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Resumen

Los modelos de equilibrio general computable (EGC) son una poderosa herramienta para € andisis
multidimensional/ multisectorial. Mejoran € andisis tradicional de insumo-producto, al generar cantidades
y precios en forma enddgena y reflgjar incentivos de mercado. Complementan & andlisis de equilibrio
parcia con un dmbito mas amplio para € estudio y la cuantificacion de efectos indirectos y a menudo
sorprendentes. Entre las aplicaciones de los modelos EGC al medio ambiente estéan comercio y ecologia,
cambio climético, problemas energéticos, mangjo de recursos naturales y normativa ambiental. El modelo
ECOGEM-Chile aqui descrito sirve para andizar e impacto que tienen sobre las variables
macroecondmicas, sectoriales, sociales y medioambientales (como sanidad del aire, €l aguay latierra) las
distintas politicas econdmicas, sociades y ambientales, entre las que se incluyen las politicas comerciales,
los impuestos a la contaminacion y los shocks de precios externos. EI modelo incorpora la matriz de
insumo-producto de 1996 y la informacion mas reciente de saarios e ingresos. La aplicacion especifica
gue se desarrolla en este trabgjo utiliza € modelo para analizar los impactos directos e indirectos de un
alza tributaria de 100% sobre la economia chilena. Ademas, se simula una reduccion de aranceles para
compensar € aumento de recaudacion por estos impuestos. La reduccién arancelaria esta en linea con la
actual politica comercia de Chile. En ambos gjercicios se identifican los ganadores y perdedores, asi como
los principales determinantes de los resultados.

Abstract

Computable Genera Equilibrium (CGE) models are a powerful economic tool for multidimensional/multi-
sectoral analysis. They improve traditional input-output analysis generating quantities and prices
endogenously and reflecting market incentives. They complement partial equilibrium analysis with a
broader scope of analysis and the quantification of indirect and often non-intuitive effects. Environmental
applications of CGE models include trade and environment, climate change, energy problems, natural
resources management and environmental regulation analysis. The ECOGEM-Chile model described in
this paper can be used to anayze impacts on macro, sectoral, social and environmental (air, water and land
pollutants) variables of different economic, social or/and environmental policies, such as trade policies,
environmental taxes, externa price shocks, among others. The model incorporates the recently released
1996 input/output matrix as well as the most recent information on wages and income. In the specific
application developed here, the model is used to analyze direct and indirect impacts on the Chilean
economy of increasing fuel taxes by 100%. Additionally a trade policy of reducing tariffs to compensate
the increase in revenues of these taxes is simulated. The tariff reductions are in line with the current
Chilean trade policy. Winners and loser from both exercises are identified as well as the main determinants
of the results.
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| NTRODUCTI! ON

Achi eving economic growmh has been an inportant issue for over half a
century. More recently, developed countries have incorporated the need for a
nore equitable and environnmental |y bal anced growth. The conplexity of nodeling
an econonmy with all its interrelations, agents, and sectors, however, has |ed
to the conmon practice of studying econonmic, social, and environnenta
policies in isolated form in a context of partial equilibrium Unfortunately,
many nmneasures that affect the environnent also have an inpact on econonic
grow h, poverty, enploynment, or income distribution. Consequently, a ful
understanding of either the effects of nacroecononmc policies on the
envi ronnent or the inpact of  environnental or welfare policies on
macr oecononi ¢ variables can only be achieved through the use of npdels that
include the conplex interrelations between the diverse sectors and agents of
the econony. Significant devel opments have been nmade in the last fifty years
with regard to the concepts and, more fundanmentally, the analytic and
conput ati onal tools for inplenenting such nodels.

In the 1960s, growh and, nore generally, econonm c devel opnent fornmed the
central objective of economic planning. In 1966, Kuznets enphasized that
achieving nodern economic growh and the so-called industrialization of
devel oping countries would require introducing drastic and systenmmtic changes
in the production structures, along wth changes in denand, enploynent,
i nvestment, and international trade. He further warned of the relevance of
carefully exam ning the velocity and schedule for these changes. Accordingly,
in-depth planning of the process of growh, wth an appropriate |evel of
detail and di saggregation, was deenmed fundanental .

The systematic and structural nature of the econonm c changes, and the great
speed with which they were applied, generated consequences that crudely
reveal ed that production sectors, trade structures, and the different narkets
and their participating agents could not be considered, analyzed, or
i ntervened i ndependently. Production bottlenecks, excesses in sectoral supply,
unsati sfied demand, inefficient resource allocation, and the dependence of
nati onal policies and structural adjustnents on international events increased
t he necessity of devel opi ng nmul ti sect or al nodel s with i ncreasing
di saggregation. These were required to provide a wuseful framework for
under st andi ng and pl anni ng t he structural changes, stressing t he
interrelations and interdependencies anbng production sectors, narkets,
agents, and so forth in a setting of general equilibrium

In this context, input-output nodels were initially the main tools enpl oyed
by those in charge of economic @danning. They allowed the analysis of the
I i nkages between sectors and the use of productive factors, nmainly capital and
| abor. They were also helpful in understanding the different conponents of
final demand and the val ue added of each particular sector and in facilitating
a systematic conmparison of them These nodels suffer fromserious |limtations,
however, such as their inability to incorporate narket nechanisnms or
optim zation processes, their fixed coefficients that inpose fixed relative
prices, their poor substitution possibilities, and their |ack of social and
envi ronnental variables. Nevertheless, they were used for these purposes,
based on the incipient developnent of conputer sciences and nmathematical
t echni ques.

In the 1970s, exclusive concern with growth and devel opnment goals began to
be perceived as insufficient. The debate about the need to balance econonic
growm h and environnmental inpacts entered strongly starting in 1972, when the
Club of Ronme published The Limts to Gowth (Meadows and others, 1972). Those
in charge of generating social and econom c policies and economc agents in
general had to incorporate new relevant variables into their decisionnaking



process. Gowmh nodels increased in conplexity, and the detailed definition of
devel opnent strategi es becanme even nore necessary.

In 1987 the Brundtland Conm ssion brought the concept of sustainable
devel opnent into the mainstream discussion, defining it rather vaguely as
devel opnent that “allows achieving the needs of the present generations

wi t hout endangering future generations.” In practice, this definition has
required t hat devel opi ng soci eties si mul t aneousl y meet econom c,
environnental, and social objectives for both the present and future

generations (Pearce and Turner, 1990). Countryw de econom ¢ nodels therefore
need to take into account a diversity of objectives associated wth
sust ai nabl e devel opment. Econom c objectives consider the need not only for
econom ¢ growh, but also for increased equity and efficiency. Environnenta
obj ectives include concern about systemintegrity, bio-diversity, the capacity
for assimlation, and global issues. Finally, social objectives enconpass
i ssues such as participation, social nobility, «cultural identity, and
i nstitutional developnment. The debate on devel opnent continues with nore or
| ess conflicting positions, incorporating and trying to i ntegrate econonic and
environnental variables in the nost appropriate way.*!

