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ABSTRACT
Environmental Impacts of a North American Free Trade Agreement”

In general, a reduction in trade bammers will affect the environment by expanding the
scale of economic activity, by altering the composition of economic activity and by
inifiating a change in the techniques of production. We present empirical evidence
to assess the relative magnitudes of these three effects as they apply to further trade
liberalization in Mexico.

We first use comparable measures of three air poliutants in a cross-section of urban
areas located in 42 countries to study the relationship between air quality and
economic growth. We find for twe pollutants (sulphur dioxide and "smoke’) that
concentrations increase with per capita GDP at low levels of national incoms, but
decrease with GDP growth at higher levels of income. We then study the
determinants of the industry pattern of US imporis from Mexico and of value added
by Mexico's maquiladora sector. We investigate whether the size of poliution
abatement costs in US industry influences the pattern of international trade and
investment. Finally, we use the results from a computable general equilibrium model
to study the likely compositional effect of a North American Free Trade Agreement
(NAFTA} on pollution in Mexico.
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NON-TECHNICAL SUMMARY

Environmental advocacy groups in the United States have voiced their concerns
about a potential North American Free Trade Agreemeni {(NAFTA}. The
reservations of the lobbying groups mirror a growing perception on the part of
environmentalists world-wide that an open world frading system may be inimical
to the goal of preserving a clean, healthy and sustainable global commens. In
this paper we address some of the empirical issues that bear on the likely impact
of a NAFTA on the environment. The analysis suggests links between trade
poficy and the environment that may have broader applicability.

We begin with a concepiual framework., Any reduction in trade barriers will
generally affect the environment through three channels. First, trade
liberalization will affect the scale of economic activity. Second it will affect the
compaosition of economic activity, as countries specialize in the activities in which
they enjoy competitive advantage. Finally, it will affect the techniques used inthe
production of goods and services. Our paper prasenis empirical evidence that
suggests the diractions and magnitudes of these three effecis as they apply to
further trads and investment liberalization in Mexico.

Woe first assess the scale and technique effects. We use comparable measures
of three air pollutants in a cross-section of urban areas located in 42 countries
to study the relationship between air quality and economic growth. The data are
drawn from the Globai Environmental Monitoring System, which has been
tracking concentrations of sulphur dioxide, smoke, and suspended parliculates
in a variety of cities located in developed and developing countries for the last
fifteen years. We seek to 'explain’ the concentrations of these pollution measuras
using information about the site of the monitoring station {e.0. whether itis located
in a city cerdre or a suburban area and nearby land is used for industrial,
residential or commercial uses), the characteristics of the cily {location on a
coastiine or near a desert, and population density), and the country’s level of
economic income. We find for two of the poliutants — suiphur dioxide and smoke
— that concentrations increase with per capita GDP at low lavels of national
income, but decrease with GDP growth at higher lavels of national income. The
turning-point comes at about $5,000 per capita GDP. Concentrations of
suspended particulates decline monotonically with per capita income growth at
all levels of development.

Presumably, the negative relationship between economic activity and pollution
beyond $5,000 per capita GDP reflecls changing production techniques. Once
a counlry reaches this critical level of incoms its cilizens begin to fesl able to
afford higher slandards of environmental protection and so demand stricter
reguiations from their governments. If trade liberalization successfully promotes
growth in less developed countries such as Mexico, there may be an



envirenmental dividend from the increased income. Indesd, Mexico's current
level of per capita GDP puts it right at the pomt where further economic growth
may precipitate a change in environmental policies.

The remaining paris of the paper sludy the likely compositional sffect of a NAFTA.
We study the determinants of the industry pattern of US imports from Mexico
and of value added by Mexico's maquiladora sector {a sector of mostly
foreign-owned firms imporiing foreign components for assembly and re-export).
H this pattern reveals Mexico to be a 'pollution haven’, whereby lax environmental
protection laws confer on Mexico a competitive advantage in industries that are
subject to high pollution abatement costs in the United States, the specialization
that results from liberalization of trade between the US and Mexico will have
adverse implications for the environment. We find, however, that Mexican
exports to the United States are determined largely by the factor uses of the
industries. Exporis are highest in industries that make intensive use of unskilled
iabour and lowestin industries that use large amounts of skilled labour or physical
capital. The patiern of magquiladora activity is similar. A variable reflecling
pollution abatement costs in US industry adds nothing to the explanation of the
secioral pattern of bilateral trade or of maquiladora activity. Similarly, a variable
reflecting the cost of worker protection laws in the United States does not seem
important in explaining the pattern of investment and trade. Evidently, the
cross-industry differences in the costs of regulatory compliance are small
compared to the cross-industry differences in the costs of hiring the basic factors
of production.

We use the resulis from a computable general equilibrium modsi (Brown,
Deardorff, and Stern, 1991) to study further the compositional effect of a NAFTA.
The model predicts that trade liberalization will cause the utilities sectar in Mexico
to contract. Since this sector generates many alr poflutants, the impact on air
quality in Mexico may be posilive. There is an offsetting negative impact on the
United States. Since the United States uses more environmentally friendly
production techniques, however, the net effect may be positive. Also, the
predicted change in the struciure of manufacturing in each country suggests that
production of toxic waste in Mexico may be expected to decline, while thatin the
United States rises. The impacls on Mexico are less sanguine in the simulations
that assume that the NAFTA will generate a substantial increase in US direct
investment in Mexico.

The resulls suggest a general point about why freer world trade may promote
acological as well as sconomic goals. When countries trade, each produces and
exporis the goods that best suit its national capabilities. Trade liberalization
accentuates the patterns of praduction specialization, but # is industrislized
countries that have a comparative advantage in producing many of the goods
whose production poses the greatest threat to the environment. Since the richer
couniries employ technologies that are generally cleaner than those used in the



Thirct World, the pattern of specialization engendered by liberal world trade may
serve global envirenmental goals as weli.



Environmental advocacy groups in the United States have volced their
;uncerns about a potenrial North American Free Trade Agreement (NAFTA}. Some
went so far as to oppose the Congressional granting of fast-track negotiaring
autherity to the President to enable American negotiators te enter into talks
with their Mexican counterpartis. The reservations of the lobbying groups
mirroy & growing perception on the part of envirenmentalists worldwide chat an
open world trading system may be inimical to the gosl of preserving a clean,
neaithy, and sustainable giobal commons.

The arguments linking trade liberalization with environmental
degradation have mot been Fully articulated,! With regard to a NAFTA, the
environmentaiists have expressed a number of reasons for fearing that freer
tratde and direct investment flows between the United Staves and Mexico may
aggravate pollution problems in Mexico and in the border region.? Ar the
least discerning level, some have argued simply that any expansion of markets
and economic acrivity inevitably leads to more pellution and faster depletion
of scarce natural resources, A more pointed argument recognizes that
pollution already is a severe problem in Mexico and that the country's weak
regulazory infrastructure is strained to the breaking peini. Under these
conditions, it is feared that any further industrialization that results from
the liberalizacvion of trade and investment will exacerbate an already grave
situation.

Other environmentalists draw their conclusions by extrapelating the

experience of the magquiladera sector in Mexico. The maquiladoras are

' See Low and Safedi (1991), who cite several exampies of writings that view
open trade as detrimentsl to envirormental protection.

2 gge, for example, Gregory (1991), Kelly and Kamp (1991), National Wildlife
Foundation (1990), Leonard and Christensen (1991), and Ortman (1991).
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predeminancly foreign-owned firms that produce largely for export ro the
‘United States under a Maxican pollcy that allows duty-free imports of foreign
componants for further processing and re-export. Originally, maguiladoras
were required to locate within a 20-kilometer strip along the .S, Mexicoe
border in order to qualify for special customs treatment. The sector grew
quite rapidly and with little govermnmental oversight, and now is widely
regarded as being a major contributer to the perilous environmental and social
conditions in the border region. Environmentsl groups point to this sector as
a prime exawple of hew unregulated expansion in response tov trade oppor-
tunities can create risks to worker safety and public health. They argue that
lnvestments in this sgctor have been encouraged by the iex enforcement of
environment and laber protection laws {(n Mexico and fear that any further
expansion in trade and investment flows between the United States and Mexico
will be motivated by fizms' desires to avoid the high costs of meecting U.5.
regulations.

A further concern of some environmental groups is that a NAFTA may
undercut regulatory standards im the United States. Spokespersons have made
the policical-economic argument that., with freer trade, industry groups in the
United States will demand ieas stringent peliuctiom controls in order to
preserve their international competitiveness, so that environmental standards
will tend toward a lowest common denominator, The environmentallsts worry,
merecver, that existing environmental protection laws in the United States may
be seen as nontarlff barriers to trade in the context of a regional trade
agreement.

