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Abstract

We investigate the implications of trade liberalization and pollution taxes on aggregate income, pollution, and natural resource

use in Chile with a neoclassical economywide model comprising 75 sectors. The model incorporates 13 measures of pollution

ef¯uents which are linked to the use of polluting inputs and energy use. We estimate the economic and environmental impact

of Chile's participation in NAFTA, MERCOSUR, of unilateral trade liberalization and ef¯uent taxes. Unilateral trade

liberalization induces substantial worsening of pollution emissions and expansion of resource-based sectors, partly because of

access to cheaper energy. NAFTA integration is environmentally benign in terms of pollution emissions. # 1998 Elsevier

Science B.V. All rights reserved.

1. Introduction

The interface between trade and environment lin-

kages has become more evident in recent years due to

recent trade negotiations such as the Uruguay Round

and the NAFTA. There is an emerging consensus on

the inadequacy of trade policy for environmental

protection (Beghin et al., 1994). However, there is

little quanti®cation on environmental taxes, their

interaction with trade policies and their economic

and environmental impact (Low, 1992). For fast grow-

ing developing economies of the countries, greater

outward orientation holds great promise in terms of

growth and ef®ciency. Pursuing this goal blindly,

however, may jeopardize long term prosperity because

of the environmental cost the strategy. Hence, it is

essential to assess the environmental impact of trade

liberalization, and how free trade eventually can be

combined with pollution taxes to mitigate environ-

mental degradation.

This paper presents new evidence on linkages

between growth, trade, pollution and natural resource

use in Chile. This empirical paper strengthens the

basics of evidence for the rapidly evolving policy

debate on trade-environment linkages (Beghin and

Potier, 1997). Using a common modeling approach

developed by the OECD Development Centre, we

investigate the interactions between trade and envir-

onmental policies, focusing particularly on trade lib-

eralization and coordinated policies of ef¯uent
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taxation. We provided estimates of emissions for

detailed pollution types at the national level. We

identi®ed various patterns of pollution intensities of

aggregate production under outward orientation.

Although we estimated increased intensities for sev-

eral pollutants when trade liberalization is undertaken

without concurrent environmental taxes, none of these

is alarming.

Until 1975, Chile represented a textbook case of

import-substitution, replete with trade distortions,

slow growth, foreign exchange restrictions and result-

ing misallocation of resources. Following a series of

policy reforms under the structural adjustment of the

1980s, Chile has become a thriving outward-oriented

economy (Papageorgiou et al., 1990; World Bank,

1994). Growth of output and exports has been specta-

cular in natural resource-based industries such as

agriculture, ®sheries, forestry, and mining sectors in

which Chile has traditionally been competitive. These

expansions have fostered rising living standards and

concerns for the environmental consequences of the

resource intensity of growth (World Bank, 1994).

Next, we brie¯y describe our modeling approach, It

is followed by a description of the policy reform

scenarios considered for the simulations. Then, we

present and discuss simulations results.

2. The TEQUILA model

The trade and environment equilibrium analysis

(TEQUILA) model is a prototype computable general

equilibrium model developed by the OECD develop-

ment Centre for its sustainable development research

programme. The full model is described in details in

Beghin et al. (1996). The TEQUILA model is recur-

sive dynamic: each period is solved as a static equili-

brium problem given an allocation of savings and

expenditure on current consumption. It is multi-sec-

toral (75 sectors) with a careful disaggregation of

natural resource based sectors and their forward lin-

kages to manufacturing. Natural sectors are repre-

sented by ®ve agricultural sectors, forestry,

®sheries, and ®ve mining and extraction sectors. Their

linkages to manufacturing are captured by twelve

agricultural processing sectors, four wood-based sec-

tors, four oil-based chemical industries, and eight

mineral-based ones.

Output is characterized by CRS technology and the

structure of production consists of a series of nested

CES functions. Final output is determined from the

combination of (non-energy) intermediate inputs and a

composite bundle of energy and value added (labour,

and capital (machinery and land)). Non-energy inter-

mediate inputs are assumed to be used in ®xed pro-

portions with respect to total non-energy intermediate

demand. The energy value added bundle is further

decomposed into a labour aggregate and a capital

energy bundle. Labour demand is further decomposed

into ten occupations. The capital energy bundle is

further disaggregated into capital demand and demand

for an energy aggregate. The energy bundle is itself

decomposed into three base fuel components. In this

production structure, emissions are linked to inter-

mediate consumption (inputs) rather than ®nal output.

Fig. 1 shows the nested structure of production.

Most existing CGE models investigating pollution

issues assume ®xed proportion between sectoral out-

put and emission associated with that sector. By

contrast, we posit substitution possibilities between

value-added, energy and non-energy intermediate

goods, which allow the decrease of pollution asso-

ciated with production if pollution taxes are put in

place. This is a major improvement in the incorpora-

tion of pollution in economywide modeling.

