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Preface

This book grew out of an initial collaboration between a team from the University
of Rome “Tor Vergata” and its spin-off Openeconomics srl (http://www.
openeconomics.eu), and one from the University of Verona and its spinoff
Economics Living Lab (http://econlivlab.eu). This prompted the creation of a
working group and then a workshop within the Association of Italian Development
Economists (SITESIDEAS: http://www.sitesideas.org/) in January 2017. The
workshop brought about a number of interesting papers, but more importantly,
uncovered the interest cultivated by a growing group of SITES associates, who
continued to collaborate and correspond after the workshop. Some members of the
group met again at the SITES Summer School in Prato in June 2017. The papers
originally presented were in part modified and some other papers were added as a
consequence of further contacts and collaborations.

The book aims to present state-of-the-art theory and practical applications of
CGEs and social accounting matrices (SAM) focusing on recent advances and
techniques, but also reaching back to basic assumptions and theoretical tenets for a
class of models that are becoming ever more diffused as the bread and butter of
policy analysis. The focus of the models presented is on estimation and policy
impact analysis, within a pragmatic vision of the underlying economic theory that
echoes the fact that the practical reasons of model successes reside in their capacity
to provide consistent and credible counterfactuals to the effects produced by the
changes induced by the policies, programs and projects to be assessed.

The book is divided into 3 parts and 12 chapters. Part I, consisting of only one
chapter (Chapter “General Equilibrium Modelling: The Integration of Policy and
Project Analysis”), presents an introduction to CGE modeling, focusing on the
integration of policy and project assessment, as the frontier toward which CGEs
have been evolving for the past 20 years. The chapter discusses the basic theoretical
models that lay behind the CGEs and their SAM cores, with special emphasis on
the fundamental differences that emerge on their interpretation under alternative
economic theories, and assumptions on the cause–effect relations hypothesized. The
chapter also reasons and comments on some of the latest trends of CGE-SAM
models, and their ever-increasing extensions and applications to macro and micro
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areas of economic policy, with a view to integrate the different layers of an
economy in a comprehensive structural representation.

Part II of the book presents a sample of Methodology and Estimation Issues,
concerning both special problems of dynamic representation of the economic system
(Chapter “Demand-Driven Structural Change in Applied General Equilibrium
Models”) and estimation and modeling problems mainly related to micro-macro
integration (Chapters “Micro-Macro Simulation of Corporate Tax Reforms”
–“Analysis of Local Economic Impacts Using a Village Social Accounting Matrix:
The Case of Oaxaca”). This part focuses on solutions to incorporate special struc-
tural features and changes in both SAMs and CGEs, attempting to overcome the
straightjacket of the economy snapshots given by the national accounting systems.
Chapter “Demand-Driven Structural Change in Applied General Equilibrium
Models” presents new results from CGE estimates and simulations on demand-
driven structural changes, embedded in the model as an effect of changing tastes over
time. Chapter “Micro-Macro Simulation of Corporate Tax Reforms” discusses the
potentialities of integrating microsimulation models and CGE-SAMs and presents a
microsimulation analysis of a recent corporate tax reform in Italy. The micro model
simulates corporate tax liabilities according to the prevailing fiscal rules and is
updated and used on a regular basis by the Italian Central Institute of Statistics for
revenue forecasting and policy analysis. Chapter “Estimating an Energy-Social
Accounting Matrix for Italy” describes the estimate of an energy model for Italy that
integrates some of the information of a comprehensive technology optimization
model for energy (TIMES (The “TIMES”, Integrated MARKAL-EFOM System)
with a detailed SAM. Chapter “Analysis of Local Economic Impacts Using a Village
Social Accounting Matrix: The Case of Oaxaca” presents the results of a research
project aimed at applying the SAM technique to small inhabited areas within a
hierarchically ordered set of national, regional, and local accounts. The application
described uses national and regional statistics as well as survey methods of esti-
mation to be able to use a “local” SAM for the village of Oaxaca in Mexico. This
social accounting approach to local economic development applies to the local
economies of the disparate economic realities of other continents and, thanks to its
ease of operation and interpretation, can be used both as an impact evaluation tool for
large projects and as a policy evaluation platform for local and national politicians.

Part III of the book, Static and Dynamic CGEs and Policy Applications,
addresses the theory and the application of state-of-the-art CGEs to policy prob-
lems. These range from recent CGE applications to policy choices and investment
planning in Kenya, Italy, Mauritius (Chapter “A CGE Model for Productivity and
Investment in Kenya”–“A CGE Model for Mauritius Ocean Economy”), to
micro-macro analysis, policy reforms, Euro devaluation, and regional dynamics
(Chapter “A Micro-Macro Simulation Model Applied to the French Economy: The
Case of a Euro’s Real Depreciation”–“A Regional Dynamic General Equilibrium
Model with Historical Calibration: A Counterfactual Exercise”). While the case
studies reported cover a wide spectrum of methods, models, and policy questions,
they have in common a focus on specific policy questions, rather than an attempt to
build a model with special structural or time-varying characteristics. Thus, while the
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simulations presented are shaped by the questions asked, the models developed
present general features of their own that transcend the specific policies examined
and can be interpreted in a broader framework. This is the case, for example, of the
Kenya and Mauritius case studies (respectively, Chapters “A CGE Model for
Productivity and Investment in Kenya” and “A CGE Model for Mauritius Ocean
Economy”), where the analysis of possible development strategies unveils models
that can address more general questions about the role of productivity growth and
investment. On the other hand, the study assessing the impact of climate change
uses a fine spatial resolution for the European Mediterranean countries to measure
the differential impacts of both climate and physical process models such as those
describing the allocation of land use, crop growth, and flood risk at the local level.
Such an integrated approach coupled with an appropriate treatment of spatial
heterogeneity produces information that is highly relevant to both planners and the
business community. The proper treatment of heterogeneity is fundamental not only
to understand differences in both behavioral responses and policy impacts across
regions, but also across aggregate family types. This is clearly shown in the study
devoted to the ex ante socio-economic evaluation of the impact of the CAP reform
on Italian agriculture and the whole economy using a micro-funded general equi-
librium model that differentiates the impact at the household level and for each
interest group involved in the policy process. The political economy analysis of the
consequences of the reform incorporates the political positions of farmers and
agro-food industries, consumers, and unions and estimates the impact of each
scenario on each stakeholder. The policy analysis permits both an understanding
of the possible social conflicts arising from the implementation of the reform and a
unique ranking of the policy alternatives. If the interest is in estimating the impact
of a policy change at the disaggregate household level, then an integrated
micro-macro simulation model needs to be implemented to evaluate the distribu-
tional effects as it has been implemented in the study devoted to the estimation
of the impact on the French economy of a real depreciation of the Euro. The
research finds that a 10% real depreciation of the Euro stimulates the aggregate
demand by increasing exports and reducing imports, which increases real GDP by
0.7% and reduces the unemployment rate in the economy by 2 percentage points.
At the individual level, the study reveals that the macroeconomic shock reduces
poverty and, to a lesser extent, income inequality. The regional dynamic general
equilibrium model introduces a novel historical calibration technique based on two
regional SAMs for the Italian region Valle D’Aosta for the years 1963 and 2002
that ensures that the modeled tendencies perfectly reproduce the actual observed
growth patterns. The dynamic general equilibrium model provides an original and
powerful tool for historical counterfactual analysis not available using standard
dynamic general equilibrium models. The model is used to compare the growth
path followed by the region during the period of interest with a counterfactual
scenario intended to evaluate how the region would have performed in the case of a
contraction of the transfers from the national government to the regional govern-
ment and the families.
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The works collected in this book represent a joint effort to take macro CGE
models closer to a realistic description of the response behavior of families and
enterprises to project and policy changes. In real-world situations, market imper-
fections and failures often require the interventions of “visible hands” to reach
feasible and stable equilibria involving nonlinear (shadow) price schemes, where
prices can vary across agents, permitting the efficient management of externalities,
transaction costs and non-convex technologies or budgets. The ability to make these
theoretical challenges tractable is one of the most fascinating items of the future
research agenda of both theoretical and applied general equilibrium analysts.

This book should be useful as reading and teaching material in graduate courses
in economics, especially those focusing on development theory and practice. If
nothing else, it should convince the reader that computable general equilibrium
modeling is a dynamic subject, need not be confined to specialists, does not have to
produce black boxes, and can be very helpful in addressing many interesting
questions of political and economic relevance. While theoretical and empirical
controversies on the foundations of general equilibrium are still sharp and partly
unresolved, the essays presented show that designing, estimating, calibrating, and
using CGE models may help economists to raise policy-relevant questions and
shape them in a meaningful way and to suggest effective and implementable policy
solutions.

Verona, Italy Federico Perali
Rome, Italy Pasquale Lucio Scandizzo
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General Equilibrium Modelling:
The Integration of Policy and Project
Analysis

Federico Perali and Pasquale Lucio Scandizzo

Abstract This chapter presents an overview of frontier topics of general equilibrium
that are especially important to effectively integrate the policy and project dimensions
of the equilibrium analysis. Project evaluation as a new frontier formodelling implies
a general view of the traditional benefit-cost calculations that researchers can now
afford implementing thanks to the recent computational developments that can host
more realistic assumptions about model closures. A differential representation of
general equilibrium permits also to unveil the opportunity cost structure associated
with alternative resource uses of both policy and project evaluations. This extension
enriches the policy content of both the micro and macro level of the equilibrium
analysis. It takes advantage of the fact that in amodern policy and project analysis the
micro-macro link exactly aggregates from the individual to the family, community,
which is often the level of feasibility and impact analysis of large projects, and society
level using micro and macro behavioural models that are closely integrated.

Keywords General equilibrium modelling · Policy analysis
Project evaluation · Micro-Macro simulations

JEL Codes C68 · R13

1 Introduction

General equilibrium (GE)modelling as amethodology to analyse broad policy issues,
has been around for many years, at least since the pioneering efforts of Wassily
Leontief, Hollis Chenery and Leif Johansen in the 60s. The revival which we are
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witnessing today, however, is based on several new facts and advancements of both
theory and practice. First, the extensive experimentation with computable general
equilibrium (CGE) models in the past 50 years has been instrumental in generat-
ing a greater degree of understanding of both the potential and the limitations of
both GE ideas and CGE models. Second, the advancement of computational tech-
niques and the power of modern computers have made possible to construct more
transparent models, more easily penetrable by numerical techniques and, as a con-
sequence, much less “black boxes” that their earlier progenitors. Third, the com-
bination of CGEs and Social Accounting Matrices (SAMs) has become a standard
that allows to treat the GE model as an extension, however complex, of national
accounting. Fourth, the greater availability of microdata has widened the horizon of
the SAM-CGE possible coverage, extending their reach to seemingly elusive phe-
nomena, such as income distribution and employment, trade and migration flows,
factor markets and their spatial mobility, the environment and climate change. For
example, labor and workforce accounts measuring labor force in terms of hours,
occupations, full versus part time, type of household, gender, skills, wages within
the frame of Industry-Occupation matrices are increasingly available for a high level
of sectoral detail and for the smallest administrative territorial units. The evalua-
tion of the impact of policy programs or environmental shocks on well-beings is
now enriched by satellite accounts, statistically consistent with national accounts,
that collect and order information about human, social, cultural and political dimen-
sions of economic and social life. Common examples are satellite accounts for the
environment, or tourism/migration/commuting, unpaid household work or related to
different forms of capital besides the traditional financial and physical capital such
as human capital, natural capital in the form of amenity indices, social capital, cul-
tural and political capital. This information adds value to a modern analysis of an
economy not simply because it allows representing an “augmented” reality where
the effective productivity, for example, of a unit of physical capital accounts for the
fact that it is invested within a community that is also endowed with a high or low
level of human and social capital. New techniques, based on sophisticated statisti-
cal and mathematical algorithms, have become available to estimate and calibrate
model parameters, by incorporating and integrating information from macro and
micro data, using time series, surveys as well other model estimates. This advanced
computing capacity makes it easier to handle highly detailed information sets and
large-scale models thus opening new prospects for inferential and causal analysis
within a general equilibrium context.

As we learn more about their potential and hidden messages, CGEs have become
the tool of selection for economists and policy makers to perform evaluative simu-
lations within a context of coherent and transparent hypotheses on the technology,
the behavior of the economic agents and the status and the evolution of the external
environment and the representative exogenous variables. They have become the only
point of encounter of macroeconomic policies with project evaluation, where they
promise to perform a critical function to connect two frameworks that typically don’t
mingle and often risk contradicting each other.
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In this study, we look at the basic design of modern CGEs and some of their
more interesting variants, with a special focus on the emerging connection between
the policy and the project level. We present and discuss several different attempts
to operationalize the CGE context to analyse the connection between policies and
projects and, in some cases, the corresponding macro-micro nexus. For this, we
develop model structures that correspond to a common framework and aim to both
clarify and simplify the intricacies of the CGE procedures.

2 Project Evaluation as a New Frontier for Modelling

The individual assessment of investment projects, as developed by economic theory,
is based on the consideration of quantitative traits related to financial and economic
“profitability” of the project. These are measured by the difference between the
so-called “benefits” and “costs” of the project with and without the project under
consideration. The costs are generally concentrated in the investment or construction
phase of the project, while the benefits are almost exclusively part of the subsequent
operational phase. Since the individual assessment is based on the characteristics
of the project, it regards as “given” the external conditions of the overall economic
system, which are synthetically represented by so-called shadow prices used. For
this reason, the costs and benefits that depend on the interaction between the project
and its economic environment are typically neglected in whole or in part in the cost-
benefit analysis, particularly regarding the effects of the stimulation of economic
activity prevailing during the construction phase. CB Analysis also neglects—as
each project is evaluated independently of the other—any interdependencies with
other projects, thus creating the risk of making a mistake that will tend to be greater,
the greater will be the size and degree of complexity of the group of projects selected
for funding. Finally, none at the so-called “external effects”, i.e. the provision of
public goods and environmental impact of the project are considered. These effects
are particularly relevant in the case of public projects, which themselves, ultimately,
are a vehicle for improving the physical and economic environment of the country.

As we said, the quantitative measurement of the costs and benefits of investment
projects is based on the dichotomy: construction—operational phase. This dichotomy
is part of an approach that does not consider the multiplicative effects of investment
on factor employment. In fact, the benefits of traditional investment analysis arise
especially during operations through increasing production, driven in turn by an
increase of fixed assets. The costs are concentrated in the construction phase, because
it is at this stage that fixed assets are built by committing productive resources in
the hope of future benefits. The very concept of productive investment is therefore
defined by the dichotomy between anticipation of costs and of realization of benefits
according to a time profile that constitutes one of the fundamental determinants of
the profitability of the project.

The ability to calculate the values of equilibrium prices, quantities, household
incomes and other variables of interest in complex multi-sectoral models is on the
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other hand a recent achievement of applied economics. It is based on the specification
ofmathematical structureswhich reflect the rigorous definitions of economic equilib-
rium, developed by Kenneth Arrow, Gerard Debreu, Michio Morishima and others,
and other simplifications and approximations necessary to allow the calculation of
the equilibrium values.

