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Abstract

The pollution terms of trade (PTT) index first introduced and estimated by
Antweiler (1996) allows to identify if trade-embodied emissions are on average
larger in exports than in imports. His empirical results were based on the trade-
composition (between-sector) part of the PTT and revealed rather paradoxically
that exports of rich countries were on average dirtier than their imports. Using
a new database on SO2 manufacturing emissions that includes variation of
emission intensities across countries, sectors and over time, this paper extends
the earlier work by identifying two additional effects: the between-country
and the technique effect. As it turns out, these two effects run opposite to the
between-sector effect, and more than compensate it. Hence, the overall pattern
is that high income countries tend to have lower PTT indices, meaning that their
exports are cleaner than theirimports, while in low income countries the reverse
is observed.

Keywords: international trade, environment, pollution terms of trade
JEL Classification: F18, Q56

* This is an updated version of the paper presented at the NCCR conference on the International
Dimensions of Climate Policies (Bern, January 2009). Comments by participants and financial support
from the FERDI and the Swiss National Science Foundation under research grant No 100012-117872 are
gratefully acknowledged. We thank Olivier Cadot, Reyer Gerlagh, James Lennox, Marcelo Olarreaga, and
Kilian Stoffel for their comments and support, and Valentine Favre and Jose-Antonio Monteiro for their
excellent preparatory work. The usual disclaimers apply.

ELLE MET EN CEUVRE AVEC L'IDDRI L'INITIATIVE POUR LE DEVELOPPEMENT ET LA GOUVERNANCE MONDIALE (IDGM).

ELLE COORDONNE LE LABEX IDGM+ QUI L'ASSOCIE AU CERDI ET A L'IDDRI.

LA FERDI EST UNE FONDATION RECONNUE D'UTILITE PUBLIQUE.


http://

1. Introduction

What is the pollution content of export and import flows? Do countries gain or lose from trade
in polluting products? Antweiler (1996) proposed a simple, yet novel and rigorous approach
to address these issues by defining the pollution terms of trade (PTT) index as the ratio
between the average pollution content per dollar of exports and the average pollution content
per dollar of imports. This index controls for trade imbalances and takes input-output
relationships into account. In an era of globalization, one would expect dirty industries to
locate preferentially in poor countries, where environmental protection is weaker. According
to this “pollution-haven” pattern (e.g. Copeland and Taylor (2003)), rich (poor) countries
would tend to exhibit a PTT index lower (larger) than 1 and would therefore experiment
environmental gains (losses) from international trade. The empirical evidence reported by
Antweiler's original application, which is based on a large range of pollutants (CO,, SO,
NO,, lead, particulate matter, volatile organic compounds), came to the reverse conclusion,
namely that most pollution-havens were in fact rich economies. As already discussed by
Antweiler himself, a possible reason for this rather paradoxical result could come from data
limitation. Indeed, because of lack of available data, he had to rely on US technological
parameters, and apply them universally, as if there were no technological differences across
countries. Relying on his own words the original PTT was only capturing the "trade-
composition” part of PTT variation, not the "technological” part. Since then, although the
calculation of input-output based embodied emissions has been burgeoning, there has been to
our knowledge no systematic attempt to reconsider the issue of PTT estimates at the world-

wide level.

This paper proposes to revisit PTT calculations, relying on the original analytical framework
set by Antweiler (1996) and exploiting the largest possible set of newly available data for
empirical evidence. The methodology is directly borrowed from Antweiler (1996), the basic
difference being that, as we include time variation into the analysis, we present a
decomposition of the PTT index into three components: a between-sector, a between-country,
and a technique effect. The first effect corresponds to the "trade-composition™ index measured
by Antweiler, while the other two effects are simple correction terms that reflect technological
differences across countries and over time. Regarding empirics, the sample period is 1990-
2000 with a good coverage (62 developed and developing economies), and a particular care

has been given to capturing technological heterogeneity. Trade and country-specific input-



output tables are taken from the Trade Production and Protection database of the World Bank
(Nicita and Olarreaga, 2007), while country and time-specific polluting manufacturing
emission intensities come from the recent database elaborated by Grether, Mathys and de
Melo (2009). This allows to estimating each one of the three effects governing variations of
the PTT index, but this time for a single pollutant: sulphur dioxide (SO;). We also impose the
consistency between trade and input-output data, and propose an original approach to control
for reexports, which may bias trade-embodied emissions calculations in the presence of
technological differences across countries. As it turns out, the new empirical evidence
reverses the pattern observed by Antweiler, and confirms the importance of including the

newly computed correction terms.

The next section outlines the theoretical derivation of the PTT index and discusses its
properties. Section 3 shortly describes the data while section 4 reports the main results.
Section 5 discusses robustness checks and alternative interpretations of the results, and the

last section concludes.
2. Methodology
2.1 Between-country, between-sector and technical effects

Following Antweiler (1996), define I as the total number of industries. Then, for each

country and year, the output vector, Q,,,;, is given by the usual expression,

Q=BQ+D=(I-B)'D ,where B, isthe intermediate input coefficient matrix, Dy 18
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final demand and 1.

[, 1S the identity matrix. Total SO, emissions embodied in a given final

demand vector are given by: PQ =P(I —B)™*D = AD, where Py is the vector of direct

emission intensities (in kilos per US dollar) and A, = P( - B)™ is the vector of total

emission intensities including input-output relationships.

Using ¢ as a country index and t as time index, the pollution content per dollar of exports is

given by:
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where X, is the export vector of country c at year tand j,,,,; is a unit vector
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Similarly the pollution content per dollar of imports is given by:
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where M, IS the vector of imports of country ¢ from country j attime t.

