the yearly mean level of SO2 concentration
recorded inmonitoring station l, in city j located in country i at
time t, yit is the income of country i at time t, xit contains
control variables such as a time trend and population density,
μl is a fixed or random monitoring station specific effect and
εljit is an independent and identically distributed random error
term. Finally sit, the average firm size in country i at time t, is



Table 3A – Results for mean sulphur dioxide (standard errors in brackets)

(1) (2) (3) (4)

GDP 32.464⁎⁎ 25.205⁎ (10.966) 25.287⁎ (10.879) 26.052⁎ (10.821)
GDP2 −3.487⁎⁎ (0.945) −2.914⁎⁎ (0.949) −2.640⁎⁎ (0.946) −2.981⁎⁎ (0.950)
GDP3 0.105⁎⁎ (0.027) 0.090⁎⁎ (0.027) 0.082⁎⁎ (0.027) 0.092⁎⁎ (0.027)
Size 0.158⁎⁎ (0.044) 0.469⁎⁎ (0.116) 0.494⁎⁎ (0.116)
GDP*size −0.047⁎⁎ (0.016) −0.051⁎⁎ (0.016)
Industry as % GDP −0.697 (0.481) −0.423 (0.486) −0.663 (0.493)
Investment 1.095⁎ (0.436)
Year −1.887⁎⁎ (0.456) −2.043⁎⁎ (0.478) −2.387⁎⁎ (0.488) −2.013⁎⁎ (0.508)
Density 9.179 (18.752) 10.893 (18.535) 4.847 (18.504) 17.413 (19.063)
# Obs. 612 612 612 612
# Groups 144 144 144 144
R2 (within) 0.14 0.16 0.18 0.19
Hausman Chi2 23.54⁎⁎ 63.72⁎⁎ 80.08⁎⁎ 85.44⁎⁎

⁎ Significance at 5%.
⁎⁎ Significance at 1%.
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added to the explanatory variables. We have used a Hausman
test to determinewhether the randomor fixed effectsmodel is
preferred. This test reveals that the fixed effects estimator is
Table 3B – Implied turning points: estimation and bootstrap res

(1)a (2)

Sma

Regressionc

Peak 6654.6 5998.6 676
Trough 15,492.0 15,494.3 14,77
% Obs.b
peak

27.0 24.1 2

Peakb
% obs.b
trough

47.4 50.3 3

% Obs.N
trough

25.6 25.6 3

Bootstrap percentilesd

Peak
Mean 6568.0 5957.4 474
Median 6705.0 6105.8 652
2.5% 3623.9 −679.5 −382
5.0% 4300.7 1895.3 131
10.0% 5085.2 3414.5 350
90.0% 7962.1 7762.6 850
95.0% 8382.1 8340.8 915
97.5% 8728.8 9193.9 990

Trough
Mean 15,411.5 15,325.4 14,70
Median 15,493.1 15,462.8 14,97
2.5% 13,881.1 13,247.6 11,80
5.0% 14,161.1 14,006.5 12,47
10.0% 14,580.5 14,434.2 13,19
90.0% 16,137.7 16,082.1 15,84
95.0% 16,287.0 16,229.4 16,01
97.5% 16,465.8 16,375.1 16,22

a Column headings refer to the specifications in Table 3A.
b Small (large) firm countries are countries whose firm is 1st. dev. smalle
bootstrap sample.
c Peak and trough income turning points implied by the estimation resu
d Bootstrapped percentiles are based on 1000 replications.
preferred. Accordingly, we have dropped the random effects
estimates from the tables reporting the results. The last row in
each table reports theHausmanChi2 aswell as its significance.
ults

(3) (4)

Firm size

llb Largeb Small Large

7.4 5131.9 5780.6 4453.6
7.2 16,412.7 15,753.1 17,080.0
7.0 22.1 23.0 19.9

7.6 58.6 53.3 62.7

5.3 19.2 23.8 17.4

3.0 3234.6 5150.9 3730.7
5.3 5268.2 5890.2 4711.4
6.1 −5458.1 −4373.2 −6286.6
9.9 −737.0 −604.1 −2609.6
1.6 1719.7 2049.4 624.8
6.9 6672.1 7738.5 6289.2
8.1 7164.5 8325.6 6709.8
7.5 7570.3 9363.7 7124.5