In a series of important research attempts, in large part conducted at the World
Bank, several generations of computable general equilibrium models (CGE) since
the late 70’swere developed and gradually became important and useful tools for pol-
icy analysis. In these models, social accounting matrices (SAM) became the core of
the representation of general equilibrium as a circular flow of production, consump-
tion and incomes, with prices in all markets as the equilibrating variables. Solving
algorithms started with fixed point (Scarf and Hansen 1973) and mathematical pro-
gramming procedures (Norton and Scandizzo 1981; Walbroeck and Ginsburg 1986)
and gradually developed into nonlinear equation systems and local or global search
solution methods (Devarajan et al. 1997). At present, while the macro-econometric
models prevailing in the 1970s have all but disappeared from the economic prac-
tice, CGEs are increasingly used around the world, both in their static and dynamic
versions, as tools to analyze economic policy options.

This chapter presents a family of general equilibrium models, which extend the
results already obtained in several earlier and recent contributions by Scandizzo
(1980, 1995, 2014, 2016; Scandizzo and Ferrarese 2015), with the main objective
to evaluate the effects of alternative investment programs. These contributions con-
sider both directly demand and supply systems and in connection with the different
“upstream” and “downstream” links that characterize the production structure and
the multiplicative effects that occur through the movement of prices and consump-
tion. The resulting assessment methodology can account for changes that projects
bring on economic activity level, technological changes that they incorporate and
environmental impacts which they generate.

3 Some General Equilibrium Concepts

The main concepts of the category that goes by the name of general economic equi-
librium can be found only with considerable effort in the economic literature. This
is because the notion of equilibrium depends on the historical context in which it is
used, and the model of the economy to which it refers.

Classical economists such as Adam Smith, David Ricardo, J.S. Mill, and Karl
Marx believed that the value was determined by the cost of production and the
absence of profits. Both conditions can be regarded as characteristics of an equi-
librium condition: the equality of prices to the cost of production, in fact, ensures
that individual producers do not wish to change their plans, while the absence of
profits implies the absence of competitive pressure from new companies trying to
enter in the markets. This equilibrium can be described as “general” if it extends to
all markets.
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Although at first sight satisfactory, especially for its simplicity, this classical view
of equilibrium reveals two weaknesses. First, equality between prices and unit costs
of production, if acceptable as a condition of balance for goods and services produced,
says nothing about the value of primary production factors and especially labor. The
state of equilibrium is not then “general” because it does not extend to factor markets.
Secondly, because consumers are not involved either in the equality of prices and
costs, or in the absence of profits, they also appear to be excluded from the equilibrium
described that turns out, therefore, to be wholly partial.

A general equilibrium model in the modern sense of the word must have some
essential requirements, both in terms of the equilibrium condition and that of “being
general”. Equilibrium should, in fact, result from supply and demand equality, but
it must also assume that consumers and producers are, individually, where they
want to be, that is, on their individual curves of supply and demand. This means
in practice that every solution must depend parametrically on taste, technology and
the initial distribution of goods. Secondly, the equilibrium should be “general”. This
implies that no price (except the numeraire) can be considered a purely exogenous
variable. If this were the case, in fact, the corresponding market could not be in
balance except by chance and the description of the model would be incomplete. In
addition, equilibrium between demand and supply should cover not only the goods
produced, but also the primary factors of production such as land, capital, labor and
other resources that characterize the initial endowment.

Both in the classical description, and in the newer ones, general equilibrium is
finally typically characterized as a set of conditions of real balance of a closed econ-
omy. This implies that the demand functions are homogeneous of degree zero in
prices (no money illusion) and that therefore it is possible to apply an appropri-
ate normalization rule, such as the choice of a simple or composite commodity (a
numeraire) whose price is conventionally equal to unity.

Given these characteristics, the concept of equilibrium is also associated with effi-
ciency and to the question of its existence, which was taken up by Arrow and Debreu
(1954), as well as McKenzie’s (1959) in a series of celebrated contributions. Their
work, although focused on a rather narrow sub-problem, essentially proved that under
certain conditions, given a set of demand and supply equations of individual agents,
aggregate demand and supply could be equated by a set of non negative prices. This
was a non trivial result, that was contingent on a series of rather restrictive assump-
tions, but was obtained through a mathematical powerful and unifying instrument
(the fixed point theorem) that was in itself shining for originality and simplicity.
The result had two drawbacks, however. First, it did not cover nor it proved to be
a feasible base for finding circumstances under which the equilibrium was unique.
Second, as proved in a series of important and somewhat astounding later contri-
butions by Sonnenschein (1972, 1973), Debreu (1974) himself, and Mantel (1974),
the base of the existence proof was an aggregate excess demand function, which,
although resulting from the aggregation of individual demand and supply, was not
bound by the limitations deriving from the postulates of rationality. In what has been
called “the everything goes” conclusion, in fact, it was proved that such a function,
even though the result of individual rational behavior, is not characterized by any
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special mathematical property. Thus, the existence of general equilibrium seemed
to be quite independent of its “micro-foundations”, as a consequence of an essen-
tial weakness of the microeconomic “rationality” assumptions, which were proved
to be not sufficiently discriminating to impose anything resembling rationality on
aggregate behavior.

A further point arises from the consideration of the causal chains contained, or
implied by the process of reaching the equilibrium, or re-establishing it after a per-
turbation (the comparative static problem). From the point of view of the underlying
causal chain, a general equilibrium model, from the original Walrasian formulations
to the latest computable forms, does not in itself indicate any direction of causal-
ity, as relations between its variables are fully simultaneous. If full employment is
considered to be the crucial element of discrimination between the classical and
Keynesian approach, it is clear that this condition does not characterize necessarily
a solution that meets the conditions of general equilibrium. If it is true, indeed, that
such a solution cannot contain involuntary unemployment, given that the supply of
labor and other resources depend entirely on household preferences and prices, it is
also true that the level of employment in the solution found is not necessarily the
maximum possible, given the fact that there may be multiple equilibria. Even when
uniqueness of equilibrium is guaranteed by ad hoc conditions, a higher employment
level could be achieved by changing the attitudes of consumers (and among them
we can mention the expectations) technology or deployment of resources. If the
change in autonomous expenditure that sets in motion the Keynesian causal chain is
interpreted, as it seems legitimate to do, as an exogenous change in preferences, tech-
nologies or distribution, the general equilibrium model is therefore fully compatible
with income stabilizing fiscal policies.

More generally, the level of employment of a solution of a specific model depends
both on the characteristics of the solution (if it is not unique), and the characteristics of
the model. The latter consist of the structure (number of equations, functional forms,
variables included and excluded etc.) as well as parameters, that is, variables whose
value depends on themodel but is set exogenously. A causal chain of Keynesian type,
then, is the sequence of changes caused by an exogenous variation of one or more
parameters. For example, if the level of domestic demand depends on the percentage
of wealth held by the richest 5% of the population and that percentage changes after
the imposition of a 1% tax, the consequent change in demand will result in a new
parametric balance that may result in less than full employment. Stabilizing fiscal
policy will then consist in determining the value of another parameter: an exogenous
variable in the model, but subject to political control, such as government spending,
to reconstruct a situation which is as close as possible to that which preceded the
distributive variation.
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4 The “Closures”

The incompleteness of the classical general equilibrium model has been overcome
in modern models since the days of Walras, through the introduction of both labor
and leisure in the household behavioral function and the inclusion of all factors,
including labor, in the original allocation of resources. However, several problems
remain for a realistic representation of the economic system. First, the model does
not consider the formation of savings and investment. Secondly, it only considers real
quantities and prices and therefore does not include the supply and demand of money
and other financial resources. Finally, it describes a closed economy and thus ignores
the possibilities for international trade as well as domestic and foreign currency and
relations between domestic and international prices.

These three areas are all theoretical “holes” of general economic equilibrium, in
the sense that their “closing” forces us to deal with the problem of reconciling the
micro with the macro-economy, making choices that may be justified by personal
beliefs and ideological reasons, as well as by empirical evidence. In some sense, this
is equivalent to choose between Keynesian and monetarist theories in one of their
many meanings.

Consider the simple case of the introduction of money. If we accept the classical
scheme, we can also introduce money through a quantitative equation. This equation
says that the monetary value of income is proportional to the amount of money
exogenously supplied. Substituting this equation into a normalizing equation that
assigns to an arbitrary good a unit price, we get a system with two characteristics. (a)
There is a commodity called money, the price of which is fixed to unity, and whose
application is due only to the fact that it is necessary to carry out transactions. (b)
The general price level (understood as the arithmetic average of the weighted prices
with quantity quotas) is proportional to the amount of money supplied. The system
resulting from the introduction of money through the quantitative equation is then
“dichotomous” in the sense that its real part continues to determine the general price
level.

Once money is introduced, however, the issue of savings and investment arises:
a funding activity becomes possible based on the availability of some traders to
surrender their temporary surpluses ofmoney to other operators that are characterized
by temporary deficits. In the neoclassical story, aggregate surplus represents excess
savings, which are matched to excess investment to achieve equilibrium. The bank
money, which is only a particular type of numeraire, promises in addition to pay
investors who save. The “price” of these promises is greater the smaller the interest
owed by debtors to creditors. The interest rate thus becomes the variable balancing
savings and investment. The introduction of the savings-investment balance at the
aggregate level allows to give more substance to the activities of the banking sector,
which is not limited to distribute a “currency, but acts as an intermediary between
families and businesses.

Finally, we consider the introduction of the external sector. As for the other two
“closures”, the inclusionof international trade in the aggregate is not difficult, because
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it is, in fact, the simple addition of a macro-enterprise: the “external sector”, that
transforms exports into imports (and vice versa)with a given technology (transactions
at world prices).

Considering for simplicity only imports that are finished products, household
budgets will be divided between spending on the domestic market and in foreign
markets, while the balance sheets of firms will in turn be fed either by domestic sales,
and/or by those in the foreign market. Equilibrium conditions will not be changed,
except for the addition of the condition of balance in value between imports and
exports (balance-of-payments constraint).

The extension of this model through Keynesian assumptions does not pose any
special problem. The liquidity preference can be incorporated either at the aggregate
level or directly in the demand functions that describe the behaviour of households.
The dependence of the demand for money on the interest rate, however, forces us to
introduce at the same time, both an investment demand schedule (through an appro-
priate function of corporate behaviour) as a function of the interest rate, and a saving
function. The latter, barringmulti temporal complications, can be introduced directly
into the household budget constraints by assuming, in the Keynesian tradition, that
saving is a function of income, but not of the interest rate. The extension to inter-
national trade can now be performed in a not dissimilar way from the one already
described above for the neoclassical model.

The model obtained differs from previous one in that it reflects the basic differ-
ences between the neoclassical and Keynesian macro-economic structure, since the
interest rate has to perform the task to balance money demand and supply in the
Keynesian model. These differences, however, are not such as to affect the simul-
taneity characterizing both models, which are both the combination of hypotheses
of aggregate type (e.g. quantitative equation, investment function) on a disaggre-
gated, Walrasian type structure. Much more important are the differences relating
to the causal chains that can be associated to the exogenous variables or parame-
ter changes. It is these changes that have profound consequences on the use of two
models for the valuation of investments.

5 The New Frontier of the CGE Models

5.1 General Equilibrium as a Model Foundation

What is “general equilibrium”? One is tempted to reply that general equilibrium
describes a condition where all markets are in equilibrium, both in the sense that all
markets are cleared (demand equals supply) and all agents fulfil their plans. However,
while this definition certainly appears simple and direct, it is neither complete, nor
satisfactory. It is intrinsically incomplete, since general equilibrium, unlike partial
equilibrium, in addition to material balances and subjective fulfilment, requires that
the distribution of wealth is consistent with resource allocation. It is not satisfactory,
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because market clearance depends on a flow condition, i.e. it can be satisfied only
for one particular interval of time. If we take the year as the reference time frame,
for example, there may be several markets that require more or less than a year to
be cleared. Inventories and other capital goods bridge the gap, both as flows and
accumulating stocks, between the production and consumption timelines and play a
special role in both static and dynamic CGEs.

In order to address the timematching and the stock-flow problem, general equilib-
rium modelling must address four different circles of causation: (i) between demand
and supplyof goods and services ononehand, andprices and incomeson theother; (ii)
between the formation of incomes from demand and supply of factors of production
and their prices, (iii) between the initial resource endowment and the redistribution
caused by productive choices and institutional transfers, (iv) between investment and
savings and the rates of return to all forms of capital. The precise way in which these
four circles interact is still not clear, especially for what concerns the link between
flow and stock variables, although Stone and Brown (1962) formalized the main flow
balance relations in a form essentially consistent with the Keynesian model in the so
called Social AccountingMatrix (SAM). As Taylor (2010) persuasively argues, com-
putable general equilibrium models (CGE), mainly developed because of research
efforts at the World Bank in the ‘70s, are a spinoff of the application of Input-Output
matrices and SAMs, more than any attempt to compute Walrasian equilibria. Even
in their advanced, present day form, they tend to reflect a basic indeterminacy of
capital accounting, deriving both from lack of consensus on capital theories and on
best practices of accounting. They also evoke an intrinsic dualism between a core
set of social accounts and a complementary, highly variable set of behavioural and
technical equations.

Figure 1 summarizes the fundamental variables of general equilibrium, as con-
ceived in most CGE models. The figure also shows the causal links, according to the
two extreme versions of the classical and Keynesian theory. Following the arrows
connected by solid lines, and starting from the top, we can follow the classical chain,
in which the productive capacity determines the level of employment (which is the
one that maximizes the profits of the entrepreneur). This in turn determines the level
of production, and prices of these factors determine in turn the level of prices of
goods, income and consequently the level of consumption. In the Keynesian version,
on the other hand, it is the level of consumption that determines monetary income
and then, through employment, the level of production, by establishing a series of
effects on product and factor prices with feedbacks on incomes and consumption.
The Keynesian causal sequence differs from the neoclassical one, in both the ori-
gin and the direction of change, but eventually recovers parts of the neoclassical
relationships through income and price feedbacks on consumption.

Although the representation of equilibrium just described contains all the essen-
tial ingredients of a “general” equilibrium, it is not sufficiently analytic, because it
is limited to considering only the “final” variables. This form of the model can be
called “reduced”, because it is constituted by a set of relationships among key vari-
ables, (i.e. variables that cannot be suppressed without depriving the model from its
“generality”) and cannot be reduced to a form with fewer variables.
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Productive 
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Fig. 1 The basic economic model

In order to formulate a structural model, one has to explicitly introduce some
relations and variables that carry the assumptions on the causal chain moving the
model itself from disequilibrium to equilibrium. The easiest way to introduce these
structural elements is shown in Fig. 2 where supply and demand for factors and
products are included as four additional structural variables. A variable “changes in
the stock of capital” includes new capital accumulated through investment, including
inventories, and allows supply and demand flows to differ from production flows.

The supply-demand equilibrium is achieved through four causal relations accord-
ing to which, in particular: (a) factor supply and demand are determined by house-
holds, “given” price and income levels, (b) the supply of goods and the demand
factors is determined by the firms, given price levels. Assume further that (c) the
price level of goods and services is determined by the firms to cover the costs of
production (or to maximize profits).

These relationships, together with those already present in the reduced form,
complete themodel whose equilibrium depends on a series of simultaneous relations.
In these relations, the “causal links” (the level of the prices “cause” the level of
demand, of supply, etc.) only describe subjective relationships of the type: each
consumer determines the quantities requested of the goods assuming that the prices
and its income are given. There are, however, no objective causal links, except for the
productive capacity-to-production link, which is objective because if it is true that
prices determine the level of supply and demand, it is also true that in equilibrium
prices are themselves to be determined.