The pollution terms of trade (PTT) index is then given by the ratio between the pollution

content per dollar of exports and the pollution content per dollar of imports: *

X
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If the PTT is larger than one, this means that country c's exports are more pollution intensive
than its imports. The reverse is true if the PTT index is smaller than one.

The PTT index captures three different effects. It reflects compositional effects in trade flows

both between sectors and between countries, and it reflects technological changes over time.

Hence, equation (3) can be decomposed in these three effects:

X = th}?ctjgct (4)

1 Antweiler (1996) has multiplied the index by 100 and was hence working with a benchmark of 100.



stands for the between sector effect,
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identifies the between country effect and
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X, When country specific and time varying emission intensities are not available as this was

the case in the Antweiler (1996) study.
2.2 Environmental gains and losses from trade

At first sight, as y.: is defined as a ratio between two emission intensities, its name may seem
slightly improper, as the concept of “terms of trade” usually refers to a ratio between two
price indices. Note however that the traditional terms of trade can also be interpreted in terms
of a ratio between two quantities, i.e. the amount of import units per dollar over the amount of
export units per dollar. This is precisely how the PTT index is defined, although one should
beware of three differences: (i) the physical quantities involved are kilos of emissions, not
units of goods, (ii) imports of goods correspond to export of emissions (which occur at home
rather than abroad) and (ii) contrary to goods, emissions are not desirable. This implies in
particular that everything else equal, an increase in PTT decreases the environmental position
of the country, as for each emission unit sent abroad (through imports of goods), the domestic

increase in emissions (through exports of goods) becomes larger.

Following this line of reasoning, Antweiler noted that trade may become an instrument to
redistribute environmental damage across countries, instead of eliminating it. In this zero-sum
game, the gains for a given country (the emissions sent abroad through imports of goods)
correspond to losses for the rest of the world (due to emissions embodied in the partners’s
exports). To illustrate the relationship with the concept of PTT, let us define the net
environmental gain for country ¢, NEG, by the difference between import-embodied

emissions and export-embodied ones. Using equations (1) and (2) one obtains:

2 Note that the product of the between country and the technical effects here corresponds to the technical effect

in the Antweiler (1996) paper.
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Next, let us define world trade-embodied emissions as WEE;, noting that it can be obtained as

either the sum of export-embodied (Z A, X, ) or the sum of import-embodied

(ZZ AM ) emissions. Using equation (3), it is straightforward to show that the net

c j#c
environmental gain for country c expressed as a percentage of world trade-embodied

emissions is given by:

NEGCt = (9cl\t/I [1_thpct] = gc)t( |: 1 - :| (6)
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where 6" (8. ) is the share of country c in import (export) embodied emissions

(6 =(Z Athjctj/(WEEt),ecf =(A.Xy)/(WEE,)) and p, is the export-import ratio
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Equation (6) illustrates the inverse relationship between the PTT index and the net

environmental gains from trade. In a long-run situation where trade is balanced ( o, =1),

PTT=1 is the threshold above (below) which the country becomes an environmental loser

(winner). The larger the deviation from the threshold, the larger the associated gain or loss,
with extreme gains or losses bounded by the import or export shares (8} or 8} ). If trade is
unbalanced ( p, #1), the same reasoning applies, except that a country may now gain because
its imports have a larger value than its exports. Consequently the threshold for PTT becomes

1/ p,.

3 Of course the simplest expression for (NEG/WEEy) is eé\t/l - egt( , which is equivalent to (6) as

XctPet = Hé /9(':\{I . Although this alternative expression does not illustrate the link with PTT, it confirms that
the sum of the relative net gains across all countries is zero.



Although the above relationship provides a useful basis to interprete results (see the
discussion in section 5), it also deserves some words of caution. First, as technology differs
across countries, the domestic emissions that would be generated in case imported goods were
produced locally would be different from those generated abroad. This suggests that in
practice, redistributing world emissions through trade is not a zero-sum game, in line with the
concerns of environmentalists. Second, as long shown by economists, trade itself is not a
zero-sum game either: welfare does not only depend on emissions, so that the environmental
net gains mentioned above only reflect a partial effect from trade. Third, a thorough analysis
of the causes and consequences of PTT variations across countries would require a complete
general equilibrium framework, although this is beyond the scope of the present paper.

3. Data Preparation

To be able to identify the three distinct components of the PTT index shown in equation (3), a
first condition is that environmental data must contain a specific pollution coefficient for each
sector in each country and over time. This type of data has been recently made available for
direct SO, emissions (the P vector) by Grether, Mathys and de Melo (2009), combining
information from various sources (Hettige et al (1995), Olivier and Berdowski (2001) and
Stern (2006)).

A second condition is to rely on input-output figures that are both country-specific and
consistent with trade data for a large sample of countries. The Trade, Production and
Protection (TPP) database of the World Bank (Nicita and Olarreaga, 2007) is the most recent
one satisfying these criteria. A number of adjustments were necessary to prepare the data for
the empirical analysis. First, original input-output shares (of intermediate sales into total
production) have been converted into input-output coefficients using the relevant output
figures (these 10 coefficients are needed to compute the A vector of total emission intensities).
Second, trade data have been aggregated from the 28 ISIC-3 digit categories into the 17 input-
output sectors reported in the TPP database (see the correspondence in table Al in the
Appendix). Third, simple ad hoc conventions were adopted to check material balances and to
make sure that trade, production and input-output data are consistent with each other (e.g. no
negative value added nor negative final demand for domestic or foreign goods). Most of these

adjustments took the form of a reduction in input-output coefficients, so that the total



emission intensities used in the present paper may be considered as a lower bound (see the
Appendix for the details).