We estimate econometrically the pollution ef¯uents

by sector as being function of energy and input use

(Dessus et al. (1994)). Estimates of these input-based

ef¯uents intensities are obtained by matching data

from a social accounting matrix disaggregated at

the 4-digit ISIC level to the corresponding IPPS

pollution database of the World Bank (Martin et al.,

1991). Emissions are generated by both the ®nal

consumption and the intermediate use of polluting

goods. Excise/ef¯uent taxes are used to achieve pollu-

tion abatement. These taxes are measured as units of

currency per unit of emission and are uniform taxes

per unit of ef¯uent for the sectors. Since every sector

has different ef¯uent intensities, the pollution tax,

expressed per unit of output, varies across sectors.

The latter taxes are tacked on to the producer price of

the polluting commodity.

Pollution by sector is characterized by a vector of 13

measures of various water, air and soil ef¯uents. The

intensities vary by sector and with relative prices since

the use of `dirty' inputs is in¯uenced by relative price
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changes induced by policy intervention. The 13 pollu-

tion measures include toxic pollutants in water, air and

land (TOXAIR, TOXWAT, TOXSOL); bio-accumu-

lative toxic metals in air, soil, and water (BIOAIR,

BIOWAT, BIOSOL); air pollutants such as CO2, NO2,

CO2, volatile organic compounds (VOC), and parti-

culate intensity (PART); and ®nally, water pollution

measured by biological oxygen demand (BOD), and

total suspended solids (TSS).

We calibrate the TEQUILA model using a detailed

social accounting matrix of Chile for 1992. The model

is neoclassical with all markets reaching equilibrium.

Trade is modeled assuming goods are differentiated

with respect to region of origin and destination. On the

import side, we account for the heterogeneity of

imports and domestic goods with the CES speci®ca-

tion attributed to Armington. We assume a CET

speci®cation for domestic output, in which producers

are assumed to differentiate between the domestic and

export markets. We assume that Chile is a small

country. Trade distortions are expressed as ad-valorem

tariffs. This assumption is consistent with the recent

tarif®cation of most trade distortions in Chile follow-

ing its structural adjustments reforms.

3. Policy reform scenarios

The time horizon of the simulations is the period

1991±2010. Every year, savings determine the pool of

new investment for the next period and the model

solves for an equilibrium for the year. This equilibrium

determines savings going towards the new investment

pool for the subsequent period. Each period the sec-

toral resource allocation adjusts to new prices. Labor

moves freely across sectors; existing capital is reallo-

cated across sectors, but to a lesser extent due to partial

mobility assumption built in the model. The endogen-

ous variables of interest, which adjust at every period,

are sectoral output and input use, consumption, trade,

pollution emissions associated with production and

consumption, and aggregate real income, which serves

as an approximate gauge of welfare or economic

ef®ciency. We do not attempt to measure the cost

of pollution and we characterize `externalities' by the

level of pollution emission implied by each scenario.

We ®rst de®ne a reference trajectory for the econ-

omy based on DRI±Macgraw-Hill prediction of GDP

growth until 2010. Factor and energy productivity

changes are endogenously determined such that the

GDP forecast and the model are consistent with each

other. All policies are held constant in this reference

scenario, called the business-as-usual (BAU) scenario.

For the years 1992±2010, the model gives us reference

trajectory base for output, absorption, trade, and pol-

lution emissions, for this BAU scenario. This is the

base or reference trajectory of the economy for our

analysis. All reported results are expressed in devia-

tion (in percent) from this BAU scenario and for 2010,

which is the ®nal year of the simulation exercise.

The ®rst reform scenario imposes taxes on pollu-

tants, one at a time2. Each tax is such that the emis-

sions of the targeted pollutant progressively decrease

over time and reach a 25% decrease relative to its level

in the BAU results by 2010. The phasing in of these

taxes is set to obtain gradual reduction of 10% in 1995,

15% in 2000, 20% in 2005, and 25% in 2010. The tax

rates per unit of ef¯uent are the shadow prices of the

quantitative constraints on the pollution emissions.

The second scenario considers a gradual trade

integration, combining unilateral trade liberalization

through tariff reductions, with a concurrent but modest

improvement of terms of trade. Terms of trade are

parametric for Chile, assumed to be a small country,

and the terms of trade improvement is introduced as an

exogenous shock. We assume that export prices

increase to simulate this improvement that should

result from the integration of trading countries. This

is equivalent to an improvement of the terms of trade.

We decrease the ad-valorem tariffs, progressively to

free trade, from their reference level (1992) as 90% of

original tariffs in 1995, 60% in 2000, 30% in 2005, and

no tariff in 2010. Terms-of-trade improvements are

expressed as an increase in observed world prices for

exports by 2% in 1995, 4% in 2000, 7% in 2005, and

10% in 2010. The terms-of trade assumption allows us

to see how the environment is affected by an outward-

oriented growth strategy.

We consider analogous regional integration and

liberalization scenarios with NAFTA and MERCO-

SUR countries. Disaggregated data on trade ¯ows

2
Taxing all pollutants simultaneously raises difficulties. First, tracing the

effect of any aingle tax on resource allocation becomes impossible. Second,

several tax combinations lead to the same decrease in all pollutants, but with

different implications on sectoral allocation, consumption and trade.
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allow us to consider these alternative trade integration

scenarios. In these two other trade scenarios, we

remove tariffs and increase export prices following

a similar progression as in the previous scenario, but

only with respect to trading partners which are mem-

bers of these two regional agreements. Our objective is

to impose a sizable trade shock on the Chilean econ-

omy to estimate changes in sectoral composition of

production and trade. These changes determine the

pollution emitted and induced by the outward trade

orientation.

