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Abstract

Regional economic problems should increasingly take account of
environmental problems. A useful tool for inserting them into the
macroeconomic framework is represented by the Regional Environ-
mentally Extended SAM (RESAM). As it is possible to dispose of an
ESAM for the Sardinia Region (Italy), based on it, this papers intends
to design and compute a Regional Equilibrium (RE) Model which ac-
counts for environment, in order to elaborate a useful instrument for
regional economic environmental policy.

1 Introduction

Nowadays, all over the world, the countries are affected by water, air
and soil pollution, as a result of economic development.

Environmental damage particularly occurs in poor and developing
countries and areas - where unfortunately a clear consciousness of the
relevance of the problem is still absent or just at the first steps -
even more than in developed countries, where the crucial importance
of the problem and the need for a rigorous environmental policy is
increasingly perceived by people and governments as a key challenge
for a sustainable social and economic future development, as testified
by Kyoto protocol.

The above problems are more evident in industrial areas, although
they are now spread practically everywhere, with heavy consequences
on daily people’s life, and even on artistic and archeological heritage,
because of the damages historical buildings,monuments, sculptures
and paintings are suffering by pollution.

Environmental issues, besides representing social and sanitary prob-
lems, involve heavy economic implications as they entail strong costs
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due to the hard impact pollution abatement has on the economic sys-
tems as well as benefits derived from cleaning activity that are shared
among all the economic agents.

These economic questions should be managed by governments in
the framework of their general policy decisions, above all through the
fiscal tool, which has to be used in a properly balanced way, in or-
der, on one hand, to preserve the environment for future generations,
and, on the other hand, not to depress to much the economic develop-
ment to the aim of struggling poverty and ensuring acceptable welfare
conditions to all people.

In recent years, the need for suitable environmental policy has
been perceived to sub-country administrative levels, such as regional
level, and the concerned regional governments have started to devote
to environmental questions much of their attention. This is basically
due to the need of preserving overall good living conditions, a need
which is particularly perceived in naturalistically, artistically, and his-
torically gifted regions, with the economic implications springing from
the derived tourist vocation.

Sardinia, a region of Italy, does not escape this fate. On the con-
trary, it is nearly entirely pervaded by the above tourist character, as
being one of the naturalistic paradise of the Mediterranean sea.

Sardinia regional government is increasingly absorbing the idea of
the key role that environment will play on regional economic develop-
ment and willing to design a policy which puts it at the center of the
political and economic debate.

One of the best manner to achieve the above objective is commonly
believed to be represented by the fiscal tool, provided it is properly
used. For it to be used in a well balanced way, it is necessary to look
at it in an overall context, which allows to account for all the economic
interdependencies, reactions and effects.

To this aim, an economic analysis conducted in a general equi-
librium framework has proved to be the most suitable one. More
specifically, it is widely accepted that a quantitative analysis carried
out through a Computable Regional Equilibrium (CRE) Model may
provide the regional policy makers with the proper information for the
most suitable fiscal and overall economic decisions.

CRE Models should be based on Regional Environmentally Ex-
tended Social Accounting Matrices (RESAM).

Since a RESAM for Sardinia is now available (Ferrari, Garau,
Lecca, 20065), it is possible to elaborate an CRE, although still rough
and in some sense provisional, as a tool Sardinia government can have
at its own disposal for its eventual use in the regional economic plan-
ning.
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Objective of this paper is just the elaboration of a CRE for Sar-
dinia. The structure of the paper is as follows: in paragraph 2, the
CRE model is specified and each single block concerning the model
is analyzed, although by focusing on the most significant equations;
in paragraph 3 the model is calibrated, whereas in paragraph 4 some
concluding remarks are drawn.

2 Model Specification

According to Partridge and Rickman (1998), in a regional model, pro-
duction creates demand for value added factors, goods and services
used as intermediate inputs consisting of both inputs and locally pro-
duced goods and services. The demand for value-added factors in-
teracts with factor supplies to determine factor prices. The product
prices derived by the margin of the firms and the factor costs which
are determined by the taxes and the transportation costs. Factor rates
of return and ownership of factor supplies determine personal income,
which influences demand for imports and locally produced goods and
services.