The conplexity of the direct and indirect interrelations anong economc,
envi ronnental, and social variables has increasingly called for npdels that
allow the evaluation of policies that lead to sustainability. These nodels
must take into account market mechanisnms and optin zing behaviors, which
determine the decisions of economc agents and the effectiveness of public
polici es. The prevailing economic paradigm requires elimnating the
shortcom ngs of input-output nopdel s—such as the failure to incorporate price
mechani sme—so they nmight contribute to planning processes.

Consequently, increasingly sophisticated policy analysis tools have been
devel oped. These npdels are now able to capture the conplex concept of
sustainability, and they systematically and quantitatively analyze the
evolution of the variables related to the three macroeconom c objectives of

sustainability (namel y, econom ¢ gr ow h, equity, and envi ronnment al
sustainability). 1In particular, applications based on conputable genera
equilibrium (CCGE) nodels were developed in the late 1970s and especially in
the 1980s. These nmultisectoral nodels solve the limtations of the input-

out put nodel s as evaluation instrunments, representing the economy of a country
nore realistically by incorporating market nechanisnms in the assignment of
resources. They have al so proved to be a useful instrument for describing the
mai n relationships outlined and quantitatively evaluating ex ante the effects
of different economic, social or environnental policies, in addition to the
indirect side effects that in many cases evade the intuition

Figure 1 schematically presents the relationships that can be nodel ed by
means of a CGE model, based on the circular flow of the econony. It includes
the main agents (that is, firms, households, and the governnent), flows of

goods and services, payments to factors, i nternational trade, and
rel ati onships with the environnent. Each agent is nodel ed according to certain
behavi or assunptions; in particular it is comon to assume optimzing

producers (cost) and consumers (utility). Each nmarket is nopdeled according to
the specific reality of the econony—for instance, as a conpetitive or
nonconpetitive market or. in the case of the labor market, with or wthout
full enploynent.
[figure 1 about here]

These nodels sinmulate an econom ¢ Walrasian equilibrium by equating denmand
and supply in all mar kets, thereby obtaining equilibrium prices and
quantities. A fundanental characteristic of the production sector in these

1. “Environmental Scares: Plenty of doom” The Econom st, 20 Decenber 1997; Dasgupta and
Mal er (1998); Kneese (1998).



nodel s, as in the input-output nodels, is that it incorporates the denmand for
internmedi ate inputs, not just capital and | abor. However, they differ fromthe
rigid cost structure of the input-output nodels by allow ng cost mnimzation
by economc agents through substitution anobng production inputs (type and
origin). The government sector is also nodeled, as an agent that applies
t axes, subsidies, and transfers.?

CGE npdels can be static or dynamc.® Static nodels are normally used for
analyzing interrelations throughout the econony and the |inkages anbng sectors
and agents. Moreover, they focus on stabilization policies and contingency
i ssues. Dynamic nodels focus more on forecasting issues related to growth
patterns and devel opment strategies. Nevertheless, static nodels can deal with
different tenporal franmeworks by altering paraneters and elasticities. There
are tradeoffs between analysis and forecasting. Good analysis can be done
using many sectors, but it requires many assunptions and a |arge nunber of
parameters. Alternatively, it is hard to make realistic forecast estinmations
in a dynam c framework with many sectors, and sinpler nodels are preferred.

The goal of this paper is to show the potential of CGE analysis as a too
for policy evaluation in Chile. The paper is organized as follows. Section 1
presents the basic features, assunptions, and equations of the ECOGEM Chile
nodel . Section 2 then describes the data used for sinmulating with the nodel
Section 3 presents the econonmic, social, and environnmental inpacts of an
increase in fuel taxes of 100 percent. A second scenario is also analyzed, in
which this environnental policy is conbined with a trade policy financed by
the increased public revenues. Finally, section 4 presents our nmin
concl usi ons.

1. THE ECOGEM CH LE MoDEL

The ECOGEM Chil e mpdel was devel oped to analyze, in a general equilibrium
framework, different policies and their inpacts on the various agents in the
econony. It is capable of analyzing the inpacts of a given econom c, social
or environnental policy on macroeconom c, sectoral, and social variables and
the environment (figure 2).

[figure 2 about here]

1.1 Basic Features of the ECOGEM Chil e Mdel

The CGE npdel developed for Chile is a static nodel with nultiple sectors,
| abor differentiation, income-group differentiation, trade partners, and
specified productive factors, anobng other features.* It is a neoclassical

2. CCE nodels generally do not include endogenous optimzing behavior or any objective
function for the public sector, for both technical and ethical reasons. The budget restriction,
including both expenditures/transfers and tax revenues, is the nain conponent of the policy
simulations, and it is nodified exogenously to explore different policy inplications. It is also
a key element for the donestic closure rules of the nodel. On the other hand, tax structure and
the distribution of expenditures (comng fromthe social accounting matrix) represent an el ected
governnent decision, which mnust synbolize the preference of the majority of voters in a
denocracy. Finally, a public utility function that allows the endogenous nodification of the
public expenditure decisions in response to, say, an external shock nust be supported by an
ethical discussion and by the generally accepted econom c thinking before the enpirical results
of the sinulations.

3. For a review of theory and applications of CGE nodels, see O Ryan, de Mguel, and MIler
(2000) .

4. The ECOGEM Chile nodel was adapted by the Instituto de Asuntos Publicos (INAP) and the
Centro de Econonia Aplicada (CEA), both of the University of Chile, from a nodel devel oped by
Beghin and others (1996) at the Organization for Econom c Cooperation and Devel opnent (CECD).
Basic features remain the sane.



nodel , which is savings driven. It incorporates energy-input substitution to
reduce enmissions, as is common, because the emissions are related to the use
of different inputs as well as to production and consunption |evels.

The nost inportant equations of the nodel are presented in this section,
particularly those associated with environnental variables. The main indexes
that will be used in the nodel’s equations are as follows: production sectors
or activities (i, j); types of work or occupational categories (l); household
i ncome quintiles (h); public spending categories (g); final demand spending
categories (f); trade partners (r); and different types of pollutant (p).