While the envirommental groups have ralsed a host of valid guestions,

they have se far been unable to provide convincing and well supported answers
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to these questions., Many of thelr arguments £ail to recognize all of the
;mplicacions of trade liberalization for resource allocatfon and naturai
resgurce use in each of the trade partner countries. Moreover, the empirical
claims thar have been made rely mostly on anecdotal evidence and on
extrapolation of the experience in one region or industry to the entirety of
econcmic activity in Mexico. Indeed, relatively lirtle is known at any level
of generality about the relationship between a country’s trade regime and its
rate of envirommental degradation, or even about the relatiomship between a
country's stage of economic development and its output of pollution.
‘Theoretical invescigation of these topics has been limited, and empirical
studies are virtually non-existent,

It is useful co distinguish three separate mechanisms by which a change
in trade and foreign investment poliey can affect the Level of poliution and
the rate of depletion of scarce envirenmental resources.? First, there is a
scale effect, capturing the simple intultion espousad by the environmental
advocates, That ls, if trade and investment liberalizationm causes an
expansion of economic activicy, and If the nature of that activity remains
unchanged, then the total amount of pollution generated must inerease. The
environmental groups point, for exasple, to the delererious envirommental
consequences of the combustion of fossil fuels and to the air pellution chat
ts generated by the trucking imdustry. To the extent that economic growth
gives rise to an increased demand for energy, which then 1s generated by means
simllar to the prevailing metheds, there will be an increased output of

fnarmful pollutants that attends an increase in ecomomle output. Similarly, to

3 a similar decomposition of the effects of ecomomic growth on the output
of pollution has been proposed by the Task Force on the Environment and the
Internal Marker (1990},
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the extent that expanded trade gives rise to an inereased demand for Cress-
border transportation services witheut there being any change in trucking
Practices, increased trade will contribute to = deterioration in air gqualley,

Second, there is a compesition effect that results from any change in
trade policy, When trade is Lliberalized, countries specialize to a greater
extent In the sectors in which they enjoy competitive advantage. If
competitive advantage derives largely from differences in environmental
regulation, then the composition effect of trade liberalization will be
damaging to the environment, Each country then wiil tend to specialize more
completely in the activities thar its government does net regulate strieely,
and will shifr out of production in industries whera the local costs of
pollutien asbatement are relatively great. On the other hand, if the sources
of international comparative advantage are the more traditional ones, namely
cross-country differences in factor abundance and technology, then the
implicaticns of the compeosition effect for the state of the environment are
ambigueus. Trade liberalizatiom will lead each country to shift resources
into the sectors that make intensive use of irs abundant factors, The net
effect of this on the level of pollutien in each location will depend upon
whether pellucion-intensive activities expand or contract in cthe councry that
onr averaga has the more stringent pollurion controls.

Finally, there iz a technigue effect. ‘That is, output need not be
produced by exactly the same methods subsequent te a liberalizatfon of trade
and foreign investment as it has been prior te the change in regime. In
particular, the output of pollution per unit of economic product need not
remain the same. There are at least two reasons to belleve that pollution per

unit of output might fall, especially in a less developed country. Firse,
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foreign producers may transfer modern technologies to the local economy when
restrictions on forelgn investment are relaxed. Hore modern cechnologies
typtcally are cleaner than older technolegies due to the growing global
awareness of the urgency of envirommental concerns. Second, and perhaps more
imporcantly, if trade liberaiization generates an increase in income levels,
then the body politic may demand a cleaner snvironment as an expression of
their Lncreased national wealth., Thus, more stringent pollutlon stardards and
stricter enforcement of existing laws may be a natural political response to
economle growth,

In this paper we explore some of the empirical evidence that bears on
the likely environmental impacts of a NAFTA. In Section 1, we shed some light
on the relative magnitudes of the scale and technique effects. We use a
cross-country sample of comparable measures of pellucion in vsrious urban
areas to explore the relatiouship betwesn economic growcth and air quality.
After holding constant the {dentifiable geographic characteristics of
different citles, a common global time trend in the levels of poliution, and
the location and type of the pollution measurement device, we find that
ambient levels of both sulphur dioxide and dark matter suspended in the alr
increase with per capita GDP at iow levels of national income, but decrease
with per capita GDP at higher lavels of income. The turning peint comes
somewhere between $4,000 and $5,000, measured in 1985 U.S. dollars. For a
third measure of air qualiry, namely the mass of suspended particles found in
a given volume of air, the relatienship hetween polluticn and GDP is
monotonically decreasing.

Sacrions 2 and 3 address different aspects of the composition effect.

In secrion I we ask whether and to whart extent the sactoral patterns of U.S.
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forefgn investment In Mexico and of Mexican exports to the Unired States are
affected by the laxity of envirommental regulations in Hexico as cotipared to
the stricter enforcement of controls tn the United States., We relare the
sectoral pattern of maquiladora activity, of ¥.5, imports from Mexice under
the offshore assembly provisions of the U.S. rariff codes, and of total U.5,
imports from Mexico te Iindustry factor intensities, U.S. variff rates, and the
size of pollution abatement costs in the U.S. iIndustry. We find that the
traditionsl determinants of trade and investment patterns are significant
here, but that the alleged competitive advantages created by lax pellution
controls in Mexico play no substantial role in motivating trade and investment
flows.

Filnally, in Section 3, we begin with the premise that resource
#llocations in the United States, Mexico, and Canada have been guided by
competicive advantages generated by differences in factor endowments. We
borrow from Brown, Deardorff and Stern (1991) their estimates of the change in
rescurce allecation that might result from a NAFTA, and discuss the
implications of these predicted chamges in the structurs of productien for

levels of pollution in each country.

i Econocmic Growth and Urbanm Afr Follution

As we noted in the introduction, ecomemic growth has offsezting
implications for the anthropogenic generatfon of air pollution. On the one
hand, some pollutants are a natural byproduct of economic activities such as
electricity generation and the operation of motor vehicles. As economfc
activicy expands, emissions of these pellutants tend to grow. On the ather

hand, firms and households can contrel thelir pollution to some degree by their



¥

choice of technology. Clesner technologles produce less pollution per unit of
‘output. As a society becomes richer its members may {ntensify their demands
for a more healthy and sustainable environmens, in which case the government
may be called upon to impese more stringent environmenmral contrels.

Littie is known about the empirical relationship between national income
and concentrations of various poliutants. Investigation of this issue has
been hampered by the paucity of data on air pollutien that is avallable on a
comparable basis for a representative sample of countries. However, since
1976 che World Health Organization (WHO} has collaborated with the United
Nations Environment Programte in operating the Global Environmental Monitering
System (GEMS). The goal of this project has been te moniter closely the
concentrations of several pollutants in a cross-section of urban areas using
standardized methods of measurement. This data set, which co our knowledge
has not previously been analyzed by econozmists, provides us with an
oppertunity to examine how aiz quality varies with economic growth.*

In the next subsection wa dese¢ribe the GEMS project, the types of
pollution that it monitors, and the data that it has generated. Sectien 1.2
gives the details of the statistical analysis that we have performed. Our
Findings are presented in Seetion 1.3 and the implicatiens for Mexico aze

discussed in Section 1.4,

* The GEMS data have beem statistically analyzed by soma envizenmental
scientists {see World Health Organization [1984])}, but they have neglected ro use
any sconomic variables in their exclusively bivariate analyses.



L.l The GEMS Data®

The GEMS monitors air quality in urbac areas throughout the worid,
Daily (or, in some cases, weekly or less frequent) measurements are taken of
concentrations of sulphur dioxide (S0;} and suspended parcicuiate matter.
Data on particulates, which are gases and liquids suspended in the air, are
collected by different methods (described furcher below} that alternatively
measure the mass of materials in a given volume of air and the concentracion
of f£iner, darker matter, sometimes referred to as "smoke®.

Sulfur dioxide is a corrosive gas that has been linked te resplratory
disease and o:hef health problems.® It is emicred naturally by volcances,
decaying organic matter, and sea spray. The major anthropogenic sources of
§0; are the burning of fossil fuels in electricity generation and domestic
heating, and the smelting of non-ferrous ores {World Rescurce Institure,
1988). Other sources in some countries include auromebile exhaust and the
chemicals industry (Kormendy, 1989). Sulfur dioxide emissions can be
controlled by the installiation of flue gas desulfurization equipment
(scrubbers) on polluting facilities, and by awitching electricity-generating
and home-heating capacity to lowsr sulfur grades of coal or away from coal
altogether.

Particulates arise from dust, sea spray, forest fires, and volcances.

Host of these naturally preduced particles are relatively large. Finer

5 The GEMS data for 1977-1984 are published by the World Health Organizacion

in the series Alx Quality [n Selectad Urbap Apreas. Unpublished data for 1985-

1988 have been kindly provided te us by Gardener Evans of the U.S, EPaA.

5 Lave and Seskin (1970} find, for example, that wvariatieon in S0, and

population density together explain two-thirds of the variation in death from
bronchitis in a sample of U.S. citias.
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particles are emitted by industry and from domestic fuel combustion (World
" Resources Institure, 1988), Largey particles readuce visibiliicy but have a
relatively minor health {mpact, whereas the finer particles can cause eye and
lung damage and can aggravate existing respiratory conditiecns (U.§. EPA,
1982). Particulate emissions from anthropogenic processes can ba reduced via
the installation of control eguipment and by switching to fuels thar, when
burned, emit fewer particles.

The GEMS sample of zities has been changing over time, 3ulfur dioxide
was menitored in 47 cities spread over 28 different countries in 1977, 52
cities in 32 countries in 1982, and 27 citlies (n 14 councries in 1988.
Measurements of suspended particles were taken in 21 cities in 11 countries In
1977, 36 cities in 17 countries In 1982, and 26 cities in 13 countries in
1988, while data for darker matter {smoke} are available for 18 cities in 11
countries for 1977, 13 cities in nine countries for 1982, and seven cigfes in
four countries for 1988. Im all, there are 42 countries represented in our
sample for 50,, 19 countries in our sample for dark matter, and 29 countries
in our sample for suspended particlies. The participating clities are located
in a varlety of developing and developed countries and have been chosen to be
fairly representative of the geopraphic conditlons that exist in different
regions of the world (Bermett et al., 1985}, 1In most of the cities inciuded
in the project, air qualicy measurements are taken at two or three different
sites, which are classified elther as center city or suburban, and as
commercial, industrial, or residential. Multiple sites in the same city are
monitored in recognition of the fact that pollutant concentratlons can vary
dramatically with local cenditions that depend inm part upen land use.

Cbservations at most sites are made on a daily basis and the data ser includes
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measures of the mean, median, 80th, 95th, and 98th percantile of daily
observacions in a given site for a given year.