3.8 16,391.8 15,639.1 17,046.5
6.1 16,338.4 15,743.5 16,999.9
6.9 15,294.2 13,291.3 15,771.0
0.8 15,542.9 13,919.2 16,039.1
3.4 15,729.0 14,661.2 16,246.8
8.9 17,081.9 16,587.5 17,866.3
8.0 17,432.6 16,750.1 18,228.8
3.7 17,780.8 16,899.6 18,646.1

r (larger) than the mean. The size criterion was recalculated for each

lts reported in Table 3A.



Table 3C – Slopes of the EKCa

(1)b (2) (3) (4)

Firm size

Smallc Largec Small Large

Slope
At $2000 19.78 (7.52) 14.63 (7.65) 14.93 (7.59) 11.06 (7.68) 14.40 (7.54) 10.25 (7.65)
At $10,000 −5.79 (1.93) −5.96 (1.92) −3.78 (2.05) −7.65 (1.99) −6.72 (2.35) −10.87 (2.36)
At $15,000 −1.29 (1.34) −1.21 (1.34) 0.45 (1.44) −3.42 (1.53) −1.92 (1.72) −6.07 (1.85)
At $18,000 8.96 (2.82) 8.15 (2.82) 8.87 (2.81) 5.01 (3.00) 7.60 (2.84) 3.45 (3.05)

a Standard errors in brackets.
b Column headings refer to the specification in Table 3A.
c Small (large) firm countries are countries whose firm is 1st. dev. smaller (larger) than the mean. The size criterion was recalculated for each
bootstrap sample.
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Due to the dominance of the cross-section dimension, we can
estimate (1) in levels without worrying about the time series
properties of the variables (Stern and Common, 2001; Perman
and Stern, 2003).

From our hypotheses in Section 2, it follows that we expect:

Hypothesis 1: β4N0 and β5b0 with yF=− (β4/β5) within a
reasonable range in terms of per capita GDP.

Hypothesis 2: β1N0, β2b0, β3N0 and β5b0.

If firm size is relevant in terms of environmental damage,
Hypothesis 1 requires that initially, i.e. at lower levels of
income, firm size is positively associated with environmen-
tal damage. With β4N0 and β5b0, this will be the case as long
as per capita GDP is lower than yF. If β5b0 and the standard
EKC results (β1N0, β2b0, β3N0) remain valid, large firm
countries' initial turning point will be located at lower levels
of income compared to the one for small firm countries.
Indeed, if we use sl (ss) to indicate firm size in a large (small)
firm country, the income level associated with a peak in

emissions equals yPl ¼
−b2−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
b22−3ðb1 þ b5slÞb3

q
3b3

for large firm countries

and yPs ¼
−b2−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
b22−3ðb1 þ b5ssÞb3

q
3b3

for small firm countries. If β5b0, it

follows that ylPbysP. The second turning point associated with a
trough in emissions (ylT (ysT) for large (small) firm countries) will
be located at higher levels of income in large firm countries as

yTl ¼
−b2 þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
b22−3ðb1 þ b5slÞb3

q
3b3

NyTs ¼
−b2−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
b22−3ðb1 þ b5ssÞb3

q
3b3

if β5b0 and β1

sufficiently large.

One further issue needs to be addressed.2 As shown in
Plassmann and Khanna (2002) and Khanna and Plassmann
(2004) the estimators of the turning points yF, ylP, ysP, ylT and ysT