The last group of reform scenarios combines the

®rst two types of reforms. For this last scenario, the

objective is to investigate the implication of coordi-

nated trade and environment policies. Analytical

results (Copeland, 1994; Beghin et al., 1997a) imply

that the coordinated piecemeal approach ± gradual

changes of two instruments to correct for trade and

environmental distortions ± leads to welfare improve-

ments. In the context of joint trade and environmental

reforms, ef®ciency gains are obtained because trade

distortions are reduced and because environmental

degradation can be reduced as well. Recall that we

want to investigate the effect of such joint reform on

sectoral allocation, trade, and pollution abatement.

Free trade removes border distortions (domestic bor-

der prices are equal to world prices) and the incentives

to change input mixes to abate pollution in production

have been altered, compared to the case of the single

environmental reform. The differences in the incentive

structures lead one to expect contrasting results con-

cerning the indirect abatement achieved via comple-

mentarity and substitution among emission types,

which occurs under the two scenarios.

4. Results from policy reform simulations

Results follow the sequence of the three reform

scenarios: environmental tax reform, trade integration

(unilateral liberalization, NAFTA, and MERCOSUR),

and then combined trade integration and environmen-

tal protection. Results are presented for the ®nal year,

2010, in percent deviations from their BAU values.

Table 1 summarizes the salient results of the simula-

tions in aggregate. Table 2 shows the effects of the

various scenarios on pollution emissions. A longer

report is available upon request. We ®rst note some

stylized facts emerging from the Social Accounting

Matrix on sector which appear to be pollution hot-

spots in Chile. The following sectors exhibit high

intensities and level for several ef¯uent types: agri-

culture, sugar re®ning, mining, chemicals, metals,

pottery, electricity, gas, and transportation sectors.

4.1. Effluent taxes

Ef¯uent taxes have a small negative impact on

growth except for the tax on (BIOWAT), which has

a larger impact (8.1% decrease in GDP over 18 years

with respect to what it would have been under BAU).

The effects of these taxes on other aggregate measures

of economic activity tend to be small as well, with the

same exception of the tax on BIOWAT. Trade

decreases by about 10% and investment decreases

by 23%. Next we look at sectoral output effects.

For the ®rst four taxes (all three toxics, BIOAIR),

®sh and seafood output increase signi®cantly

(increases from 60 to 193%). For the same ef¯uent

taxes, mining activities decrease sharply (ÿ17 to

ÿ60%). The tax on BIOWAT, which induces the

largest decrease in aggregate output, has a negative

effect on virtually all sectors, and it especially has

strong effect on iron, coal, and basic metal (ÿ30 to

ÿ59%).

Trade contracts with ef¯uent taxes. At the sectoral

levels, trade effects are mixed (some decreases, some

increases) and moderate. Some exceptions arise:

imports and exports of ®sh increase by over 100%

for the taxes on toxic pollution; imports of wine and

liquors increase by 120% with the tax on VOC. The

same VOC tax has strong negative impact on many

pollution-intensive manufacturing exports (furniture,

chemicals, petroleum re®ning, and rubber).

The simulations results indicate that the impact of

the taxes on pollution abatement is diverse. Strong

complementarities are observed in several subsets of

the 13 ef¯uent types, despite the clear possibility of

substitution among pollution emissions implied by our

model since we do not impose any ®xed proportions

between output and emissions. An increase in the tax

on one ef¯uent induces a decrease in another ef¯uent

level. All toxics are such a group, so are all bioaccu-

mulative emissions, and NO2, SO2 and PART (PM-

10). The larger subset of toxics and bioaccumulative

emissions follows such a pattern. More intriguing is

D. van der Mensbrugghe et al. / Agricultural Economics 19 (1998) 87±97 91



the presence, in the aggregate, of substitution possi-

bilities among ef¯uents. For example, SO2 and NO2

are substitutes for TSS and for BIOAIR, BIOSOL.

The tax rates implied by targeted decrease in emis-

sions are realistic: on average the pollution tax per unit

sectoral output is 4% or less for all 13 scenarios. The

individual tax rates (per sector and by ef¯uent) vary

from zero to less than 15% for all 13 scenarios, except

for the scenario targeting reduction in VOC. In the

latter scenario the pollution tax rate on wine and

liquors jumps to 52%, and the corresponding tax rate

on furniture products is 37%. These high rates are

caused by the fact that these two sectors account for

most of the VOC pollution in production.