Sulfur dioxide concentraciony have been determined by 3 number of well
accepted methods (see WHO, 1984), The relfablliivy of these methods has been
checked in independent studies, and an {ncercomparison exercise was performed
using one particular sechod as a reference point (Bennett et zl., 198%), It
was coneluded that the measurements by alternmative methods are roughly
comparable, although particular metecorological conditions can affect the
various methods differently. With these results in wmind, we have chosen to
pool our sample of observations of 50, concentration, but te allow for a dummy
variable toe reflect the method of measurement at each site.

Suspended particles are wpeasured by two main methods., High volume
gravimetric sampling determines the mass of particulates in a given volume of
alr while the smoke-shade method assesses the reflectance of the stain left om
a Filver paper that ambient air has been drawn through. The former method
measures the total weight of suspended particies while the latter is
predominantly an indicacion of dark material in the air. Since the twe
methods yield incomparable measures that capture different aspects of
particuiate air pollution, we treat the data generated by gravimetric and
smoke-shade methods separately in our analysis.’

Table 1 provides the mean, median and standard deviation for the 50th

and 95ch percentiles of daily observations in our sample of cities for each of

7 A few sites used nephelometric methuds to measure suspended particles;
i.e., they measured the light loss due to scattering when a light beam {s passed
through a sample of particle-laden afir. This method gauges the mass of suspeaded
particles, much as does the high volume gravimetric method. Since the estimates
are comparable in many cases, we pooled the observations from these two types of
instruments, but {ncluded & dummy wvariable to allow for device-spacific
measurement differences.
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the three types of pollurion. Figure 1 displays the corresponding histograms.
‘The median of daily observations on SO range from a minimum of zero to 3
maximum of 291 mlcrograms per cubic meter {pg o) of air, whereas the 95th
percentile of daily measures range from zero to 1022 pg m? ¥ These numbers
can be compared with the World Health Organization recommendation that annual
average 50, concentrations ought not to exceed 40-60 pg m™? and that 98th
percentile concentrations ought not to exceed 100-150 pg m?  The median of
daily observations for suspended particles varied from zere to 715 pg =™,
while that for the 95th percentile cbhservatlion ranged from 15 to 1380 pg m3
The WHO guidelines for suspended particles list 60-90 pg m™3 as the safe limit
for the annual mean and 130-230 wg w> as the safe limit for the 98cth
percentile. Fipally, the median of daily observations of dark matter (or
smoke) in the sample of sites varied from zere to 312 pg m?, while the 95th
percentile observation varied from two to 582 pg m? . The WHO recommends that
dark matrer mot exceed 50-60 pg m'? in annual average and 100-150 ug m? 1n the

98th percentile of daily cbservations.

1.2 Estvimation

Concentrations of pellutants in the air depend upon the amounts that are
emitted by natural and anthropogenic sources and on the ability of the
atmosphere to absorb and disburse the gases ox particles. Thus, our analysis
of the relationship between growth and air quality must allow for an influence
of ciry and site characteristics on the observed concentratioms of the various

sollutants in addition to the dependence on national product.

8 actually, S0, concentrations are never literally zero, but the machines
are unable to detect very low levels of the gas.



12
We have sought to explain the median and 95th percentile of dally
" observations for 50,, suspended particles (gravimetric and nephelometric
methods) and dark macter (smoke-shade method). As explanatery variables, we
have included functions of per capita GDP in the country where the site is
located, characteristics of the site and z2ity, and a time trend. We used che
Summers and Heston {1991) darca for per capita GPP, which attempt to measure
output in relation to a commen set of international prices, Initially, we
allowed the coefficient on per capita GDP to vary acress income ranges by
including a dummy variable in our regressions for each $2,000 incepval of per
capita GDP. These relatively unrestricted regressions suggested that a cubie
function of per capita GDP would fit che data fairly well. The cubic
equations are the main focus of cur subsequent analysig.?

In the equation for concentrations of $0,, we included dummy variabies
for the location within the city (central city or suburban) and for the land
use of the area near the testing site (industrial, commerciai, or
residential). We alse included a dummy variable for the method of measurement
(gas bubbler or otherwise). Another dummy indicated whether the city was
tocated along a coastline or not {reflecting the disbursement properties of
the local atmesphere). We included a varisble for the population density of
the cicy and a dummy variable for whether the city was located in a country
ruled by a Communist government.!? Finally, a linear time trend was included

to allew for the possibility thac pellution has been sbating (or worsening)

f We also estimated equations in which we entered per capita GDP in
quadratic form. In gemeral, the quadratic equations do nmot f£it quite as wall as
the cubic equations, though in many cases the shape of the escimared gelationship
between income and pollution is found to he roughly the same.

% Population densities were collected From several different sources.
These sources and other details of our data sat are avalilable upon request.
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worldeide, im response to increased global awareness or for other reasons.M

The regressieons for suspended parcicles and dark maccer tneluded a
similar set of right-hand-side variables. excepc that we did not inciude a
dummy variable for the merhod of monitoring dark matter, because all
measurements were taken in the same way. Simce dust {5 an important natural
source of particulate matter, we included as an additional explanatory
variable a dummy that indicates whether the measuresent site is located within
100 miles of a desert.!?

Some commentators have argued that a country’'s level of pollutien might
be direccly related to its openness To internatiomal crade, perhaps because
environmental regulations tend te a least commen denomipnater. To test this
hypothesis, we estimated one set of regressions in which we included the trade
intensity of the country in which the site is locared (racio of the sum of
exports and imports to GDP} as a separate determinant of the concentratien of
the air pollutancs.!?

For each pollutant, we estimated a randem effects model, allewing for a
component of the error term that is common te a given year's observations at

different sites logated in the same s{ty.}* We find that the variance of the

1 ye began our analysis with separace dummy variables for each year in our
sample, but the estimates of this mode] strongly suggesrted a sirple, linear time
trend.

12 yowever, we coded the desert dummy variable as zere for Cordoba,
Argentina, in view of the fact that a mountain range lies between this city and
the nearby desert. The regressions fit somewhat better with Cordoba treated this
way, although none of our conclusions about the reliationship of particulare
pollucion to GDP depends upon this designation,

13 The data on trade incensities were taken from the Worid Bank dacabase.
¥ That is, if py,, is che total residual in the equatiem for seme pollutant

at site i in city ] at time ¢, we assume thal pmyye = Qg + L5, where &y 1s the
common- to-the-city component, ;5. is the idiosyneratic component, and
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commen-Co-Che-cicy comporent of the estimated residuals is relatively large in
 comparison to the ldiosyncratic (site-by-time) component, so that crdinary
least squares would give an inconsistent estimare of the standard errors of
the regression. We also calculated one set of estimates that allowed for
Fixed site effects. In other words. we inciuded a separate dummy variable for
each of the different sites in our various samples. The fixed effects were
intended to capture the unobservable topographical and meteorological
condivions at a site that might contribute te its ability to absorb or
disburse pollution. Of course, when we included the fixed site effects we
dropped the dummy variables reflecting the location of the site within the
city and the location of the city on a coastiine or near a desert, since these
influences were no lenger separately identified. The model with fixed site
effects provides an especially stringent test of the relationship between
national income and pollution, inasmuch as it ignores all information
contained fn the cross-country variation in peiluvion levels and relies
itnstead only on the variation in air quality that resulted at the various
sites from changes in GDP during the twelve years of GEMS observations (and
then only that part of the variatfon that cannot be explained by a common

linear time trend}.

£.3 Findings
The results of our various estimates of the rendom effects models for
the three pollutants are given in Tables 2-4. These regressions ds not

inciude the model with fixed asite effects, which we discuss separately below.

E{aye;5) = 0. Our estimation takes into account the unbalanced nature of this
panel data set.
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Figure 2 displays, for the median of daily observations on each
pollutant, the estimated coefficients on the dummy variables indicating
whather a councry’s per.capita GDP falls in the range from 52,000 to §$3,999,
from $4,000 to $5,999, and so on. The coefficient estimates have been plotcted
above the midpeint in the range; e.g., above $3,000 for GDP in the range from
$2.000 to $3,99%. These coefflclents should be interpreted as indicating the
amount of extra pollution a country with a per capita GDP in a given range Ls
likely to have, holding constant the values of other explanatory varlables
(sice focation, city population density, etc.}, relative Lo a country with a
per capita GDP in the range from zero to $2,000. The figure slsc shows the
estimated amount of extra poilution that is assoclated with a given level of
per capita GDOP {relative to a country with a per capita GDP of $§1.,000) that
comes from regressing the polluction concentrations on per capita GDF, per
capita GDP-squared, per capita GDP-cubed, and the remaining explamatory
variables. The figure shows that, in each case, the cubic functional form
approximates well the shape of the relationship between pellution and GDP that
is indicated by the less restrictive regressions.

Flgure 3 depicts the estimated relationship between per capita GDP and
$0;, derived form the cubic equations, for both the 50th and 95th percentile
of daily observations. For both measures, the concentration of $0; rises with
per capita GDP at low levels of national income, falls with per capicta GDP in
the broad range becween $5,000 and $14,000 (1985 U.S. dollars}, and then

{evels off or perhaps begins ta rise again.'® The turning point in the

15 There are only two countries in our sample (the United States and Canada)
with per capita incomes in excess of §16,000, so the fact that che estimated
curves turn upward in this range probably should not be viewed as strong evidence
for & renewed positive relatlionship between national product and 50, pollution
at high inceme levels.
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predicted relationship for the median of dzily observations comes at $4,11%,
lwhile that for the 95th percentile observation occurs at $4,630. We estimate
that & country with per capita GDP of $3,000 will have a 20 ug m™3 greater
concentration of $0, for the 95th percentile of i1ts daily observations, as
compared te a country with a per capita GDP of 51,000, all eise equal.

Table 2 indicates that the hypothesis that 50, pellution is unrelated to the
tevel of GDP can be rejected at the L/100th of ome percent significance fevel
in the regression for the wedian cbservation and at the seven percent level in
the regression for the 95tn percentile observation {see columns 2 and 5).