A third condition to identify reliable PTT indices is to trace imports back to their original
production site. Failing to do so may generate important biases in PTT calculations as
reexports represent a substantial share of trade flows for certain countries and pollution
intensities differ markedly from one country to another.* Although COMTRADE data on
reexports are only available a quarter of the TPP countries, we rely on this subsample to
calibrate a simple and original allocation methodology that allows to control trade flows for
reexports (see the Appendix on data preparation for the details).

Following these adjustments, a consistent data set is made available on trade, pollution and
production variables, covering 62 countries, 3 years (1990, 1995, 2000) and 17 manufacturing
sectors.

4. Empirical Findings

The PTT index has been computed for each one of our 62 countries, for 1990 and 2000.
Moreover, following equation (4), the different indices based on limited information have also
been computed, providing a complete decomposition of the PTT index into three components.
Detailed results are reported in Appendix Table A2. To ease interpretation and relate our
results with the pollution-haven debate, we present our results with figures that plot the index
against GDP per capita, as richer countries tend to adopt more stringent environmental
policies (see e.g. Copeland and Taylor (2003)). Each panel is split into four quadrants by a
horizontal line at the PTT=1 reference level and a vertical line representing average GDP per
capita at the world-wide level. A distribution of points in the upper-left and bottom-right

quadrants would be consistent with the pollution-haven view.

“ This was not a source of concern for Antweiler (1996) as he had to impose the same pollution intensities to

every country because of lack of available data on pollution intensities.



Figure 1: PTT against GDP per capita by country, 1990 and 2000
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Figure 1 reports the results at the country level. We start with the left upper panel, which
represents the between-sector effect in 1990, i.e. the PTT index based on the assumption
made by Antweiler, namely that US emission intensities for different industries are applicable
to all other countries. This leads to a distribution of points that has no obvious orientation. If
any, the relationship with GDP per capita appears to be slightly positive, restating the paradox
that has been found by Antweiler, namely that rich countries have relatively dirty average
exports compared to low income countries. When shifting to the right-hand side panel,
representing the between-country effect, the opposite pattern emerges. Apart from Bolivia and
Nepal, the large majority of poor countries locate above the horizontal line, and a substantial
number of rich countries are below the same line. This suggests that compared to US figures,
large emission intensities seem to be biased towards exports in poor countries and towards
imports in rich countries, a pattern that is more akin to the pollution-haven view. The total
effect in 1990 results from the combination of the two previous effects (there is no technique
effect as this is the base year). Broadly speaking, the overall pattern looks closer to the
between-country effect, suggesting an inverse relationship between PTT indices and GDP per

capita.

The evidence for 2000 is reported in the lower part of the figure. The between-sector and
between-country effects look quite similar to what was observed for 1990. The novelty comes
from the technique effect, which exhibits a clear inverse relationship with GDP per capita.
This suggests that technological changes over time reinforce the pollution-haven effect,
leading to more export rather than import-embodied emissions in poor countries and the
reverse in rich countries. This strengthens the average pollution-haven pattern of the total

effect, that appears in the bottom-right panel of the figure.

Taking logs of equation (4), we also computed a simple variance decomposition of PTT
indices. Whatever the year, the between-country effect represents a rough two-third of the
total variance, while the technique and between-sector effects share the remaining third in
roughly equal parts in 2000. Simple OLS regressions have been performed for each year. As
reported in the first two lines of Table 1, when regressing In(PTT) over the natural logarithm
of GDP per capita, and whatever the year, the elasticity coefficient is always significant,
positive for the between-sector effect, and negative for the between-country and technique
effects. For the total effect, it is negative, but only significant in 2000. When data are pooled

together and fixed effects are introduced for each year and country, the coefficients keep the
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same sign but they are not significant anymore (see last line of Table 1). This suggests that the
pollution-haven pattern is only robust across countries, but not over time once country and

year-specific effects have been controlled for.

Table 1: Estimated elasticities between PTT and GDP per capita
(t-stat between parenthesis) 3

Dependent variable (see equation (4))

Regression  Between- Between- Technique Total effect

method sector effect country effect effect

oLS®

1990 0.25%** -0.43*** n.a. -0.19
(2.10) (-2.84) (-0.85)

2000 0.27** -0.39%** -0.45%** -0.58***
(2.41) (-2.68) (-5.35) (-2.98)

Panel

1990-2000 0.29 -0.25 -0.77* -0.74
(1.12) (-1.61) (-1.74) (-2.98)

? results from OLS regressions of In(PTT) on a constant plus the natural logarithm
of GDP per capita (63 observations: 62 countries plus the rest of the world)

®) results from panel regressions of In(PTT) on the natural logarithm of GDP plus
year and country dummies (63 observations times 3 years: 1990, 1995, 2000)
(***/**/*) significant at the 99%/95%/90% level / n.a.: not applicable

Overall, although the dispersion of results is quite large, country-level estimates suggest that
if one is limited by US technology coefficients, PTT indices seem either unrelated or slightly
positively related with GDP per capita. However, the evidence also suggests that the two
effects that control for technological differences (the between-country and the technique
effect) exhibit a negative relationship with per capita GDP, and that those effects prevail over
the previous one in shaping a total pattern that is consistent with the pollution-haven

argument, and significantly so regarding cross-country variation.