To the purpose of examining the environmental impact in Sardinia
regional scenario, a static CRE model is employed, based on the RE-
SAM for Sardinia and solved using GAMS software (Brooke et al.,
1998). It takes into account 14 sectors, including three waste sectors:
urban, dangerous and special waste.

Typically the model shows a nested production structure, which
utilizes a flexible functional form (Perroni, Rutherford, 1998).

A neo-classical behavior by the economic actors, such as firms,
household and government, is assumed. Also perfect competition is
assumed in the market of factor inputs and outputs and each agent is
a price taker in its own market so that the equilibrium is reached at
prices which equate, on one hand, the demands and the supplies for
goods and services, and, on the other hand, the demand for factors
with factor supplies.

Alterations of firms’ decisions in production process and of house-
holds’ decisions in consumption behavior due to environmental dam-
age are accounted through the three waste accounts.

Figure 1, which is an adaptation of Xie and Salzman (2000),shows
a regional economy-wide circular flow of goods and services where the
environment is taken into account.
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Figure 1: Environment economy system

On production side, the firms determine their optimal output level
by minimizing the costs of his inputs and maximizing the profits of
his outputs.

As waste is caused by production, national environmental protec-
tion law 1 introduced a waste taxation on production that increases
production costs. Production costs are increased by waste disposal as
well.

As a result, the firms determine a new output level which takes into
account these new costs. No technological change in the production
function is assumed.

On consumption side, the households modify their consumption
from utility maximization problem because of the impact of waste.
The effect is perceived in a household utility decrease as much as
urban waste is produced and consumed and in a modification of the
disposable income due to the introduction of a trash tax.

To the aim of taking account of pollution, the model utilizes a
waste abatement sector which, in turn, produces the waste clean up,
bought by firms and households, the polluting sectors, in order to
reduce the waste level.

Waste disposal enters the production process in determining the
optimal output level. Waste disposal price is assumed to be deter-
mined by the market. This assumption is plausible if one considers
waste disposal firms that stay in the market like the other firms.

1 Government law: Decreto legislativo n.22 del 5 febbraio 1997
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2.1 Price system

The price system is rich because it takes into account all the different
types of outputs, (imports, exports and domestics outputs)(Robinson
et al.,1991). On the import side, the assumption of small country is
made; that is, Sardinia market has an infinitely elastic supply curve
of imports goods (this means that the world price is exogenous):

PMa = pwmc(1 + tma)EXR (1)

In the equation, PMa is the price of imports, including transaction
costs, pwmc the c.i.f. world import price, tma the import tariff rate,
EXR the exchange rate.

Similarly the export price is:

PEa = pwea(1− tea)EXR (2)

where PEa is the price of exports, pwea the f.o.b export world price,
tea the export tax rate.

The equation of composite goods PQa is represented by:

PQa =
PDa ∗QDa + PMa ∗QMa

Qa
(3)

where (PDa∗QDa) is the value of the domestic sales and (PMa∗QMa)
the values of imports, while Qa represents the CES aggregation func-
tion of imports and domestic goods supplied in the domestic market.
The following function describes the average price of output PXa:

PXa =
PDa ∗QDa + PEa ∗QEa

Xa
(4)

where (PEa ∗ QEa) is the values of exports and Xa represents the
CES aggregation function of goods supplied to the exports markets
and goods sold in the domestic market.

The price of valued added PV Aa is defined as:

PV Aa = PXa(1− taa)−
∑
a

′

PQa′ aaa′ (5)

where taa are indirect taxes and (PQa′ aaa′ ) is the unit cost of in-
termediate inputs, based on the fixed input-output coefficients aaa

′ .

PKa =
∑

a

PQa ∗ baa′ (6)
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is the price of capital input. The Consumer Price Index CPI, which
is an exogenous variable, is determined as:

CPI =
∑

c

PQc ∗ cwtsc (7)

where cwtsc is the weight of commodities in the CPI.
Equation (8) shows the weight of environment which enters the

production, that is, the composition of the production cost:

PXa ∗QXa + SUBa = taa(PV Aa ∗QXa)
+(QXa

∑
PQa ∗ aaa′ )

+
∑

w WETAXa,w +
∑

w WCOSTa,w

(8)

where (PXa ∗QXa) is the product sale income, QXa the domestic
output, SUBa the government subsidy, WETAXa,w the waste emis-
sion tax and WCOST the waste abatement cost.