Acomparative static exercise consists in disrupting the balance described inFigs. 1
and 2 by introducing an exogenous shock in one of the variables subject to simulta-
neous determination or “given” assumptions in the equilibrium situation. Depending
on the variables perturbed, a sequence of different reactions will be generated, that
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Fig. 2 The CGE models and their causal chains

can represent a different theory of achieving the general economic equilibrium. For
example, an increase in production capacity due to technical progress will tend,
through the reaction of firms that maximize profits, to increase demand for factors
and therefore employment, supply of goods and production. This will put in motion
a causal chain of classic type, which moves from production to consumption. Con-
versely, an increase in demand for goods, due to an exogenous variation in consumer
preferences (or producers as regards investment goods) will tend to result in a causal
chain of Keynesian type in which the increase in global demand ultimately causes
an increase in production.

In both cases, however, to the initial cause-effect sequence, which moves in a dif-
ferent direction depending on the original exogenous impulse, follows an adjustment
phase based on the reciprocal interaction between the variables. Thus, for example,
given an increase in production capacity, the first reaction of producers will be to
modify their production plans, increasing demand for factors and employment. How-
ever, the supply of factors constrains the possibilities of expanding employment and,
through the increase in income of the factors themselves and therefore of families, to
expand the demand for goods. After the first impact on the variables directly linked to
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it, the exogenous shock and the causal chain connected to it will then be “absorbed”
by the mechanism of general economic equilibrium that will restore the simultane-
ousness of the interactions between variables and, ultimately, the equilibrium.

5.2 From Partial to General Equilibrium

The transition from partial equilibrium to general equilibrium is a delicate moment
in the construction of the model, both because it identifies some crucial points for
its solutions, and because it represents an important point and subject to frequent
misunderstandings of the very notion of economic equilibrium. First of all, it is
clear that can defined as “partial” any equilibrium that fails to represent one or
more markets of the economy in question. The reciprocal of this statement is not
true, however, that is to say that an equilibrium that involves all the markets is not
necessarily “general”. In addition to containing equations for all markets of real
goods and services, in conditions of greater or lesser aggregation, in fact, a general
equilibrium must also contain all the crucial variables of an economic system and,
in particular, the quantities produced and consumed of the goods, the employment
of factors, the prices of goods, services, factors and the incomes.

Let us consider for example the condition of Marshallian equilibrium between
supply and demand:

Q(P) �
k∑

i�1

D(P,Yi ) (1)

where Q(P) is a vector of quantities offered for the individual markets of the economy
as a function of the n vector prices (P) and D(P, Yi) is the vector of quantities
demanded by the i-th family as a function of the n prices and its income.

The equilibrium in (1) is partial for two reasons. First, it does not account for all
markets of the economy. Even if it includes all the markets of the goods, it excludes
the markets of the factors. Second, it does not account for the formation of incomes
Y, which represent parameters and not variables of the equilibrium described.

We now add a market for the services of the factors, in the form:

Zd (Pf ) � Zs(Pf ) � Z (2)

where Zs(Pf ) and Zd (Pf ) are, respectively, two quantity vectors demanded and
supplied of the services of the m factors as functions of the corresponding m prices
of the Pf vector.

The equilibrium described by (1) and (2) can now encompass all the markets of
the economy, since it contains equations for both the goods and services markets,
but it is not general because it is not yet able to give account of the determination of
income.
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If we add the equation:

Y � �P ′
f Z (3)

where� is a k×marray of factor endowments, and Y is a m× 1 vector of household
incomes, the equilibrium described has finally become “general”. It corresponds, in
fact, to a situation where all prices and incomes are simultaneously determined
as a function of: (a) the preferences of the families (summarized in the product
demand and the supply of factors), (b) technology (synthesized in the functions of
supply of products and demand of the factors) and, (c) the endowment of the factors
(synthesized by the matrix �).

The generality of the equilibrium therefore requires the model to be able to simul-
taneously determine all the quantities subject to transaction on the market, the cor-
responding prices and all incomes in a compatible way.

Note that the model (1)–(3) is not the only possible model of general economic
equilibrium, even though it can be said that it corresponds to the “nucleus” of the
Walrasian model and also of many of the newer versions. A model that reflects an
alternative theory is instead based on the equality prices-production costs and the
absence of profits.

For this model, we can also start with the equation:

P � C(P, Pf ) (4)

where C is an n × 1 vector of unit costs as a function of prices of goods and factor
services. Since (4) is a theory of equilibrium formation in the goods market, to obtain
the generality it is necessary to add a balance equation for the market of the factors
services and an equation of income formation.

A common condition to general equilibrium models is given by the so-called
“Walras Law”, which ensures that the purchasing power emerging from the sum of
the incomes generated according to the mechanism of the model coincides with the
value of the goods consumed. In the system (1)–(3) this follows from the fact that
the individual demand functions respect the budgetary constraint:

P ′Ci (P,Yi ) ≤ Yi i � 1, 2, . . . , k (5)

i.e. the expenditure of the i-th agent of consumption cannot exceed its income. Sum-
ming up yields:

P ′
k∑

i�1

Ci (P,Yi ) −
k∑

i�1

Yi ≤ 0 (6)

A sufficient condition for (6) to hold as an equality, given (5), is therefore that for
each consumer the budgetary constraints are respected as a strict equality.
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From the point of view of the firms, Walras law also requires that the cost of
production is equal to the value of total production and that there are no profits,
beyond what the market ensures as remuneration to the productive factors in the
ownership of the entrepreneur (capital, know how, etc.). If there is more than one
firm, however, this implies that the condition of absence of extra-profits is also valid
for each one of them, because of the constraint that production costs cannot exceed
revenues.

It should be noted that if household demand functions and firms’ supply func-
tions are derived from patterns of behavior that ensure that budgetary constraints are
respected as strict equalities, Walras law is automatically verified. Conversely, if the
patterns of behavior only ensure that the budgetary constraints are respected, possi-
bly as inequalities, Walras law must be imposed as a constraint and, consequently,
it ensures that the budgetary constraints are, ultimately, stringent (i.e. respected as
equalities) for each operator.

It is also worth noticing that casting the model in terms of demand and supply
functions allows to see more clearly the differences between partial and general
equilibrium analysis. The former, in fact, proceeds from the Marshallian frame-
work entirely based on behavioral functions, in a framework broadly consistent with
revealed preferences, with response parameters such as demand and supply elas-
ticities. General equilibrium, on the other hand, requires going beyond the purely
behavioral functions by specifying their connections with income formation. For
households and firms, this can be done by specifying the budget constraints, while
underlying utility and/or objective functions can be invoked only to change the elas-
ticities in response to large changes in prices or incomes, and thus can be neglected
if these changes are sufficiently small.

5.3 A Simple Generalization of a CGE Structure: The
Differential Model

A general formulation of a computable general equilibrium model can be developed
by using a differential mathematical structure, as Leif Johansen, and after that sev-
eral other scholars proposed in 1960. Unlike these earlier proposals, however, our
formulation is not conceived as a linear approximation, but as a general structure
underlying any model, starting from a reference point, which can be considered a
general equilibrium. In the following, the subscript t refers to a particular time at
which the parameters have been estimated and the model is run. We start with a
commodity balance equation:

dXt � AtdXt + d At Xt + dYt + dCt − dMt (7)

where:

At an n × n social accounting matrix
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dXt n × 1 vector of variations of productive activities;
d At n × n parameter changes for the SAM
dYt n × 1 vector of variations of investment levels;
dCt n × 1 vector of variations of quantities consumed;
dMt n × 1 vector of variations of (net) quantities imported.

The production factors are governed by the following equations:

dZd
t � FtdXt + dFt Xt + Gdtd Pf t + dGdt Pf t (8)

dZs
t � Gstd Pf t + dGst Pf t + GtdYt−1 + dGtYt−1 (9)

dZd
t � dZs

t � dZt . (10)

The first of these equations represents factor demand on the part of the firms. In
it:

dZd
t m × 1 vector of variations of demand levels for the m factors on the part of

the firms;
dZs

t m × 1 vector of variations of supply levels for the m factors;
Ft m × n matrix of output shares for the m factors;
Gdt m × m matrix of factor demand price coefficients;
Gst m × m matrix of factor supply price elasticities;
Gt m × n matrix of factor supply variations as a function of past investment.

Expression (8) states that factor demand depends, given the technology, the linear
parameter levels and the parameter changes, on the production levels of the various
sectors as well as on factor prices.

Equation (9), on the other hand, represents factor supply with:

dZs
t m × 1 vector of variations of supply for the m factors on the part of their

owners (households, firms etc.);
dPf t m × 1 vector of factor price variations;
dYt−1 n × 1 vector of investment levels in the previous period.

Factor supply, according to Eq. (3) is thus determined, given the preferences of
the agents involved, the linear parameters and the parameter variations, by factor
prices and by the variation in productive capacity determined by past investment.

Equation (10), that represents the condition tomaintain equilibriumbetween factor
demand and factor supply, implies, together with (8) and (9):

(11)

dPf t � G−1
�t

(
GtdYt−1 − FtdXt − dFt Xt + dGst Pf t − dGdt Pf t + dGtYt−1

)
, G�t

� Gst − Gdt .

Because G�t and Gt are both positive matrices, the market theory contained in
Eqs. (8)–(10) implies that increases of production and investment determine, respec-
tively a positive tension on past prices and a negative tension on future prices. These
forces, however, can be attenuated or even reversed by parameter changes. These
changes, in turn, can be of two types: (i) they can correspond to changes required
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in the linear parameters to maintain a close approximation to a corresponding non-
linear solution, (ii) they can be due to exogenous causes, such as for example the
introduction of a new technology, the changes in the underlying preferences of the
households etc. This means that if the new equilibrium solution is sufficiently close
to the original equilibrium, parameter changes (i) can be neglected, and if there are
no outside shocks to account for, changes (ii) can be assumed to be zero.

For example, assume that the labor demand function derives from profit maxi-
mization under a Cobb-Douglas technology. In this case, labor demand of the i-th
sector is a unit elasticity function and the corresponding parameter of the Gdt matrix

is g
◦
idt � L

◦
i t

P
◦
Lit

or the ratio between labor employment and wage in each sector at the

initial equilibrium point. The parameter of the dGdt matrix is1:

(11) dgidt � (g1idt − g
◦
idt )(

P1
Lit−P

◦
Lit

P1
Lit

), where the superscript 1 indicated the new
equilibrium point.

From now on, we proceed on the hypothesis that parameter changes can be
neglected, and/or, equivalently, that the model parameters are continually updated
based on equations such as (11). Under these conditions, factor income variations
are governed by the equation:

dVt � P ′
f t d Zt + Z ′

t d Pf t . (12)

Or, upon substitution of (7) and (10):

dVt � ({
P ′
f t

}
+

{
Z ′
t

}
G−1

�t

)
FtdXt − {

Z ′
t

}
G−1

�t GtdYt−1 (13)

where the curls indicate the matrix obtained by diagonalizing the corresponding
vector. Product prices vary with factor prices:

dPt � �(I − A′)−1F ′dPf t (14)

where � is a diagonal n x n matrix of flexibility parameters wi (i � 1, 2, …, n). In
particular,we assume wi � 0 for internationally tradable goods and wi � 1 for the
other goods. Dropping for simplicity the t subscript from the parameter matrices,
and substituting (12) into (14), we obtain:

dPt � �(I − A′)−1F ′G−1
� (FdXt − GtdYt−1) (15)

1Since price elasticity equals 1, we have, equivalently: dgidt � (g1idt − g
◦
idt )(

P1
Lit−P

◦
Lit

P1
Lit

) � (g1idt −
g

◦
idt )(

L1
i t−L

◦
i t

L1
i t

).
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Consumption levels are function of prices and incomes:

dCt − dMt � dC∗
t � �dPt + �dWt ιk (16)

where ιk is a k,1 sum vector, � �
k∑
h

�h,�h (h=1,2, …, k) being an n, n matrix of

linearized demand price elasticities, � is a n, k diagonal matrix of linearized Engel
elasticities dW � �dV is a k,1 vector of households and other institutions’ incomes,
and � is a 1, k vector of income distribution shares, with generic element ωh j (h=1,
…, k; j=1,2, …, m). Note that expression (16) refers to aggregate consumption for
each commodity. With many households and other institutions represented, we can
write:

dC∗
t � dc∗

t ιk, (17)

where dc∗
t is an n, k matrix having as a generic element

{
dc∗

tih

}
, i.e. consumption of

the i-th commodity by the h-th institution (h � 1, 2, …, k). Each institution has thus
its own system of demand functions, according to the expression:

dc∗
th � �hd P + �hdWh (18)

Using (14) and (16):

dCt − dMt � dC∗
t �

[
T�

({
P ′
f t

}
+

{
Z ′
t

}
G−1

�

)
+ � �

(
I − A′)−1

F ′G−1
�

]
FdXt+

−
[
T� {Zt } + 	�

(
I − A′)−1

F ′]G−1
� GtdYt−1. (19)

Since � is a negative definite matrix, in accordance with consumer theory, both
the effect of increases in production and of previous investment may be either pos-
itive or negative, according to whether the income or the price effect prevails. If
production increases, in fact, this tends to increase factor prices with positive effects
on their incomes, but also with the consequence of increasing the prices of goods and
services in the economy. Final demand is thus pushed upward by the income effect
and downward by the price effect. Vice versa, the increase in productive capacity
determined by previous investment, by shifting outward factors’ supply, tends to
reduce their prices. This causes a reduction of factor income, but a parallel reduction
of prices of intermediate and final goods. The sign of the net result of these shifts
will ultimately depend on the relative magnitude of the behavioral and technological
parameters involved.

Substituting (19) into (7) and solving for dXt , we obtain an equation that synthe-
sizes the effect of investment (or any other exogenous shock) on total demand:

dXt � (I − A − θt )
−1 (dYt + ψdYt−1) (20)
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where2 θt �
[
� �

({
P ′
f t

}
+

{
Z ′
t

}
G−1

�

)
+ ��

(
I − A′)−1

F ′G−1
�

]
F

and ψt � −
[
� �

{
Z ′
t

}
+ ��

(
I − A′)−1

F ′
]
G−1

� Gt

We come now to the question of closure. In an open economy, the following
equation will hold:

P ′
t [(I − A) dXt − dCt − dYt ] +

[
X ′
t

(
I − A′) − C ′

t − Y ′
t

]
dPt � eP∗′

t (dEt − dMt )

+ P∗′
t (Et − Mt ) de (21)

In (21) e denotes the exchange rate and we have assumed no variation in interna-
tional prices P∗

t .
From the commodity balance conditions in (7), the first term respectively on the

left and the right-hand side must be equal so that they will cancel. As a consequence,
we can write:

[
X ′
t

(
I − A′) − C ′

t − Y ′
t

]
dPt � P∗′

t (Et − Mt ) de (22)

Assume first that there is no change in the exchange rate. Then Eq. (21) will hold
by a simple aggregation of the commodity balance equations and can be written as:

[
dSt − P ′

t dYt
] � eP∗′

t (dEt − dMt ) (23)

where dSt � P ′
t [(I − A) dXt − dCt ] denotes the aggregate variation of domestic

savings. This equation states the familiar equality condition between the domestic
savings gap and the foreign exchange gap. If we assume that dYt is exogenous, the
first and simplest closure implies the further assumption that the equality between the
left and the right-hand side in (23) is maintained by a balancing variation of savings,
for an exogenous variation of the current account.

Alternatively, we can include an equation describing the formation of savings and
let the current account balance the equality in (23). This can be done by assuming
that the current account may absorb the shock of a positive or negative variation of
the domestic savings gap, without the need to adjust the exchange rate or use the
variation of the exchange rate to absorb the shock in all or in part.