Tabie 2 reveals that severai other variables contribute significantiy to
the cross-city variation in concentrazions of 50,. For example, cities
located on 2 coastline are estimated to have lesser concentrations of 50,.
6.68 pg =™ lower for the median of daily observacions and 46,79 ug a? lower
for the 93th percentile observation. Conecentrations of 50, are higher in the
center city than in the suburbs, lewer in residential areas than in commercial
areas, and higher in industrial areas than in commercial areas (although this
effect is not statistically significant at conventional significance levels;.
More densely populated cities suffer greater concentrations of §0;, all else
equal. We also find that 50, pollution has been significanzly greater in
cities located in Communist-ruled countries. Finally, we mote that S0, levels
mave been trending downward in our sample of cities even after controlling for
the effects of income and other variables. The downward trend may reflect an
inecreasing global awareness of the health problems associated with 50,, and
the expanding efforts that are being made worldwide to limit sulfur emissions.
Columns 3 and 6 of Table 2 present estimates of a modei for SO,

determination that includes trade intensity as an additional explanatory



17
variable. Contrary to the fears of some environmentallsts, ve find thae S0,
levels are significantly lowep im cities located in countries that conduct a
gteat deai of trade (relative to thelr GOEY. Ve have no good economic
explanation for this finding.

Figure 4 depicts the estimated (cublc) relacionship between dark matter
and per capita GDP for the median and 93%h pegcentile of daily observationms.
Apparently, the nature of the relationship is much the same as for 50,. The
concentracion of smoke in the air rises with per capira GDP at low Leveis of
income, peaks at around $3,000 (1983 U.5. dollars), and falls with GDF atr
higher income levels until it eventually levels off. We see in columns 2 and
S of Table 3 thar the three CDP variables are jointly significant in the
determination of dark matter pollution at the 1/100th of one percent
significance levei. MHoreover, the size of the estimated effects are quite
farge. We estimate that a country with a per capita GDP of §5,000 will have a
higher concentration of smoke by abour 90 pg @) in its median of daily
observarions and 230 pg ¥ in its 95th percentile observation, compared to
one with a per capiva GDP of $1,000. Recall that the WHO recommends that
concentrations of smoke not exceed 50-60 ug m™ for the mean cbservation and
100-150 pg = for the 98th percentile observation.

Mot surprisingly, the dummy variable indicating proximity to a desert
has a positive and significant coefficient in the regressions explaining
concentrations of dark matrer. A locatien on a coast reduces 3 city's
concentracion of this type of pollution, and agaln the effect is statistically
significant. We find that smoke pollution levels are greater in center cities
than in suburbs, and smaller in residential areas than in commercial areas.

Also, dark matver, like $0,, rises with population dansity, although this
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effect iz significant only in the regression for the median of daily
 observacions., Finally, thers appears to be neither a global trend in this
type of peliution {ence the upward movement in world ircomes has been
accounted for) nor a significant association with trade intensicy.

Unlike the other two pollutants, the mass of suspended particles in the
air appears to fall in response to increases in pPer capita GDF at low levels
of economic development (see Figure 5). This relationship continues until per
capita GDP reaches about $9,000, whereupon economic growth has neo further
effect on the concentration of suspended particles. Again, the estimarted
effacty are large in comparison to the WHO guldelines, and again the three GDP
variables are jointly significsnt in the determination of this weasure of air
qualficy,

As with dark matter, c¢ities situated near to a desert are likely o
experience higher concentrations of suspended particles than cities located
elsewhere. This effect is both quantitatively large and highly significanc.
The coefficients on the Communist dummy, the center-city dummy and the
industrial area dummy all are positive and statistically significant in the
regressions for both the medfan and 95th percentile of daily observations.

The global trend in suspended particle pollution apparentliy has been downward,
although the coefficient on the year variable is statistically significant
only in the regressions for the median of daily observations. Finally, a
country’s trade intensity has a small and statistically insignificant effect
ort this form of poliution.

Table 5 reports the estimated coefficients from a random effects model
for each type of pollurtant that alsoc allows for fixed site effects. The

nuebers of site dummy variables that were included in rthe various regressiens
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are shown in the table. These escimares of the relationship between per
capita GDP and the varicus measures of air gquality rely only on the
cevariation between GDP and concentrations of the pellutants over time within
the individual sites, and not on the cross-country variation in pollutien and
GDP at z given moment in time. The estimated reiatlonships for the median of
daily observations of 50, and dark matter held up remarkabiy wail (see Figure
6}. In each case, the data continue to indicare an inverted-U shaped
reiationship between pollution and national inceme, with peak levels of
pollution oceurring for per capita incomes in the range from $4,000 te $5,000.
Only che estimated coeffilcients from the fixed site effects model for
suspended particles suggest a different reiationship between per capita GDP
and concentrations of the pollutant than is found in che Tegressions without
site effects. 1In this case, the estimarion indicates a monetenically
inereasing relationship between particulate poliution and mational output in

the sample range of output levels.

1.4 Implicstions for Mexicoe

Unfortunarely, Mexico has not participated in the GEMS praject and
reiiable measures of its afr pollution are not available (US GAQ, 1991b),
Thus, predictions for Mexico must be inferred from relationships that hold in
other countries at similar stages of development. Surely the avallable
evidence suggests that alr quality has deteriorated with economic growch in
Mexico (US GAO, 1991b}, Our estimates indicate that this experience i3 common
in poor countries, but that the positive asseciation betwesn tws pollutants
and economic outpuc ceases when the typical country reaches a per capita

income level of about $5,000 (1985 U.S. dollars). We note that Summers and
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Heston (1991) put Hexico's per capita GDP in 1988 at $4.996. Thus, we might
expect that further growth in Mexico, as may resuit from a free trade
agreement with the United States and Canada, will lead the country ta
intensify its efforcs to alleviate its environmental problems.

Recent measures taken by the government of Mexico suggest that the-
country already may have reached the turning point {n terms of atr pollution.
In the last year, the Salinas government has reduced the lead content of
petrol, ordered several power statioens to burn natural gas instead of sulfur-
generating fuel ofl, and shut down oil refineries and private firms that were
found to be major scurces of atr pollution (The Econemise, May 18, 1991},
Alsoc, new cars are being ficred with catalytic convertors, a new fleec of
cleaner buses has been Introduced, and drivers have been banned from using
thetr cars in Mexico Cicy one day each week. Te beef up enforcement, the
budget of the environmental protection ministry has been increased sevenfoid
(New York Times, Sepr. 22, 1991). Further growth may enable the govermment to
implement fully its planned $2.5 billion, four-year program to clean up Mexico

City.

2 Pollution Abatement Costs and the Pattern of U.S,- Mexico Investment
and Trade
A main source of concern about a NAFTA is that ie will enable firms to
circumvent U.§. environmental protection laws., If the costs of meecing
pellucion contrels are high in the United States and low or negligible in
Hexico, then the asymmetry In standards or enforcement efforts can crsate a
competitive advantage for Mexican producers and can motivate U.§. firms to

relocate their production faciliries south of the border. In these
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circumstances, liberalization of trade and investment flows can strengthen the
" incentives for "envirenmental dumping.”

A rumber of authers, Including for example Fechig (1976}, Siebert
(1977), Yohe (1979) and McGuire (1982), have studied the theoretical
relationship between environmentsl regulatioms and the pattern of trade. They
find that strict environmental standards or costiy controls weaken a ceuncry's
competitive position in pollution-incensive industries and diminish its
experts (or increase its imperts) of the product of such secters. Countries
that fail to regulate Industrial poellution increase their specialization in
activities that damage the environment. MeGuire has extended these results to
include direct foreign investment: controls cause firms active in the
pellutton-intensive industry to relocata their activities zo the less
regulated councries,

While these theoretical predictions are plausible and intuitive, they
have found little support in previous empirical studies of ctrade and
investment patterns. For example, Tobey (1990} has tested the hypothesis that
environmental regulations have altered the pattern of trade in goods produced
by "dirty” industries. He finda chat 2 qualicative variable describing the
stringency of environmental controls in 23 countries falls to contribute to
the determination of their net exports of the five most pollution-intensive
commodities. Similarly, Walter (1982) and Leonard {1988) conclude that there
1s little evidence that pollution abatement costs have influenced the location
decisions of muftinational firms. Apparently, the craoss-country variation in
the costa of meeting environmenral contrels 1s not so large as to be a major
factor im the determination of nations' comparative advantages.

Our purpose in this sectlon is to address this lssue in connection with
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the pattern of U.5. imports from Mexico and the partern of U.S. foreign
Lnvestments in Mexico. There is some evidence from a CAQ survey suggesting
that a few American furniture manufacturers may have moved thelir operatlions to
Hexico in response to the State of California’s tighrening of air pollution
control standards for paint coatings and solvents (US GAO, 1991c). Bur the
question remains open as to whether the overall sectoral pattern of U.5,
economic relations with Mexico has been meaningfully affected by the higher
costs of pellution abatement In the United States, If the pattern of
specialization has been so influenced, then the composition effect of a
furcher liberalization of trade and investment may be damaging to che
environment,

Using data from the Bureau of Census’ 1988 survey of pellution abatement
costs in American industries (U.S, DOC, 1988), wa have conducted three sets of
tests. We have studied the 1987 pattern of U.5. imports from Mexico in 3-
digit SIC manufacturing industries, the pattern of 1987 ¥.5. imports from
Hexico that have entered the country under the offshore assembly provisions
(again ac the 3-diglt SIC level), and the sectoral pattern of value added by
maquiladora plants in (approximately) 2-digit industry categories. In each
case We have investigated whether pellution abatement costs in the United
States help to explain the pattern of Mexican specialization and tyade.