5. Discussion of Results

5.1 Alternative measurements

As mentioned in section 3 and presented in details in the Appendix, the results presented in
section 4 rely on a double correction of (i) input-output (10) coefficients (to insure

consistency with trade data) and (ii) trade flows (to abstract from reexports). Both corrections
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are duly motivated but, as a robustness exercise, we report below the PTT indices that are
obtained in the three alternative cases where either one or both corrections are omitted.

In Figure 2, to improve readability, countries are reported by rank of GDP per capita rather
than levels. For each country, the 10 adjustment is represented by a switch from a hollow to a
color-filled symbol, while the reexport adjustment is represented by a switch from a small
square to a large diamond. Although most of the country dots are fairly close to one another,
some countries experience large changes in PTT estimates. Most of these large changes (for
Honduras, Costa Rica, Macao and Bengladesh) are found in the group of relatively poor
countries and due to adjustments in 10 coefficients, which is related to the poor quality of
production data. For a limited number of relatively rich countries (Austria, Danemark and
Sweden), the trade data adjustment leads to lower estimated PTTs, which suggests that the
goods that they reexport have a larger PTT index than those that have reached their final
destination.

Overall, the two panels of Figure 2 confirm the regularity identified in section 4, namely that
poor (rich) countries tend to exhibit a PTT index which is larger (smaller) than 1. When
regressions are performed on the three alternative sets of PTT indices, the signs and
significance of results are also very similar to those reported in Table 1. In short, the pattern

identified in section 4 can be considered as reasonably robust.

5.2 Alternative representations

What happens when country size is taken into account? In Figure 3, which reports 2000
results for the total effect (as in the right-bottom panel of Figure 1), the size of each dot is
proportional to the share of each country in world trade-embodied emissions. The pattern that
emerges is now even clearer, with large poor countries such as Indonesia, China and Chile,
exhibiting large PTT indices, while large rich countries like the USA, Germany and Japan are
characterized by PTT indices which are lower than one. Weighing observations also translates
into a stronger relationship in terms of OLS regression for 2000 (with respect to Table 1, the
estimated elasticity is now -1.40, rather than -0.58, while the absolute value of the t-stat
increases 2.98 from to 6.83), although results from the panel analysis remain non significant
(but for the technique effect, which becomes significant at the 99% level).

13



Figure 2: PTT intervals according to different adjustment procedures, 2000
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Figure 3: Emission-weighted Total Effect, 2000
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As an alternative way to abstract from the large number of countries, Figure 4 plots the same
kind of graphs for 6 broad regions (see Appendix Table A3 for the country groupings). Here
again, the picture that emerges is even clearer than in Figure 1. The between-sector evidence
is inconclusive as regional dots are located in the four panels of the figure. For each other
effect (including the total effect), the pattern is totally consistent with the pollution-haven

view, as all points are located in the upper-left and the bottom-right panel of each figure.

5.3 Alternative interpretations

What can be inferred from the robust pattern identified so far? One possible interpretation,
which is concerned with the causes of the phenomenon, is the pollution-haven hypothesis.
According to this view, in a decade of trade liberalization like the 90s, “dirty” industries tend
to locate preferentially in poor countries, because the latter adopt less stringent environmental
policies than their richer partners, and this difference is stronger than all other determinants of
comparative advantage in polluting products. A simple way to test this argument is to replace
GDP per capita, which appears on the horizontal axis of Figure 2, by a more direct proxy of

the stringency of environmental policy.
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Figure 4: PTT against GDP per capita by region, 2000
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This is done in Figure 5(a), where 2000 PTT values are plotted against the value of the
Environmental Regulatory Regime Index developed by Esty and Porter (2001). The
downward-sloping pattern is clearly confirmed, with a highly (99%) significant elasticity
coefficient of -3.2 (-1-4) for the weighted (unweighted) regression.> However, a more
appropriate test of the pollution haven hypothesis should be based on temporal variation. As
illustrated by Figure 5(b), when 2000 levels are replaced by differences in the log values of
PTT over the 1990-2000 period, the relationship tends to break down. The unweighted
regression coefficient is smaller (-0.5) and only significant at the 95% level, while the
weighted regression coefficient becomes positive and non significant® This is in line with the
results reported in Table 1, and with previous studies on SO, emissions that identified
pollution-haven patterns in cross sections but not in time-series variations (e.g. Grether et al
(2010)).

> Regressions are based on a sample of 49 countries for which index figures are available, and we add 2 to the
value of the environmental index to avoid taking logs of a negative value.

® These results are robust to the use of alternative measures of environmental stringency indicators, like the
Environmental Sustainability Index (Esty et al (2005)) or the survey index of the World Economic Forum
(Cornelius and Schwab (2003)).
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Figure 5: Pollution-haven Patterns
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A second interpretation, which relates to the consequences of the observed pattern, is to rely
on the zero-sum game described in subsection 2.2. According to this view, which is, as stated
above, only an approximation of the welfare effects of trade in polluting products, a country
experiments an environmental net gain if the emissions embodied in its imports are larger
than those embodied in its exports. As shown by equation (6), this condition is fulfilled when

the product between the PTT index ( ) and the export over import ratio ( o, ) is smaller

than 1. In Figure 6, as log scales are used on the axis, this is so for all countries which locate

below the dashed downward-sloping diagonal (In(p,)+In(x,)=0). The larger the dot

(which is proportional to the share of the country in world import or export-embodied
emissions depending whether the country is an environmental winner or loser), and the more
it is distant from the diagonal, the larger the net environmental net gain or loss of the country
(iso-curves for 50%, 75% or 95% of the maximum gain or loss — which corresponds to the
emission share -- are also reported on the diagram). As it turns out, apart from India and
Mauritius, most of the large environmental winners in 2000 are large rich countries, while

most large environmental losers are large poor countries (apart from Australia).