are likely to have skewed distributions if the estimators of the
various β's are normally distributed. The evidence presented
in Plassmann and Khanna (2002) further indicates that the use
of the delta-method to calculate the precision of the estimates
of the turning points may lead to very misleading results. In
order to correctly assess the significance Plassmann and
Khanna (2002) propose a Gibbs sampling approach. We use a
(non-parametric) bootstrap procedure and use the sampling
2 The authors would like to thank an anonymous reviewer for
pointing us to this issue.
distribution to assess the precision of the various turning
points as suggested as an alternative to the Gibbs sampling
approach by Hirschberg and Lye (2005). More specifically, we
will report the 2.5, 5, 10, 90, 95 and 97.5 percentiles of the
distribution as well as the mean and median value. The
bootstrapped distribution is based on 1000 bootstrap samples,
each of size 614. In the remainder of the text we refer to
turning points based on the estimates of the various β's as “the
implied turning points”. If we refer to the bootstrapped
distribution, we will refer to the mean or median of the
distribution. If at least 90% of the bootstrapped distribution of
a turning point is larger than zero, we argue that it is positive
and statistically different from zero. If we compare 2 turning
points, we will use a 90% confidence interval bounded by the
5th and 95th percentile of the empirical distribution to see if
the mean or median value of one turning point is located
outside the confidence interval surrounding the other.

With respect to the standard errors of the slope of the EKC
at various levels of income, we follow Khanna and Plas-
smann (2004) and derive the standard deviation as the
square root of

var
Amljit

Ayit

� �
¼ var b1½ � þ 4y2it var b2½ � þ 9y4it var b3½ � þ s2it var b5½ �

þ 4yit cov b1b2½ � þ 6y2it cov b1b3½ � þ 2sit cov b1b5½ �
þ 12y3it cov b2b3½ � þ 4sityit cov b2b5½ �
þ 6sity2it cov b3b5½ �: ð2Þ

From the assumption that the various β's are normally
distributed, it follows that the slope of the EKC follows a
normal distribution with standard deviation given by the
square root of (2).
4. Results

Table 3A reports the results for various specifications of (1),
Table 3B the implied turning points (ylP, ysP, ylT and ysT) and their
bootstrapped distribution, and finally Table 3C reports the
slope of the EKC at various levels of income. Table 4 lists the
bootstrapped distribution for the turning point yF. Column
headings in Tables 3B and 3C always refer to the specifications
reported in Table 3A. Where appropriate, we differentiate
between large and small firm countries. Large (small) firm
countries are countries whose average firm is 1 standard



Table 4 – Bootstrap distributiona of yF

(3A—3)b (3A—4) (5A—1)

Mean 10,286 10,339 9843
Median 9880 9882 9028
2.5% 7710 7675 6046
5.0% 8133 7972 6973
10.0% 8483 8427 7460
90.0% 12,821 12,831 11,656
95.0% 14,856 14,584 13,178
97.5% 18,259 18,432 15,355
% Obs.bmean 36.2 36.2 32.4
% Obs.Nmean 63.8 63.8 67.6
% Obs.b5.0% 30.5 30.5 27.2
% Obs.b10.0% 30.9 30.9 29.0
% Obs.N90.0% 47.4 47.4 57.0
% Obs.N95.0% 35.3 35.7 45.4

a Bootstrapped percentiles are based on 1000 replications.
b Column headings refer the table and specification.
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deviation above (below) the mean of the sample. For the full
sample, a small firmemploys about 16 personswhereas a large
firm employs about 98 persons (see Table 1).

Column 1 of Table 3A confirms for our sample the
standard results from the empirical EKC literature.3 Column
1 of Table 3B contains the implied turning points and their
bootstrapped distributions. The evidence suggests that per
capita GDP is initially associated with an increase in mean
ambient SO2 concentrations until it reaches $1985 6654 and
then starts to decline until a level of $1985 15,492 is reached.
Beyond this income level, environmental damage increases
again. The implied peak and trough income turning points
are fairly close to those reported in Grossman and Krueger
(1995). Column 1 in Table 3B suggests that the income
turning points are both positive and significant. First of all,
the number of observations below the peak and above the
trough implied by the estimates is substantial. Furthermore,
the bootstrapped distributions suggest that at least 97.5% of
all sampled turning points are positive. With respect to the
slope of the EKC at various income levels, column 1 of Table
3C suggests that the slopes are significant which the
exception of the one at $1985 15,000 which is located near
the trough. The trend variable is negative and significant;
population density is not, however.