2Note that, in order for (12) is derived from the equation: dXt � (At + θt ) dXt + (dYt + ψdYt−1),
where At + θt constitutes an “augmented” input-output coefficient matrix, which takes into account
not only the transactions in the base year (through the initial i-o matrix At , but also of the endoge-
nous income and price effects (through the matrix θt ). This augmented i-o must contains all the
information to construct a social accountingmatrix (SAM) that corresponds to a general equilibrium
and must also be balanced, both in terms of transactions and coefficients (summing to 1 for each
column), since the budget constraint will continue to hold for each sector when the endogenous
incomes and prices are taken into account.
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A second, necessary condition to ensure the “generality” of the economic equi-
librium described is the so called Walras Law, according to which the value added
from production must equal factor income. Starting from this budget constraint for
the base year:

P ′
t (I − A) Xt � P ′

f t Zt , (24)

the variations analysed by running the model must respect the equation:

P ′
t (I − A) dXt + X ′

t (I − A)′ dPt � P ′
f t d Zt + Z ′

t d Pf t . (25)

Given Eqs. (24) and (25), Walras Law is automatically respected in the case of a
closed economy. If we introduce a class of internationally tradable goods, however,
the situation becomes more complex, since their prices do not vary in response
to domestic demand and or supply variations, thus providing no mechanism for
equilibrium except through exchange rate variations.

Indicatingwith et the exchange rate that converts international prices into domestic
currency, and assuming no import or export taxes/subsidies, we can write:

dP1t � P∗
1 det + etd P

∗
1 (26)

dPmt � P∗
mtdet + etd P

∗
mt (27)

dP1t � A′
11dP1t + A′

12dP2t + F ′
1dPf t + F ′

1mdPmt (28)

dP2t � A′
2t d P1t + A′

22dP2t + F ′
2dPf t + F ′

2mdPmt (29)

where:

dP1t is an n × 1 vector of variations of domestic prices of internationally traded
goods (IT );

P∗
1 is an n × 1 vector of international prices expressed in foreign currency (e.g.

dollars) for (IT );
P∗
mt is a variation of the international price of the aggregate intermediate inputs

imported, expressed in foreign currency;
det is the variation of the exchange rate (in domestic currency per unit of foreign

currency);
dP2t is an n − n1, 1 vector of internationally non-tradable goods (NT );
dPmt is the variation of the domestic price of the aggregate intermediate imports;
A′
i j,F

′
i are appropriate sub-partitions, respectively of matrices A′ and F ′.

With this new specification, we consider the fact that in this model (and in general
in the SAMrepresentation of the economy), imports of intermediate goods are treated
as a factor of production. Unlike the domestic factors, however, they have an exoge-
nously set price (since they are an IT), that can only be affected by a variation of the
exchange rate, and earn an income that accrues to the rest of the world.We thus intro-
duce two extra-equations to determine the domestic prices of internationally tradable
goods (IT), which makes demand prices, i.e. prices faced by consumers, potentially
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different from supply prices, i.e. prices that reflect production costs according to
Eq. (27). Solving Eqs. (27) and (28) obtains explicit expressions for factor and NT
prices. In this case, factor prices will reflect their productivity at world prices. If these
prices are above the factor prices that would clear the factor markets (from Eq. (10)),
there will be unemployment, while an excess demand for factors will occur in the
opposite case. More specifically, solving (26)–(29), and ignoring for simplicity the
intermediate imports, we obtain:

dPf t � �(I − A′
11)dP1t + A′

12�dP2t (30)

dP2t � [(I − A′
22 − F ′

2�A′
12)

−1A21 + F ′
2�(I − A′

11)]dP1t (31)

where � is F ′−1
1 if the number of factors is the same as the number of IT goods,

a generalized inverse of F ′
1 if the number of factors is less than the number of IT

goods, and the inverse of a submatrix of F ′
1 with the size equal to the number of

goods otherwise.
Substituting (31) into (30):

dPf t � [�(I − A′
11) + A′

12�(I − A′
22 − F ′

2�A′
12)

−1A21 + F ′
2�(I − A′

11)]dP1t .
(32)

This expression shows how factor prices reflect the opportunity costs of produc-
ing IT goods and how these costs vary with a domestic price variation reflecting
international prices. Expressions (30) and (31) also suggest that if factor markets
are perfectly integrated, and world prices and/or the exchange rate do not change,
there will be no changes in domestic prices. In practice, however, factor markets will
generally display a certain degree of segmentation and imperfect mobility. Factor
prices will thus only reflect marginal productivities at world prices for the factors
whose markets are more closely related to IT production.

To satisfy Walras law, by achieving equilibrium in the balance of trade, the vari-
ation det of the exchange rate must satisfy the equation:

det � −
[
dX ′

1t

(
I − A′

11

)
+ A′

21dX
′
2t

]
P∗
1 et −

(
Z ′
1t d Pf t + P ′

f t d Z1t

)

[
X ′
1t

(
I − A′

11

)
+ A′

21X
′
2t

]
P∗
1

. (33)

This equation, obtained by applying Walras Law to the system (25)–(28),
expresses the amount of devaluation (or revaluation) necessary to re-equilibrate the
economic system in response to a variation of the equilibrium values of the quantities
dX1t , dX2t e dZ1t � F ′

1dX and of factor prices dP f
t . According to Eq. (33) such

a devaluation should be equal to the variation of the net benefit from the increase
in production of IT goods at international prices, in domestic currency, per unit of
value of the production of the same goods in foreign currency.
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The CGE model presented above can be represented by the following social
accounting matrix (SAM) in differential form.

Products=
dX

Factor 
employment= 
dZ   

Factor 
Incomes=
dV

Institutions’ 
income=
dY

Factor 
prices=

fdP

ITs 
Domestic 
Prices

NTs 
Domestic 
Prices=

Exchange
rate= de

Previous
Shocks=

1−tdY

dX A 0 0 Γ 0 0 Λ 0

dZ F 0 0 0 0 0 0 0

dV 0 0 0 }{Z 0 0 0

dY 0 0 T 0 0 0 0

0 0 0 0 0 Ξ 0 0 0
0 0 0 0 0 0 0

1dP 0 0 0 0 0 0 0 *
1P 0

2dP 0 0 0 00

}{ fP
Ω

Indicating this modified matrix with the symbol B, we can write:

dξt � Bdξt + HdYt−1. (34)

where dξt is a column vector of products, factors, income and prices unknown
(dXt , dZt , dVt , dYt , dPf t , dPt ) and dYt−1 is a vector of effects of previous invest-
ment or other exogenous changes.

Notice that B is a particular SAM matrix that includes both the primal and the
dual variables. This matrix is not singular, since it is conditional to the small change
represented by the exogenous shock. This implies, for example, that the product
columns list all costs to produce the corresponding commodity from both interme-
diate goods and factors (as in the original SAM), but also that factor employment
columns include the increases in factor costs due to price changes.

In general, therefore, one or more columns and rows of B have to be considered
exogenous and can be the object of an exogenous shock. For example, indicating
with dYt a vector of exogenous shocks to the capital formation- investment account,
and with BY the matrix B without the row and the column corresponding to the
capital formation account Y , and assuming HdYt−1 � 0, we can write:

dξt � (I − BY )
−1dYt . (35)

Expression (35) indicates the CGE solution in response to an exogenous invest-
ment shock, consisting of an increase in the demand of goods and services from
producing sectors that are directly able to contribute to capital building. Because of
the general equilibrium structure of the matrix, the effects of these exogenous shocks
will include the impact on the increased costs of endogenously priced factors and
intermediate inputs, thereby taking into account opportunity costs from alternative
resource use.

This extension of CGE fundamentals thus adds the analysis of opportunity costs to
the traditional CGE-based policy analysis. This extension enriches the policy content
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of both the micro and macro level of the equilibrium analysis. It takes advantage of
the fact that in a modern policy and project analysis the micro-macro link exactly
aggregates from the individual to the family, community, which is often the level of
feasibility and impact analysis of large projects, and society level using micro and
macro behavioural models that are closely integrated. The next sections illustrate
this assertion.

5.4 An Exactly Aggregable Micro-Macro Link

In the traditional simulation literature linking the micro and macro level of policy
analysis themicro level of analysis refers to the householdwhile themacro level refers
to society as a whole. This representation neglects several layers of aggregation of
high policy relevance. Each household is a collection of individuals with their own
preferences and levels of well-being that are employed in both marketable and non-
marketable household production activities. The household enterprise is per se a
miniature economy that can be studied within an equilibrium framework. The recent
advances in the collective theory of the household (Chiappori 1992; Chiappori and
Ekeland 2011; Chiappori and Lewbel 2015) makes it possible to identify preferences
of each member of the household and distributive effects within the household so
that, for example, adults and children can be regarded as social classes of the family
micro-society. It is then natural to describe “input-output” transactions within the
household using a social accounting framework (Matteazzi et al. 2017).

Until the recent past, the micro-macro link was missing also at the community
or village level (Taylor and Adelman 2006; Taylor 2012; Taylor and Filipski 2014).
This limitation was mainly due to lack of complete statistical data at low administra-
tive levels. Non-survey methods working top-down from macro input-output tables
produce approximation errors that increase the larger is the zooming at the micro
level. Trade information is especially exposed to this imprecision. One of the main
problems in the assembly of local economy tables consistent with the system of
regional input-output tables is obtaining inter-community commodity flows, along
with their respective zones of influence. Moreover, it is especially difficult to account
for the possibility of existing simultaneous import and export of the same product
(cross hauling).

When the level of disaggregation or the local economyof interest does not coincide
with administrative units, as for example in the case of a natural park, an industrial
district or a large project, it is preferable to supplement the published statistics avail-
able at the local level with representative business surveys about the input-output
structure of local industries and the associated trade flows with the surrounding zone
of influence and the rest of the world (Taylor 2012). To save survey costs, household
consumption information may be inferred from sufficiently representative national
income, consumption or living standard surveys.

Figure 3 describes themicro-macro link between the general equilibriummodel at
the macro level of the economy and the general equilibrium model at the micro level
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Fig. 3 A “general” micro-macro link

of the household economy that accounts for individual preferences and well-beings.
The dashed set diagram emphasizes the fact that the primitive macro-micro link is
the one aggregating all household individuals into the family seen as a mini-society.
The h household farm, or enterprise, level can be interpreted as a first community
level aggregating each g member of the household using the collective theory of the
household (Chavas et al. 2017). Then, households at the micro level aggregate up
to the macro-level of the whole economy. As shown in the right panel of the graph,
households can aggregate also at the intermediate level of a community, such as a
village, or of a territory such as a natural park, an industrial district or a region.

The micro dimension of the “general” representation of the micro-macro link
described in Fig. 3 is specular to the general equilibrium macro dimension. In the
traditional microsimulation literature, the approach is partial in the sense that the
focus is limited either to labor supply or consumption, health, housing, education,
marketable production, home production or other issues that are analyzed in separate
modules.

To implement this approach, data must be general too. The multi-topic approach
implemented by the World Bank Living Standard Measurement Study (LSMS) inte-
grates information about the household, marketable and non-marketable household
production (when the time usemodule is included) and the service and business com-
munity is an appropriate example. In less developed economies, where agriculture
still contributes significantly to domestic production, it is relevant to record who does
what in the family, both in agricultural and household related activities to construct
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a reliable input-output matrix of agriculture (or other marketable family business)
and of home activities. This aspect is recommended in the Wye Group Handbook
(2007) that also stresses the relevance to record individually disaggregated data and
the consumption of goods assignable to specific members of the household, if the
interest is to implement the micro-macro link starting from the individual to the
family, community and society level.

Using surveys with a design that integrates consumption, production, and time use
information as in the LSMS (Grosh and Glewwe 2000) or the ISMEA case (Finizia
et al. 2004) and reporting individual specific information, it is possible to implement
collective household enterprise models within an equilibrium framework (Caiumi
and Perali 1997; Matteazzi et al. 2017) representing the base micro level depicted in
Fig. 3. These studies extend the traditional farm household model (Singh et al. 1986;
De Janvry et al. 1991) to encompass recent advances in collective theory. The model
represents production and consumption-leisure choices along with the rule govern-
ing intra-household resource allocation to analyse the income and wage responses of
each familymember and recover their level of well-being. The household is treated as
an equilibriummodel whose accounts are based on a collective household accounting
matrix, with the social dimension being thewife/husband classes. Themicro data per-
mit the joint estimation of behavioral parameters characterizing consumption, farm
production and household production choices of farm-households. These estimates
are used to construct the micro farm-household model. The household enterprise, be
it a farm or a firm, is by analogy the micro-level mirror image of the macro-economy.

At the household level, production and consumption decisions are non-separable.
The collective approach permits deducing the welfare levels of individual household
members thus making it possible to account for gender and inter-generational differ-
ences in the evaluation of policy impacts and individual responses to policy changes
in the labor or capital markets.

Because of non-separability, farm production and household consumption are
estimated jointly. The econometric methodology consists first in estimating house-
hold production and deriving the price of the aggregate non-marketable domestic
product, and, secondly, in estimating the production and consumption side of the
household economy conditional on the estimated instrumented domestic price.

The specification of the micro econometric model takes the following behavioral
aspects into account: non-separability of the farm, household and home activities,
time allocation and associated labor supply between on-farm, off-farm and on-home
production, corner solutions related to the choice of input use such as capital and labor
and optimal portfolio of production activities, rule governing the intra-household
distribution of resources permitting the recovering of individual preferences and
welfare levels of the husband, the wife and, possibly, the children, estimation of
shadow wages considering family labor as a quasi-fixed input.

The design of this estimation strategy is clearly general in the sense that it estimates
consumption, leisure and both marketable non-marketable production jointly so that
the econometric model can be transferred as such within the structure of a general
equilibriummodelwithout the needof a traditional calibration (Matteazzi et al. 2017).
Interestingly, the modelling of zero consumption, labor or other factor choices at the
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micro-level can also be easily mirrored at the macro-level adopting Löfgren and
Robinson’s (1997, 1999) mixed complementarity approach.

When integrated surveys are not available, as in the case of many developed
societies that prefer to maintain the higher level of detail of separate consumption,
income, wealth, labor and time use surveys, statistical matching techniques should
be applied (Wolff et al. 2012; Dalla Chiara et al. 2016). Such integrated data bases are
suited for the analysis of standard of living and for the estimation of complete collec-
tive demand systems describing consumption, domestic production and leisure/labor
choices (Caiumi and Perali 2015). If the available micro data-base is not integrated,
then the micro level of analysis is by force partial.

Clearly, the production side of the economy is not represented and should be
econometrically summarized usingmicro-data from business surveys possibly incor-
porating a design that records input-output and trade transactions or macro-data
recording input use per sector as in the KLEM-style data bases (Jorgenson 2007;
Jorgenson and Samuel 2014). Both data sources would be consistent with the aggre-
gate account data of the corresponding input-output data.

Farm or non-agricultural enterprise household models can be aggregated into a
local general-equilibrium framework representing a village, larger communities or
counties linked together spatially through trade (Taylor and Adelman 2006; Taylor
2012; Taylor and Filipski 2014) as illustrated in Fig. 3. The aggregation process may
continue bottom-up and stop at the desired level of policy analysis.