Producti on structure

Production is nodeled by CES/CET nested functions (that 1is, constant
elasticity of substitution and constant elasticity of transformation). |If
constant returns to scale are assuned, each sector produces while mnimzing
costs:

min  PKEL,KEL, +PND,ND,

st. XP= [aKEL,iKELﬁ“’ +aND,iND?"]V g

where KEL is a conposite good of capital, energy, and labor; PKEL is the price
of KEL; ND is a conposite good of nonenergy internediate inputs; PND is the

price of ND, XP is total ouput; a is the share of input/factor use; and s is
the substitution elasticity.

Figure 3 presents the production function as a nested input/factor tree. In
the tree’'s first level, decisions are nmade through a CES function to choose
from a non-energy-producing internediate input basket and a factor basket
conprising capital, labor, and energy-producing inputs. To obtain the non-
energy-produci ng internediate input basket, a Leontieff function is assuned.
On the factor side, a new CES function is used to split the elenments into a
capital -energy basket and labor and then to separate energy from capital,
al ways assunmi ng CES functions for substitution both between and within factors
(types of labor, energy, and capital). Energy was nodeled as a third factor to
all ow substitution anong energy inputs, thus allowi ng sectors to adjust nore
realistically to environmental policies related to air em ssions.

[figure 3 about here]

Consunpti on

Househol ds use their incone for consunption and savings. Their decision
process is mpdeled by an extended |inear expenditure system (ELES).® This
utility function also incorporates a nininum subsistence-level consunption
i ndependent fromthe | evel of incone.

3 &g C .
max U= In(C. - g In %, subject to

i=1

5. The way in which savings are included (divided by a price index of the other goods)
partially neutralizes the substitution between consunption and savi ngs, because the savings price
is a wighted price of all the other goods. In this sense, savings represent future consunption.



A PCC +S=YD and

i=1

n
o

am+m=1,

i=1

where U represents the consunmer’s utility; G is the consunption of good i; ¢
is the subsistence-level consunption; S is saving; CPlI is the price of

savings; and mis the margi nal propensity to consune each good and to save.

G her final denands

In addition to intermedi ate demand and househol d denand, the nodel includes
the rest of final demand: investment, governnent consunption, and trade
mar gi ns. These demands are nmodel ed through fixed shares of the total fina
demand.

Publ i c finances

The nodel considers different types of taxes and transfers. The foll ow ng
direct taxes are defined in the nodel: labor tax (differentiated by
occupational category), taxes on firms, and taxes on inconme (differentiated by
quintile). The nodel also defines inport tariffs and subsidies, as well as
export taxes and subsidies (by sector). Val ue-added tax (VAT)—for donestic and
i mported goods and by sector)—and specific taxes are al so included.

Forei gn sector

To incorporate the foreign sector, we use the Arm ngton assunption to break
down goods by place of origin, allowing inperfect substitution between
domestic and inported goods and services. As with production, a CES function
al l ows substitution between the inported and domestic baskets. Donestic supply
gets a simlar treatnent as demand, now including a CET function to
di stingui sh the donmestic market from exports. For inports,

mn PD:XD+PM:XM, subject to
s
XA=[a XD +a xM°]",

where PD and PM are the prices of donmestic and inported goods, respectively,
while XD and XM are the respective quantities. XA represents the good nmade up

of both inmports and exports, that is, the Arm ngton good. Paraneter r is the
substitution elasticity between both goods.

For exports,

min PD:XD +PE:XE, subject to

xP=[g,XD +gXE ]]/' ,



where PE is the price of the exported good and XE is the respective quantity.

XP is the sector’s total production. Parameter | is the substitution
el asticity between the donmestic and exported goods.

Factor market equilibriumconditions

To achi eve | abor market equilibrium |abor supply and demand are made equa
for each occupational category, where supply is deternmined on the basis of
real wages. As for the capital market, a single type of capital is assuned to
exist, which may or may not have sector nobility depending on the inposed
elasticity.

C osure conditions

The nmodel allows two alternative closure conditions for public finances. In
the first, government savings are defined as fixed and equal to the origina
level prior to any sinulation; an adjustnent is allowed through some tax or
governnment transfer to achieve governnent fiscal target. In the second
al ternative, governnent savings are allowed to vary, while taxes and transfers
are kept fixed. The second option was chosen in the application developed in
thi s paper.

As is usual in these nodels, the value of the demand for private investnent
must equal the econony’s net aggregate saving (from firms, househol ds,
government, and net flows from abroad). The final closing rule refers to
bal ance- of - paynments equilibrium This equation is introduced into the npde
t hrough Wal ras Law.

1.2. Environnmental Specifications in the Mdel

The nodel allows three possibilities for reducing em ssions of pollutants
in the econonmy. They all introduce sonme kind of tax or policy that alters the
economi ¢ players’ decisions in their profit- or benefit-maxim zing processes.
The first is the npst traditional and common nechanismin general equilibrium
nodel s, nanely, |owering production in the nost highly polluting sectors. The
second i nvolves substitution among different energy inputs that nay be nore or
|l ess polluting. The third possibility is to reduce em ssions through the use
of end-of -pi pe technol ogies (such as filters and treatnment plants). This |ast
possibility is in the experinental stage and thus is not included in the
results of our sinulations.

The nodel does not include the possibility of technol ogical change—stenmn ng
frominvestnent processes based on relative returns—toward new, |ess polluting
technol ogi es, because this would require the use of a dynanmi c nodel. Moreover
it is currently possible to change substitution elasticities to sinmulate nore
flexible technologies for less polluting processes. Also left out of the
players’ wutility function is the environnental quality as a good for which
there is a willingness to pay, which alters consunption decisions on the rest
of the goods and their equilibriumprices.

Loweri ng production

Introducing a tax on em ssions raises production costs. All things equal
this causes an increase in the price of the good produced by the polluting
i ndustry (which pays for the tax). The industry thus beconmes |ess conpetitive
at both the national and international |evels, and the demand for the good and
production both fall, at least in the long run. In the case of environnenta



regulation that sets a limt on enissions, the conpany will be forced to
reduce its | evel of production

These mechanisnms are essentially based on naking prices endogenous in the
general equilibrium nodel, together with the possibility of reallocating
factors and resources anong the various production sectors (a CES function),
substitution between different goods at the level of final demand (an ELES
function), and substitution between the donestic and the foreign markets (a
CET- Arm ngton function).

Substitution anong inputs

The use of each type of input in either production or final consunption
causes a certain level of enissions independently of the production process.
Therefore, another way to reduce emssions is to substitute |less polluting
inputs for the nore polluting ones. In the case of a tax on em ssions, the
costs associated with using a nore polluting input are indirectly increased,
such that its use becones relatively nore costly and its substitution is
encour aged.