Our estimates of the determinants of the pattern of manufactured imports
from Mexico ara recorded in the first two columns of Table §. We use the
ratio of 1987 U.5. {mports from Hexico to total U,$, shipments in the same
industry as the dependent variable. The explanatery variables include factor
shares (reflecting the Intensity of use of the varfous factors by the

different industries; see Harkness {1978]), the U.5. effective tarliff rate on



23
imports of goods in the industry, and the ratio of pollution abatement costs
.(nperating expenses) to total value added in the U.S. industry.'® We alse
report another regressiom that includes the average injury rate in the
itndustry as an additional independent variable. Since firm outiays for worker
compensation insurance are roughly proportionmal te injury rates (Xrueger and
Burton, 1990}, the injury varlable proxies for one {(large} component of the
cost to American manufacturing firms of U.S. labor protection laws.

We computed the factor shares as follows. We took the payroll expenses
in an industry to represent a combined compensation for unskilled or “"raw-
labor and human ;apital. Payments to unskllled ifaber were defined as the
product of the number of workers in the industry and the economy-wide average
yearly income of workers in manufacturing with less than a high school
education., We formed a share by dividing this amount by value added, and
considered the remaining part of the total labor share to repressnt the
payment to human capital. Finally, we calculated the share of capital in

vaiue added as the difference between one and the total payrcll share.18.i®

8 The Census survey did not include the apparel industry {(5iC category 23).
For these cbservations and four others with missing data, we inserted the average
ratic of poilution abatement costs to value added for zll manufacturing sectors
included in the survey.

¥ For twelve industries, this method gives a negativa number as the
estimare of che share of human capital. To ensure that our results were not
sensitive to the choice of Income for an unskilled worker, we alsc compured
facter shares using the income level For unskilled workers {$10,819) that made
the winimum share of human capital cur sample of industries equal to zero. The
estimated import equations wich rhese measures of Ffactor shares look much the
same as for our eriginal measures.

18 The import figures and the effective tarlff rates were provided to us by
Greg Schoepfie of the U.5. Department of Labor. The tariff rates were estimated
by dividing the total duties collected on imports from Mexico in a two digir SIC
industry by the total value of imports in the induscry. Data on shipments,
value added, employment, and payroll were taken from the N.B.E.R. trade and
immigration data set (see Abowd, 1987)}. Since the trade data are classified
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Factor intensities figure preminently in the determination of the
patrern of 1.5, imports from Mexice., The ratioc of imports to tetal U.S.
shipments 1s smaller in industries that are highly Intensive in their use of
human or physfcal capital. This means, of course, chat Mexico exports to the
United States goods that have a relatively high share of unskilled laber ip
total factor cost. The coefficients on the physical and human capital
variabies both are statistically significant ac the five percent level, but
the latter coefficient is gquantitatively much larger, We estimate that a ten
percentage point increase in the share of human capital reduces the ratio of
imports to shipments by 0.52 percentage points, while a ten percentage polLnt
increase in the share of physical capital lowers cthe impert ratio by only 0.24
percentage poines. Note that the mean ratie of imports to shipments across
all manufacturing industries is 0.69 percent,

We estimate that the i{mport ratio rises with the share of pollution
abatement costs in U.S. industry value added, as would be predicted by a model

of environmental dumping. However, the impset of these regulatory costs is

according to the old (1972) SIC categories, we used manufacturing census data
that were bridged to this classification scheme. The average income for a worker
in the manufscturing sector with less than a high school education was caleulated
from the 1987 Cupgent Population Survey by the authors. Injury rates by industry
were taken Erom the Bureau of Laber Statistics publication, Occupational Injuries
and Tlines United States b dustry. In the few cases where an injury
rate was not available for a three digit industry, we used instead the average
injury rate for the applicable 2-digfc industry.

¥ We are also experimenting with a second procedure for dividing the lLabor
share inte component parts representing the shares of unskilled labor and human
capital. In this, we form factor share for different skill groups (workers with
a high schoel education, workers with some college education, and workers with
a college degree) by taking the product of the industry labor force, the fractiocn
of the industry’s workers in the skill group in question, and the economy-wide
average income of workers in that skill group, and then dividing by value added.
If this procedure yields substantially different conclusions, we will report om
the results in a future draft of this paper.



5
both quantitatively small and statistically insignificanc. Consider for
example an induscry that has the mean ratie of pollution abatement costs to
industry vajue added and another that has a ratie that is two standard
deviations higher. We estimate that the latter industry will have a greater
ratio of imports to 1.5. shipments by about (.05 percent, which is less than
L/20th of a standard deviation in the import variable. This finding can be
understood from the fact that pollution abstement costs average only 1.38
percent of value added across all manufacturing industries and rise to only
4,85 percent in an industry that is two standard deviations above the mean.
The implied wariation in competitiveness is small in comparisen with chat
which arises from cross industry varfations in labor costs, for example.

We note that the injury rate has a positive coefficient when it is
inciuded in the import equation, but this variable too haa a very small and
statistically insignificant effect. Finally, the coefficlent on the tariff
variable has the cheoretically predicted nagative sign (imports are smaller in
industries with high effective tariff rates), but alse is not significanc.?

We turn next to the determinants of the pattern of U.S. imports from
Hexice under the offshore assembly provision (i.e., import categery 807.00 in
the old T5USA tariff schedule). U.S. trade law provides for duty free re-
entry of American-made compenents embodied im imported final goods. In cases
where intermediate produsts are exported for further processing or assembly
abroad, the applicable tariff rate applles only to the foreign value added.
¥early 44 percent of the value of Mexican exports to the United States

qualified for chis customs treatment in 1987 (Schoepfle, 1991). We study

2 A simuitaneity blas may exlst here, insofar as many political-ecoromic
theories of tariff formation predict that high tariff rates will endogenously
emerge in industries in which import penecration is greac.
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these imports separately, because much of the output by maquiladora plants
enters the United States in this manner, and maguiladoras arye the source of
most of the item 807.00 U.S5. imports from Mexico {Schoepfie, 1991). Thus, the
sectoral pattern of item B07.00 imports gives us an Idea as to the pattern of
maquiladora activity,

The middle two columns of Table & reports escimates of an equation for
the ratio of the Hexican value added in imports entering under the 807.00 code
in 1987 to the total value added by the U.§. industry. We would expect this
variable to be high in industries where maquiladoras are especially active:
L.e., those in which Hexico enjoys a competitive advantags. The independenc
variables In these equations are the same as before, namely the factor shares,
the share of pollution abatesment costs in U.5. industry value added, and in
one set of estimates, the fndustry injury rate. The tariff variable was
omitted from these regressions because our effective tariff rate applies to
all imports from Mexico, and does not reflect the average tariff paid on
imports that entered under the offshore assembly provision. We use a Tobit
model to estimarte these equations Iin view of the fact that item 807.00 imporcs
are zere in 38 of the 136 industry categories. Since the import share cannoc
be negative, a censored regression model is appropriate.

The foreign content of U.S. ftem 807.00 imporcs from Mexico ts highest
in relation to total value added in the corresponding U.S. industry fn sectors
that make relatively intensive use of unskilled labor. This {s not
surprising, since many U.S. manufacturers attempt to outsource to maguiladora
operations the most unskilled fabor intensive phases of the production
process. We find a negartive assoclation between the Mexican content of ictem

807.00 imports as a fractien of totaj U.S, industry value added and both the
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human capital share and che physical capital share in U.S. tndustry coscs.
The coefficlent on the physical capital variable {5 estimated to be nearly
twice as large in abselute value as that on the human capital variable
(reversing the ordering found for total imports from Mexica), and the former
coefficient is statistically significant at the five percent level whereas the
iatter is statistically significant at only the ten percent level.

Again, we fail to find a significant positive relationship between the
size of pollution abatement costs (as a fraction of value added) in che U.5,.
manufacturing industry and the scale of sectoral activity in Mexico. In fact,
the foreign content of {tem 807.00 imports from Mexico appears to be lower in
relation te the size of the U.$. industry in sectors where U.5. pollution
abatement costs are relativeiy high. The negative coefficient on the
abatement cost variable is found to be statistically sigaificant ac the five
percent level, aithough this may of course reflect a spuricus correlation
between these costs and some omitted variable. When the U.5. injury rare is
included in the egquation for item 807.00 imports, the estimated coefficient on
this variable is alsoc negative. This vould imply that relatively little
Mexican assembly activity takes place in rhose industries where the cost to
U.5. empioyers of workers’ compensation insurance and other accident-reiated
costs are especially high. However, in this case, the estimated coefficienc
is not significancly different from zero, so we cannot reject the hypethesis
that the association between injury rates and cthe pattern of Mexican assembly
operations is nil,

The final serv of estimates recorded in Table 6 relare te the activity of
Hexican magquiladoras. The Instituto Nacional de Estadistica Geografia E

Informatica (INEGA)}, a privare Mexican research instirtute, has surveyed all
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maquiladoras on the government’s List of in-bond producers. Thelr
-publication. tadistica de ndusrria Maqulliadora de ortacio 278-
1988, provides data on value added by maquiladoras in eleven different
manufacturing industries. We developed a concordance of the available data ro
a 2-digit SIC basis and sought to explain the ratio in 1987 of value added by
maquiladoras to value added in the corresponding U.S. industry.®* The
explanatery variables are defined as before, except that now we calculate
factor shares -and pollution abatement costs as a fraction of value added ac
the 2-digic SIC level.