Table 1

Impact of policy reform on aggregate variables

Aggregate

variables

Environmental reform: aggregate abatement of 25% by type of effluent emission

TOXAIR TOXWAT TOXSOL BIOAIR BIOWAT BIOSOL SO2 NO2 CO VOC PART BOD TSS

Real GDP ÿ0.7 ÿ0.8 ÿ0.7 ÿ0.3 ÿ8.1 ÿ0.3 ÿ0.2 ÿ0.2 ÿ0.1 ÿ0.4 ÿ0.3 ÿ0.7 0.0

Production 0.4 0.3 0.3 0.3 ÿ8.1 0.4 ÿ2.4 ÿ2.4 ÿ0.8 ÿ3.0 ÿ2.6 0.3 ÿ0.1

Consumption ÿ0.4 ÿ0.5 ÿ0.4 0.0 ÿ1.6 0.0 ÿ1.3 ÿ1.3 ÿ0.2 ÿ1.8 ÿ1.3 ÿ0.4 0.0

Investment ÿ2.1 ÿ2.6 ÿ2.2 ÿ0.8 ÿ23.2 ÿ0.7 ÿ1.3 ÿ1.3 ÿ0.4 ÿ2.0 ÿ1.5 ÿ2.3 ÿ0.1

Exports ÿ1.6 ÿ1.9 ÿ1.7 ÿ1.0 ÿ10.2 ÿ0.8 ÿ3.1 ÿ3.1 ÿ0.6 ÿ2.1 ÿ3.2 ÿ1.7 0.0

Imports ÿ1.2 ÿ1.4 ÿ1.3 ÿ0.7 ÿ9.6 ÿ0.5 ÿ3.0 ÿ3.0 ÿ0.5 ÿ1.7 ÿ3.1 ÿ1.3 0.0

Labour supply ÿ0.2 ÿ0.3 ÿ0.2 ÿ0.1 ÿ3.1 ÿ0.1 0.2 0.2 ÿ0.0 0.1 0.2 0.2 0.0

Capital supply ÿ0.9 ÿ1.1 ÿ0.9 ÿ0.4 ÿ10.4 ÿ0.3 ÿ0.6 ÿ0.6 ÿ0.2 ÿ0.7 ÿ0.7 ÿ1.0 0.0

Real income ÿ0.3 ÿ0.5 ÿ0.4 0.0 ÿ1.3 0.0 ÿ1.2 ÿ1.2 ÿ0.1 ÿ2.5 ÿ1.2 ÿ0.4 0.0

Absorption ÿ0.8 ÿ1.0 ÿ0.8 ÿ0.2 ÿ7.1 ÿ0.2 ÿ1.2 ÿ1.2 ÿ0.2 ÿ1.7 ÿ1.2 ÿ0.8 0.0

Aggregate

variables

Trade policy reforma Combined NAFTA and environmental policy reformb

Lib2 NAFTA2 MERCOSU BIOAIRN SO2n NO2n COn VOCn PARTn

Real GDP 5.6 1.4 0.6 1.2 1.2 1.2 1.4 0.9 1.1

Production 7.3 1.6 0.6 1.8 ÿ1.1 ÿ1.1 0.7 ÿ1.8 ÿ1.4

Consumption 9.2 2.1 0.9 2.1 0.6 0.6 1.8 ÿ0.1 0.6

Investment 17.7 4.3 1.8 3.5 2.7 2.7 3.7 1.9 2.4

Exports 18.0 3.6 2.7 2.7 0.1 0.1 2.9 1.2 ÿ0.1

Imports 29.1 6.0 3.9 5.3 2.4 2.4 5.3 3.9 2.3

Labour supply 2.0 0.8 0.2 0.7 1.0 1.0 0.8 0.6 1.0

Capital supply 7.2 1.7 0.7 1.4 1.1 1.1 1.5 0.9 0.9

Real income 8.6 2.0 0.8 2.1 0.6 0.6 1.9 ÿ0.9 0.6

Absorption 10.5 2.4 1.0 2.3 1.1 1.1 2.2 0.5 1.0

Aggregate

variables

Unilateral trade with aggregate abatement of 25% by type of effluent emission

TOXAIRl TOXWATl TOXSOLL BIOAIRl BIOWATl BIOSOLl SO2l NO2l COl VOC PARTl BODl TSSl

Real GDP 4.7 4.4 4.7 5.3 ÿ7.4 5.4 5.2 5.2 5.5 4.9 5.0 4.7 5.6

Production 7.8 7.5 7.8 7.9 ÿ5.9 7.9 2.9 2.9 5.5 2.4 2.5 7.8 7.1

Consumption 8.7 8.4 8.7 9.1 6.3 9.1 6.7 6.7 8.6 6.0 6.7 8.6 9.2

Investment 14.4 13.3 14.4 16.9 ÿ21.9 17.1 14.9 14.9 16.6 13.6 14.5 14.3 17.6

Exports 16.4 15.9 16.4 17.0 0.2 17.5 11.7 11.8 16.2 13.5 11.6 16.3 17.9

Imports 27.9 27.4 27.9 28.3 10.5 28.9 22.2 22.3 27.3 24.7 22.2 27.9 29.1

Labour supply 1.7 1.7 1.7 1.8 ÿ2.9 1.9 2.4 2.4 2.2 1.9 2.3 1.7 2.0

Capital supply 6.1 5.7 6.0 6.9 ÿ9.6 6.9 6.2 6.2 6.9 6.0 6.0 6.0 7.2

Real income 8.2 7.9 8.1 8.6 6.1 8.6 6.2 6.3 8.2 4.4 6.3 8.1 8.6

Absorption 9.3 8.8 9.3 10.3 ÿ1.8 10.3 8.2 8.2 9.9 7.5 8.1 9.3 10.5

a Reflects unilateral trade liberalization, NAFTA integration and MERCOSUR integration by 2010 with no explicit environmental policy reforms.
b Reflects combined policy reforms of NAFTA integration and aggregated abatement of 25% by type of effluent emission.
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Table 2