2.2 Production system

As RCE models are supported by the neoclassical theory, the factor
demands - depending on both output and relative prices - cannot be
represented by linear functions of output. The only exception is made
for the treatment of the goods and services that are used as interme-
diate inputs. In this case, Leontief input-output production function
is used to represent production of output with fixed proportions of
composite primary factors and composite intermediate inputs. Nev-
ertheless, in RCE models the composite primary factors allow factors
substitution.

This production framework can properly be modeled as a nested
production process. The function used is the Constant Elasticity of
Substitution (CES) one.

In the CES function all the factors have the same elasticity of sub-
stitution between any pair of factors. However, the nested framework
of production function allows for differing elasticity between sets of
factors if each level of the function contains a set of factors and their
own corresponding elasticity of substitution. In this manner, the use
of the nested structure allows to utilize both fixed coefficients and
price responsiveness in the CES functions (De Melo, Robinson, 1981).

Figure 2 shows the nested three level production function utilized
in the model.
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Figure 2: Production System

At the first level, there is a CES production function of the value
added and of the aggregate intermediate inputs. In particular, the
following equation represents the CES technology:

QAa = αa
a

(
δa
a ∗QV A−ρa

a
a + (1− δa

a) ∗QUINTA−ρa
a

a

)− 1
ρa
a (9)

where QA is the level of domestic activity, QV A the quantity of value
added and QUINTA the quantity of aggregate intermediate input.
The optimal mix between intermediate inputs and value-added is a
function of relative prices of this two quantities. At a lower level, the
structure that regulates the substitution between the valued added
and the factors inputs, which in our case are represented by capital
and labor, is again a CES:

QV Aa = αva
a

∑
f

δva
f,a ∗QF

−ρva
a

f,a

− 1
ρva
a

(10)

where QF indicates the factor inputs. In equilibrium, the activity
demand factors is determined at the point where the marginal cost of
each factors is equal to the marginal cost of revenue product of the
factor. The demand for disaggregated intermediate input is given by
a Leontief function:

QUINTc,a = icac,aQUINTAa (11)
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as the level of aggregate intermediate input multiplied by a fixed quan-
tity of intermediate input coefficient.

According to Armington assumption, it is admitted that goods
produced in different regions are imperfect substitutes. The interme-
diate goods from different regions are used as inputs and combined at
the second level of production to form composite intermediate goods
(De Melo, Tarr, 1992) . The relationship between the two categories
of intermediate inputs is represented by means of a CES function.

QQc = αq
c

(
δq
c ∗QM−ρq

c
c + (1− δq

c )QD−ρq
c

c

)− 1

ρ
q
c (12)

where α is an efficiency parameter, QQ the quantity of composite
goods, QM the quantity of intermediate goods imported and QD
the regionally produced intermediate goods. The imperfect substi-
tutability between imports and regional production depends on the
parameter (ρ = σ − 1/σ); when (σ = ∞) the two goods are perfect
substitutes; if σ = 0 the two goods are used in fixed proportion.

In the commodity market, both regional and export markets should
be considered.

Within the region, commodity supplies depend both on regional
production sectors and on out of region sources, that is, imports.
These commodities are bought by all the economic agents, that is,
by industries, in the form of intermediate inputs, by households and
by government. While the inter-industry commodity flows are mod-
eled with a CES function, output markets utilize a Constant Elasticity
Transformation (CET) function. The CET function permits to con-
sider the export accounts and the regional productions. Price ratios
and elasticities of transformation determine the levels of output ex-
ported and sold in the region. The function is represented as:

QXc = αt
c

(
δt
c ∗QEρt

c
c + (1− δt

c)QDρt
c

c

) 1

ρt
c (13)

where QX is the aggregate domestic output, QE represents the sup-
ply for exports in each sectors, αt

c is the shift or efficiency parameter,
δt
c the share parameter and (ρt

c = σ + 1/σ) the output substitution
parameter, σ is the elasticity of transformation. The value of (ρt

c)
has a lower bound of 1, because the variation rage of σis0 < σ < ∞.
Each firm allocates its output following a maximization of profit sub-
ject to the CET function. The export/domestic supply is a function
of the export/domestic price, which ensures that an increase in the
export/domestic price generates an increase in the export/domestic
supply.
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2.3 Household Consumption and Savings

Households wish to attain a certain consumption level at the lowest
possible expenditure. They choose among various commodity bundles,
depending on relative prices, to achieve this consumption level. House-
hold consumption is modeled through a Linear Expenditure System
(LES).