The estimated coefficients from the models of maguiladora activiecy
confirm our findings for total U.S. imports from Mexico and for imporss under
tariff item 807.00. Again we find that Mexican competitive advantage derives
from an abundance of unskilled labor, and that value added by maguiladoras
declines in relation to value added In the United States the greater are the
shares of human and physical capital in industry cost. Although neither
coefficient has been estimated precisely encugh to allow for a clear rejection
of the hypothesis that the associations are zero, the magnitudes of the
coefficience are very much in Iine with what we have found before. Alse, we
find no evidence in support of the hypothesis that U.5. regulatory costs
contribute to the explanation of the pattern of maquiladora activicy. Heither
the coefficient on the abatement cost variable nor that en the injury rate
variable has the (positive} sign that one would expect if American firms are

suvesting Ln maquiladora plants primarily to avelid the high coests of

Zl Ye pote that INEGA withheld industry-level data for industries with
sixteen or fewer maquiladora establishments. Thus, our analysis treats as zero
the maquiladora accivity in sectors where some swall amcunt of production may
have taken place,
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environmental and laber protection laws at home. Evidently, the costs
involved inm compiying with these laws are small in relation to the other
components of total cost that determine whether it Is profitable to operate in

the United States or Mexico.

3 Resource Reallocacion: Implications for Pollution

Our findings in Section 2 suggest that relative factor supplies govern the
pattern of trade between Mexico and its neighbors to the North. We might expect,
therefore, that trade liberalization will stimulare Mexican production ir
unskilled laber-intensive industries, while the United States and Canada will
shift resources into sectors that make relatively heavy use of capital and
skilled labor. The removal by Mexice of barriers to direct forefign investment
can have the opposite effect on international patterns of specializacien, if
foreign firms bring with them the factors that are scarce in Hexico. Then iscal
nroduction may expand in (moderateiy) capirtal and zkilled-labor inktensive
sectors. The question that arises is, what are the environmental implicacions
of these potential resource reallocations?

Toe answer this question fully, we need several pleces of information.
First, we need to know which sectors will expand in each country, and to what
extent, Second, we need to know the pellution-intensitiss of the varicus
industries. Finaily, we must know how NAFTA will affect the preduction
technologies used in each location, so as to gauge any changes in pollution
generated per unit of ocutfput. Estimaces of NAFTA impacts on the production
structure in sach country are available from computational modeling exercises.
Brown, Deardorff, and Sterm (1991), for example, have predicted resource

movements for several different scenmarios of pollcy change under a NAFTA.
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Unfortunately, the remaining informaticnal reguirements pose more serious
difficulties, Concerning cthe pollution generated by different induscries, the

United States collects data only on releases of foxic wvaste (and that of

questionable quality), while Mexico collects no such data wvhatscever. And
although our findings in Section 1 suggest that production techniques might well
change in response to a trade agreement that generates econemic growth in Hexico,
it s difficult to assess how these changes will be distributed across
industries.

In this seczion we draw upon the detalled escimates of Brown, Beardorff,
and Stern {(BDS) to derive scme possible environmenral implications of cthe
resgurce reallecations that would result from a NAFTA. After describing the BDS
modeling exercise, we turn to twa issues, First, we discuss the wmodel’s
predictions about each country’s demand for the services of urilicies. Second,
we use the information avallable in the U.S5. EPA's Toxic Resources Inventory to
analyze how a NAFTA might affect releases of hazardous waste by the manufacturing
sectors in the three partner countries,

The BDS estimates are based on a computable gemeral equilibrium model of
the economic interactions between the United States, Canada, Mexico, a group of
31 other major trading nations, and an abbreviated fifth region comprising the
rest of the world. The model aggregates production into 23 categories of
tradable goods and six categories of non-tradable goods and services. The
tndustries are treated elther as perfectly competitive or monopolistically
compecitive, with the latter set exhibiting economies of scale. Output in each
sector is produced from Intermediate inputs and an aggregate of capiral and
tabor. The authors allew for varylng degrees of substitution between capital and

labor in the different sectors, but treat laber as a homogeneous inpuct. The
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lacter assumption is unfortunate in view of our finding in Section ? that human
capital endowments play a central rele in determining the bilateral trade pattern
bectween the United States and Mexice.

Since it 15 not clear what policy measures will be fncluded in a NAFTA, BDS
explore a number of alternatives. In one scenario they assume the removal of all
bilateral tariffs between the Unired Stares, Canada and Mexico, and an easing of
U.5. quantitative restrictions that generates a twenty five percent increase in
U.5. imports of agricultural products, food, textiles, and apparel from Mexico.
in a second scenario thay allow for these same forms of trade liberalizarien and
also a relaxacic;n of restrictions on direct fereign investment in Mexice. The
liberalization of inmvestment L5 assumed e result in an (exogemous! ten percent
increase in Mexico's capital stock. It should be noted that in both of these
cases, the estimated impacts include not only the removal of existing barriers
betweern Mexico and 1ts trade partners, but alise the ultimate implementarion of
the peolicy changes that comprise the already concluded Canada-U.5. free trade
agreement,

It is well known that many poliutants, such as sulfur dioxide, nitric
oxide, nitrogen dloxide, and carbon dioxide, are byproducts of ejectricity
generation, especially when fossil fuels are burned in the process. Thus, an
important determinant of the ner effect of trade liberalfzation on alr pollucion
will be the Induced change in the demand for electricity. Unfortumately, the
disaggregation in the ADS model does not allow us to identify the likely impacts
of a NAFTA on electricity use, inmasmuch as the model treats electricity as a
component of the broader category of utilities. It is interesting o note,
nonetheless, that BDS predict a degline of 0.56 percent in output by the Mexican

utilities sector in respense to a hypothectical agreement inveiving an elimination
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of vtarlffs and an increase in U.S, import quotas. This predicticn can be
" understood from the fact that the scenaric generates output contractions in ren
of twenty one Mexican manufacturing sectors, and expansions are anticipated
primarily in labor-intensive industries such as food, textiles, apparel, leather
products, and footwear, vhich presumably are not the sectors that use energy most
intensively. But just as Hexico will shift resources into activities thac
require relatively little energy input, the United States and Canada may be
expected to do the opposite. The madel predicts modest Inereases of 0.07 percent
and 0.09 percent, respectively, in production by utiliries in the United States
and Canada.

Quite different conclusions emerge from the scenario that actempts to
captura the effects of a porentlal liberalization of investment flows. The
exogenious ten percent Increase in the Mexican capital stock that {s taken to be
the cucgrowth of an easing of restrictions on foreign investment effects an
expansion of every manufacturing industry there, with the f{mplication that demand
for utilities must rise, ‘The experiment generates an increase in utilities
output in Mexico of 9.31 percent. Presumably, air quality would deteriorate in
this case, unless the assaclared income growth gave rise to poiitical demands for
mere stringent standards and tougher enforcement.

We turn next to toxic waste, Qur focus on this form of pollution Ls
primarily a reflection of data availability. As far as we know, this is the oniy
type of pollution for which data on releases are collected at the firm level.
U.5. law requires all manufacturing firms with ten or more employees that use at
least 10,000 pounds of one or more of over 300 chemicals to report their annual
chemical releases to the EPA. Lines of business are recorded alomg with

information on releases, enabling aggregation of the data te the industry level,
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Several pitfalls in the use of the data contained in the Toxic Release
‘Z{nvenz:ory {TRI) should be noted.® First, since the report reflects releases
rather than exposures, 1t cannot reflect the great differences that exist in che
rates at which different chemicals are dispersed or transformed. Second,
reledses are measured only in terms of weight, and no effort is made te account
for the fact that some high velume releases are relatively benign, while other
iower volume releases may create great health risks. Third, many toxic chemicals
are omitted entirely from the inventory. Fourth, the inventory does not reflect
emissions by firms outside the manufacturing sector or by federal Ffacilities.
Fifch, the EPA conducts relatively little verification of the information it
receives and makes relatively little effort 2o ensure compliance with the
reporting requirements, Finally, there i5 no way to know whether the
relationships between toxic waste and industry outputs in Canada and Mexico
mirror those in the United States, or whether there are great differences across
countries in the industry-specifie relationships between hazardous waste and
quantities of outpug.

We have used the predictions of the BDS model and the data on the industry
breakdown of toxic releases by U.S. manufacturing firms contained in the TRI to
generate Table 7 The table contains estimated impacts on total toxie releases
by the marufacturing industries of Mexico, United States, and Canada in response
to two scenarios for a NAFTA. As before, Che scenarios distinguish a NAFTA that
effects onjy trade liberalization and one that also includes investment
liberalization measures in Mexico. In constructing the table we have assumed
that an tndustry-specific fixed coefficient characterizes the reiationship

between the amount of toxic release and the quantity of output produced. We have

ZThe following discussion is based on U.S. GAD (1991a}.
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caleulated this coefficient using cutput and total release data for the United
Srates in 1989.7% To the extent that releases per unit of output are uniformly
higher or Llower in Mexice or Canada than they are in the United States, the
estimates in Table 7 for these countries can be adjusted upward or downward to
reflect these percentage differences. But lacking data for Canada and Mextco,
we cannot address the possibility that these countries have nigher or Lower
pollution coefficients than the United States in some industries but net in
others.

The table tells a similar story te the one toid by the utilities sector.
A liberalization of trade in the absence of increased capital flows causes Hexico
to shift resources toward Industries that, on average, generate less pollution
than its current producers. In particular, the BDS model predicts contraction
by the industries producing chemical products and rubber and plasties products,
both of which generate great guantities of waste per unit of outpur. The
beneficial environmental effects of these resource flows are largely effset by
an expansion of the electrical equipment industry, but a small positive net
impact vemains. The reallocacion of resources in the United States and Canada
differ from those in Mexlco, as these countries enjoy comparative advantage in
a complementary set of activities. the model predicts an expansion of the
chemical praducts industry in the United States, and of the primary metais
industry in Hexico, wich the implication that aggregate chemical releases by
manufacturing enterprises will rise in both of these countries.