Figure 6: Environmental Winners and Losers, 2000
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Notes: the number associated with each dashed line is the effective percentage of the potential loss or gain, the

latter being proportional to the surface of each circle. Hong Kong (winner) and the Rest of the World (loser)
excluded from the diagram.
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6. Conclusions

What is the pollution content of trade and how is it distributed across countries? This paper
argues that the concept of the pollution terms of trade (PTT) introduced by Antweiler (1996)
is a useful instrument that should be more frequently used to address these issues. In
particular, it helps to shed light on the much debated "pollution-haven™ argument according to
which countries with lax environmental regulation tend to export "dirty"” goods and import
"clean™ ones. Based on a rich database of SO, manufacturing emissions, and controlling for

reexport activities, the paper proposes an answer in three steps.

In the first step, we propose a thought experiment in which there are no technological
differences across countries (i.e. everyone is using the US technology). In such a simplified
world, the notion of what is a "dirty" and what is a "clean™ good is universal: it does not
depend neither on the country nor on the time period. So everything boils down to the
question of: how is trade structured across sectors? And there the evidence is unclear. Some
relatively poor countries like Peru or Bolivia present indeed a dirty bias in their exports vis-a-
vis their imports, but opposite cases like Poland or Honduras are almost as frequent. Thus
within this simplified and technologically unified world there is no clear pollution-haven

pattern.

However the world is technologically diverse. In the second step, we take technological
differences across countries into account, so that what is considered as a dirtier or a cleaner
good becomes country-specific. And the correction term related to this second step does
present a clear pattern, as it is higher for poor countries. This means that the use of US
technological parameters in the first step undermined the true PTT of poor countries in a
systematic way. Inter-country differences in emission coefficients between poor and rich
countries tend to be biased towards the export products of the former group, a pattern that is

consistent with the pollution-haven conjecture.

The same pattern emerges in the third step, where we control for technological change over
time. In this case also, the correction term is higher for poor countries (and dramatically so for
certain cases like Honduras or Nepal), suggesting that pollution intensities reduction (most
countries becoming cleaner over time) tends to be smaller for exports in poor countries, which

is again sympathetic to the pollution-haven argument. The total effect is obtained by the
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combination of the three steps. Although it is always possible to select a couple of countries
that follow an inverse relationship, and although the relationship is not significant in a panel
regression that controls for country-specific characteristics, the overall pattern that emerges

across countries for the total effect is broadly consistent with the pollution-haven view.

A related issue is the net environmental gain that countries experience through trade, as
import flows allow to send emissions abroad. After controlling for trade imbalances, the
above-mentioned pattern suggests that most poor countries are environmental losers while
rich countries locate on the winning side. Of course this zero-sum game perspective is
debatable as it abstracts from other gains from trade and transboundary effects (SO, being a
regional rather than a local pollutant). However, in a world that becomes ever more globalized
and polluted, and where the opposition between North and South countries undermines the
efficiency of international environmental agreements, policy makers need tools to inform the
debate and design appropriate solutions. In such a context, the PTT index deserves more

consideration and should be applied to other pollutants, notably CO,.

20



References

Antweiler W. (1996), "The Pollution Terms of Trade", Economic Systems Research, Vol. 8
(4), pp. 361-365.

Copeland, B.R. and, Taylor, M.S. (2003), Trade and the Environment: Theory and Evidence,
Princeton University Press.

Cornelius, P. and K. Schwab (2003), The Global Competitiveness Report 2002-2003, World
Economic Forum, Oxford University Press.

Esty D, and M. Porter (2001), "Ranking National Environmental Regulation and
Performance: a Leading Indicator of Future Competitiveness"”, The Global Competitiveness
Report 20012002, Oxford University Press.

Esty, D. C., M. Levy, T. Srebotnjak, and A. de Sherbinin (2005). 2005 Environmental
Sustainability Index: Benchmarking National Environmental Stewardship. New Haven: Yale
Center for Environmental Law & Policy.

Grether, J.M., N. A. Mathys and J. de Melo (2009) "Scale, Technique and Composition
Effects in Manufacturing SO» Emissions”, Environmental and Resource Economics, 43: 257-

274.

Grether, J.M., N. A. Mathys and J. de Melo (2010) "Global manufacturing SO, emissions:
does trade matter?”, Review of World Economics, DOI: 10.1007/s10290-009-0033-2

Hettige, H.P., Martin, P., Singh, M. and Wheeler, D. (1995), "The Industrial Pollution
Projection System", WPS# 1431, The World Bank, Washington, D.C.

Nicita, A. and M. Olarreaga (2007) “Trade, Production and Protection, 1976-2004”, World
Bank Economic Review, Vol. 21(1) , pp. 165-71.

Olivier, J.G.J. and J.J.M. Berdowski (2001), “Global Emission Sources and Sinks”, in
Berdowski, J., R. Guicherit and B. Heij eds. The Climate System, A.A. Balkema Publishers,
Swets & Zeitlinger Publishers, Lisse, The Netherlands, pp. 33-78.

Stern, D. 1. (2006), "Reversal of the Trend in global anthropogenic sulfur emissions”, Global
Environmental Change, Vol. 16, pp. 207-220.