Consumption expenditure is considered as disposal income. LES
demand function is derived by maximizing a Stone-Geary utility func-
tion subject to budget constraint:

max U =
∏

(C − Cmin)α

sub EHh = (1−
∑

i shiii,h)(1−MPSh)HWDTAX(1− TINSh)Y Ih

(14)

where α is the budget share of each good demanded, Cmin the sub-
sistence consumption, EH the household consumption expenditure,
TINS the direct tax rate and MPS the marginal propensity to save
for domestic non government institution, that is, households and firms,
HWDTAX is the household waste disposal tax, while Y I is the house-
hold income and shiii,h the share of net income. There are 6 categories
of household by income class. This aggregation reflects the base data
structure and is utilized to assign different elasticities of substitution
to each class.

The model distinguishes the commodities in two types: market
commodities, which are purchased at market prices and home com-
modities, which are produced in the domestic market and valued at
their opportunity costs. For this reason, we need two different equa-
tions for the two different types of expenditure utilized.

PQc ∗QHc,h = PQc ∗ γm
c,h

+βm
c,h ∗ (EHh −

∑
c′ PQc′ ∗ γm

c′ ,h

−
∑

a

∑
c′ PXACa,c′ ∗ γh

a,c′ ,h
)

(15)

Equation (15) shows households expenditure in market commodi-
ties. QH represents the market goods, PQ is the price of composite
good, and PXAC is the domestic price that determines the optimal
quantity of product from each activity. As regards expenditure in
home commodities, it is a function of total household consumption
calculated at their opportunity cost, that is at the activity-specific
producer price (Dervis, De Melo, Robinson, 1982).

2.4 Government Revenues and Savings

A way of regarding government role consists of looking at its function
as a resources allocator. Government is also a producer of public
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goods and, in the meantime, a consumer that demands public goods
and investment.

In particular, government derives income from its endowment of
capital and taxes (direct and indirect); this means that total govern-
ment revenue is basically the sum of revenues which come from taxes
(on institutions Y I, on factors Y F , on value added (PV Aa ∗QV Aa),
on activities (PAa ∗QAa), on sales (PQc ∗QQc), on imports (QMc ∗
EXR), on exports QEc ∗EXR ), factors Y IFgov,f and transfers from
the rest of the world (trnsfrgov,row ∗ EXR).

Y G =
∑

i(TINSi ∗ Y Ii)
+
∑

f (tff ∗ Y Ff )
+
∑

a(tvaa ∗ PV Aa ∗QV Aa)
+
∑

a((taa + TA2a) ∗ PAa ∗QAa)
+
∑

c(tmc ∗ pwmc ∗QMc) ∗ EXR
+
∑

c(tec ∗ pwec ∗QEc) ∗ EXR
+
∑

c(tqc ∗ PQc ∗QQc)
+
∑

f (Y IFgov,f )
+
∑

f,a(TFAf,a ∗WFf ∗WFDISTf,a ∗QFf,a)
+trnsfrgov,row ∗ EXR

(16)

Government consumption demand is a fixed quantity, whose main
component is represented by the services provided by the government
labor force.

QGc = GADJ ∗ qbargc (17)

In the equation, GADJ is government consumption adjustment
factor which is defined as an exogenous variable; in fact, government
consumption demand, QGc is computed at the base year quantity
demand, qbargc.

As equation (17) shows, it has been decided to keep the govern-
ment quantity of consumption fixed, in order to keep a fiscal neu-
trality, that means that private utility (the utility index of private
consumption) has little meaning if government consumption changes.
As an example, an increase in government consumption will use real
resources that will reduce private utility because those resources are
then unavailable for private consumption, but the increased provision
of public goods itself increases welfare. Without specifying a social
welfare function that models how welfare is determined from private
utility and government consumption, it is important to keep govern-
ment consumption constant. Therefore, any increase or reduction in
real government revenues is transferred to or from the government.
The direct consequence is that private utility can be used as a proxy
of social welfare.
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2.5 Waste System

The model presents three types of waste goods: urban waste con-
sumed by household, and dangerous and special waste produced and
consumed by firms.