In the case of a new enissions regulation, a constraint on optimization is
i ntroduced both in the donestic econonmy and in firms. Continuing to use the
same volume of polluting inputs |eads to a suboptinmal situation that converges
toward the original optimumto the extent that substitution occurs toward |ess
pol I uti ng or noncontam nating inputs.

The nodel basically differentiates between energy-produci ng and non-energy-
produci ng inputs. Non-energy-producing inputs are used in the production
function with fixed coefficients. Substitution between energy-producing inputs
or between these and other productive factors (capital and Ilabor) is
deternmined by CES functions nested within the production function

Ener gy-producing inputs (that is, coal, petroleumbased fuels, electricity,
and natural gas) are associated with the emission of up to thirteen types of
pollutants (not all of which are discharged by the energy-producing inputs)
t hrough em ssion factors. These emission factors link the use of each noney
unit spent on the input to the amunt of emissions of each pollutant in
physical units. The total volune of enmissions in the econony for each type of
pollutant is therefore determ ned by the foll owi ng equation

0
E,=gul XP+JpP %me} +Q O +Q XAFD;
i i h f @

where u and p are the output- and input-based enissions coefficients,
respectively; XP is total output; XAP is internediate consunption; and XAFD

other total final demands (from investnment and governnent consunption). In
ot her words, the total volunme of enissions equals the sumof all the em ssions
of the pollutant, p, caused by all the production sectors, i and j, of the

i nput-output matrix (seventy-four sectors for Chile) generated in their
producti on processes per se, independently of the enissions associated with
the use of polluting inputs, in addition to all the eni ssions derived fromthe
use of both energy-producing and non-energy-producing polluting internediate
i nputs in the production processes of all the sectors, in their consunption by
househol ds, h, and by other conponents of the final denmand, f.



1.3 Further Devel opnent in the ECOGEM Model

The nodel can be inproved in many directions to support a nore conplete
anal ysis of policy options. This section discusses sone specific inprovenents,
including the creation of a dynami c version of the nodel, the inclusion of a
new abatenment sector in the specification, and the incorporation of a
val uation of environmental quality in the utility function.

The dynam c version

Dynami cs can be incorporated in the nodel through either a new dynamc
forwar d-1 ooki ng nodel or a recursive dynanmi c nodel based on the static ECOGEM
Chile nodel. The latter is acconplished by solving the nodel for several
stages (periods) and |inking them through the capital accumulation equation.
Thus investment in period T becomes capital stock for period T + 1. Capital is
then assigned anbng sectors according to the relative rates of return.
Cal i bration requires a baseline scenario for the growh path, which is usually
cal l ed the business-as-usual scenario. Population, |abor force, depreciation,
and GDP growth rates are exogenous, and the type of technical process nust be
chosen (the capital-labor efficiency ratio). If alternative scenarios to the
base line are sinulated, the technical efficiency paraneter becones constant
and capital growh is determned endogenously by the saving-investnent
rel ation.

Abat enent possibilities

The reduction of emnissions through new end-of-pipe technol ogies can be
incorporated in the nodel by introducing a new production sector that the
ot her sectors can use to reduce their enissions. This new sector then becones
the abatenent technology sector.® This requires a CES function that allows
substitution between the abatenment sector and the other sectors producing non-
ener gy- produci ng internedi ate inputs. The result is reflected on the follow ng
equati ons:

% .('.)SABND
ABj:aABijm: xABND;,
ABj ﬂ
% .('.jSAE!ND
ND,=a,, ¥===L7 ABND;, and
ND | ﬂ

1
6’ SJABND d SLBND u-' SIABND
AB, >?’AB;B tay, gl ND | g 5 ’

where AB represents the abatenent expenditure, ND is expenditures for the rest
of non-energy-producing inputs, and ABND is the nest that includes both.
Parameters axp and ayp are the shares of each input, and smpp IS the
substitution elasticity between the two inputs. Pa, P, and Pagyp stand for
the respective prices of each input and the price of the conmpounded i nput.

P =

ABND j

[(1h]) %) (0N

6. Abatement technology is the current expenditure in technology to conply wth an
environnental regulation or to avoid paying an environmental tax



Total emissions in the econony are now also deternmined by the existing
expense in abatement. The coefficients that determ ne emnissions are weighted
by the reduction factor associated with the abatenent technol ogi es used:

& C
E, =8 xR+ 8 & p %, +8 pIgh XAC, +& XAFD, 3
i i i h f [
For each sector and each pollutant,
L
p=p a%r“s s g and
=p- s %
de ax,
i
U= ud
p
where Gg is the sector’s expenditure in abatenent technologies, Xj is the
i nternmedi ate demand of sector j for sector i, g and w are paraneters fromthe

em ssion cost reduction functions, and u and p are the enission coefficients
associ ated with the production and use of intermediate inputs, respectively.

To introduce this nechanisminto the nodel, it is necessary to disaggregate
the data for the abatement sector, calculate paraneters q and w for each
sector, and create their market. The demand is then made up of the sum of the
demand of each and every sector in the input-output matrix, while the supply
is determined by a new sector generated from the sectors that produce the
abat enent technol ogi es, or by a proportion thereof.

Environmental quality in the utility function

I ndi viduals value environnental quality, and they experience damage from
em ssions. Environmental quality should therefore be incorporated in the
utility function to fully represent individuals’ behavior and preferences. It
allows us to endogenously assess the real costs and benefits of an
environnmental (or other) policy and to obtain the final welfare when agents
are able to choose between traditional goods and services and environnenta
ones.

Al though there is a large literature on the valuation of environnmental
damages, few CGE nodels incorporate environmental valuation endogenously
(Perroni and Wgle, 1994, 1997; Tsigas and others, 1999), and the key
paraneters cannot be directly estimated. The relationship between em ssions
and environmental damage is wusually nodeled by a damage function. Current
environnental quality is equal to the difference between endowrents of
environnmental quality and damge. Thus, the individuals’ valuation of
environnental quality depends on the | evel of environnental quality and on the
consunption of other goods and services. A CES utility function can nodel the
deci si ons between environnmental quality and the consunption nest (which, in
turn, is nodeled by the ELES utility function). The elasticity of substitution
should be related to the incone elasticity of the environmental quality
valuation; the degree of responsiveness of the marginal valuation of
environnental quality to an increase in damage depends on the size of the
environnental quality endowrents. Estimation of paraneters and data on
envi ronnent al quality are required in this area of developnent. An
“environnmental utility function” is not included in the CGE nodel presented



here; consequently, our results do not consider benefits from environmental
quality inmprovements. The cost of any environnental policy is thus
overestimted. On the other hand, benefits from economc policies are also
overesti mat ed when environnental damage increases.