Impact of policy reforms on national effluent emissions

Effluent

emissions

Aggregate abatement of 25% by type of effluent emission

TOXAIR TOXWAT TOXSOL BIOAIR BIOWAT BIOSOL SO2 NO2 CO VOC PART BOD TSS

TOXAIR ÿ25.0 ÿ27.4 ÿ25.0 ÿ15.7 ÿ11.9 ÿ14.5 0.9 0.7 0.9 ÿ0.1 0.8 ÿ25.2 0.1

TOXWAT ÿ22.7 ÿ25.0 ÿ22.7 ÿ13.8 ÿ11.5 ÿ12.8 ÿ0.5 ÿ0.6 0.7 ÿ1.2 ÿ0.5 ÿ22.9 0.1

TOXSOL ÿ25.0 ÿ27.4 ÿ25.0 ÿ15.4 12.2 ÿ14.3 1.1 1.0 1.0 0.0 1.1 ÿ25.2 0.1

BIOAIR ÿ29.5 ÿ31.5 ÿ29.1 ÿ25.0 ÿ18.7 ÿ19.8 4.4 4.1 ÿ4.5 2.0 0.4 ÿ29.1 ÿ3.0

BIOSOL ÿ37.3 ÿ39.9 ÿ36.8 ÿ27.3 ÿ13.7 ÿ25.0 4.2 3.8 1.6 3.7 4.1 ÿ36.9 0.0

SO2 ÿ6.0 ÿ1.4 ÿ0.5 ÿ0.4 ÿ5.2 0.2 ÿ25.0 ÿ25.0 ÿ4.1 10.1 ÿ25.3 ÿ0.6 0.5

NO2 ÿ0.6 ÿ1.4 ÿ0.5 0.4 ÿ5.2 0.2 ÿ25.0 ÿ25.0 ÿ4.1 ÿ10.1 ÿ25.3 ÿ0.6 0.5

CO2 0.4 0.3 0.6 ÿ5.1 ÿ29.8 0.6 ÿ8.0 ÿ7.9 ÿ25.0 ÿ4.7 ÿ23.6 0.6 ÿ11.9

VOC ÿ0.9 ÿ1.5 ÿ0.9 ÿ0.1 ÿ4.0 0.1 ÿ3.5 ÿ3.4 ÿ0.6 ÿ25.0 ÿ3.4 ÿ9.0 0.0

PART ÿ0.6 ÿ1.3 ÿ0.5 ÿ0.2 ÿ7.8 0.2 ÿ23.1 ÿ23.1 ÿ6.2 ÿ9.3 ÿ25.0 ÿ0.5 ÿ0.8

BOD ÿ24.7 ÿ27.2 ÿ24.8 ÿ15.2 ÿ12.2 ÿ14.0 1.1 0.9 1.0 ÿ0.1 1.1 ÿ25.0 0.1

TSS 0.6 1.2 0.9 ÿ11.7 ÿ55.5 0.2 9.9 10.0 ÿ47.0 0.8 ÿ21.9 0.9 ÿ25.0

Effluent

emissions

Trade policy reforma Combined NAFTA and environmental policy reformb

Lib2 NAFTA2 MERCOSUR BIOAIRn SO2n NO2n COn VOCn PARTn

TOXAIR 8.6 ÿ1.0 3.5 ÿ13.9 ÿ3.0 ÿ0.4 ÿ0.2 1.4ÿ ÿ0.3

TOXWAT 9.5 ÿ0.4 3.3 ÿ11.8 ÿ1.2 1.3 0.1 ÿ2.1 ÿ1.3

TOXSOL 8.6 ÿ0.8 3.5 ÿ13.5 0.2 0.0 0.1 ÿ1.1 0.1

BIOAIR 8.4 ÿ3.6 8.1 ÿ25.0 1.2 0.9 ÿ8.6 ÿ1.5 ÿ3.2

BIOWAT 14.8 3.6 1.4 1.9 3.2 3.2 ÿ0.9 1.7 0.2

BIOSOL 4.0 ÿ4.8 4.8 ÿ27.7 ÿ0.4 ÿ0.7 ÿ3.4 ÿ0.8 ÿ0.5

SO2 19.9 3.1 1.6 3.4 ÿ25.0 ÿ25.0 ÿ1.8 ÿ8.4 ÿ25.2

NO2 19.8 3.2 1.6 3.4 ÿ25.0 ÿ25.0 ÿ1.8 ÿ8.3 ÿ25.2

CO2 11.8 2.2 0.3 ÿ2.8 ÿ6.7 ÿ6.7 ÿ25.0 ÿ3.2 ÿ24.0

VOC 13.2 3.6 1.2 3.7 ÿ0.4 ÿ0.4 2.9 ÿ25.0 ÿ0.4

PART 18.9 3.1 1.5 2.8 ÿ23.0 ÿ23.0 ÿ4.2 ÿ7.5 ÿ25.0

BOD 8.8 ÿ0.8 3.5 ÿ13.3 0.1 0.0 0.1 ÿ1.1 0.1

TSS 2.8 1.4 ÿ1.2 ÿ10.0 12.6 12.6 ÿ49.3 2.2 ÿ22.8

National

effluent

emissions

Unilateral trade with aggregate abatement of 25% by type of effluent emission

TOXARIl TOXWATl TOXSOLl BIOAIRl BIOWAT BIOSOL NO2l NO2l COl VOC PARTl BODl TSSl

TOXAIR ÿ25.0 28.6 ÿ24.9 ÿ10.4 ÿ9.4 ÿ7.9 12.0 11.6 12.3 10.2 11.9 ÿ25.2 8.8

TOXWAT ÿ21.3 ÿ25.0 ÿ21.2 ÿ7.2 ÿ8.4 ÿ5.0 10.1 9.8 12.1 8.9 10.1 ÿ21.6 9.7

TOXSOL ÿ25.1 ÿ28.9 ÿ25.0 ÿ10.0 ÿ9.9 ÿ7.6 12.4 12.0 12.4 10.3 12.4 ÿ25.4 8.9

BIOAIR ÿ28.5 ÿ30.2 ÿ27.9 ÿ25.0 ÿ15.8 ÿ13.8 18.9 18.3 6.3 12.0 13.1 ÿ27.9 5.2

BIOWAT 11.7 10.6 11.7 13.2 ÿ25.0 14.3 13.8 13.9 8.9 11.8 9.8 11.6 12.5

BIOSOL ÿ44.0 ÿ46.3 ÿ43.4 ÿ29.8 ÿ13.5 ÿ25.0 15.4 ÿ14.6 11.2 13.7 15.3 ÿ43.5 4.3

SO2 18.4 16.2 18.7 20.7 8.9 20.3 ÿ25.0 ÿ24.9 7.2 0.9 ÿ24.9 18.7 20.5

NO2 18.3 16.2 18.6 20.5 9.0 20.2 ÿ25.1 ÿ25.0 7.2 1.1 ÿ25.0 18.6 20.4

CO2 11.5 10.7 11.9 7.3 ÿ26.3 12.9 ÿ3.3 ÿ3.2 ÿ25.0 2.8 ÿ26.0 11.9 ÿ1.4