In this section, we stressed the importance of a “general” and integrated data
design with an input-output structure and sufficient individual level information so
that a single source of information may feed both the micro and macro behavioural
model. Micro data would then exactly aggregate to the macro level (Jorgenson et al.
1980; Savard 2003; Magnani and Mercenier 2009) so that it would be possible to
consistently zoom in from the macro to the micro level or to implement a micro-
macro zooming out statistically consistent across levels of aggregation. It would also
be possible to estimate exactly aggregable micro-econometric models of consump-
tion, labour supply and production and the associated set of parameters along with
their standard errors that would permit a more flexible representation of economic
behaviour as compared to the standard CES forms used in traditional applied general
equilibrium analyses. In addition, there would be no need for a traditional calibration
procedure, aiming at deriving the set of parameters from a given SAM or borrow-
ing them from other external econometric studies, because the set of parameters of
interest would be produced “in-house” along with their confidence sets (Jorgenson
et al. 2013; Taylor 2012; Taylor and Filipski 2014; Matteazzi et al. 2017).

Another virtue of integrating micro-econometric modelling with applied general
equilibrium is the possibility to obtain confidence intervals for the equilibrium out-
comes of changes in economic policies. Jorgenson et al. (2013) showhow to apply the
Delta method for policy evaluation given the knowledge of the asymptotic covari-
ance matrix of the parameters. It becomes also practicable to run project impact
simulations using Monte Carlo methods (Taylor 2012; Taylor and Filipski 2014).
Such simulation methods in an applied general equilibrium context may become a
complement to randomized control trials (RCTs) and an effective tool for impact
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evaluation where RCTs are not feasible. When randomized control trials are not
appropriate or cannot be implemented, impact evaluation at the local level can be
performed comparing the same local economy before and after the program or with
adjacent local economies “not treated” with the program.

This inferential feature of the micro-macro approach should become a standard
feature of policy and project evaluation in an equilibrium framework, though it should
be recognized that it is constrained more by data availability rather than modelling
capabilities. It also opens the doors to the implementation of causal analysis with
observational data, represented in our context by themicro integrated data base, along
the lines traced by Heckman (2010), striving to reconcile structural and program
evaluation policies by using LATE techniques or by studying causal models through
DirectedAcyclic Graphs (DAGs) or BayesianNetworks (Pearl 2013). Clearly, causal
inference can be pursued provided that the applied framework is an econometrically
estimated and calibrated general equilibrium model and is an important opportunity
for policy analysis, because, as stressed by Imbens (2010: 401), questions concerning
the causal effects of macroeconomic policies or involving general equilibrium effects
can rarely be settled by randomized experiments.

So far, we have examined a circularmicro-macro link that can bemade operational
either from the bottom up or indifferently top down exactly aggregating individuals
to families, communities or societies or disaggregating society into their individ-
ual members. However, as it will be apparent in the next section, the micro-macro
modelling approach is not fully integrated because the tax-impact component of the
policy analysis is mainly omitted.

5.5 A Fully Integrated Micro-Macro Modelling Approach

A fully integrated micro-macro modelling approach refers to a modelling strategy
that builds a formal communication flow between the macro equilibrium analysis,
the micro behavioural analysis and the non-behavioural tax-benefit simulator. A tax-
benefit microsimulation model calculates the effects of direct and indirect taxes and
benefits on household incomes and work incentives for the population of a country
or, in a comparable manner, for a set of countries. It executes a highly detailed and
exhaustive set of policy rules, that must be updated on a yearly basis, using represen-
tative expenditure, income or standard of living surveys whose reported incomes are
checked for consistency with available administrative data. The simulator is usually
too large to be hosted in a general equilibrium model that normally incorporates a
gross representation of a country tax system. This explains why it is rare to observe
applications that integrate an analytical tax-benefit simulator with a less systematic
and accurate macro representation of the fiscal system.3 Previous discussions of

3Bourguignon and Spadaro (2006) explain that performing a microsimulation entails three basic
inputs: the policy rules to be evaluated describing, for example, a tax reform, an appropriate
behavioural model of individual response to policy and an informative micro dataset.
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micro-macro modelling integration do not explicitly include a tax-benefit simulator
(Savard 2003; Davies 2009; Ahmed and O’Donoughe 2007; Cockburn et al. 2010;
Cockburn et al. 2014; Peichl 2016) in the communication flow.

The macro level is normally represented by a CGE with a representative agent
or more agents mirroring the social class differentiation of the underlying SAM. To
establish an exactly aggregable link, it is recommendable that the SAM information
about household classes come from the same micro dataset used for the behavioural
micro-simulation model. This feature would help retain the heterogeneity that CGE
models alone normally do not account for and themicro-macro consistency of income
and poverty simulations at the micro level by linking intra-group heterogeneity to a
statistical relationship between averages and a measure of entropy dispersion.

Two main approaches can be identified to build a formal communication between
the macro and micro layer of the analysis. The approach proposed by Savard (2003),
Cockburn et al. (2010) and Cockburn et al. (2014) is an integrated method that
incorporates all the “real” households in the micro data set directly in the general
equilibrium model. It does so by simply extending the set of households treated in
the model while ensuring the coherence between income and expenditure accounts
in the household survey and in the SAM. This method uses traditional calibration
techniques to recover demand parameters rather than importing directly more flex-
ible and sophisticated consumption and labour supply models estimated before the
execution of the micro-macro exercise. This evolution, along with the theoretical
result in Magnani and Mercenier (2009), would eliminate both the need to reconcile
incomes with expenditures and savings and the model aggregate account and would
respond to the concern raised by Savard (2003) and Bourguignon et al. (2005) about
the difficulties investigating policies involving discrete choices or regime switching
behaviour.

The second main approach establishes a sequential top-down link, whereby the
macro CGE model generates equilibrium prices that are passed on to a partial-
equilibriumbehavioural householdmicro-simulationmodel. This approach is usually
performed with an iterative feed-back “top-down/bottom-up” process that ensures
consistency between the behaviour of the aggregate classes in the CGE and that of
individual households (or individuals if a collective approach is pursued) in themicro
databases (Savard 2003; Bourguignon et al. 2005). As noticed also by Cockburn et al.
(2014), the importance of the feedback effect critically depends on the aggregation
error due to the lack of exact aggregation of the micro behavioural functions. If the
exactness property is maintained, then themicro andmacromodels will be consistent
and the iterative feedback process will be minimal.

The micro-macro dialogue depicted in Fig. 4 traditionally occurs between the
macro models passing on information about equilibrium prices and incomes of the
new post-reform economic situation, to the micro behavioural models. It simulates
how consumers or workers respond to the change and the associated impact on
poverty and income distribution, or between the tax-benefit non-behavioural simula-
tors, thereby transferring information about post-reform incomes to the behavioural
micro-simulation models. This clarifies what we mean by a fully integrated micro-
macro modelling system that takes advantage from a circular communication flow
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Fig. 4 A fully integrated micro-macro modelling approach

between the macro and both the behavioural and non-behavioural micro models, as
illustrated in Fig. 4.

We now provide a formal representation of a fully integrated approach.4 In the
following expression, a tax-benefit simulator gets the records about households’
gross income yh from microdata obtained from information about the household h
supply of working hours l at aggregate wage w and non-labour income as the rent r
of capital k

yh � rkh + wlh

and derives households’ net income yneth by applying a household specific tax-benefit
rule τ to gross incomes

yneth � (1 − τh) yh + transfh � ((1 − τh) rkh + transfh) + (1 − τh)wlh
� yexoh + (1 − τh)wlh,

where net incomes are decomposed into an exogenous component yexoh and endoge-
nous labour income.

4We thankfully acknowledge JeanMercenier for this integrated representation and for many fruitful
discussions on frontier topics of general equilibrium.
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At the micro level, each member j of household h chooses her/his optimal bundle
of consumption goods c and labour l by maximizing her/his own utility U subject
to the individual budget constraint corresponding to a proportion 0 < μ j < 1 of
household net income

Maxc j
h ,l

j
h

{
U j

h

(
c j , 1 − l j

) |pc j � μ j · ((1 − τh)lhwh + yexoh

)}

whose solution gives optimal collective consumption for each consumption aggregate
(or sector) s such as food, housing, education, health, transportation, recreation, and
others, and collective labour supply

⎧
⎨

⎩
c j
(h|s) � c j

(h|s)
(
w, p, yexoh , τ

)

l jh � l jh
(
w, p, yexoh , τ

) ∀j � male, female, children and ∀s sectors

that feed the macro CGE level.
At themacro level, to exemplify we suppose that the economy reaches aWalrasian

equilibrium that we summarize as follows
⎧
⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

∑
h
lh � Lden(wp ,Q)

∑
h
kh � Kden(wp ,Q)

∑
h
ch � Q

⇒ (w∗, p∗, rnumeraire; Q∗)

where individual factor demands aggregate to the total factor endowments in the
economy (Ldem,Kdem) and aggregate demand equals aggregate supplyQ. The unique
solution of the system gives equilibrium prices and output (w∗, p∗, rnumeraire; Q∗) that
may feed and feedback both the behavioural microsimulation models and, for a
complete integration, the tax-benefit simulator

yneth � yexoh + (1 − τh)w
∗l∗h .

Then, to maintain an exact micro-macro consistency, researchers would need
to iterate until convergence, where two adjacent iterations give wages and prices
differing for a small error of the 1 × 10−8 size. Incorporating labour supply and
consumption schemes consists in replacing the first order conditions in the CGE
by the estimated consumption and labour (collective) supply

⎧
⎨

⎩
c j
h � ĉh

(
w, p, yexoh , τ

)

l jh � l̂h
(
w, p, yexoh , τ

) .
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It is relevant to note that failing to close the model at the macro level would be
“distortionary partial”. For example, focusing on labour supply alone, would break
the utility optimization and ĉh would be determined residually to satisfy the budget
constraint pch � (1 − τh) lhwh + yexoh .

The importance of a direct integration between CGEs and tax-benefit models
should not be overlooked. For example, consider an aggregate shock, such an eco-
nomic crisis or the exit of a European country from the Community. In this case the
iterative use of the tax-benefit simulator and theCGEmodelwould allowdetermining
the endogenous policy rule τ̂ that neutralizes the shock.

This step is critical to place tax-benefit simulators as an integral component of
the micro-macro behavioural modelling approach that is going to make more and
more extensive use of big datawarehouses. A relevant example is theRhomolomodel
(Mercenier et al. 2016) that is a spatial computable general equilibriummodel for EU
regions and sectors. The model is calibrated using the SAMs of all regions in Europe,
uses inter-regional trade information of both products and factors, and incorporates
systematic information of the fiscal and legal systems specific to each region.

Similarly, there is a large investment in creating “big micro data” warehouses that
are uniformed across European regions of interest so that it is practical to run the same
behavioural (consumption and labour supply) models. In turn these would allow to
support micro-econometric based inter-regional general equilibriummodels that will
be able to perform causal policy analysis. Such EU-level matched data bases, would
allow a more thorough understanding of the policy impact at the micro level on the
well-being of policy-relevant types of families, such as fragile and migrant fami-
lies, and a more complete cross-country comparison of standards of living, possibly
accounting for differences in prices and access to public services.

6 Conclusions

Computable general equilibrium (CGE) modelling is an evolving methodology of
applied economics, that is fast becoming the main tool of policy analysis capable to
link the aggregate level of the economy, to different disaggregate levels, such as, in
particular, specific regions, population aggregates and investment projects. Although
some of their theoretical foundations can be traced to the historical debate on the
theory of market equilibria from Walras to Debreu and beyond, CGE models are
pragmatic constructions based on available statistics and relatively simple estimates.
They try to capture the essentials of the economic system using the mathematical
and statistical structure of the Social Accounting Matrix, as a core element of their
description of a transaction based economy. This implies not only that they are not
an attempt to quantify the complicate relations described by the classical economists
under the invisible hand hypothesis, but also that they do not address some of the big
unresolved issues concerning equilibrium among stocks and flows and, in particular,
by different capital theories.
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Because of their reliance on SAMs, CGEs also present the peculiarity of being
a consistent and complete set of accounts that represent a disaggregation of the
national accounts and provide monetary indicators of value consistent with the UN
methodologies and the gross domestic product (GDP) concept. They also allow to
easily extend the same accounting principles to represent and measure values of
non-market goods, externalities, environmental damages, and natural resources.

Linear homogeneity of the price system in themodelmakes equilibriumprice vari-
ations and prices specified only in relative terms, with respect to a numeraire, which
can be a particular or a composite commodity. A simple differential generalization
of a CGE structure shows how to accommodate shadow prices and opportunity costs
in policy and project evaluation.

By virtue of these characteristics, and in spite of its many limitations, both the
theory and the application of CGE modelling has been growing fast, in part as the
consequence of advancing knowledge in the fields of social accounting, mathemati-
cal programming and development of computational power. Even though the SAM
transactions do reflect a fully circular economy and the CGE computations register
the interdependencies across a plurality of autonomous agents, the results of the
simulations tend to reveal well defined adjustment mechanisms and typically can
be interpreted as the consequence of adding flexibility and price effects to a basic
input-output structure. Model closures are useful to further avoid the “black box”
effect characteristic of large models, by imposing explicit directions to the causal
chains of the policy experiments and project evaluations. If we further consider
that the SAMs are the aggregate accounting structure of microdata about firms and
households transactions that can be used by micro econometric models that sup-
ply behavioural parameters and associated standard errors to the macro model, then
policy and project evaluations techniques can be implemented in a causal framework.

Yet some important questions remain and suggest that many dimensions of a
new frontier of CGE modelling are ready for exploration. Among these, the most
important appears to be the reliance of the current models on aggregate agents,
whose behavioural functions are assumed to be equivalent or similar to those of the
individual, decentralized agents acting in the economic system. We know that this
is not only a gross simplification, but because of the “everything goes” result, it is
not consistent with economic theory. Any set of excess demand functions, in fact,
may be capable of being solved for non-negative equilibrium prices, regardless of
the properties of the underlying disaggregated structures that may have been used to
generate them. This means that using well behaved demand and supply functions at
aggregate level does not per se add any validity to the general equilibrium solutions
found. In other words, more specific micro-foundations, such as those derived by
the collective theory of the household, are not only useful, but necessary to fully
legitimize the aggregate model and ensure the exact aggregation of the micro-macro
link within a modelling approach that fully integrates the macro CGE environment
with the tax-benefit analysis of fiscal reforms and the micro-behavioural impacts.

The above considerations also bring about the question of the causal nature of
CGE models and their use in inference. As causal models, CGEs have to deal with
three sets of tasks in this respect:
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• Defining the set of hypotheticals or counterfactuals (a scientific theory),
• Identifying parameters (causal or otherwise) from hypothetical population data
(mathematical analysis of point or set identification),

• Identifying parameters from real data (estimation and testing theory).

From the point of view of inference this implies that counterfactuals, even in
dynamic settings, may face two different problems: (i) identifying causal models
from idealizeddata of population distributions (infinite sampleswithout any sampling
variation), (ii) identifying causal models from actual data, where sampling variability
is an issue. In case (i), the hypothetical populations may be subject to selection bias,
attrition and the like, but all issues of sampling variability are irrelevant for this
problem. In case (ii), the analysis must recognize the difference between empirical
distributions based on sampled data and population distributions generating the data.