2. THE DATA

A very inportant conponent of any general equilibrium nodel is the data
used. These data include information for the base year, usually an input-
output matrix or a social accounting matrix, and substitution and incone
elasticities for each sector. Elasticities can be estimated through
econonetric regressions if enough information is available, or if not, other
previ ous data can be used. The data requirenents and nunber of paraneters used
make it necessary to ensure that the information is of good and that it is
constantly updat ed.

2.1 Econonic Data

As in any general equilibriumnodel applied, the nain source of information
is the social accounting matrix (SAM. The matrix for Chile was built based on
the 1996 input-output matrix provided by the Central Bank (Central Bank of
Chile, 2001). The 1996 SAMis the nost recent available information for Chile;
it was developed by de Mguel and others (2002) based on the nethodol ogy
applied by Alonso and Rol and-Hol st (1995) and the framework built by Venegas
(1995). Data fromofficial surveys on social variables, |abor, and consunption
were used, as well as foreign trade information provided by the Central Bank.
This SAM has seventy-three sectors, twenty | abor categories (ten rural and ten
urban), ten incone groups (divided by deciles), and twenty-eight trade
regi ons.

The social accounting matrix for Chile was aggregated to enable a better
mat hemati cal convergence for the nodel. In the sinulation exercise presented
on section 3, the SAM includes eighteen econonmic sectors.’ Labor is divided
into skilled and unskilled, the foreign sector is not differentiated by
origin, and household incone is disaggregated into five quintiles. The matrix
is nmeasured in billions of 1996 pesos, although units of measure and amounts
are less relevant in this type of exercise than the variables’ ratio accuracy
(relative weight).

I ncome, substitution, and other elasticities can be varied to realistically
nodel the timng of the adjustment process. The choice of short-, nmedium or
long-termelasticities, as used in the relevant international literature, thus
provides different degrees of flexibility according to the objective of the
policy exercises. Capital accunulation processes as a function of relative
returns are not included, however, as this is a static nodel. Intersectora
capital nobility and long-term substitution elasticities my nininze this
flaw.

2.2 Em ssion Factors

For the Chilean case, five input-output matrix sectors are considered in
the set of energy-producing inputs: oil and natural gas production, which a
priori considers the extraction of petroleum and natural gas in their mning
phase; coal mning; oil refining, which includes all production of heavy

7. The specific sectors are described in appendi x A
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petrol eum gasoline, and Kkerosene; electricity, and gas production and
di stri bution.

The two types of enission coefficients are input based and output related.
The input-based coefficients associate em ssions with the use of polluting
goods that generate enissions, such as coal, gas, and oil products. The
output-related coefficients tie emissions to the total output of each sector
Anmong the thirteen types of air, water, and land pollutants with avail able
em ssion coefficients, we selected those related to the air pollution problem
in Santiago for the simulations. These are sulfur dioxide (SO), nitrogen
di oxi de (NG,), volatile organic conpounds (VOC), carbon nonoxide (CO, and
suspended particulates (specifically, particulate matter ten microneters in
di ameter or smaller, or PMLO).

The em ssion factors associated with output are obtained independently of
the inputs wused by each sector. W wused the national SAM figures to
extrapolate the data to Chile, thereby obtaining the em ssions |levels on the
basis of the valued ampunt of the inputs used.?®

2.3 Further Devel oprents in Data

The model al so includes land and water em ssion factors, but they have not
been incorporated at this point. Further research is needed to adapt them to
the local features before they can be included for Chile.

Simlarly, abatenment technol ogies cannot be included w thout introducing a
new sect or—anely, the abatenent sector. It is also necessary to build cost-
of -abatenment curves to nodel the reductions stemmng from the use of these
end-of - pi pe technologies. Both elenments have been developed but not yet
calibrated in the nodel, with the new 1996 SAM

3. PaLicy SIMULATI ONS

The objective of this section is to illustrate the nodel’s potential by
analyzing a specific policy. W first perform a sinple exercise of increasing
fuel taxes to twice their current rate. We then highlight the nodel’s ability
to conbine different policies by pairing the sane fuel tax increase with a
policy to reduce trade barriers.

3.1. Increased Fuel Taxes

For this exercise, we chose a restrictive tax policy that increases taxes
on fuel (namely, oil refinery products) to double the current tax rate (that
is, a 100 percent increase).® W assume that the revenues obtained from this
tax policy are not recycled, so governnment savings are increased.® New public
savi ngs are channeled to the market, thus increasing liquidity for investment.
This policy represents an environmental policy in which contam nating fuels
are taxed in order to reduce emissions. For this sinmulation no capital
mobility is allowed and substitution elasticities are quite flexible !

8. To exanmine the procedure followed to calculate em ssions, together with the estination
results, see Dessus, Rol and- Hol st, and van der Mensbrugghe (1994).

9. The results presented in this section do not pretend to be real and useful for policy
application, but rather are intended to show the possibilities of the nodel. Real applications
requi re a deep anal ysis.

10. Cther options are also possible. For exanple, the revenue can be used to offset another
inefficient tax, which is nodeled in section 3.2.

11. The elasticities used in the present sinulation are simlar to those assuned by other
studies for Chile (Coeymans and Larrain, 1994; Beghin and others, 2002; Harrison, Rutherford, and
Tarr, in this volunme). In another paper, we undertake a sensitivity analysis in which we use the
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Sect or al adj ustrment  will therefore tend to occur wthin the sector
(factors/inputs) rather than between sectors.? Consequently, the results
reflect a short- to nmediumrun response to the shocks.

Several inpacts can be identified in this scenario. The main macroecononic
effects of increasing fuel taxes involve a decrease in basically al
macr oeconomni ¢ vari abl es except investnent, owing to higher fuel prices in the

econony. Chile is not an oil producer, so the tax increase has inportant
effects on production (-1.0 percent), consunption (-1.0 percent), inports (-
1.5 percent), and exports (-1.6 percent). This causes a fall in real GDP of
0.5 percent. Capital inmobility triggers a rougher adjustnment because it

i npedes intersectoral reallocations, and restricted equilibrium is achieved
where macroecononic effects are enhanced. However, the growth of investnent
(0.5 percent) owing to the boost in government savings reduces the overal

i mpact by half. Real governnent savings increase by over 11.4 percent, from
roughly 2.5 to 2.75 percent of GDP. Corporate savings, however, fall by 0.9
percent.

Sectoral inpacts are perhaps the nobst significant in the nodel. Table 1
shows the inpacts on sectoral output, enployment, exports, and inports. The
sectors that are negatively affected are those involved in the extraction or
refinery of oil products, as well as the transport-related sectors, which
directly depend on oil. The substitutes of electricity and coal are now
relatively cheaper, and their output thus increases. The construction sector
al so benefits fromthe policy as a result of the higher level of investnent,
which has its origin in the increased public savings. Enmploynent (I|abor
demand) by sector follows the sane path as production, increasing when out put
grows and decreasi ng ot herw se.