VOC 11.4 10.0 11.5 13.3 5.9 13.4 6.4 6.5 11.4 ÿ25.0 6.7 11.4 13.2

PART 17.5 15.5 17.8 19.0 5.1 19.3 ÿ22.7 ÿ22.6 3.8 1.6 ÿ25.0 17.7 18.1

BOD ÿ24.0 ÿ28.5 ÿ24.6 ÿ9.5 ÿ9.9 ÿ7.2 12.3 12.0 12.5 10.3 12.4 ÿ25.0 9.0

TSS 2.7 3.5 3.2 ÿ8.6 63.4 3.5 19.2 19.3 ÿ59.2 4.3 ÿ27.4 3.3 ÿ25.0
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The decomposition of abatement into scale (aggre-

gate output expansion), composition (composition of

GDP), and technique (input substitution) effects

reveals interesting results (see Copeland and Taylor

(1994) for such an analytical decomposition). First,

the composition effect seems overwhelming both in

the abatement in production and consumption. The

effect is more substantial in production than in con-

sumption, that is, imports substitute for domestic

output in pollution-intensive sectors. The technical

effect in production is moderate. and the scale effect

is marginal for most pollutants except for the case of

the tax on BIOWAT (production scale effect of

ÿ8.1%). Surprisingly, a few simulations exhibit posi-

tive scale effects in production abatement (all toxics,

BIOAIR, BIOSOL, and BOD). Since the scale effect is

an aggregate output effect over all sectors, the latter

result may be due to the expansion of activities that are

not intensive in the pollutants being taxed. This

expansion, weighted by prices, outweighs the decrease

in output in polluting sectors. For example, the taxes

on all three toxics decrease mining activities as well as

metallic industries, but stimulate ®sheries and sea-

food, and forestry and wood products.

This example shows the limitations in tackling

environmental degradation by type of pollution ef¯u-

ent. Abatement of one ef¯uent gives rise to an increase

in resource-intensive activities such as forestry and

may induce additional degradation and welfare losses

if externalities are present in these sectors. This insight

reinforces the ®nding that targeting one speci®c pol-

lutant can have unintended and damaging conse-

quences on emissions of `substitute' pollutants, and

calls for an integrated approach to the design of

environmental policies.

In addition. the decomposition of abatement sheds

light on the substitutability between ef¯uents. A vari-

ety of patterns emerges. Substitution between two

ef¯uent types occurs when all three effects are positive

(for example, TSS response to tax on TOXWAT), or

when two or less out of the three effects are positive

and larger in magnitude than the remaining effect(s)

(for example CO2 response to BOD tax).

4.2. Trade integration

We look at two types of trade integration leading

to three scenarios: with the world (unilateral), and

regional integration (NAFTA, and MERCOSUR).