Again, the scenarie that assumes a ten percent increase in Mexico's capital

1The cucput data, which were provided to us by Drusilla Browm, are those
chat were used in the calibration of the BDS modei. Sinee these data are
reported on an ISIC basis, we were forced to reclassify soue induscries in order
to maie them compatible with the 51G-based TRI data.
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stock has quite different implications for Mexico. 4s noted before, such growch
in the capital stock causes output to expand In every Mexican manufacturing
industry. If the relationship between waste and output remains unchanged, then
total chemical releases must rise.

While our estimates in this section must be taken with a large grain of
salc, they suggest conclusions that accord well with Intuition. Since Mexico
enjoys comparative advantage in a set of activities {agriculturs and laber -
intensive manufactures) that on the whole are "cleaner" than the average, the
composition e¢ffect of trade liberalization may well reduce pollution there. On
the other hand, a NAFTA will cause the United States and Canada to specialize
more in physical and human capital-intensive activities, to the possible (slight)
detriment of their local enviromments. On the global level, a pet bemefic aay
derive from the movement of the dirtier ecomomie activities to the more highly

regulated preduccion environmencs,

4 Conclusions

Eavironmental advocacy groups have pointed to several risks that might be
assaciated with further liberalizarion of trade between the United States and
Mexico, While chey ralse a nusber of vallid concerns, our findings suggest that
some potential benefits. espscially for Mexico, may have been overlooked. First,
a more liberal trade regime and greater access to the large U.5. market is Likely
to generate income growth im Mexico. Brown, Deardorff and Stern {1991}, for
example, estimate potential short run welfare gains to Mexico of between 0.6 and
L.% percent of GDF. We have found, through an examination of air qualiry
measures in a cross-section of countries, that economic growth tends to alleviace

pollucion problems once a country’s per capita inceme reaches about $4,000 to
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$5,000 U.S. dollars. Hexlco, with a per capita GDP of $5,000, now 1s at the
critical juncture in ics development process where further growch should generate
increased political pressures for environmental protection and perhaps a change
in private consumption behavior. Second, trade iiberalization may well increase
Mextcan specializatioen {n sectors that cause less than average amounts of
environmental damage. Our investigation of the determinants of Mexico's trade
pattern strongly suggests that the country draws comparative advantage from its
large number of relatively unskilled workers and that it imperts goods whose
production requires intensive use of physical and human capital. The asymmetries
in environmental'reguiatxons and enforcement between the United States and Hexico
play at most a minor vole in gulding inrersectoral resource allocatioms. Buc
since it would appear that labor-intensive and agriculturai activities require
less energy input and generate less hazardous waste per unit of output than more
capital and human capitai-intensive sectors, a reductien In pollution may wall
be a side-benefit of increased Mexican specialization and trade.

Our findings must remaln tentative until better data become available. We
kave been unable to use any information about the pollutien situation as it
currently stands in Hexico, since environmental wmonitoring there has been
unsystematic at best. Furthermere, the kinds of pollutants that we can examine
are limited by data availability {e.g., there are no rellable data on emissions
of carbon dioxide in different countries). Still, one lesson from our study
seems quite general and importamt. The environmental impacts of <trade
liberalizatfon in any country will depend not only upon the effect of policy
change on the overall scale of ecomomic activity, but also upon the induced
changes in the intersectoral composition of economic acrivity and in the

technologies that are used to produce goeds and services.
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Figure 6: Fixed Effects Estimates — 50th Percentile

S0-2 vs, GDP Per Capita

30
20 -
15 4
05

i

S0~ (ug/cu )

0 IGO0 2000 3000 4008 5500 S0GO TOUD 0G0 3900 10005110001 2500 1 T06R 1 Sanm ST e I e00
GOP Per Capila

Dark Matter vs. GDP Per Capita

Dark Molter {ug/cu m)

© 1006 2060 3900 +000 5000 | 6000 | 3000 | 8500 | 6000 1oeoa vidoa
GOP Per Capita

Suspended Particles vs. GDP Per Capita

Suspended Parlicles (ug/cu m)

¢ 1000 2600 3000 <000 SC00 GOGO 7OOD BOOO G000 1000011000 120001 300014000 5000 5500 17000
GDOP Per Capito



Table i

Bescriptive Stacistics on Alr Pollution in Urban Areas

Pollutant Hean Std. Dev. Hedian WHO Standard

Sulphur Dioxide 33.08 33,11 26.2 4G-60
50th Percentile

Sulphur Dloxide 117.17 112.71 B7.0 100-130
95th Percentcile

Dark Matter 41.22 41.92 29.5 50-80
5Gth Percentile

Dark Macter 127.47 101.45 102.0 100-150
95ch Percentile

Suspended Particies 146.62 126.79 91.0 60-90
50th Percentile

Suspended Particles 301.01 268.01 187.0 150-230
95ch Percentile

Notes: Pollutants are measured in pg per cublc meter. World Health
Organtzation standards listed for the 50th percentile are for the ananual
average measure, and theose listed for the 95th percentlle are for the 98th
percentile of dally measures. Sample size is 1,370 for sulphur dioxide,
1,021 for suspended particles, and 506 for dark macter.



TABLE 2

The Determunants of Sulphur Dioxide Air Pollution
Randormn Effects Estimates

(Standard errors i parentheses)

Varisble 50th Percentile 95th Perventile
{1y {2) (3} (G (&3] (6}
Per Capita GDP 4,70 - - 3.28 - -
$2,000 - §3,99% {3.54 (13.67
Per Capita GDP 6.43 - - 23.45 - -
$4,000 - 55,999 4.19 (145N
Per Capils GDP -4.15 - - -15.00 - -
$6,000 - §7,999 (3.30) (ER.42)
Per Capita GDP 3.91 - - 20.80 - -
$8,000 - 59,500 {4.55) (15.7%
Per Capita GDP -9.33% - - -3.58 - -
$10,000 - $11,999 {4,401 (15.26)
Per Capita GDP -19.07* - - -3.58 - -
512,000 - $13,95% {3.74} {19.82y
Per Capita GDP -i1.82% - - -24.62 - -
$14,000 - §15,999 (5.1 (17.61)
Per Capita GEP -10.28 - - -iL.35 - -
516,000 - S17,999 (6.63) (22.34)
Per Capitai GDP - 734 11.22* - 12.02 22,18
(51,0005 (2.50) (2.64 {8.66) {9.22)
Per Capitz GDP ~ - -1.12+ -1.d4* - -1.68 -2.42*
squared (G348 (0.34) (1.5%) (118
Per Capia GDP - - 0.041~ .047+ - 0.055 0.068
cubed {0.013} (0.013) (0.043) (0.044:
Coast -3.68* -6.68* -5.13= -52.62" -6, 7o+ 4527
(2.39 {2.32} {2.32) {8.17) {7.94) {8.0%
Central City 9,457 §.94% B.94* 35.42% 34,33+ 35.51%
(1.83) {1.82) {1.36) (5.76) {5.73) (5.70
industrial .58 1.32 1.74 10.85 10.39 9.65
{1.85) (£.94 (2.0 {6.06) (6.04y .12



Residential -5.30" -390 4,97 -4.08 3,45 -3.23

{1.96} (1.95) {2.08) (6.1 {6.08) (6,14}
Pop. deasity 5.54~ 4.09 10.31 41.74* 35.43* 49.81=
(1000059, 1mu.y (2.65) {2.5%) {4.64) (2.2 (8.97) (16.30)
Year -1.69+ -1.79* -l 538~ -5.32 -5.12*

(0.36 (0.34) (0.35) (8.20) (1.18) {1.22)
Communist 11.59* 11.47= 12.64* 58.05+ 8.4~ 90.77+

{3.88) (3.8 (3.86) {13.47Y (13.30) {13.65)
Trade intensity - - -15.47= - - -40.96*

(4.38) {15.36)

p-value for ali 0001 0001 0001 .06 .a7 007
GDP variables
Per Capita GDP at which - $4,107 $5,257 - 54,635 56,182
poilution reaches peak (1.32h (1,179 {3,209 {2,961
af 556 554 579 5,593 3.375 5.555
ai 368 3178 323 5431 5,54 3,232
R* .i58 130 166 132 125 138
Notes: Equations alse include an ntercept, 2 dummy to mdicate that the type of arez 15 unknown, and 2 dutuny to indicate that

the measureaeat device 15 a gas bubhbler, a? 15 the estimated vanance of the commen-lo cily companent of the residuals

and o is the estimated vamance of the idiosyneratic compenent of the residual. Samsple size 15 [,370 for columns 1, 2,
4 and 5; sample s12¢ 15 1,301 for columns 3 and 6.

*Statistically stgnificant at .05 [evel for a two-tailed t-test.