[ Tabl e 1 about here]

The remaining sectors, which are mainly primary and industrial, experience
m nor negative effects on their output, which [eads to an overall reduction in
t he econony’s production. The main reason is the increase in production costs
owi ng to higher energy costs. This also causes a decrease in wages, as SOne
jobs are cut. This reduces the household i nconme, as shown bel ow.

I mports and exports also vary by sector. The greatest inpacts correspond to
the sectors that were nost strongly affected by the policy, as expected. Most
sectors reduce both their inports and exports, although sone inports are
increased as a result of |ower production costs el sewhere. The overall effect
is a reduction in trade activity, with a decrease in both total inports and
total exports.

Al'l househol ds are negatively affected. In ternms of income and prices, the
effect is roughly the same for all income groups (see table 2). Real incone
falls alnpbst 1 percent. The effects on welfare may vary, however. If the
utility level is used to nmeasure the welfare effects, the poorest groups are
nore negatively affected than groups with a higher incone. This is due to the
definition of the wutility function, which considers a decreasing narginal
utility. Furthernore, the tax increase has a direct inpact on the nininum
subsi stence consunption (heating, transportation, and so forth), and this
represents a greater share of poorer consunption baskets.

[tabl e 2 about here]

Finally, the nodel identifies the environmental effects of increasing fue
taxes. The basic effect on enmissions is clearly positive, since the em ssion
levels of all pollutants are reduced. One of the main pollution problens in
Chile is PMLO em ssions in Santiago. Wth this policy, they are reduced by
15.8 percent. SO, and NO, enissions are also reduced significantly, by 17.3

same nodel to show differences in the nodel when assuming other elasticities (O Ryan, MIler, and
de M guel, 2003).
12. Appendi x B presents the sane sinulation assumng full capital nobility across sectors.
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percent and 17.0 percent, respectively. Smaller reductions are observed for
carbon nonoxi de (5.9) and volatile organic conmpounds (2.9).

3.2 Increased Fuel Taxes and a Tariff Reduction

The nodel allows the conbination of different policies. The simnulation
presented in this section conbines an environnental policy |inked to fuel
taxation and a policy that reduces trade barriers. W thus use the sane
increase in fuel taxes nodel ed above, but this time the governnent applies a
tax substitution in which the revenues are channeled to finance tariff
reductions. ®vernment savings remains constant at the initial level.'® The
exerci se incorporates the same technical characteristics and assunptions as
the previous sinmulation

The macroecononi c variables are |less affected by the rise in fuel taxation
than in the previous sinulation. The decrease in tariffs partially conpensates
the recessive effect of the environnental taxation by encouraging trade and
reducing the prices of inported goods and services for production and

consunption. These variables still fall, but the inpact is smaller with the
trade policy: production (-0.9 percent, versus -1.0 percent in the |ast
simul ation), consunption (-0.6 percent versus -1.0 percent), inmports (-0.6

percent versus -1.5 percent), and exports (-0.7 percent versus -1.6 percent).
Consequently, the effect on real GDP is also smaller, at -0.4 percent (versus
—0.5 percent above). Public savings remain constant, since revenues from fuel
taxation are used to conpensate shrinking revenues from tariffs. Aggregate
corporate savings experience a snmall inpact (-0.2 percent), although strong
differences are seen at a sectoral |evel depending on trade orientation and
the intensity of fuel use. Because aggregate savings renmin al nbst constant,
i nvestment also essentially remains constant, with a slight increase of 0.1
percent. Tariff revenues drop by roughly 14.5 percent.

At the sectoral level, npst sectors inprove their situation relative to the
previous sinulation (see table 3). In fact, nmost of the negative results
i nvol ve exports, whereas inports and enploynment now experience a positive
i npact. Production also benefits from the tariff reductions. Local energy
production (oil and gas extraction and coal) is reduced further since these
substitutes are bought in from abroad in response to the lower tariffs, and
construction suffers since investnent does not increase.

[tabl e 3 about here]

Table 4 shows the negative inpact on all households. The price effect is
now smal | er, however, so both utility and real inconme inprove relative to our
previ ous sinulation. The regressive effect renains.

[tabl e 4 about here]

The positive environnental effects decrease slightly for all em ssions.
PMLO enissions are reduced by 14.5 percent (versus 15.8 percent in the
simulation without the trade policy), SO, by 16.0 percent (versus 17.3
percent), NO, by 15.7 percent (versus 17.0 percent), carbon nonoxide by 4.4
percent (versus 5.9 percent), and volatile organic conmpounds by 2.5 percent
(versus 2.9 percent).

In sunmary, the sinulated conbination of environnental and trade policies
seems to have nore benefits than the environnental policy alone: the
environnental effects are still strong, but the macroecononic and social
i npacts are snoother. At a sectoral level, the degree of the inpact depends on
the intensity of fuel use and relations with foreign narkets.

13. Different fiscal policies can be sinulated when the government wants to naintain public
revenues in the face of tariff reductions linked to free trade policies. Here, we use the fuel
tax, but VAT, specific taxation, income taxation, transfers/subsidies, and so forth can also be
expl ored and conpar ed.
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4. (CONCLUSI ONS

This paper presents an enpirical application of the conmputable genera
equi li brium ECOGEM Chi |l e nodel using the | atest avail abl e economnic i nfornmation
for Chile (1996). The nodel is very flexible and conmprehensive, and it permts
an analysis of the inpact of policies and external shocks on different
econom ¢ agents. It includes detailed disaggregations by sector (seventy-two
sectors), labor (twenty categories), trade partner (twenty-seven countries),
and household (ten income groups). It incorporates energy-input substitution
possibilities and input-based emssions of up to thirteen different
pollutants. It can analyze the effects on nacroeconon c, sectoral, social, and
environnental variables. ECOGEM Chile is thus a wuseful tool for analyzing
policies and external shocks that may affect the npst inportant econonic
agents in Chile.

To illustrate some of the nmpodel’'s features, we sinulated the inpact of a
100 percent increase in fuel taxes. The results of this simulation show
negative inpacts on aggregate variables such as consunption, production
trade, and GDP. W assuned that governnent expenditure does not vary, so
public savings increase. This generates an rise in investnent, which partially
offsets the fall in GDP. An analysis of the sectoral inpacts pointed to
wi nning and | osing sectors. The winners fromthe policy are those sectors that
provi de alternative energy products, such as electricity (minly hydropower)
and coal. Construction also benefits as a result of the higher Ilevels of
investment. The losing sectors identified are oil extraction and production
and the transport sector. OQther sectors are also affected, mainly negatively,
but to a | esser degree.