Unilateral liberalization induces the largest increase

in GDP (�5.6%), followed by NAFTA (1.4%) and

MERCOSUR (0.6%). These gains are small ± they

represent the relative gains over 18 years. These small

changes originate in the outward-orientation Chile has

been following; large gains from liberalization have

already occurred. Nevertheless, these reforms have

more signi®cant positive impacts on aggregated gross

investment.

Moving to sectoral output effects, the three trade

reforms exhibit sharp contrast. The unilateral trade

reform stimulates the output of fruit, forestry, iron,

other mining, food processing, wood products, paper

and petroleum re®ning. Conversely, petroleum and gas

production, chemicals, glass and other manufacturing

contract with free trade. With NAFTA integration,

fruit, agricultural services, other mining, food proces-

sing, wine and liquor, would expand signi®cantly,

whereas copper, would decrease. Hence, NAFTA

integration departs signi®cantly from world integra-

tion in terms of international specialization. MERO-

COSUR integration does not induce any strong effect,

except for a major increase in transportation material

and a decrease in ®sh and seafood.

The trade effects of these reforms are as follows.

The unilateral reform induces major increases in

virtually all sectoral imports and exports, except for

imports of chemicals, glass, and other manufacturing.

NAFTA integration has a smaller effect on trade

than unilateral reform, except for noticeable increases

in imports of agriculture and sugar, and smaller

increases for livestock, forestry, ®sh, mining sectors,

sugar, wood products, furniture, paper, and plastic;

exports of fruits, mining (other than copper, coal,

and iron), dairy, wine and liquor, furniture and

pottery.

Finally, the MERCOSUR integration induces

increases in imports of agricultural products, iron,

oils, sugar, tobacco, petroleum re®ning, and metals;

imports of ®sh would decrease. On the export side,

substantial reductions occur in exports of ®sh, iron,

and seafood; but food processing, chemicals, plastics

and printing expand signi®cantly.

The pollution implications of these trade reforms

are next. Unilateral liberalization is pollution inten-

sive, e.g. NO2, SO2, and PM-10 have an elasticity of

3.5 with respect to GDP increases induced by this
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unilateral reform. By contrast, MERCOSUR and

NAFTA have elasticity values around 2.7 and 2.2

respectively, for the same ef¯uents. NAFTA integra-

tion induces decrease in several pollutants (the three

toxics, BIOAIR, BIOSOL, and BOD). MERCOSUR

induces a decrease in TSS only. The trade diversion of

NAFTA integration provides a signi®cant environ-

mental bene®t in terms of mitigated emissions, rela-

tive to other two trade integration scenarios. This is a

overlooked insight on trade diversion in presence of

externalities. The decrease in ef¯uents under the

NAFTA scenario is achieved through strong composi-

tion effects in production, outweighing the scale

expansion induced by NAFTA. By contrast, the uni-

lateral trade liberalization induces higher intensities in

SO2, NO2 and PART (PM-10) via strong technical

effects towards pollution-intensive input combina-

tions.

Still under unilateral reform, we observe marginal

increases for all toxics, BIOAIR, CO2, VOC, and

BOD; we have marginal decreases for TSS, and

BIOSOL. Finally, we see substantial increases for

PM-10, SO2, and NO2. These increases are observed

after 18 years of expected growth and hence do not

represent anything dramatic. By contrast, NAFTA

membership induces decreases in pollution intensity

of GDP or production. This difference between the

two trade reforms is caused by the cheap energy

import occurring under free trade but not under

NAFTA.

4.3. Trade integration with environmental

protection

In this last set of reforms, we ®rst combine NAFTA

reforms and ef¯uent taxes on a subset of pollutants (air

pollutants). Then, we consider unilateral trade liberal-

ization coordinated with ef¯uent tax on one pollutant

at the time. The ef¯uent taxes are designed as in the

®rst set of scenarios on environmental reforms (incre-

mental and leading to a 25% decrease in emissions of

the taxed ef¯uent). The tax rates corresponding to

these reforms are slightly higher than in the environ-

mental reforms alone. The average tax rates on pollu-

tion, expressed in percent of the producer price per

unit output, do not exceed 8.5%. A few individual

rates increase sharply. For instance, the tax on TOX-

WAT emitted by nonmetallic minerals increases to

23.6%. As expected, the tax rates on VOC for wine

and liquor and for furniture products increase further

to 73 and 53%, respectively. These increases in tax

rates originate in the output and pollution expansion

induced by trade liberalization. The pollution expan-

sion requires higher tax rates to be abated back to the

level corresponding to a 25% decrease with respect to

the BAU level.

The aggregate effect of the combined reforms

(NAFTA cum ef¯uent tax) is small in general, but

differs according to the pollutant considered. For

example, the ef¯uent tax on CO2 has practically no

effect on aggregate measures, whereas, the tax on

VOC has a negative impact on production, consump-

tion and real income. The sectoral variation is more

insightful. The iron ore, petro-gas and petroleum

re®ning sectors decrease considerably for several of

the ef¯uent taxes. The VOC tax drastically reduces the

output of wine and liquors, and of chemicals, Finally,

the tax on BAIOAIR (lead) induces an expansion of

®sh, seafood and fruit, but strong contraction of

copper.