The tension that has been driving recent developments in the theory and applica-
tions of general equilibrium towards greater integration between policy and project
analysis has led to major achievements in moving the frontier of knowledge forward.
As this new stock of knowledge is increasingly transferred to institutions and prac-
titioners, it is our hope that the quality of the policy process and project evaluation
will be greatly enhanced.
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Demand-Driven Structural Change
in Applied General Equilibrium Models

Roberto Roson and Dominique van der Mensbrugghe

Abstract This chapter analyzes the variations in industrial structure induced by

income-sensitive patterns of final consumption, and how these changes can be cap-

tured by a multi-sector numerical model with a flexible demand system. We focus, in

particular, on the estimation of parameters for an AIDADS (An Implicitly, Directly

Additive Demand System) specification. We then test the latter by inserting it in

the ENVISAGE global general equilibrium dynamic model, which is run under the

SSP2 scenario from 2011 to 2050. It is found that time-varying income elasticity

can generate sizable variations in the industrial structure. This finding has important

practical implications, particularly when structural models are applied at a medium

and long term horizon.

Keywords Demand systems ⋅ Structural change ⋅ Economic dynamics

Computable general equilibrium models

JEL Codes C33 ⋅ C68 ⋅ D58 ⋅ E21 ⋅ O11 ⋅ O41

1 Introduction

Structural change refers to the variations in the patterns of industrial output, con-

sumption and trade flows inside an economic system. In the short run, this change

is mainly determined by income and relative prices, but in the medium and long run

other forces shape the economic structure in a more persistent way. Technological

progress, modifications of production processes, shifts in aggregate consumption,
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possibly driven by demographic evolution, all contribute to long lasting structural

change.

Understanding structural change, and its determinants, is clearly an interesting

and relevant scientific topic in itself, with direct policy implications. It is also prac-

tically important when applied, multi-sector general equilibrium models are used

for the assessment of policies and effects having impacts in the long run, like in the

case of climate change. Indeed, whereas these models are usually characterized by

a detailed account of the economic structure, which is often essential when dealing

with impacts affecting specific sectors, they are also normally calibrated on the basis

of some past data (e.g., input-output tables or their social accounting matrix (SAM)

extensions), meaning that they mirror an economic structure quite different from the

one we could possibly observe in the distant future.

Some of the factors affecting the long run structural change are clearly unpre-

dictable. Most of the technological breakthroughs of the past, affecting various

industries, appear to have occurred in a seemingly random fashion. Harberger (1998)

points out that the whole dynamics of economic progress actually resembles the

growth process of “mushrooms”, rather than the steady rise of “yeast” (as neoclas-

sical models of economic growth posit).

Some other factors, however, are quite predictable, in the sense that some of the

forces which will affect the economic structure tomorrow are already active and

observable today. Technology adoption and diffusion is under way. Catching up by

fast growing developing economies is occurring. Demographic transitions are taking

place, as well as mass migrations.

Broadly speaking, there are two classes of effects at work. There are supply side

effects, affecting industrial productivity, either directly or indirectly, and there are

demand side effects, involving variations in the structure of final demand. In this

paper, we focus on the issue of modeling and numerical estimating changes in the

pattern of aggregate household consumption, driven by varying (growing) levels of

per capita income. Therefore, income levels are taken here as given, although in a

full-fledged numerical model they could be determined endogenously, or obtained

from an hypothetical scenario.

Modeling a time-varying and income-dependent structure of household consump-

tion implies introducing a sufficiently sophisticated demand system, capable of cap-

turing what Matsuyama (2016) terms “Generalized Engel Law”: the fact that budget

shares in consumption expenditure (and, more generally, industrial shares in terms

of employment, value added or output) do not vary monotonically over time at pro-

gressively higher income levels. Therefore, in the next section, we briefly review

what functional forms have been employed in the recent economics literature for

this purpose. We focus, in particular, on the AIDADS (An Implicitly, Directly Addi-

tive Demand System; Rimmer and Powell 1992), presenting in Sect. 3 an exercise

of parameters estimation for this demand system, based on the recently published

Report of the 2011 International Comparison Program (ICP 2015). Section 4 illus-

trates how results obtainable from a dynamic, computable general equilibrium model

may change when the AIDADS specification, instead of a simpler, conventional form
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is employed to model consumption demand. A final section draws some concluding

remarks.

2 Long-Run Changes in Consumption Patterns

Several demand systems, utility and expenditure functions, all with differentiated

income elasticity, have been proposed. Desirable properties for their utilization in

applied economic models are: (1) relative simplicity and analytical tractability; (2)

generation of well behaved demand curves; (3) easiness of parameters estimation. Of

course, the choice should also depend on the characteristics of the underlying model

and on its purpose, for instance:

∙ the model could focus either on relatively small variations in income or expen-

diture levels (e.g., a single country CGE for short run policy assessment), or on

more substantial variations (long run scenarios or intercountry comparison);

∙ the model could primarily focus on changes in income, rather than changes in

relative prices.

Assessing long run changes in the structure of consumption demand means consider-

ing significant changes in income, with variations in relative prices entering only as a

second order effect. Therefore, the selection of a demand system should be restricted

to functional forms that, at higher income levels but constant relative prices, simulate

structural changes consistent with historical “stylized facts”.

One interesting option is the Hierarchical Demand System (Matsuyama 2002;

Buera et al. 2013). The idea behind the HDS is deceptively simple: goods and ser-

vices are ranked from lowest to highest priority in terms of needs. All consumers

spend their income in a sequential way, starting from basic needs and stepping up to

the highest level they can afford with their income. Once a need is satisfied, the

corresponding good or service provides no more marginal utility. This is broadly

consistent with the observation that goods could be initially regarded as a luxury

(e.g., air conditioning), and when they can be obtained they become a necessity.

When associated with a given income distribution, HDS can produce some inter-

esting dynamics, with goods/industries “taking off” at various stages of economic

development, possibly generating “hump shaped” trajectories as well.

Generally, HDS works well for theoretical models (possibly to be validated econo-

metrically), but its implementation in applied macro-economic models like the CGEs

would require information about the distribution of income and how it could evolve

over time. This may be quite problematic, especially when a large set of countries

are considered, including data-poor developing countries.

Gohin (2005) illustrates how to implement any regular configuration of price and

income effects through “latent separability”. Latent separability can be seen within

an intermediate production process, where goods are first used to produce commodi-

ties, which are the true arguments of the utility function and not the goods. Even if

each intermediate utility function is homothetic, there is a wide spectrum of possible
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income and substitution effects for purchased goods generated from the combination

of different groups to which each good belongs. The problem with this method here

is that is assumes knowledge of income and substitution elasticities from the out-

set. Indeed, this information is used to infer a consistent latent separability structure,

which is not observable.

A number of authors have recently work with some variants of CES functions,

with industry-specific but time-constant income elasticities. In Fieler (2011) a sin-

gle parameter plays the double role of substitution and income elasticity. Caron and

Markusen (2014) set relative income elasticities equal to relative substitution elas-

ticities, whereas Comin et al. (2015) use separate and independent parameters for

the two good-specific elasticities.

In all cases, income elasticities are constant. This implies that the demand pattern

does not stabilize over time and, actually, the good with the highest income elasticity

would asymptotically cover 100% of the budget. Clearly, this is not an appealing

property for a realistic assessment of long run changes in demand patterns.

A demand system for structural change simulation should be “sufficiently flexi-

ble” or, technically speaking, “full rank”. Rank one demands, the most restrictive

demand systems, are independent of income; rank two demand systems are less

restrictive, allowing linear Engel curves not necessarily through the origin; while

rank three (i.e., full rank) demand systems are least restrictive, allowing for non-

linear Engel responses (Cranfield et al. 2003).

Among the many full-rank demand systems which have been proposed, AIDADS

(An Implicitly, Directly Additive Demand System; Rimmer and Powell 1992) appears

to be especially suited for implementation in multi-sector, applied general equilib-

rium models. Indeed, it was introduced by CGE modelers and it has already been

applied in a number of CGE models (Yu et al. 2000, 2004; Golub and Hertel 2008).

The AIDADS can be seen as a generalization of the Linear Expenditure System

(LES). The demand for good i is expressed as:

qi = 𝛾i + 𝜙i

y −
∑

j pj𝛾j

pi
(1)

where y is total income or expenditure, 𝛾i is a parameter and 𝜙i (which in a LES

would itself be a fixed parameter) is given by:

𝜙i =
𝛼i + 𝛽ieu

1 + eu (2)

with 𝛼i, 𝛽i parameters and u being the implicitly defined, cardinal utility function.

To understand how AIDADS behaves, notice that:

lim
u→−∞

𝜙i = 𝛼i (3)
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lim
u→∞

𝜙i = 𝛽i (4)

𝛼i < 𝜙i < 𝛽i (5)

lim
y→∞

piqi

y
= 𝜙i = 𝛽i (6)

Expenditure shares therefore stabilize at the level 𝜙i in the long run, although at

different “speeds”. It is not possible to get a closed form solution for the utility level u,

which must then be estimated numerically, alongside the parameters 𝛼i, 𝛽i and 𝛾i. A

number of constraints must also be taken into account, to ensure regularity conditions

for the system (Powell et al. 2002). Cranfield (1999) shows how to use maximum

likelihood methods to this purpose, employing also bootstrapping techniques to get

parameters statistics (e.g., confidence intervals) and maximum entropy for multiple

demands, disaggregated in terms of per-capita income.

Furthermore, Cranfield et al. (2003) assesses the ability of five structural demand

systems to predict demands when estimated with cross sectional data spanning coun-

tries with widely varying per capita expenditure levels. Results indicate demand sys-

tems with less restrictive income responses are superior to demand systems with

more restrictive income effects. Among the least restrictive demand systems consid-

ered, the AIDADS and the Quadratic Almost Ideal Demand System (QUAIDS) seem

roughly tied for best, while the Quadratic Expenditure System (QES) is a close sec-

ond. They notice that an important advantage of the QUAIDS model over AIDADS

is its ease of estimation. Yet, and despite the fact that AIDADS is not exactly aggre-

gable, the latter has fewer price related parameters to estimate and is designed so

that budget shares lie between zero and one at all expenditure levels. This property

suggests a preference for AIDADS when expenditure (income) shows substantial

variation (or when extrapolations would involve large changes in expenditure) but

prices are anticipated to experience little change.

3 Estimation of an AIDADS Demand System

ICP (2015) provides data on real and nominal consumption expenditure for 180

countries at the year 2011, in 14 categories, which are further aggregated here in

11 consumption classes:

∙ Food and nonalcoholic beverages (FOOD)

∙ Alcoholic beverages, tobacco, and narcotics (BEVTOB)

∙ Clothing and footwear (CLOTHING)

∙ Housing, water, electricity, gas and other fuels + Furnishings, household equip-

ment and maintenance (HOUSE)

∙ Health + Education (HEAEDU)
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∙ Transport (TRANSP)

∙ Communication (COMMUN)

∙ Recreation and culture (RECREAT)

∙ Restaurants and hotels + Miscellaneous goods and services (OTHER)

∙ Machinery and equipment (MACHINE)

∙ Construction (CONSTR)

Ratios between real and nominal consumption readily give a set of country and sector

specific price indexes. For the estimation of AIDADS parameters, we closely follow

Cranfield (1999), by formulating the equations in terms of budget shares, and adding

a stochastic error term:

wir =
pir𝛾i

yr
+

𝛼i + 𝛽i exp(ur)
1 + exp(ur)

(

1 −
∑

i pir𝛾i

yr

)

+ 𝜖ir (7)

where wir is the observed household budget for the item i in country r; yr stands

for total per capita expenditure (income) in country r; pir is the price index for the

item i in country r; 𝜖ir is a normal multivariate error term, distributed independently

across observation, with zero mean and finite covariance matrix, where the sum over

all items in each country is zero. All remaining symbols, including the cardinal utility

ur, are parameters to be estimated.

The following restrictions apply:

∑

i
𝛼i = 1

∑

i
𝛽i = 1

0 ≤ 𝛼i, 𝛽i ≤ 1

(8)

The estimation is performed using a non-linear maximum likelihood procedure,
1

and gives the results shown in Table 1.

Figure 1 graphically displays how the budget shares evolve at constant prices,

when annual per capita income (total consumption expenditure) varies from a mini-

mum level of 8691 USD up to 168788 USD.

To interpret the meaning of the estimated parameters, consider that gamma (𝛾)

expresses the fixed and unavoidable consumption, therefore the higher the value for

this parameter, the more essential a certain good or service is seen, in terms of basic

needs. On the other hand, beta (𝛽) is the asymptotic budget share, for income levels

going to infinity. The higher this share is, the more important a consumption item

becomes, as we get very rich.

To make the AIDADS system functional for a numerical simulation model, an

additional step is necessary. Indeed, the procedure illustrated above allows to esti-

mate country specific values for the cardinal utility u, but that variable is not available

in the destination model, so a link must be established between utility and income

1
Technical details about the specific algorithm and software are available on request.
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Table 1 Estimated parameter values

Alpha Beta Gamma

FOOD 0.40 0.00 116

BEVTOB 0.02 0.02 16

CLOTHING 0.04 0.03 29

HOUSE 0.08 0.21 136

TRANSP 0.07 0.09 6

COMMUN 0.02 0.02 1

RECREAT 0.00 0.07 10

CONSTR 0.16 0.13 40

MACHINE 0.10 0.10 16

HEAEDU 0.08 0.14 98

OTHER 0.02 0.20 38

Fig. 1 Expenditure shares by income levels

levels. To this end, observe the plot contrasting income (vertical axis, logarithmic

scale) with cardinal utility levels in Fig. 2.

The Figure suggests that the relationship is semi-logarithmic. Indeed, after trying

several specifications of the functional form, the best regression results have been

obtained with the following heteroskedasticity corrected OLS formulation, where ur
is regressed against ln(yr):
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Model 1: Heteroskedasticity-corrected, using observations 1-177
Dependent variable: u

coefficient std.error t-ratio p-value
-------------------------------------------------------
const −7.17788 0.160788 −44.64 1.45e-097 ***
lnm 0.839040 0.0183408 45.75 2.80e-099 ***
Statistics based on the weighted data:
Sum squared resid 656.4597 S.E. of regression 1.936801
R-squared 0.922833 Adjusted R-squared 0.922392
F(1, 175) 2092.804 P-value(F) 2.80e-99
Log-likelihood −367.1501 Akaike criterion 738.3002
Schwarz criterion 744.6525 Hannan-Quinn 740.8764
Statistics based on the original data:
Mean dependent var −0.047430 S.D. dependent var 1.348156
Sum squared resid 28.07932 S.E. of regression 0.400566

When the estimated coefficients of the regression are plugged into the AIDADS

demand (1), the latter becomes a function of income and prices only, as one would

expect from a regular demand function:

qi = 𝛾i +
(
𝛼i + 𝛽iKyZ

1 + KyZ

)

·
y −

∑
j pj𝛾j

pi
(9)

where we have added the two constants K = 0.000763284 and Z = 0.83904.

Fig. 2 Income versus cardinal utility levels
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4 Introducing a Flexible Demand System into a Dynamic
CGE Model

We have used the recursive dynamic global CGE model ENVISAGE

(van der Mensbrugghe 2017) to assess how results may change in a multi-sector

structural model, when a flexible demand system like the AIDADS is introduced.

First, a baseline was built, by running the model with endogenous labor productiv-

ity
2

and exogenous GDP growth (using OECD projections) and population (using

IIASA projections), according to the Shared Socio-Economic Scenario 2 (SSP2),

from 2011 to 2050. In two subsequent rounds, labor productivity was kept fixed at

its baseline level, but two alternative specifications for the final consumption demand

were tested: a simple homothetic Cobb-Douglas and the more flexible AIDADS sys-

tem.
3

The purpose is verifying how the model output could vary when income elas-

ticity for households consumption is switched from constant and unitary values to

non-constant and time-varying ones.