21


http://www.springerlink.com/content/2625772x11v228u8/?p=a0fd8f8fe6f048bbac094433637adc41&pi=7

Appendix on data preparation

Import data being considered as more reliable than export data, all exports in this closed
sample are estimated by mirror imports. Missing output data were extrapolated on the basis of
simple rules already described in Grether et al (2009). All trade and output figures used in this
paper correspond to 3-year moving averages around each “base” year (1990,1995,2000). This
appendix describes first how input-output coefficients and/or production data were adjusted to
make them consistent with trade data and second how all the available information was
exploited to generate estimates of reexport flows and distribution across countries.

a) Adjusting input-output coefficients

Regarding input-output matrices, there are four inconsistencies in the original data leading to
negative values of key variables for certain sectors:’

(i)  negative total absorption, obtained as the difference between output and net exports;

(if) negative expenses on imported intermediate inputs, obtained as the difference between
expenses on intermediate inputs (from the input matrix) and expenses on domestic
intermediate inputs (from the output matrix);

(iii) negative sum of final demand on imported products plus reexports, obtained from the
imports material balance (equation [A2] below);

(iv) negative value added, obtained as the difference between production and intermediate
expenses (from the output matrix®);

(v) negative global final demand, obtained from the aggregate material balance (equation
[A3] below);

These inconsistencies are eliminated by adjusting input-output coefficients (always in the
same proportion for a given line or column) or the output level of the corresponding sector in
a conservative fashion, i.e. by limiting the adjustment to what is just necessary to convert the
negative key variable from negative to zero. Trade data are kept unchanged, as they are
considered as more reliable.

The adjustment procedure runs as follows: A first output upward adjustment is performed for
each case (i). Then cases (ii) and (iii) are treated by adjusting downwards the corresponding
output (respectively input) matrix coefficient. For cases (iv) and (v), the “adjustment burden”
is shared between an output increase or a decrease of the relevant input-output coefficient in
an equal way. As those steps are interdependent, the procedure is repeated until all negative
occurrences disappear.

The adjustment procedure converges after 6 iterations. For coefficients of the output matrix,
the average decrease is less than 20% in more than 90% of the cases (the largest decrease
being for Macao in 1995, with -24%). For coefficients of the input matrix, the average
decrease is less than 27% in more than 90% of the cases (the largest adjustment is for the

7 Case (i) affects 3% of the observations, case (ii) 25%, cases (iii) and (v) around 20%, and case (iv) roughly
6%. Note that for 8 countries, the 10 matrices were not available and had to be borrowed from a neighbouring
similar country (Netherlands for Benelux, Greece for Hungary, Mexico for Brazil, Norway for Iceland, Turkey
for Israel, Philippines for Mauritius, Cameroon for Senegal and Morocco for Tunes). On average, these 8
countries do not present a higher occurrence of inconsistencies than the rest of the sample.

 There are no cases of negative value added based on the input matrix, apart from Argentina, where all input
coefficients had to be decreased by 21%.
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Philippines in 2000, with -48%). Regarding output figures, for more than 90% of the cases,
the average increase in national production is smaller than 13% (the maximum is Honduras in
2000: plus 94%, then it drops to 73% and 64%, i.e. Panama in 1990 and 1995 respectively).

b) Estimating reexports

The objective here is to “clean” trade data from reexports, keeping only direct trade
relationships between the originally producing country and the finally consuming country. For
this purpose we have to solve two questions for each country and sector: how much of gross
exports correspond to reexports? and where do these reexports come from and go to?

The first question is answered on the basis of material balances and some assumption on final
demand structure. Making the distinction between domestic and foreign (i.e. imported)
production, the following three material balance relationships must apply to any sector i:

qi:Vdi+fdi+Xdi [Al]
m=v "+ +x" [A2]
i +m;=v;+ fi + Xj [A3] = [Al]+[A2]

where q stands for domestic output, m for imports, x for exports, v for intermediate sales, f for
final demand and a d (m) superscript indicates domestic (imported)dproduction. Equations
[A1] and [A2] look like a two-equation four-unknowns (f %, ™, x % x ™) system. As we
know total exports and total final demand in each country, x 4 + f % can be replaced by x; + f;
—(x ™.+ M) in [A1], so that we are left with two unknowns (x ™. and f ™;). However at this
stage there is over-determination as both equations include the same sum of the two
unknowns. We need to keep only [A1] or [A2], and impose some additional restriction. Our
assumption is simply that reexports are a given share, noted &, of final demand on imported
goods (i.e. x ™ = &(m;—v ™), subject to the constraints: x ™ <x;,f™; <f;).°

We calibrated the value of ¢relying on additional COMTRADE data, which were available
for a subset of our sample countries (17 out of 62, see the note of table A3). These data
suggest that the average share of reexport in gross exports is substantial and rising over time.
Moreover, it differs markedly between “entrepdt” countries like Hong-Kong (where it rises on
average from 66% in 1990 to 88% in 2000) and other countries (where the corresponding
figures are 4% and 7.5%). Obtained by grid search, the values of ¢ that minimize the root
mean squared error on the subset of reporting countries are 5% for non-entrep6t and 50% for
entrepOt countries. For some countries, like Danemark or Benelux, this leads to a relatively
high share of reexports in exports or imports (around 70%). The overall average reexport
share at the world level, 11%, is perfectly in line with the orders of magnitude obtained from
the subset of reporting countries.