The net trade effects of the combined NAFTA and

environmental policy reform are next. Speci®cally,

imports of fruits, iron ore, coal, other mining, non-

metallic minerals, electricity and transportation

increase for most ef¯uent taxes; conversely, imports

of petro-gas and petroleum re®ning decrease. Exports

of ®sh, iron ore, seafood, food processing, feedstuff,

paper, petroleum re®ning, glass, nonmetallic minerals,

and transportation decrease.

The pollution abatement ®gures, including the mul-

tiplier effects of the tax on pollutants which are not

directly targeted by the tax, are surprisingly similar to

the abatement ®gure for the reforms limited to envir-

onmental reforms alone. The abatement on the tar-

geted emission is, of course, exactly similar by design,

but the indirect abatement of the other pollutants does

not have to be because relative prices are different

under the two scenarios. The result is surprising

because changing border prices affects specialization

and hence pollution. This result is due to the fact that

NAFTA integration has a mitigated impact on the

Chilean environment.

The impact of coordinated reforms ± free trade cum

environmental taxes ± appears almost additive on

aggregate output, trade and consumption: the aggre-

gate effect of the coordinated approach is the sum of
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aggregate effect of the two individual reforms. This is

recurrent result in this type of simulation exercise (Lee

and Roland-Holst, in press; Beghin et al., 1995;

Beghin et al., 1997b). However, the disaggregated

output and trade ®gures reveal more interesting, if

not surprising, and diverse patterns. For example, iron

ore output increases by 51% with trade liberalization

and decreases by 14% with the tax on SO2. None-

theless, and combined reform (free trade � SO2)

induces an marginal increase in output of 1.4%! This

diversity of patterns comes from the difference in

relative cost of abatement by increasing imports (com-

position) and by changing the input mix (technical

effect) under different policy regimes. Output of

®sh, seafood, and wood products increases consider-

ably for several of the tree trade cum ef¯uent tax

scenarios.

Aggregate trade expands less under the coordinated

reforms than under the simple unilateral trade liberal-

ization, although some sectoral import induced by the

latter reform, grow even under the coordinated sce-

narios. For instance, imports of ®sh are larger under

the combined scenario than under the tree trade sce-

nario. These exacerbated surges are explained by the

almost additive effects of the two policies: free trade

and environmental protection imply the same inter-

national specialization. For example, ®sh imports

increases signi®cantly with the environmental reforms

and with free trade. However, the effect under coor-

dinated policies is lower than the sum of the individual

ones.

The inventory of emission tends to duplicate the

patterns reached under single ef¯uent tax reform,

since we target the amount of pollution in a similar

fashion (ÿ25% for each ef¯uent type). Nevertheless,

the substitution between bio-accumulative and toxic

pollutants as a group and the air pollutants (SO2, NO2,

VOC, PM-10 and CO2) as another group is ampli®ed

by free trade. This increased substitution is caused by

a selective increase in pollution dictated by the change

in relative prices of pollutants when only one type of

pollutant is taxed. For instance, the copper and other-

mining sectors decrease their activity for the com-

bined scenario targeting toxic and bio-accumulative

emission, but increase their activities under the four

coordinated scenarios targeting SO2, NO2, PM-10 and

CO2. VOC emissions under most scenarios except the

one which taxes VOC emissions.

5. Conclusions

We analyzed trade and environment linkages in the

Chilean economy focusing on pollution emission and

natural resource based industries. Trade integration

scenarios offer different outcomes in terms of growth,

international division of labor and environmental con-

sequences. Integration into NAFTA is relatively

benign to the environment and has the smallest pollu-

tion elasticity with respect to the trade-induced growth

(the percentage change in pollution with respect to the

percentage change in GAP). Unilateral trade liberal-

ization, with no abatement policy, induces higher

growth and pattern of specialization more adverse

towards the environment. MERCOSUR simulations

do not indicate substantial changes in income or

pollution, except for increased emissions of bio-accu-

mulative pollutants.

Coordinated scenarios are well grounded in eco-

nomic theory and represent the best of both worlds

(ef®ciency gains from trade, and protected environ-

ment); they are characterized by economic expansion

and decreases in the emissions of the targeted pollu-

tant as well as its polluting `complements'. Never-

theless, emission of untaxed pollutants increase

considerably. Further, several natural resource based

sectors expand as well, hence increasing the dimen-

sionality of policy coordination (trade policy, ef¯uent,

taxes, natural resource management). This is a

result speci®c to our investigation of Chile. By con-

trast, our analysis of trade and environment linkages in

Mexico suggests mostly complementarity between

ef¯uent types (Beghin et al., 1995; Beghin et al.,

1997b).

The observed substitutability among pollutant types

raises two additional co-ordination and targeting

issues. The ®st one is the coordination of environ-

mental programs targeting subgroups of pollutant

(e.g., toxic, bio-accumulative, air criteria pollutants).

Given the substantial substitutability between groups,

an integrated approach to environmental reform

encompassing all major groups of pollutants appears

appropriate to avid unintended environmental degra-

dation.

The other interesting point is the hopeful observa-

tion that strong complementarities also exist within

some groups of pollutants and that a policy targeting

any pollutant within a group would achieve substantial
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abatement in most emission types included in that

group.
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