Househol ds are also negatively affected by the policy, partly through an
increase in donestic prices and partly through decreased incone. The latter
results from sectors laying off workers, which reduces the average wage. Al
househol ds are affected at the same rate. Finally, we observe the positive
i mpacts related to an inmportant em ssion reduction for all pollutants, which
reaches 17 percent in the case of SO, and NO, and 15 percent in the case of
PMLO em ssions. The environnental benefits were not valued, and thus the
i npact on econonic welfare is uncertain.

W also simulated a mx of environnental and trade policies to show the
benefits from policy coordination and to discuss alternative closure rules.
Here, real public savings remain constant, and all revenues from fuel taxation
are conpensated by equivalent reductions in trade tariffs. Sectors now suffer
from two shocks: an increase in fuel taxes and a reduction in tariffs. The
results show that nost inmpacts on macroecononic, social, and environmental
variables are snmoothed, thereby achieving better average results. These
results depend, however, on each sector’s energy pattern and trade
orientation.

No capital nobility was allowed in either of the sinulations presented, and
the results thus represent a short- to nediumterm adjustnment. Sectora
i mpacts would increase wth capital nobility, as capital flows fromless to
nore profitable sectors. Additionally, the nodel has anple flexibility for
simul ati ng reductions in other taxes (such as VAT or corporate taxes), as wel
as a reallocation of the increased public revenues to subsidies, transfers, or
publ i c expenditure.

The main aimof this paper is to show the potential of general equilibrium
anal ysis. Consequently, the results should not be seen as conclusive for
future fuel tax or trade policies. The model results should be considered as
only part of any policy analysis, which generally also requires an in-depth
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exam nation of the results obtained by sectoral specialists. Severa
i nprovenents could enhance the nodel’s capabilities for environnmental
anal ysis—n particul ar, the devel opnment of a dynam c version, the inclusion of
an “environmental wutility function,” and the simulation of policy exercises
applying the equations related to abatenent technologies presented in this
paper. Simlarly, natural gas needs to be integrated as an inportant energy
input in the Chilean econony; it is only partially included in the 1996 input-
output matrix because natural gas becanme available in significant vol unes only
in 1997. Despite these limtations, the present core npdel considers nost of
the economic features of the CGE literature, it has a huge level of economc
detail and data desegregation, and it includes useful environnmental and energy
characteristics.

Finally, the results show that the nodel is highly effective for
systematically and holistically analyzing different policies and their inpact
on Chile's econony. The npdel can evaluate external price shocks, trade
policies, tax refornms, social and environmental policies, and other policies,

together with their separate inpacts on different incone groups and production
sectors and their aggregate inpacts.
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APPENDI X A
Sectors Used

1996 i nput -
out put matrix

Aggr egat e sector code Description

Renewabl es 1-5 Agriculture, fruit, livestock, forestry, fisheries

Nonr enewabl es 8-10 Copper, iron, other mnerals

G 1 and gas 7 O and gas extraction

extraction

Coal 6 Coal

Food i ndustry 11-25 Meat, dairy, preserves, seafood, oils, bakery,
m |l ed products, sugar, other foods, aninal feed,
beverages, w ne, liquor, beer, tobacco

Textil es 26-29 Textile, clothes, |eather, shoes

Wood products 30, 31, 46 Wood products, furniture, pulp and paper

Chemical s 32, 34-38 Printing, chemicals, other chem cals, rubber
pl astics, glass

Gl refinery 33 Gl refinery

Manuf act ur es 39-45, 47 Nonnetal lic minerals, iron and steel, nonferrous
netal s, netal mechanics, nonel ectric machinery,
el ectric machinery, transport materials, other
nmanuf act ures

El ectricity 48 El ectricity

Gas 49 Gas

Hydraul i c 50 Hydraulic

Construction 51 Construction

Comer ce 52-54 Commerce, restaurants, hotels

Road transport 56, 57 Freight transport, passenger transport

C her transport 55, 58-60 Rai | ways, sea transport, air transport, other
transport.

Servi ces 61-74 Communi cat i ons, banki ng, insurance, |easing
services to firms, real estate, public education,

private education, public health, private health,
entertai nment, other entertai nnent, other
services, public admnistration
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APPENDI X B
Conpari son of Inpacts with and without Capital Mbility

Table Bl conpares the results of a specification assuming full capital
nobility across sectors with one featuring zero capital nobility. As the table
i ndicates, the inpact on sectoral output is much higher under full capital
mobility than under zero capital nobility. This is due to the possibility of
installing and uninstalling capital, which allows the sectors to adjust their
production at a lower cost. This has a negative inpact on househol ds, however:
since the wi nning sectors no |longer require a high anount of additional |abor
t he average wage falls slightly.

From a nmacroecononic perspective, full capital nobility generates a
slightly higher inpact on GDP, consunption, and investment and a relatively
| ower inpact on production and trade. This latter arises fromthe possibility
of switching capital from one sector to another, leading to increased output
in winning sectors. Finally, the environmental inpacts are also slightly
hi gher, owing to the growth of a cleaner energy sector.

Tabl e B1. The Effect of Capital Mobility across Sectors

I n percent

ey o

Macr oeconomi ¢
Producti on -1.00 —-0. 80
Consunpti on -1.00 -1.20
I nvest ment 0.50 0. 80
Exports -1. 60 -1.50
| nports -1.50 -1.20
Real GDP -0.50 -0. 60
Absor ption -0.50 -0.50
Real governnent savings 11. 40 14. 20
Cor por at e savi ngs -0.90 -1.10

Sectoral production
Renewabl es -1.00 -1.80
Nonr enewabl es -0. 80 3.30
Ol and gas extraction -11.50 -14.50
Coal 2.10 11.10
Food i ndustry -0. 60 —-0. 80
Textiles 0.00 0.70
Wyod products -0.90 -2.10
Cheni cal s —-0. 50 0. 00
Gl refinery —26. 80 -32.60
Manuf act ur es -0.10 1.10
El ectricity 0. 60 10. 10
Gas -1.20 0. 30
Hydraul i c -0.10 0.70
Construction 0. 40 0.70
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Conmer ce
Road transport
O her transport
Servi ces

Real incone
First quintile

Second quintile

Third quintile

Fourth quintile

Fifth quintile
Envi r onment

SG,

NG,
(60

VvCC
PMLO

.50
.60
.50
.10

.00
. 00
.00
.00
.90

.30
.00
.90
.90
. 80

.50
.30
. 60
.40

.30
.30
.30
.20
.10

.90
. 60
. 80
.00
.90

18



REFERENCES

Al onso, E., and D. W Rol and-Hol st. 1995. “A Detail ed Social Accounting Matrix
for Chile.” Wrking paper. MIIls College, Departnent of Economi cs.