Adding size and the importance of industrial activities in
percent of GDP (specification 2 in Table 3A) reveals that our
measure for average firm size is positively associated with
yearly mean ambient SO2 concentrations. A 1 standard
deviation increase in the size of the average firm is associated
with an increase of 0.158*40.85=6.45 μg/m3, which would
represent a 20% rise compared to the mean level SO2 in our
sample. Firm size is thus not only significant in statistical
terms, but is also very relevant from an environmental point
of view. The share of industrial activities in GDP is not
3 Although some EKC regressions use 3-year lagged levels of per
capita GDP as well as current values of per capita GDP, we have
chosen not to include them here. As Grossman and Krueger (1995)
point out, “lagged and current GDP per capita are highly correlated, so
including just current (or lagged) GDP per capita does not qualitatively
change the results” (p. 361). This conclusion also applies to our
results.
significant. This result is in line with, for instance, Suri and
Chapman (1998) who find that the share of manufacturing is
not a significant explanatory variable if per capita GDP and its
square are included among the regressors.

The income turning points are hardly affected (Table 3B,
column 2). The level of income implied by the estimateswhich
is associated with the peak in pollution is lower and the
distribution indicates that the precision of the estimate is
reduced compared to the first specification. The percentiles of
the distribution indicate a significant and positive peak. From
columns 1 and 2 of Table 3C, one can see that the slopes at
various levels of income do not statistically differ between
specifications 1 and 2.

Specification 3 of Table 3A adds the interaction in size and
per capita GDP to the explanatory variables.4 The estimate for
this new variable is negative and statistically different from
zero. The results for the other explanatory variables are
unaffected. The size–per capita GDP interaction term affects
the peak and through income turning points.

For small firm countries, peak and trough income levels
implied by the estimates equal $1985 6767 and $1985 14,777
respectively (see column 3 in Table 3B). For large firm
countries, column 4 of Table 3B reveals that the implied
turning points reach $1985 5131 and $1985 16,412. These
values are very close to themedian values of the bootstrapped
distribution. The percentiles of this distribution suggest that
the income levels associated with the peak and trough in
pollution are statistically different from zero. Furthermore,
these distributions show that mean (median) income levels
associated with the trough in emissions differs between small
and large firm countries. This can be seen in Table 3B as the
mean of the bootstrapped distribution for small firm countries
is smaller than the 2.5th percentile of the trough for large firm
countrieswhile themean for large firm countries is larger than
the 97.5th percentile of the distribution of the small firm
countries' trough. This suggests that the trough for large firm
countries is higher than the one for small firm countries. From
the percentiles of the distribution of the income turning point
associated with the peak in pollutionwe cannot argue that the
mean or the median of the distribution for small firm
countries differs from the one for large firm countries. Note
that themeasure of firm size differs in each bootstrap sample.

The significance of the estimate for the interaction in size
and per capita GDP implies further that the slope of the EKC
differs between large and small firm countries. The point
estimates for the slope at $1985 10,000 and 15,000 reported in
columns 3 and 4 of Table 3C are statistically different at the
10% level of significance and large firm countries' slope is
steeper than the one for small firm countries. The 90%
confidence interval around the $1985 10,000 ($1985 15,000)
point estimate for small firm countries equal [−7.15, −0.41]
([−1.92, 2.82]). Large firm countries' confidence interval equals
[−10.92, −4.38] ([−5.94, −0.90]). The $1985 10,000 ($1985 15,000)
point estimate for small firm countries equals −3.78 (0.45)
which is clearly outside of the 90% confidence interval for
4 We have also estimated a model with interaction in terms in
size and GDP squared and cubed. These variables were never
significant and results were not affected. They are available from
the corresponding author.
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large firm countries. Furthermore, the $1985 15,000 point
estimate for the slope is not different from 0 for small firm
countries while it still is significantly negative for large firm
countries. This confirms that large firm countries' trough is
located at higher levels of income.

From the sign and significance of both firm size and the
interaction in firm size and per capita GDP, it follows that the
impact of size on environmental pollution differs between
those countries whose per capita GDP is below yF and those
whose per capita GDP is above yF. Table 4 shows the
bootstrapped distribution of yF. In column 1 of Table 4, it can
be seen that themean and themedian values are very close to
each other and are approximately $1985 10,000. The percen-
tiles of the distribution clearly suggest that both themean and
median are significantly different from zero.