This leaves us with the second question, namely, how to allocate national reexports across
origin and destination countries. The best way to visualize the problem is to think about a
62x62 export matrix where each line (column) represents a country’s exports (imports).
Consider the ideal case where A exports 100 to B which are then further reexported to C. If
perfect information were available, reexport correction would consist in adjusting three cells

° We also made the alternative and common conjecture that the share of intermediate sales in domestic expenses
is the same for the national and the foreign good (i.e. fh/vo=fm/vm =1/ v;). However this led to
unrealistically high estimates of total exports in gross exports (more than 40% on average).
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in the export matrix: (i) reduce B’s exports to C by 100, (ii) reduce A’s exports to B by 100,
and (ii) increase A’s exports to C by 100. As this information is not available, we proceed by
allocating these reductions and increases of trade flows proportionately columns or lines of
the export matrix. This leads to the following seven-step procedure:

(i)  for every country (apart from the subset of reporting countries, where detailed info by
CCOD is available), calculate the potential reduction of export flows, by allocating the
original estimated amount of reexports proportionately along each line;

(if)  for every country, calculate the potential reduction of import flows, by allocating the
original estimated amount of reexports proportionately along each column;

(iii) calculate, for each cell of the export matrix, the individual average reduction of the
trade flow, which is the simple average between the potential reduction of exports and
the potential reduction of imports.

(iv) for every country, calculate the reduction of total exports and the reduction of total
imports implied by point (iii), bounding these figures by the original estimated amount
of reexports. Calculate the average between these two figures, which is called the
national average reduction in total trade.

(v) calculate reexport correction terms, i.e. allocate the national average reduction in total
trade proportionately across all trading partners of a given country, the weight given to
each cell being the product between the export and the import shares of the
corresponding country (adjusted so that all diagonal elements are zero). This generates n
correction terms per cell (n being the number of countries), which are summed up and
added to obtain the reexport re-allocation term for each cell.

(vi) proceed to the effective correction of each cell, by substracting from the original figure
the individual average reduction of trade flow (calculated in point (iii)) and adding to
the results the reexport re-allocation term (calculated in point (v)).

(vii) for every country, calculate the effective reduction of total exports and the effective
reduction of total imports implied by point (vi). Taking the difference with the original
estimated amount of reexports leads to the residual amount of reexports on the export
side, or export residual, and to the residual amount of reexports on the import side, or
import residual.

Start again with points (i)-(vii) in a new loop where the original estimated amount of
reexports is replaced by the export residual in point (i) and by the import residual in point (ii)
while in point (iv) the reduction of total exports or imports is bounded by the export or import
residual (if the latter is negative, the corresponding reduction is set to zero). The procedure
stops when the sum of the absolute value of the export and import residuals across all
countries stops decreasing (or does it by less than 1 dollar per loop). This is usually achieved
after less than 400 iterations (the maximum is 593 iterations for in 1990).

This procedure creates new trade routes (the share of positive cells in the export matrix rises
from 70% to 93% on average), which is to be expected when re-export flows are
disentangled. Moreover, it makes sure that in the end and for each country, exports and
imports are reduced by the amount of reexports estimated when answering the first question
raised above.
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Table Al: Correspondence table between input-output and ISIC sectors

Input-output ISIC 3-digit
sector

1 311/312

2 353/354

3 313/314

4 321

5 322

6 323/324

7 331/332

8 341/342

9 351/352/355/356
10 361/362/369
11 371

12 372

13 381

14 384

15 382

16 383/385

17 390

Description

Food products

Petroleum

Beverages & Tobacco

Textiles

Wearing Apparel

Leather & Footwear

Wood & Furniture

Paper & Printing

Chemicals & Plastic
Non-metal minerals

Iron & Steel

Non-ferrous metals

Metal products

Transport equipment
Non-elect. machinery
Machinery & Professional equipment.
Other manufacturing products
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Table A2: PTT indices for SO, emissions, 1990 / 2000

Country 1990 2000
Between-  Between- Technique Total effect | Between- Between- Technique Total effect
sector country effect sector country effect
effect effect effect effect
@ @) (©) @=(1)*2*(3) @ @ ©) @@=