Beghin, J., S. Dessus, D. Roland-Holst, and D. van der Mensbrugghe. 1996.
“CGeneral Equilibrium Modelling of Trade and the Environnment.” Techni cal
Paper 116. Paris: Organization for Econom c Cooperation and Devel opnment,
Devel opnent Center.

Beghin, J., and others. 2002. “Trade Integration, Environnental Degradation
and Public Health in Chile: Assessing the Linkages.” Environnment and
Devel opnent Econonics 7(2): 241-67.

Central Bank of Chile. 2001. Matriz de insunb producto para |a econonia
chil ena, 1996. Santi ago.

Coeymans, J. E., and F. Larrain. 1994. “Efectos de un acuerdo de Ilibre
conercio entre Chile y Estados Unidos: un enfoque de equilibrio general.”
Cuadernos de Econonia 104: 127-38.

Dasgupta, P., and K -G Miler. 1998. “Analysis, Facts, and Prediction.”
Envi ronnental and Devel opnent Economics 3(4): 504-11.

De Mguel, C., C Lagos, R ORyan, and S. MIller. 2002. “A Social Accounting
Matrix for Chile, 1996.” Universidad de Chile, Instituto de Asuntos
Publ i cos. M neographed.

Dessus, S., D. Rol and-Holst, and D. van der Mensbrugghe. 1994. “Ilnput-Based
Pol lution Estimates for Environnental Assessnent in Devel oping Countries.”
Techni cal paper 101. Paris: Organization for Econom c Cooperation and
Devel opnent, Devel opnent Center.

Kneese, A. 1998. “No Tinme for Conplacency.” Environnmental and Devel opnent
Econom cs 3(4): 516-21.
Meadows, D. H., D. L. Meadows, J. Randers, and W W Behrens IIl. 1972. Linmits

to Gowth. New York: Potomac Associ ates.

ORyan, R, C de Mguel, and S. Mller. 2000. “Ensayo sobre equilibrio
general conputable: teoria y aplicaciones.” Wrking paper 73. Universidad
de Chile, Centro de Economia Aplicada.

ORyan, R, S. Mller, and C. de Mguel. 2003. “A CGE Framework to Evaluate
Policy Options for Reducing Air Pollution Emissions in Chile.” Environnent
and Devel opnent Economics 8(2): 285-309.

Pearce, D., and K. Turner. 1990. Econom a de recursos naturales y del nedio
ambi ente. Madrid: Cel este Ediciones.

Perroni, C., and R Wgle. 1994. “International Trade and Environmental
Quality: How Inportant Are the Linkages?” Canadian Journal of Econonics
27(3): 551-67.

—— 1997. “Environnental Policy Mdeling.” In dobal Trade Analysis: Mbdeling
and Applications, edited by T. Hertel. Canbridge University Press.

Tsigas, M, D. Gay, T. Hertel, and B. Krissoff. 1999. “Environnental
Consequences of Trade Liberalization in the Wstern Hem sphere.” U.S.
Department of Agriculture, Econom c Research Service. M neographed.

Venegas, J. 1995. “Matriz de cuentas sociales 1986: una SAM para Chile.” Serie
de Estudi os Econdém cos 39. Santiago: Central Bank of Chile.

19



Figure 1. Circular Flow of the Econony
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Figure 2. ECOGEM Chil e Analysis
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Figure 3. CES-nested Production Function
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Table 1. Sectora

I n percent
Sect or Producti on Labor Exports I mports
Renewabl es -1.0 -0.3 -2.5 0.4
Nonr enewabl es -0.8 -0.5 -1.0 -0.4
Ol and gas extraction -11.5 -14.0 -14.3 -29.2
Coal 2.1 3.7 -3.0 5.3
Food industry -0.6 -0.2 -1.0 -0.2
Textiles 0.0 0.3 0.0 -0.1
Wbod products -0.9 -0.7 -1.4 -0.2
Cheni cal s -0.5 0.0 -0.8 -0.3
Ol refinery -26.8 -31.8 —-67.4 6.3
Manuf act ur es -0.1 0.3 -0.3 0.0
El ectricity 0.6 3.2 3.6
Gas -1.2 1.6 — —
Hydraulic -0.1 0.3 0.5 -0.3
Construction 0.4 1.2 — 0.8
Conmmer ce -0.5 -0.3 -0.6 -0.4
Road transport -3.6 0.1 -15.7 0.9
Ot her transport -3.5 -2.8 -4.8 -1.3
Servi ces -0.1 0.2 0.7 -0.3
Tabl e 2. Inpacts on Househol ds and Wl fare
I n percent
Househol d i nconme quintile
Vari abl e Second Third Fourth Fifth
Real incone -1.0 -1.0 -1.0 -0.9
I nconme -0.6 -0.6 -0.6 -0.6
Prices 0.4 0.4 0.4 0.4
Uility -1.0 -0.9 -0.8 -0.4




Table 3. Sectora

I n percent
Sectors Producti on Labor Exports | mports
Renewabl es -0.7 0.0 -1.6 2.3
Nonr enewabl es -0.5 0.1 -0.5 1.2
O 1 and gas extraction -11.7 -14.6 -12.2 -

28.1
Coal 1.5 2.6 -1.2 7.3
Food industry -0.3 0.1 0.0 2.0
Textiles 0.1 0.4 1.8 1.3
Wbod products -0.6 -0.3 -0.5 1.7
Cheni cal s -0.4 -0.2 1.0 0.9
Ol refinery -26.0 -31.6 —-65.7 10.1
Manuf act ur es -0.1 0.0 2.3 0.5
Electricity 0.7 2.9 — 3.1
Gas -0.7 1.6 — —
Hydraulic 0.0 0.3 1.5 -0.4
Construction 0.1 0.5 — -0.3
Commer ce -0.4 -0.2 0.5 -0.7
Road transport -3.2 0.2 -13.5 0.7
Ot her transport -2.7 -1.8 -3.6 -1.0
Servi ces 0.0 0.2 1.4 -0.5
Tabl e 4. | npacts on Househol ds and Wl fare
I n percent

Househol d i nconme quintile

Vari abl e Second Third Fourth Fifth
Real incone -0.6 -0.6 -0.6 -0.6
I nconme -0.6 -0.6 -0.6 -0.6
Prices 0.0 0.1 0.1 0.0
Uility -0.6 -0.6 -0.5 -0.3
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