In column 4 of Table 3A we further add investment as an
explanatory variable to test whether average firm size is not
capturing an investment effect. Investment enters the spec-
Table 5A – Effects of variations in specification and functional f

(1) (

GDP 52.269⁎⁎ (13.231) 10.142⁎

GDP2 −5.632⁎⁎ (1.066) −0.894⁎

GDP3 0.167⁎⁎ (0.030) 0.024 (0
Size 0.437⁎⁎ (0.121) 0.254⁎⁎

GDP*size −0.049⁎⁎ (0.018) −0.029⁎

Industry as % GDP 1.411⁎ (0.718) 0.787⁎ (
Investment 1.691⁎⁎ (0.447)
Trade −0.796⁎⁎ (0.241)
Democracy −10.247⁎⁎ (3.391)
Relative GDP −30.152 (26.149)
Year 0.493 (0.751)
Density −254.813⁎ (127.33) 0.084 (0
# Obs. 583 612
# Groups 135 144
R2 (within) 0.25 0.22
Hausman Chi2 50.10⁎⁎ RE

⁎ Significance at 5%.
⁎⁎ Significance at 1%.
ification with a positive and significant sign. A higher
percentage of GDP going to investment results in a higher
pollution level. The inclusion of investment does not alter the
results with respect to the other variables. The income turning
points implied by the estimates are largely unaffected. The
bootstrapped distribution of the turning points does allow
rejecting that the turning points are equal to zero (see columns
5 and 6 in Table 3B). With respect to the income levels
associated with the peak, we cannot reject that the mean
(median) value for small and large firm countries is equal.
With respect to the income levels associated with the trough,
we can reject that themean (median) value for small and large
firm countries is equal: the trough income level for large firm
countries is significantly larger than for small firm countries.

Columns 5 and 6 of Table 3C report the point estimates for
the slope and their standard deviations. The evidence in this
table suggests that the conclusionswith respect to the slope at
$1985 10,000 and $1985 15,000 are unaffected. However, for
large firm countries, the point estimates for the slope at $1985
18,000 is statistically not significant from zero while it is
positive for small firm countries. This is another confirmation
of the fact that large firm countries' trough is situated at
higher levels of income than the one for small firm countries.

The bootstrapped distribution for yF for the fourth specifica-
tion is unaffected by the inclusion of investment as an
additional explanatory variable (see columns 1 and 2 of Table 4).

What does the evidence imply for the answer to the title
question: “does firm sizematter?”. Countries, whose per capita
GDP is low, experience higher environmental pollution as
income increases irrespective of firm size. The estimates
however seem to suggest that large firm countries initially
suffer much higher levels of environmental damage. Since the
difference in the upward slope of the large firm and small firm
countries' EKC is small, the pollution level remains higher
throughout initial stages of development. This conclusion
corroborates the evidencepresented inDasgupta et al. (2002) as
it indicates that environmental pollution is larger in large firm
countries. As demand for environmental policy is low, an
orm (standard errors in brackets)

2) (3) (4)

⁎ (4.225)
(0.454)
.015)
(0.089) 0.164⁎⁎ (0.044) 0.471⁎⁎ (0.099)
⁎ (0.011) −0.047⁎⁎ (0.014)
0.373) −0.952 (0.569) −0.712 (0.546)

−2.169⁎⁎ (0.316) −1.901⁎⁎ (0.322)
.741) −11.032 (17.846) −9.196 (17.651)

612 612
144 144
0.13 0.15
50.40⁎⁎ 91.02⁎⁎



Table 5C – Slopes for the robustness testsa

(1)b (2)

Firm size

Smallc Largec Small Large

Slope
At $2000 30.94 (9.71) 26.95 (9.52) 6.38 (2.62) 4.00 (2.46)
At $10,000 −11.09 (3.95) −15.08 (3.52) −0.99 (0.98) −3.36 (0.97)
At $15,000 −4.81 (2.52) −8.80 (2.21) −0.90 (1.03) −3.27 (1.15)
At $18,000 10.97 (3.01) 6.98 (3.04) 0.89 (2.39) −1.48 (2.46)

a Standard errors in brackets.
b Column headings refer to the specification in Table 5A.
c Small (large) firm countries are countries whose firm is 1st. dev.
smaller (larger) than the mean. The size criterion was recalculated
for each bootstrap sample.
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increase in economic activity translates into more environ-
mental pollution, as there is no need to introduce environ-
mental legislation.