As previously discussed, modeling moves from the assumption that
pollution forces the optimal choice made, in the utility maximization
process, by the consumers and, in the profit maximization process,
by the producers. The government has at its own disposal two types
of possible interventions, not necessarily mutually exclusive, to adjust
this market bias: (i) to use its taxation power to introduce a tax on
waste emission that is directly linked to the production. In this case.
the tax puts on firms and on households concerned with urban waste;
(ii) to impose a compulsory waste disposal to be paid by firms. In
particular, waste emission tax WTAX is defined as:

WTAXw,c = trww ∗QDc(1−DSw)qww (18)

where trww is the tax rate of waste emission, DSw the quantity
of disposal waste from each sector and qww the waste emission from
each sector. The waste disposal cost WCOAST is defined as:

WCOASTw,c = PWw ∗ qww ∗QDc ∗DSw (19)

where PWw is the price of waste emission.

2.6 Markets

In the model, there are three types of market goods: the domestic
market goods, the market of extra regional goods, (those from the
rest of Italy), and the market of goods from the rest of the world.

Exports, extra regional goods and goods from the rest of the world,
are represented by a CET function.

All the three markets are in an equilibrium modelled by:

QQc =
∑

a

(QINTc,a)+
∑

h

(QHc,h)+QGc+QINVc+qdstc+QTc (20)

where QQc is the composite goods supply which is function of
the intermediate use QINTc,a, the household consumption QHc,h, the
government consumption QGc, the fixed investment QINVc, the stock
change qdstc and the trade input use QTc. In particular the composite
goods supply pushes demands for domestic markets, extra regional
markets and the rest of the world markets.
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2.7 Model Calibration

So far, the structure of this regional environmental model has been
described. At this level, the paper doesn’t long for describing each
individual equation involved in the model, but just to focus and em-
phasize its state of art.

The modeling process doesn’t concern the definition of a system
of equations that describes the relations among the economic agents
in the markets, but, instead, a sequence of steps which are described
in the following Figure 3.

Figure 3: CGE Modelling Process

The first step consists of using a dataset, which should be micro consis-
tent, since it is assumed that the economy is in equilibrium (Mansur,
Whalley, 1984). This is what in the literature is called benchmark
dataset. In the present regional model, the benchmark equilibrium is
represented by the 2005 RESAM for Sardinia, reported in Tables 1
and 2.

In the second step, the parameters of the model are chosen by
a calibration procedure to support the benchmark equilibrium. After
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selection of the functional forms, previously described, the RCE model
for the parameters which allow to reproduce exactly the RESAM must
be solved.

This phase involves a point estimation without degree of freedom
because the parameters are computed starting from the benchmark
equilibrium. In particular, by considering the CES production func-
tion:

QYa = αa[δaQK−ρa
a + (1− δa)QL−ρa

a ]−
1

ρa (21)

In (21), αa is a constant defining the unity of measurement, δa is the
share parameter, σa = 1/(1+ρa) is the elasticity of substitution. One
can take all the data one needs; from the RESAM the values of QKa

and QLa, calculate the factor tax rates tKa and tLa , and know the prices
associated with the dataset equilibrium. In this case the values of the
share parameters are obtained from:

δa =

[
QK

1/σa
a (1 + tKa )

QL
1/σa
a (1 + tLa )

]
/

[
1 +

(
QK

1/σa
a (1 + tKa )

QL
1/σa
a (1 + tLa )

)]
(22)

This procedure has been used for the complete benchmark equi-
librium dataset to generate the parameter values for production and
demand functions (replication check). In this way, the equilibrium
computed by the model replicates exactly the benchmark dataset. As
underlined earlier, this procedure produces a non stochastic determi-
nation of the parameters values.

The calibration process needs also elasticity values which are usu-
ally taken externally or, in the best case, estimated. In this case,
substitution elasticities are taken from the existing literature wher-
ever possible. In particular, on the demand side the elasticities of
substitution between commodities by household are set at different
values for the different classes of income; Armington elasticity of sub-
stitution between domestic and the two types of imported goods is
set at 0.6, which allows a level of substitutability relatively small. On
the supply side, the elasticity of substitution between domestic and
exports is set at 1.25.