Share of

Variance 0.37 0.63 0 1 0.20 0.59 0.21 1
ARG 1.15 1.19 1.00 1.37 1.42 0.74 1.24 1.30
AUS 2.53 1.63 1.00 411 245 1.23 1.65 4.97
AUT 0.97 0.15 1.00 0.15 0.90 0.12 0.69 0.08
BGD 0.15 2.10 1.00 0.31 0.08 1.79 1.09 0.16
BLX 1.07 1.06 1.00 1.13 1.27 1.42 0.23 0.41
BOL 3.87 0.12 1.00 0.48 1.06 0.23 0.99 0.25
BRA 1.10 2.10 1.00 2.30 0.77 2.16 0.85 142
CAN 1.85 1.49 1.00 2.76 1.38 0.91 0.63 0.79
CHL 4.19 14.11 1.00 59.07 3.33 11.34 1.81 68.39
CHN 0.68 11.58 1.00 7.90 0.41 9.01 0.47 1.74
COL 1.31 1.72 1.00 2.24 1.83 1.15 0.78 1.64
CRI 0.29 0.71 1.00 0.21 0.36 0.53 0.38 0.07
CYP 0.69 2.07 1.00 1.42 0.96 1.40 1.19 1.60
DEU 0.76 0.81 1.00 0.62 0.87 0.64 0.39 0.22
DNK 0.39 0.40 1.00 0.15 0.64 0.31 0.29 0.06
ECU 2.24 1.80 1.00 4.03 1.46 1.52 2.01 4.45
EGY 3.97 2.75 1.00 10.92 2.19 2.65 0.98 5.70
ESP 111 1.44 1.00 1.60 0.97 117 0.98 111
FIN 1.30 1.01 1.00 131 1.12 0.70 0.51 0.40
FRA 0.85 0.45 1.00 0.38 0.92 0.32 1.09 0.32
GBR 1.22 0.60 1.00 0.74 1.42 0.44 0.51 0.31
GRC 1.88 1.09 1.00 2.05 2.01 0.96 0.95 1.84
HKG 0.38 0.15 1.00 0.06 0.83 0.18 0.30 0.04
HND 0.18 3.18 1.00 0.58 0.10 4.75 10.54 4.94
HUN 1.52 1.86 1.00 2.83 0.81 1.40 0.17 0.19
IDN 1.38 19.72 1.00 27.27 0.48 7.04 8.83 30.02
IND 0.29 3.83 1.00 1.13 0.34 1.56 0.94 0.51
IRL 0.64 0.76 1.00 0.49 1.55 0.64 0.61 0.61
ISL 1.99 2.10 1.00 4.18 2.25 1.32 1.08 3.20
ISR 0.69 1.37 1.00 0.94 0.71 1.19 0.92 0.78
ITA 0.63 0.32 1.00 0.20 0.74 0.26 0.54 0.11
JOR 1.61 1.48 1.00 2.38 1.44 1.08 1.56 2.42
JPN 0.32 0.05 1.00 0.01 0.58 0.05 1.18 0.04
KEN 0.67 3.37 1.00 2.26 1.66 1.24 1.60 3.29
KOR 0.49 1.09 1.00 0.53 0.71 0.68 0.44 0.21
KWT 8.65 3.00 1.00 25.96 8.91 1.94 0.28 4.88
MAC 0.23 1.81 1.00 0.42 0.10 4.06 1.47 0.62
MAR 1.23 3.05 1.00 3.76 121 2.06 1.36 3.38
MEX 0.69 8.97 1.00 6.17 0.51 6.17 1.30 4.10
MUS 0.15 0.79 1.00 0.12 0.13 0.66 1.69 0.14
MWI 0.20 1.24 1.00 0.25 0.38 1.38 1.93 1.02
MYS 0.49 0.40 1.00 0.20 0.56 0.31 1.02 0.18
NLD 2.39 0.61 1.00 1.46 2.17 0.31 0.76 0.51
NOR 2.64 0.12 1.00 0.31 2.58 0.08 0.27 0.05
NPL 0.12 0.04 1.00 0.00 0.15 0.03 26.82 0.11
NzZL 1.12 0.60 1.00 0.67 0.91 0.45 1.04 0.42
PAK 0.17 3.82 1.00 0.66 0.13 3.15 2.09 0.84
PAN 0.33 0.81 1.00 0.26 1.37 0.48 2.84 1.86
PER 2.68 6.07 1.00 16.29 2.35 7.17 2.07 34.80
PHL 0.78 6.43 1.00 5.04 0.49 2.86 0.88 1.22
POL 0.46 16.14 1.00 7.42 0.94 7.45 0.66 4.62
PRT 0.80 1.18 1.00 0.94 0.69 1.02 1.65 1.16
ROW 217 1.89 1.00 4.10 1.72 1.46 1.39 3.50
SEN 0.92 2.28 1.00 2.09 1.77 1.01 1.79 3.19
SGP 2.48 0.53 1.00 1.30 1.52 0.48 0.32 0.23
SWE 0.97 0.29 1.00 0.28 1.02 0.19 0.88 0.17
TUN 1.02 8.90 1.00 9.09 0.55 8.12 1.45 6.49
TUR 0.96 3.78 1.00 3.61 0.61 2.57 1.08 1.70
TWN 0.39 0.27 1.00 0.11 0.61 0.26 0.48 0.07
URY 0.56 1.86 1.00 1.04 0.61 117 0.51 0.36
USA 0.99 0.41 1.00 0.41 0.97 0.37 0.86 0.31
VEN 6.69 1.23 1.00 8.23 7.38 1.04 0.68 5.27
ZAF 5.03 8.81 1.00 44.27 3.21 5.99 1.04 19.92

Notes: cf. equation (4) in text for the definition of each effect.
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Table A3: Regional grouping of countries

N. America, NAM (2)

Canada (CAN)
USA (USA)

S. America, SAM (13)
Argentina (ARG)
Bolivia (BOL)
Brazil (BRA)
Chile (CHL)
Colombia (COL)
Costa Rica (CRI)
Ecuador (ECU)
Honduras (HND)
Mexico (MEX)
Panama (PAN)
Peru (PER)
Venezuela (VEN)
Uruguay (URY)

High Income Asia,
HAS(10)

Australia (AUS)
Hong Kong (HKG)
Israel (ISR)

Japan (JPN)

Korea (KOR)
Kuwait (KWT)
Macau (MAC)

New Zealand (NZL)
Singapore (SGP)
Taiwan (TWN)

Europe, EUR (19)

Austria (AUT)
Belgium & L. (BLX)
Cyprus (CYP)
Denmark (DNK)
Finland (FIN)
France (FRA)
Germany (DEU)
Great Britain (GBR)
Greece (GRC)
Hungary (HUN)
Ireland (IRL)

Island (ISL)

Italy (ITA)
Netherlands (NLD)
Norway (NOR)
Poland (POL)
Portugal (POR)
Spain (ESP)
Sweden (SWE)

Africa, AFR (8)

Egypt (EGY)
Kenya (KEN)
Morocco (MAR)
Mauritius (MAS)
Malawi (MWI)
Senegal (SEN)
S. Africa (ZAF)
Tunisia (TUN)

Note: Countries in italic are those reporting reexport data in the COMTRADE database.
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Low Income Asia,
LAS (10)
Bangladesh (BGD)
China (CHN)
India (IND)
Indonesia (IDN)
Jordan (JOR)
Malaysia (MYS)
Nepal (NPL)
Pakistan (PAK)
Philippines (PHL)
Turkey (TUR)
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