As mean ambient SO2 concentrations increase, public
demand for better environmental quality strengthens. Our
evidence does not allow us to argue that large firm countries
are the first to respond as we cannot statistically differentiate
between large and small firm countries' peak.

The slope of the EKC and the trough income level in large
firm countries suggests that these countries' governments are
able to introduce more stringent environmental policies than
those adopted by their small firm countries' counterparts:
both the depth and the length of the decline in environmental
degradation is much larger in large firm countries. Environ-
mental degradation in small firm countries declinesmuch less
peak to trough than in large firm countries.

Ifwedenotewithml (ms) concentrations in large (small) firm
countries and assume that these countries are identical in all
respects except for firm size, we have that ms−mlN0⇔β4
(ss− sl) + β5y(ss− sl) N0⇔ y N− (β4/β5). Hence, in large firm
countries, environmental degradation drops below the level
Table 5B – Implied turning points: estimation and
bootstrap results

(1)a (2)

Firm size

Smallb Largeb Small Large

Regressionc

Peak 6377.8 5618.8 7978.7 5149.3
Trough 16,115.0 16,873.9 16,768.0 19,597.5
% Obs.bpeak 26.1 22.5 30.5 22.1
Peakb% obs.b trough 52.1 60.1 52.1 77.9
% Obs.N trough 21.8 17.4 17.4 0.0

Bootstrap percentilesd

Peak
Mean 5979.4 5203.3 7518.7 5166.8
Median 6431.8 5697.3 7414.3 5212.7
2.5% −80.8 −1192.9 5822.6 3911.3
5.0% 1767.1 828.5 6118.8 4160.6
10.0% 3383.5 2503.2 6354.5 4442.2
90.0% 7945.6 7224.0 8797.8 5815.6
95.0% 8344.6 7582.6 9363.1 5957.2
97.5% 8749.4 7980.8 9930.3 6152.7

Trough
Mean 16,090.9 16,867.1 17,036.4 19,383.4
Median 16,123.3 16,828.6 16,326.7 18,473.1
2.5% 15,173.6 16,064.1 13,098.0 15,953.2
5.0% 15,359.0 16,216.1 13,619.7 16,274.0
10.0% 15,591.9 16,359.0 14,314.8 16,653.5
90.0% 16,556.5 17,415.4 20,217.9 22,611.5
95.0% 16,715.3 17,618.2 22,156.8 25,359.0
97.5% 16,814.9 17,792.3 24,933.5 27,634.5

a Column headings refer to the specification in Table 5A.
b Small (large) firm countries are countries whose firm is 1st. dev.
smaller (larger) than the mean. The size criterion was recalculated
for each bootstrap sample.
c Peak and trough income turning points implied by the estimation
results reported in Table 5A.
d Bootstrapped percentiles are based on 1000 replications.
in the small firm country if per capita income exceeds about
$1985 10,000 (see Table 4).

In terms of our two hypotheses, the evidence reported
here supports Hypothesis 1. Large firm countries initially
experience higher levels of pollution. As income passes a
threshold of about $1985 10,000, firm size is associated with
lower levels of pollution. These results are in line with Cole
et al. (2005) who find that in a developed economy, firm size
is negatively associated with pollution across manufacturing
industries. As we cannot reject the equality of the income
turning points associated with a peak in environmental
pollution, we cannot reject that there is no difference in the
level of income where countries start to enact environmen-
tal legislation. However, we can argue that large firm
countries seem to enact more stringent environmental
legislation as the downward sloping part between peak
and trough of their EKC is steeper compared to small firm
countries. Furthermore, as the trough income level is higher
in large firm countries, they seem to be able to continue
their efforts longer. This is in line with the evidence in
Andreoni and Levinson (2001) who found evidence of
economics of scale in pollution abatement (cf. supra).