Figure 3 shows the differences in GDP produced by the AIDADS simulation with

respect to the Cobb Douglas benchmark, for the following 14 macroregions in the

ENVISAGE model:

∙ Low income East Asia & Pacific (LEAP)

∙ Middle income East Asia & Pacific (MEAP)

∙ South Asia (LSAS)

∙ Low income Europe & Central Asia (LECA)

∙ Middle income Europe & Central Asia (MECA)

∙ Low income Middle East & North Africa (LMNA)

∙ Middle income Middle East & North Africa (MMNA)

∙ Low income Sub-Saharan Africa (LSSA)

∙ Middle income Sub-Saharan Africa (MSSA)

∙ Low income Latin America & Carib. (LLAC)

∙ Middle income Latin America & Carib. (MLAC)

∙ European Union (EU28)

∙ United States (USAM)

∙ Rest of high-income countries (XHIC)

The different regions exhibit a differentiated response after the introduction of

time-variant elasticities of substitution. Some regions get a higher growth, most

notably Middle income East Asia & Pacific (MEAP), whereas other regions are

characterized by lower growth, in particular Middle income Europe & Central Asia

(MECA).

2
Labor productivity growth is assumed to be smaller for Services and greater for Manufacturing

industries.

3
Parameters of the AIDADS system were adjusted to fit the different industrial classification in

ENVISAGE.
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Fig. 3 Differences in GDP growth rates

To understand the reasons behind such divergence, we look at the composition of

the gross industrial output in the two regions (Table 2), recalling that Manufacturing

is the sector with the highest productivity growth in ENVISAGE, while Services

is the slowest one. Notice that East Asia is characterized by a very large share of

Manufacturing, whose component is significantly larger under the AIDADS speci-

fication. By contrast, middle income countries in Central Asia and Europe (outside

the EU) are characterized by a much smaller Manufacturing sector, but a much larger

share for Services (in particular, Transport and communications). As aggregate GDP

growth can be seen as a weighted average of industrial growth rates, the different

structure obtained under the AIDADS and CD formulations has direct implications

for the national income increase. Regionswith relatively high shares of manufactures,

relative to services, will see an accentuation of aggregate GDP growth when using

the AIDADS specification relative to the C-D specification.

Table 3 presents the same industrial output composition, but for the whole world.

With a unitary income elasticity (CD) all changes in the structure of final consump-

tion must be due to variations in relative prices, so as to keep the shares in value terms

constant. Here the drivers of variations in relative prices are differentiated produc-

tivity growth rates: since services are characterized by slower growth, their relative

prices increases and real consumption first, then gross output decrease (in relative

terms).

When the AIDADS formulation replaces the CD one, the effect of income elastic-

ity overlaps to the relative price effect. For both Agriculture and Services industries,

income and relative prices work to the opposite directions, and the industrial shares

at 2050 do not differ very much from those of the 2011 base year (except Housing

services). For Manufacturing, instead, the two effects reinforce each other, bringing

about a share for “Other manufacturing” 3.81% larger than it was in 2011.
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Table 2 Industrial output composition in MEAP and MECA regions

MEAP 2011 (%) 2050-CD (%) 2050-AID (%)

Cereals (CERL) 3.04 4.21 2.33

Livestock (LVST) 3.14 4.48 2.72

Processed food

(PFUD)

3.80 5.22 3.23

Textile, apparel and

leather goods (TXWP)

5.03 4.97 3.93

Other manufacturing

(MANU)

40.76 38.62 40.73

Housing utilities

(HUTL)

11.89 9.23 10.05

Wholesale and retail

trade (TRAD)

5.30 5.74 6.85

Transport and

communication

(TRCM)

9.63 9.72 10.64

Financial services

(FSRV)

7.68 7.54 8.90

Housing services

(HSRV)

9.73 10.27 10.62

MECA 2011 (%) 2050-CD (%) 2050-AID (%)

Cereals (CERL) 2.15 2.21 1.29

Livestock (LVST) 4.08 4.40 2.74

Processed food

(PFUD)

3.30 3.58 2.53

Textile, apparel and

leather goods (TXWP)

2.56 2.36 1.72

Other manufacturing

(MANU)

17.28 17.60 17.78

Housing utilities

(HUTL)

15.27 15.98 16.50

Wholesale and retail

trade (TRAD)

11.56 11.94 12.63

Transport and

communication

(TRCM)

22.56 22.34 22.46

Financial services

(FSRV)

8.88 8.54 9.11

Housing services

(HSRV)

12.35 11.05 13.24
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Table 3 Industrial output composition—World

World 2011 (%) 2050-CD (%) 2050-AID (%)

Cereals (CERL) 2.03 3.64 2.04

Livestock (LVST) 2.47 3.44 2.54

Processed food

(PFUD)

3.09 4.01 2.88

Textile, apparel and

leather goods (TXWP)

2.12 2.80 2.25

Other manufacturing

(MANU)

24.26 26.86 28.07

Housing utilities

(HUTL)

11.50 11.35 11.90

Wholesale and retail

trade (TRAD)

10.27 9.23 10.08

Transport and

communication

(TRCM)

12.64 12.72 13.21

Financial services

(FSRV)

12.80 10.57 11.46

Housing services

(HSRV)

18.81 15.38 15.57

5 Conclusions

Changes in the economic structure are due to variations in technology and prefer-

ences, but also to differentiated sectoral productivity growth and varying patterns of

consumption, sensitive to income per capita levels. Whereas future technology and

preferences are not observable, trends in productivity are, as well as the response of

consumption patterns to different income levels.

This chapter has focused on the estimation of the latter effect, that is on the

changes in the economic structure driven by a different composition of final con-

sumption in the medium and long term. An empirical estimation of parameters for a

flexible demand system has been presented, and the system was tested in a structural

dynamic general equilibrium model. We found that time-varying income elasticity

can generate sizable variations in the industrial structure.

This finding has important practical implications, because numerical structural

models like CGE are increasingly been employed to assess long terms effecst of

policies and other impacts (e.g., economic impacts of climate change), but structural

parameters are still derived from past input-output and social accounting matrices.

More work is needed to understand and gauge how income effects interact

with differentiated productivity growth rates. Different sectoral “speeds” have been

assumed in the ENVISAGE model, but not empirically estimated. We leave this topic

for future research.
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Micro-Macro Simulation of Corporate
Tax Reforms

Antonella Caiumi

Abstract Firm models are relatively rare in spite of the large number of models for
households presented in the literature. The aim of this chapter is twofold. First, we
illustrate the newmicroeconometricmodel on corporations currently used by Istat for
revenue forecasting and policy analysis. Second, we discuss the advantages of com-
bining microsimulation and computable general equilibrium models in simulating
of corporate tax reforms.

Keywords Microsimulation · Taxation · General equilibrium · Ex-ante policy
analysis

1 Introduction

The purpose of this chapter is to discuss how microsimulation and computable gen-
eral equilibrium model (CGE) models can be effectively integrated in evaluating the
impact of fundamental corporate tax reform proposals. While the use of microsimu-
lation models is essential in modelling the distributive effects of corporate taxation
and revenue forecast, it is limited, in the case of reforms involving changes in prices,
wages andmacro variables, by the inability of this kind of tools to model adjustments
in several markets. Governments influence market outcomes by altering prices by
means of taxes and subsidies and might exert significant impact on investment and
the economic growth rate of various sectors of the economy. By contrast, CGE mod-
els—through their theoretical foundation in microeconomics—are powerful tools in
the assessment of the impact of exogenous variables and policy measures (i.e., tax
rates) on economic equilibria (i.e., prices and quantities) by the interaction of the
demand and supply in goods and factor markets. However, since CGE models are
based only on a few types of firms, they are unable to capture the full range of het-
erogeneity across firms. Henceforth, CGE models may fail to account for large part

A. Caiumi (B)
ISTAT, Rome, Italy and CAPP, Università di Modena, Modena, Italy
e-mail: acaiumi@istat.it

© Springer International Publishing AG, part of Springer Nature 2018
F. Perali and P. L. Scandizzo (eds.), The New Generation of Computable General
Equilibrium Models, https://doi.org/10.1007/978-3-319-58533-8_3

53

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-58533-8_3&domain=pdf


54 A. Caiumi

of both the distributional effects and the revenue impact associated to the economic
adjustments.

In spite of the fact that firms are central units in economic decision-making, and
information on the distributional and economic impact of business taxation is highly
relevant for economic policy, to the best of my knowledge, no attempt has been
made to combine microsimulation with CGE and macro modelling for the analy-
sis of fundamental corporate tax reforms. For instance, the adoption of corporate
tax reforms proposed in the literature to address the corporate debt bias was stud-
ied using several applied general equilibrium models (Keuschnigg and Diez 2007;
Radulescu and Stimmerlmayr 2007; de Mooij and Devereux 2011) as well as in
microsimulation analysis (see Finke et al. 2014; Caiumi and Di Biagio 2015), but
the two methodologies were never combined.

Analogously, the proposal to adopt a single set of rules for companies oper-
ating within the EU was separately assessed through general equilibrium models
(Betterndorf et al. 2009) and microsimulation studies (Fuest et al. 2007; Devereux
and Loretz 2008). More recently, the re-launch of the Common Consolidated Cor-
porate Tax Base (CCCTB) reform proposal was examined in the impact assessment
using CORTAX, a CGE model describing 28 countries of the European Union,
other relevant economies in the world, such as the US and Japan, and a tax haven.
Macroeconomic results show that a fairer and more efficient corporate tax system
will positively affect investment, employment, GDP and welfare in Europe. How-
ever, results vary across countries and the CORTAX model fail to provide forecast
value for the tax revenue impact of the CCCTB for each Member State. For this
purpose, the simulation exercise based on CORTAX should be complemented with
a microsimulation approach. Alternative modelling approaches easier to implement,
such as drawing a whole distribution of ‘effective tax rates’ based on the approach
proposed by Eeger et al. (2009) and building models for ‘average firms’ in the sub-
groups of the whole population,1 are not adequate to account for relevant impact of
policy measures for heterogeneous populations.

More recently, Bhatterai et al. (2017) simulated the effects of corporate tax reform
proposals in the United States, using a two-tier modelling design, with a large
dynamic computable general equilibriummodel to address themacroeconomicmag-
nitudes. ThedynamicCGEwas also linked to amicro-simulation tax calculatormodel
to measure the distributional effects on household income, while disregarding the
impact on corporations.

Given this evolving background of converging macro and micro approaches, this
chapter analyzes the advantages of combining microsimulation and computable gen-
eral equilibrium models in simulating corporate tax reforms. To this aim, it also
illustrates the analytical potential of the new micro-econometric model on corpora-
tions currently used by Istat for revenue forecasting and policy analysis. The chapter
is organized as follows. Section 2 is devoted to the main tenets of microsimulation
analysis of corporate tax reforms. Section 3 presents ISTAT-MATIS a newmicrosim-
ulationmodel on corporations developed by the Italian National Institute of Statistics

1See for an example, Roggeman et al. (2014) based on the ‘European TaxAnalyzer’ (Spengel 1995).
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(ISTAT). Section 4 illustrates the ex-ante full distributional impact of the adoption of
an allowance for corporate equity regime in Italy usingMATIS. Section 5 concludes.

2 Microsimulation Modelling for Policy Analysis
at the Firm Level

Corporate tax microsimulation models compute the net tax liabilities for individual
firms and are used to forecast the revenue impact as well as the distributional conse-
quences of tax reforms. These models are ultimately used to assess ex-ante whether
policy initiatives had the intended or unintended effects on relevant targeted groups
of the firm’s population.

Compared to the expanding literature on households, microsimulation models
for firms are relatively rare (for a survey see Ahmed 2006; Buslei et al. 2014).
Firm models are more complex than household models both because firm behaviour
involves inter-temporal aspects and tax rules are usually also more complex. In
addition, access to firm data, especially tax, is more restricted compared to household
data.

The starting point for tax microsimulation models is a (large) microdata set which
provides comprehensive information on the determinants of individual tax liabili-
ties. In principle, corporate tax models require the use of two complementary com-
pany level data sources—confidential corporate tax return data and accounting data
—because usually corporate taxable income differs from economic income. Corpo-
rate tax returns allow researchers to precisely determine the tax position of corpo-
rations in each fiscal year as well as to recover information on the use of non-debt
tax shields, like capital allowances, losses carry forwards and preferential tax treat-
ments. Knowledge of loss offsetting and firms’ ability to shift taxable profits over
time are especially important for revenue forecasting. However, to completely iden-
tify heterogeneity in business activities other information are required. In particular,
company accounts provide information of interest on the economic determinants of
corporate profits.

Information from financial statements integrated with other sources of economic
content at the corporate level is also valuable when the scope of the analysis requires
to go beyond ‘the dry run’ (also called first-round effects) and estimates of empirical
behavioural models may be welcome. Corporate tax reforms are sometimes targeted
at affecting firm behaviour, such as investment, employment and financing deci-
sions, as well as profit-shifting incentives. It follows that a key shortcoming of static
modelling is neglect of behavioural responses to policy changes.

One viable solution to overcome such limitation is enriching a static microsimu-
lation model with elements of behavioural responses as proposed by Chetty (2009),
thus avoiding the need to develop a fully specified structural behavioural model.
This has been done in a study of the impact of German 2008 corporate tax reform by
Finke et al. (2013) by complementing non-behavioural computation with elasticities
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for several firm choice variables. Of course, there is a price to pay when the empirical
measures of elasticities are taken from the related economic literature.

Another common shortcoming of firm’s models is that they are usually static
models—by definition—do not account for time, that is to say for the gradual
entry into force of corporate tax reform. A notable exception is the ISTAT-MATIS
microsimulation model which is based on a multi-period framework.

3 The ISTAT-MATIS Corporate Tax Model

ISTAT-MATIS is a corporate microsimulation model for Italy (for more details see
Caiumi and Di Biagio 2015). MATIS simulates corporate tax liabilities according to
fiscal rules and it is used on a regular basis by the Italian Central Institute of Statistics
for revenue forecasting and policy analysis. It has two distinguishing features. First,
it relies on the use of the largest complementary database in existence. To improve
accuracy in revenue forecasting, themodel relies on confidential corporate tax returns
for all Italian corporations. Further, to assess ex-ante the full distributional impact of
tax changes, the tax database is integrated with supplementary data.2 The richness
of the database allows to identify a broad range of category of firms in accordance
with technological intensity, financing structure, profitability, size, age, location,
export orientation, and ownership structure. Secondly, the model reproduces all the
complexities of the corporate tax base through a multi-period framework.3 This
requires observations at the firm level for consecutive time periods (panel data).
Currently, the integrated database covers the years 2005–2015.

Being based on the entire population of corporations, our results allows for con-
clusions on the distribution of the tax burden among taxpayers as well as on the
revenue impact of tax changes. The model reproduces in detail the key features of
the corporate tax in Italy, in particular the treatment of corporate losses, the consol-
idated taxation mechanism, the interest deductibility regulation, the local business
tax and the allowance for corporate equity. At the current stage, the model does
not account for behavioural responses by taxpayers to tax changes. Therefore, its
analytical capacity is limited to first round effects.