The Determinants of Dark Matter Pollution
Random Effects Estumates
(Standard errors 1n parenthesesy

TABLE 3

Variable 50th Percentile 45th Percentile
N (2} {3 ) (5}
Per Capsta GDP 50,50 - = 99.21* -
$2,000 - §3,99¢ (L.7h 319
Per Camta GDP 58.25* - - 118.G65* -
£4,000 - £5,999 {12.6% (33.99}
Per Capsta GDP 43.49* — - FLL.74* --
56,000 - $7.999 {{3.10 (3520
Per Capits GDP 21.26 - B 39.85 -
$8,000 - 55,999 (£3.07M) (35.12y
Per Capita GDP 22.27 - - 30.27 -
$10,000 - 811,999 (13.04) (351N
Per Capata GDP 2129 - - 1601 -
$12.000 ~ $§3,959 (28.64) {14.93
Per Capitat GDP -- 79,33+ 30,52 -- 173.84%
{51,000s} (8.0 (16.79) {34.32)
Per Capita GDF - - -12.38= -5.08* - ~25.62*
siquared {2.05) (2.54} (5.38)
Per Capita GDF - - 0.56% 0.233 - L.09*
cubed .10 {0.121) {0.26)
Desert 40.19= 42,11~ -10.12 113.03* 118.14*
(8.61) (8,49 (1421 {23.24) (22.6T
Coast -21.29 -21.75 -E7.68*% -35.85* 4. 44%
(4.94) {4.55) {4.52) (13.00) (11.87
Central City 0.55+ B.26* 10.95* 32.41* 20,32+
{4.09 {3.98) {3.88) (.38} (9.181
incustrial .25 3,55 -0.13 -5.95 -6.37
(4.23) {4.18) (4.06) (9.62) {9.51Y
Residential -10.60* -11.56* -1.09 -21.64= -22.51*
{3.98 {3.9% 3.87 3.1} {9.01)



Pop. density 1.32% 1.35* 2.92+ 0. 76 .94 175
(10.000/sq. mi.) {0.37) {0.38) in {0.98) (0.95% 3.17
Year -0.26 -0.60 4.5% 0.41 Q.15 1.27
(0.58) (0.56) {0.58) {1.59) {1.45) (1.5%)
Communist -20.44* -20:,93* -14.54 -0.98 -9.73 7.56
(7.91} {1.54y 3.50 (20.87Y {19.78) {23.39
Frade [nlensity - - 45,57 - - -32.03
{6.315) {17.84}
p-value for al 0001 000t L0001 0001 0001 0001
GDP variables
Per Capita GDP at which - 54721 54,240 - 54,970 54,971
polution reaches peak (7ThH {2,180} (973} {2,165
a2 598 953 864 4,865 4,828 4,772
o 192 186 166 2.183 2,040 2,108
Rr? .345 352 210 315 315 221
Motes: Equations also mnclude an mtercept and 2 dummy fo indicate that the type of aren 15 unknown. Szmple size 15 506 for

columns !, 2, 4 and 5; sample size 1s 457 for columns 3 and 6.

*Statistically significant at .05 level for a two-tailed t-test.



TABLE 4

The Determnasts {or Suspecded Pasticles Poilution
Ragdom Effects Estimates

{Slagdard errors in prreathesesy

Variable 301h Percentile 95th Percentile
(1 @ &H “ 51 {6y
Per Capuita GDP -102.4* - - «191.4* - -
$2.00G - $3,999 {{1.N (25.4)
Per Capita GDP -139.7* - - -247.4% - -
$4,000 - §5,999 {13.5) {29.0)
Per Capita GDP -101.9* - - -134.2 - -
£5.000 - §7.,999 (31.8) (69.2)
Per Capita GDP -201.2* - - -348.8% - -
$8,000 - $9,999 22.4 (47.5)
Per Capita GDP 2221.1% - - -425.0* - -
$10,000 - §11,999 (13.0) (271
Per Capita GDP -187.9+ - - -368.1* - -
$12,000 - $13,999 (14.6) (31.6)
Per Capita GDP -183.¢* - - -366.2% - -
$14,000 - §15.999 (i2.5) {27.1)
Per Capita GDP -184.5 - - -381.2% - -
$16,000 - $17,999 (5.5} {32.9)
Per Capita GDP - ~71.97* «72.54+ - -144.31* -146.48%
($1,000s) {8.02) (8.4% (17.81) (17.74)
Per Capits GDP - - 6.03* 5.8¢ - 12.65% 12,51
squarsd {1.08) (1L.10y (2.28) (2.28
Per Capita GDP - - 0157+ 0.143* - -0,353* A}, 3284
cubed (0.043) {0.0403 (0.085) {0.084)
Desert 189.6* 213.3* 28%.4* 354,77 409.8* 489.5*
(19.00 {18.6} {34.3) {40.7 (39.6) {68.9)
Coast 0.42 4.47 2.50 -9.78 0.2% 439
(115 7.58) (.40 {16.41} (16.01 {15.4%)
Central City 1111 [2.99* 14.76= 32.52% 36.3t* 9.1+
(5.24) {5.20% {4.128) {10.47) (10.40) {10.48)



Industrial 13.73* 15.23~ 1115 44,28% 47.55+ 40,48

(5.7 (5.7 (5.91} (11.55) {1149 {11.66)

Resideatin -12.17* -9.67* 9.45 -1.19 3.83 202

: (5.83) ($.78) (5.90} (11.62) {11.51} (11.66)

Paop. deasmity 5.20 -4.64 «17.55 -11.38 ~43.97* -74.43

(10,000/5q. mi.} (9.99} (9.64) (i2.63) 21,84 (20.95) {26.92)
Year -2.06 -2.27 -2.26% -1.41 -1.65 -1.27

{1.2%y {1.14} (£.15) {2.58) (243 {2.51)

Commumst 90.52* 108,37+ 167.81+ 22151 156,46 25512

(13.2 (12.65) (12.54) (28.68) (2728 (26.52)

Trade Intensity - - 12,39 - - 5.49

(5.7 {31.2%

p-value for all Q001 Q00§ .00G1 0001 L0001 RE

GDP variables

o 3,379 3,350 3.482 12.950 12,793 13,085

al 3,353 3,154 3,073 18,043 17,218 14,894
B3 .581 577 574 569 382 .5%0

Notes: Equattons also includs aa wtercept, & dummy 10 indicate the type of area unknown, and two dummes to ndicate the k

of instrument ussd to measure suspeaded particuinte matter. Sample s12e 15 1,021 for columns |, 2, 4 and 5 sample s
15 971 for columns 3 and 6.

*Staustically significant at .05 level for a two-tailed {-test.



Random Effects Bstumates of the Delerminants of Ajr

TABLE 5

Potlutson Including Fixed Site Effeces

(Standard ervors 1 parenthesest

39, Dark Matter Suspended Particles

Vanakble 50 petl 95 petl 50 petl 95 petl 50 petd 35 petl
Per Capita GDP 12,54 -8.28 24.35 77.59 63.44% 142,18
($1,000s) (4.69) (15.11% (1770} (49.71) (13.94) {30.30)
Per Capita GDP - -1 74> Q.10 -4.1% «12.10 -2.84 6.2t
squared {0.52) (L.67 (271 {1.66} (1.49) (3.23
Per Capia GDP - .05 £0.00 0.19 0.51 0.04 0.07
ctibed (.02} (.06 {0.13} {0.36) (0.08) (0.t
Year -1.05* -3.51= Q.91 -EE2 -3.60* -5.58

(0.28) 0.5, (0.42) (LN (0.8 (.1n
No. of site
dummies 239 239 87 87 161 161
p-value for 0.0001 0.158 0.479 0.250 0.0001 4.0001
GDP variables
al 161 1,951 141 1,070 919 619
al 97 982 93 755 512 2473
r? 0,76 0.77 0.87 0.82 0.91 0.91

Notes: Sample stze 15 1,370 for 5O, 506 for dark matter and 1,021 for suspended particles, The SOy equations also include
dummy for the mezsunng device, and the suspended particles equations nchude two dumnues for measunng davice.

*Statistically significant at .05 level for a two-tailed t-test,



[rdependent
Varinbles

Constant

Human Cagstal Share

Physical Capital Share

Polluticn Abstemeat Costs
&s Fraction of US Iadustry
Value Added

Tariif Rate

injury Rate

2

&l

Sample Size

Mean of Dependent Variable

TABLE 6
The Determunants of the Pattern of U.S. imports

from Mexico and of Value Added by Maquiladora

Total US Tmpens from Mexico
as_FEraction of US shipments

Mexwcan Value Added in 807 imports
as Fraction of US Value Added

(&Y {2 [#)] [EH
.G28* 027 019+ 02>
(.008) (.00 (.006Y (.00N
-.053* -.053* «.016 - 045
(.016) (.0t} (.016Y (.HO)
-.024* -.023* -.026* -.G27*
(.0I0 (-0f ) (-009) o1
14 052 -.165* - 151~
(.050} {.061) (.07 (.07
=002 -.00t - -
{.028}) (.29
- 005 - -.011
(-.020} {.016)
427 127 095 085
135 135 136 138
0069 0069 0022 0022

Maguiladom Value Added a
Fraction of US Value Added

53]

010

(.07 -

- 15
.01y

-0
(.010}

-.085
(.098)

(63

015"
(007

016
(.01}

- 06
[Wi1FH]

-077
{.090y

-.028
(.0200

392

0012

Notes: Standard errors are in paresthesss. Columas (1) and (2) are OLS estimates. Columns (3), {(4), (5} and {6} are maximum

likelihood estimates of Tobit models.

*[ndicates statistically s:gmificant at .05 level.



{ndustry

Food & Tobncco Products
Textile Products

Apparel

Lumber & Wood Products
Furnirure

Paper Products

Prstng & Publishing
Chemical Products
Petroleuen & Coal Products
Rubber & Plastic Products
Leather Products

Stone, Clay, Glass & Concrete
Primary Metnis

Fabncated Metals
Noaelectrical Equpment
Electnneal Equipment
Traasportation Equipment
Misc. Manufactunng

Total

TABLE 7

Estimated [mpacts of NAFTA on Toxic Releases
by Manufsctunng Enterpnses

{Pounds 1 Thousands)
Trade Liberalization Only Tmds & investment [ibemniization
3 17 40 129 10 39
2z 499 g 169 487 42
6 18 28 15 57 28
-13 86 -88 76 74 -88
128 210 176 257 148 178
55 1,198 -953 611 1,198 971
-10 52 -49 56 40 -48
<£,430 12,198 -E,E78 4,047 12,408 ~1,180
62 a3 19 29 70 19
-184 693 2,072 289 636 2,062
37 -26 181 158 -38 182
0 24 152 107 3V 152
-15 -1,391 5,437 2,166 -1,452 5,494
-1 558 254 259 530 254
61 587 -103 62 569 -104
1,445 -1, 101 287 §.490 1,001 17
-178 -594 1,435 354 -394 1,424
171 32 318 192 97 332

-261 13,053 8,017 10,466 13,261 8,032