Concluding, our evidence from Table 3A clearly suggests
that firm size does matter. Fig. 1 nicely summarizes our
findings. Based on specification 4, we forecast the level of SO2

concentrations for various levels of income. Variables other
than per capita GDP and size are set to their sample averages,
except the year which is set to 1985.We show the EKC for large
and small firm countries each surrounded by a confidence
bound of 2 standard deviations. This figure clearly indicates
that the EKC for small firm countries differs from the EKC for
large firm countries as the small firm countries' EKC is almost
always outside of the confidence bound of the large firm
countries' EKC and vice versa. The figure clearly illustrates the
difference in slope of the EKCs and the fact that the trough
income turning point is located at a higher level of per capita
GDP for the large firm country.
5. Additional robustness tests

We have performed 2 sets of robustness tests: changing the
estimated specification and using alternative ways to
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differentiate between large and small firm countries. Table
5A reports results for the former set.

Column 1 of Table 5A adds a number of covariates
suggested in the EKC literature to specification 4 in Table 3A.
These are: national trade intensity (Alpay, 2000), an index of
democratic government (Torras and Boyce, 1998; Scruggs,
1998) and relative GDP (national GDP divided by the average
of all countries' GDP). For the latter, we follow Harbaugh et al.
(2002) and add this variable because it offers an additional way
to include economic development as an explanatory variable.
All variables are statistically significant and correctly signed
with the exception of relative GDP which was also the case in
Harbaugh et al. (2002). Though the magnitude of the other
coefficients is affected, the general EKC pattern is not changed
and turning points do not drastically change. Table 5B reports
the income turning points implied by the estimates as well as
the bootstrapped distribution of the peak and trough income
turning points for small and large firm countries. The evidence
in Table 5B suggests that the additional explanatory variables
do not have an important impact on the conclusions with
respect to the peak and trough income turning points. For the
peak, the bootstrapped distribution suggests that the level is
positive but again we cannot argue that these turning points
differ between large and small firm countries. In Table 5C,
there is a noticeable difference. Although the point estimates
for the slopes of the EKC at various income levels differ, we can
no longer argue that they differ statistically between large and
small firm countries.
Table 6 – Bootstrap distribution of turning points for
alternative firm sizesa

Percentile based 25–100 employees

Firm size

Smallb Largeb Smallc Largec

Peak
Mean 4936.2 4172.2 6050.7 4518.6
Median 5681.9 5094.5 6258.7 5140.3
2.5% −6763.2 −7923.0 −2731.3 −4290.2
5.0% −2469.6 −3044.3 697.2 −1296.9
10.0% 1331.6 562.1 2952.7 1310.6
90.0% 7629.7 6851.5 8324.6 6661.7
95.0% 8223.5 7282.8 8927.3 7038.4
97.5% 8802.2 7651.1 9618.0 7396.0

Trough
Mean 15,868.6 16,617.5 14,913.7 16,422.1
Median 15,979.2 16,624.8 15,184.9 16,383.8
2.5% 13,959.5 15,342.9 12,221.8 15,360.8
5.0% 14,415.6 15,569.5 12,909.6 15,550.7
10.0% 14,913.7 15,841.7 13,535.2 15,763.3
90.0% 16,751.8 17,376.5 15,963.3 17,166.1
95.0% 16,918.7 17,624.4 16,166.3 17,436.3
97.5% 17,063.9 17,963.9 16,310.0 17,697.0