At this level, the modeling process continues with the counter-
factual experiment : the parameters can be used to solve alternative
equilibrium for policy experiments. The last step allows to evaluate
the effect of the policy experiment comparing the benchmark and the
counterfactual equilibrium.
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2.8 Conclusion

This paper has dealt with the impact of environmental problems caused
by pollution to the economic system of the Italian region Sardinia.

This impact has been regarded in the framework of a RCE model,
in order to verify the weight of environmental damage in the economic
development and the interrelationships among all the concerned agents
operating in the regional economic system.

The RCE model has been purposively specified as one consisting
of a price system, a production system, household consumption and
saving, government revenue and saving, waste system and markets.
It has been basically regarded from the fiscal point of view, in an
attempt to analyze the potential of tax in designing a proper regional
economic-environmental policy.

The RCE model has been calibrated on the base of a 2005 RESAM
for Sardinia by means of GAMS software.

The equations presented and discussed are the most significant for
the understanding of the model, which is composed by a number of
other formal relations that are not presented here, but will represent
object of analysis and discussion in an extended version of the paper.
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Endogenous Variables

PMc Import price (domestic currency)
EHh Consumption spending for household
EXR Exchange rate (LCU per unit of FCU)
HWDTAX Household waste disposal tax
MPSi Marginal propensity to save for domestic non

government institution (exogenous variable)
PDa Activity price (unit gross revenue)
PEa Export price (domestic currency)
PMc Import price (domestic currency)
PQc Composite commodity price
PV Aa V alue− added price (factor income per

unit of activity)
PXa Average price of output
PXACa,c Producer price of commodity c for

activity a
QDc Quantity sold domestically of domestic output
QEc Quantity of exports
QFf,a Quantity demanded of factor f from activity a
QHc,h Quantity consumed of commodity c by household h

of commodity c from activity a for household h
QINTAa Quantity of aggregate intermediate input
QINTc,a Quantity of commodity c as intermediate input to activity a
QINVc Quantity of investment demand for commodity
QMc Quantity of imports of commodity
QQc Quantity of goods supplied to domestic market (composite supply)

QV Aa Quantity of (aggregate) value− added
commodity c from activity a

TINSi Direct tax rate for institution i(i ∈ INSDNG)
WTAXa,w Waste emission tax by activity for each waste type
WCOSTa,w Waste abatement cost by activity for each waste type
Y Ff Income of factor f
Y G Government revenue
Y Ii Income of domestic nongovernment institution
Y IFi,f Income to domestic institution i from factor f
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Exogenous Variables

CPI Consumer price index
(= 0 for base; exogenous variable)

GADJ Government consumption adjustment factor

IADJ Investment adjustment factor

SUB Government subsidy

Parameters

αa
a Shift parameter for top level CES function

αq
c Shift parameter for Armington function

αt
c Shift parameter for CET function

αva
a Shift parameter for CES activity production function

home commodity c from activity a
βm

c,h Marginal share of household consumption on market commodity c

cwtsc Weight of commodity c in the CPI
δa
a Share parameter for top level CES function

δq
c Share parameter for Armington function

δt
c Share parameter for CET function

δva
f,a Share parameter for CES activity production function

from activity a for household h
γm

c,h Per − cap subsistence consumption of marketed commodity c for hhd h

icac,a Quantity of c as intermediate input per unit of activity a
produced and sold domestically

pwec Export price (foreign currency)
pwmc Import price (foreign currency)
qbargc Exogenous (unscaled) gonernment demand
qww Coefficient for waste emission

shiii,i′ Share of net income of i
′
to i (i

′ ∈ INSDNG
′
; i ∈ INSDNG)

ρa
a CES top level function exponent

ρq
c Armington function exponent

ρt
c CET function exponent

ρva
c CES activity production function exponent

taa Tax rate for activity a
tec Export tax rate
tff Direct tax rate for factor f
tmc Import tariff rate
tqc Rate of sales tax
trnsfri,f Transfer from factor f to institution i
trww Tax rate of waste emission
tvaa Rate of value− added tax for activity a
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