a Bootstrapped percentiles are based on 1000 replications.
b Small (large) firm countries are countries whose firm size is equal
to the 20th (80th) percentile of the distribution. The size criterion
was recalculated for each bootstrap sample.
c Small (large) firm countries are countries whose firm employs 25
(100) people.
To allow for a more flexible time pattern, the random
effects estimation in specification 2 of Table 5A reports results
when we use year dummies rather than the time trend in
specification 3 in Table 3A. The estimates again indicate that
peak and trough turning points are positive. Furthermore, the
mean (median) peak for small firm countries is significantly
larger than the one for large firm countries. The troughs are,
however, no longer different. This finding does not alter our
conclusion: it continues to imply that large firm countries
enact more stringent environmental legislation over a wider
range of per capita GDP. Table 5C further suggests that
slopes for small firm countries are no longer different from
zero, with the exception of the slope at $1985 2000. For large
firm countries on the other hand, the slopes for $1985 10,000
and $1985 15,000 are negative. Again, this implies that large
firm countries enact more stringent environmental legisla-
tion. Finally specifications 3 and 4 in Table 5A focus on the
influence of the per capita GDP terms on the estimates for
size (specification 3) and size and the interaction in size and
per capita GDP (specification 4). The evidence from specifi-
cation 3 suggests that the impact of firm size does not
depend on the inclusion of the per capita GDP (level, squared
and cubed). Comparing the estimates for specification 2
reported in Table 3A with those for specification 3 in Table
5A does not yield a statistically different estimate. The same
holds for the estimates for size and the interaction in size
and per capita GDP. Comparing the estimates for specifica-
tion 3 (Table 3A) with those reported in column 4 of Table 5A
suggests that they are unaffected by the removal of the per
capita GDP terms.

In a second series of robustness tests, we tested the impact
of alternative ways to differentiate between large and small
firm countries based on specification 4 in Table 3A. We used 2
alternative definitions. In the first one, a large (small) firm
country is a country whose average firm size equals the 80th
(20th) percentile of the firm size distribution in the sample. In
the bootstrap procedure, the actual size was determined for
each sample. A second definition uses fixed sizes: a country is
a large (small) firm country if its average firm employs 100 (25)
persons. The results are reported in Table 6. With the
percentile based differentiation between large and small
firm countries, we find that the distribution is largely
unaffected. Although the mean is somewhat higher, the
median is typically very close the one reported for the
standard deviation based differentiation. However, the per-
centile based differentiation no longer allows us to argue that
the trough income turning point is significantly different
between large and small firm countries.

For the differentiation based on the fixed 25–100 employ-
ees, we find that the distribution is, again, largely unaffect-
ed: we cannot reject the hypothesis that large and small
firm countries' peak is equal. The trough on the other hand
differs significantly between large and small firm countries.
6. Conclusion

This paper addresses the question whether firm size matters
in an Environmental Kuznets Curve framework for SO2

concentrations. Our results suggest that firm size is important
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and that the way in which it influences mean ambient SO2

concentrations depends to a large extent on the question
whether environmental policies have been enacted or not. If
they have not been enacted, large firm countries seem to
suffer higher levels of environmental pollution compared to
small firm countries. Although large firms do not allow
countries to introduce environmental policies at lower levels
of per capita GDP than in small firm countries, governments
can benefit from economies of scale in abatement in the
presence of large firms. The evidence suggests that the
downward sloping part of the large firm countries' EKC is
steeper and continues over a wider range of per capita GDP.
This result remains valid throughout various robustness tests.
Note however that the higher peak of mean ambient SO2

concentrations in the large firm country may work out badly,
since it increases the probability that this country suffers
irreversible harm (Arrow et al., 1995).

Concluding, our paper suggests that firm size is an
important variable affecting both the composition-channel
and the cost/benefit channel of the income–environment
relationship. Particularly, we find that large firm countries
can and do enact more stringent environmental legislation
over a wider range of per capita GDP in our sample.

Although further evidence may be required to generalize
these results beyond our sample, firm size and the income–
environment relationship seems to be a promising avenue for
further research.

We also did not have the opportunity to look at firm size in
particular sectors, as the data did not allow us to calculate
average firm sizes for comparable industries. If there were a
difference between countries whose large firms belong to
more pollution-intensive industries and countries where
this is not the case, this would be a valuable exercise.
Finally, a measure of ‘dispersion’ was not available to enrich
our analysis. It might be important to compare countries
with a lot of small firms and one huge firm and countries
with a lot of reasonably large firms.
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