The adopted model framework is particularly advantageous in the evaluation of
tax reforms that are gradually introduced into force. Tax changes often provides
advantages partially offset by restriction in other provisions and the sign of the net
effect on tax liabilities may vary over time. More precisely, the model is aimed at
monitoring the dynamic effects of an ACE-type regime that was integrated in the

2The sources involved in the integration process are the company accounts database, the ISTAT
archive on national business groups, the statistical register of Italian active enterprises (acronym
ASIA), information on spin-offs and mergers, and business structural surveys, in particular the sur-
vey on foreign trade (COE), the survey on Italian enterprises controlled by foreignfirms (Fatsinward)
and the survey on resident firms with foreign subsidiaries (Fats-outward).
3For example, interest deduction add-backs (carry forwards), losses carry forwards and tax
allowances carry forwards.
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Italian tax law (‘Aiuto alla Crescita Economica’) in 2011 with the aim to remove the
favourable tax treatment of debt and stimulate companies’ own capitalizations.4 In
the next section, we show the potential of MATIS in highlighting the effects of the
Italian ACE regime on the corporate tax burden.5

4 The Distributional Effects of Introducing an ACE-Type
Regime

Under the new ACE regime, a notional return on equity is deductible against corpo-
rate profits. The Italian ACE is applied on an incremental basis in order to minimize
revenue losses. Starting from tax period 2011, taxable income is split into two com-
ponents, ordinary and above-normal return. Ordinary income is exempt under ACE.
The ordinary return is computed by applying a notional interest rate to new equity
generated after 2010. Therefore, the increments of equity capital cut down the average
tax rate of benefiting firms gradually over time. In practice, an incremental ACE-
type reform induces a selective abatement of the average tax rate depending on the
financial policy of firms with increasing effects in the long run.

In Caiumi and Di Biagio (2014) themodel was used to analyze the revenue impact
and the distributional effects of the newly introduced ACE regime both in the short
and in the long run. One crucial aspects of an incremental ACE is that benefits are
granted on the net increments of equity accumulated from a certain point in time.
In the long run, however, new equity would have replaced old equity then the tax
benefit will be granted to the entire capital stock.

Figure 1 shows how the implementation of the ACE affects the distribution of
average effective tax rates (ETR) computed as the ratio of the company’s tax-debt
over before tax-profits for the whole population of Italian corporations. After only
four years from its introduction, in 2014, the new ACE has provided significant
advantages to beneficiary firms. After computing the ACE deduction, the ETRs
for this type of firms drop below or at same level of the ETRs estimated for non-
beneficiary firms (26.2% points at the median value) that likely adopt different tax
shields, such as debt. The estimated cut in the average effective tax rates equals 2.3%
points at the median value.

Focusing on companies benefiting from the reform, the full implementation of the
ACE regime is simulated by considering companies’ total equity as the ACE base.

4The ACE regime is a potential reform option that was originally proposed for the U.K by the
Institute of Fiscal Studies (IFS 1991).
5A first scenario is obtained reproducing the legislation implemented in 2011 onwards over some
consecutive periods (first year of simulation 2008). An alternative scenario (‘Long-run ACE’) is
based on the assumption that ever since 2011 the ACE allowance were applied to the entire stock
of equity. This simulation exercise (counterfactual scenario) allows investigating the impact of
the incremental ACE in the long run, when companies would have accomplished a process of
capitalization such that they will be granted a deduction against the taxable base for the entire stock
of equity.
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Fig. 1 The incremental ACE after 4 years from its implementation. Effective tax rates for ACE
beneficiaries and non beneficiaries

Fig. 2 The incremental ACE at work: short run and long run effects for beneficiary firms. Effective
tax rates

Although ETRs are significantly further reduced for all companies, firms in the lower
percentiles of the distribution of after-tax profits mostly benefit by the progressive
convergence towards the full ACE regime (Fig. 2).

InTable 1 (ISTATAnnualReport (2014), Chap. 5) tax savings for beneficiary firms
are measured in terms of the reduction of the statutory tax rate (27.5%), the average

https://doi.org/10.1007/978-3-319-58533-8_5
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tax rate (ATR) being computed as the ratio of the tax debt over the taxable base
before the ACE deduction. In 2012, around 20% of the industrial and commercial
companies benefited of the allowance mechanism with an average tax saving lower
than 1% point (0.8%). After five years (in 2015) the share of beneficiaries will raise
to 31.4% and the tax cut will increase to 2.9% points. In the long-run the entire stock
of equity will be qualifying for ACE and almost half of the taxpayers will be granted
a tax cut equal to 8.5% points of the statutory tax rate.6

Looking inside the distribution of the ACE benefits, we see that the ACE mecha-
nism is more frequently used by manufacturing firms, especially those characterized
by high and medium-high technological intensity. The share of beneficiaries also
increases with firm size. However, the intensity of the tax benefits decreases with
firm size, as the abatement of the statutory tax rate granted by the incremental ACE
is higher for small firms in comparison to larger ones. This holds true both in the
second year of implementation (real data) and after five years (simulation results).
Indeed, the distributional effects increases over time, likely because the cumulative
framework of the allowance mechanism. In 2012 the tax bonus ranges from 1.7%
points for smaller firms (turnover less than 500,000 euro) to 0.6% points for larger
ones (with turnover higher than 50 million of euro). After five years, in 2015, the
tax discount ranges from almost 6% points for firms in the first turnover class to less
than 2% points for larger firms. In the long run the latter effect vanishes, all firms
are granted a full ACE deduction and the tax cut turns out to be less affected by firm
size.

Figure 3 shows the differentials in the speed of convergence towards the full ACE.
After five years the base qualifying for the ACE is approximately equal to 50% of the
entire equity stock (long-runACEbase) for beneficiaryfirmswith turnover lower than
500.000 euro, whereas it remains below 20% for corporations with turnover above 50
million euro. Therefore, smaller firms reach the tax exemption of the ordinary return
of equity faster than larger companies. In contrast to the allegation that the ACE is
mainly a tax relief for profitable and large firms, our microsimulation analysis shows
that an ACE-type regime can be very beneficial for smaller companies and innovative
firms that usually suffer from restrictions of their outside financing capacity. This is
also confirmed by a recent econometric analysis on the effect to the Italian ACE on
debt choices of companies (Branzoli and Caiumi 2017), showing that the reaction of
SMEs to the changes in the tax incentives to equity financing has been even stronger
than large companies.

Since firm size is usually identified at the core of different aspects explaining the
poor performance of Italian firms, the ACE-type reform can proved to be a valuable
policy option. To our knowledge this important result has not been highlighted in
previous studies. In particular, this analysis can be compared in the literature with
the study by Finke et al. (2014), which focus on the consequences of introducing
an ACE regime in Germany using the behavioural microsimulation model ZEW

6In this exercise, the ATR for year 2012 is computed directly from the tax returns data filed by
corporations and fiscal groups (“UnicoSC” form and “CNM” form). The MATIS model was used
to estimate the two alternative scenarios as described in footnote 4.
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Fig. 3 Speed of convergence towards the full ACE by turnover class: ratio between net increments
of equity over company’s net worth (percentage value) Source ISTAT Annual Report, Chap. 5
(2014)

TaxCoMM. Their analysis relies however on clustering the sample of corporations
in Germany based on structural parameters from the financial statements, instead
of more direct firm characteristics, therefore restricting the possibility to precisely
identify the reform “winners”.

5 Concluding Remarks

The ISTAT-MATIS model provides many interesting insights on the dynamic role
of an ACE-type regime on the tax burden distribution across the population of firms
and over time. By relating the reform effects with the firm characteristics of policy
interest, our analysis shows that the ACE relief is particularly favorable for smaller
and innovative firms that are the backbone of our economy.

Nevertheless important developments of the toolbox remains to be accomplished
in two key areas. The first relates to incorporating behavioural responses to tax
reforms in our simulation framework.As theACE, currently integrated into the Italian
tax code in constancy of the statutory tax rate, entails a reduction of the incentive
for indebtedness, not accounting for the debt/equity substitution effects implies that
the revenue impact of the incentive mechanism is somewhat overestimated. Indeed,
recent results (Branzoli and Caiumi 2017) suggests that the Italian ACE, although
limited on capital increases, works effectively as a substitute for interest deductions
in lowering the effective marginal tax rate for corporations. Of course, there are also
other decision margins that may be affected by the reform. In principle, the ACE
is designed not only to address the debt bias but also to promote investments. By
decreasing the cost of capital, the allowance is expected to boost investment, leading
to increased employment and growth all other things being equal. Location decisions
and profit shifting, although relevant per se, are not of major concern in the current
policy context in Italy, characterized by decreasing statutory tax rates. The second

https://doi.org/10.1007/978-3-319-58533-8_5
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area for improvement and for development is therefore to consider feedback effects
between the micro and macro level.

A fully integrated micro-macro model is potentially a powerful tool to go beyond
the partial equilibrium framework in which microsimulation models operate, if the
objective is to disentangle the reform effects at the macro level and to explore the
implications on welfare. The investment function estimated at the micro level can
be aggregated and incorporated in the macro model which can be used to assess the
overall impact of the reform—i.e. the introduction of the ACE (or its repeal if it is
already implemented) for the context of interest here, on the economy as a whole
and on tax collection, considering, in addition to corporate tax revenues, variation in
personal income tax and consumption tax revenues triggered by the simulated policy
changes.

It should be stressed that it would be relevant both for policy decision makers and
the corporate community to have the opportunity to use the information stemming
from the micro-macro simulation of tax reforms, incorporating institutional and eco-
nomic changes in real time, through web accessible extension services targeted to
all potential beneficiaries. The information is available, but its economic and social
value has not been fully exploited yet.

This study may be interpreted as an initial endeavour towards a greater effort to
routinely incorporate firms behaviour and their response to tax reforms in microsim-
ulation models—not only at the national level but also at the EU level—and to
consistently link them to macro analysis.
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Estimating an Energy-Social Accounting
Matrix for Italy
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and Cataldo Ferrarese

Abstract This chapter describes an application of the Social Accounting Matrix
(SAM) to the analysis of the economic impact of energy policies in Italy. An Energy
Social Accounting Matrix (ESAM) is estimated for the year 2010 using as an input
a general purpose technology-oriented model (of the MARKAL—TIMES family)
representing the evolution of the Italian energy environment and a variant of the
Wolsky procedure.

Keywords Social accounting matrix · Wolsky procedure · Economic impact of
energy policies · Input-output analysis

1 Introduction

This study proposes a methodology for the estimation of the economic flows related
to the energy sector and their inclusion in the scheme of the Social AccountingMatrix
(SAM). Since the SAM as well as representing an accounting scheme is also a tool of
economic analysis, the expansion of the matrix has as main objective the evaluation
of the economic impact on the energy sector of energy and macroeconomic policies.
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In the absence of systematic and detailed surveys, the enlargement of the SAM
to the energy sector is carried out through estimation procedures based on the use
of partial information. First, it was necessary to construct a scheme of reconciliation
between the national energy balance (considered as an organic framework of the
existing energy statistics) and the SAM. Secondly, we estimated the missing coef-
ficients of the extended SAM through a method of distribution of economic flows
based largely, but not entirely, on a procedure identified by Wolsky (1984).

This chapter is divided into four sections: the first illustrates the theme of the
economic classification of the Italian energy system; the second explains the main
features of a social accounting matrix (SAM); the third describes the national energy
balance, and elaborates patterns of connection with the SAM together with proce-
dures of disaggregation for the energy sector of the SAM. Some applications of
the disaggregated SAM are described in Sect. 4, where we highlight the effects on
employment and gross domestic product from strengthening the upstream energy
sector in Italy.

This work is the end product of a collaboration agreement between the National
Agency for the new Technologies, Energy and Sustainable Economic Development
(ENEA) and the Center for Economic, International Studies (CEIS) of the University
of Rome “Tor Vergata” and OpenEconomics. The authors would like to thank Maria
Gaeta and Bruno Baldissara (both at ENEA) for their support in the analysis of the
national energy system. Heartfelt thanks go also to Professor Pasquale Lucio Scan-
dizzo, Gian Carlo Tosato, Maria Rosa Virdis and Daniela Palma for their scientific
supervision.

2 The Economic Classification of the Italian Energy System

The need to link the statistical information related to the energy sector with the
national accounts scheme arose during the seventies both nationally and interna-
tionally. In 1975, the statistical office of the European Community, the precursor of
Eurostat, entrusted the Institute of Studies for Informatics and Systems (ISIS), under
the direction of Prof. Vera Cao Pinna, with a research project aimed to estimate a
system of relations between the various sources of data related to the energy sec-
tor and the Italian national accounts. The purpose of the project was to include the
energy system into the input-output table of the Italian economy, in order to improve
forecasting of energy requirements. The object of the research was to quantify both
in physical units and monetary value the individual energy sources supplied by the
energy system and used as intermediate or final services in the rest of the economy.
At that time the data for the energy sector were scattered and poorly organized, as
they were based on various surveys carried out by different organizations. It was
hoped that the same statistical data, properly organized, would help to illustrate the
functioning of the energy system in a detailed and reliable way.

ISIS subsequent research work helped to improve both the national accounts
and the energy surveys by establishing meaningful connections and consistency
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requirements. Today the whole system of surveys is coordinated nationally through
SISTAN and statistics on transactions of energy commodities, in physical and mon-
etary units, appear to be more solid than in the past.

Despite this, the energy sector is still represented in a rather aggregate way, while
some analyses, such as those focused primarily on the green recovery (Pollin et al.
2008), would require a more detailed representation of the energy sector. With a less
ambitious level of detail, the purpose and objectives of this research are the same of
the work carried out by ISIS: facilitate the comparison between data on supply and
use of energy sources as they are represented in the National Energy Balance (NEB)
and data on energy commodities contained in the Social Accounting Matrix (SAM),
which is derived from the input-output tables and has the same classification of the
ISTAT tables for resources and uses (NACE Rev. 2).1

The ISTAT classification presents a fairly detailed breakdown of the productive
sectors (58 economic branches) but its representation of flows within the energy sys-
tem is limited to fourmain branches:Hard coal,Petroleum and natural gas, ancillary
services to the extraction of oil and gas, for the extraction of energyminerals,Coking
and refineries for the transformation of these minerals and a sector called electricity,
gas, steam, which includes the different ways of producing electricity together with
the distribution of gas and energy. In order to improve the flow representation and
provide at the same time a basis for a SAM including energy at some interesting
level of disaggregation, our study has proceeded through four consecutive stages:

• reclassification of NEB items in the SAM scheme;
• collection of data from different sources;
• disaggregation of the energy sectors represented in the SAM;
• estimation of the missing coefficients (the non-energy input needed by the new
energy sectors arising from the disaggregation).

The first two stages are the same of the ISIS work, while the third and fourth
constitute its natural complement: rebuild in an input-output framework the structure
of the most relevant energy sub-sectors.

The national energy balance is considered, for this work, as the statistical scheme
that organically describes the functioning of the national energy system. It does
not represent the maximum disaggregation available with respect to information on
energy sources (which are presentedwith a degree of aggregation in theNEB scheme)
but, with minor modifications, can provide a comprehensive framework of use and
supply of energy goods as well as of technologies and methods of transformation.
The national energy balance can in fact be easily connected to a purely economic
accounting scheme represented by the SAM. This statistical framework presents a
complete overview of the national economy and is often used for the calibration
of general equilibrium models. Connecting the two accounting schemes facilitates

1ISTAT uses the Ateco classification, i.e. the national classification derived from NACE (European
nomenclature of economic activities). The Nace is the European reference for the production and
dissemination of statistical data on economic activity. Since it was drafted in 1970, the EUMember
States have relied on it (or on national classifications derivatives), by using it in the European
statistical system for the production of internationally comparable data.
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detailed analysis of the impact of the development of the energy sector on the whole
economy and the impact on the structure of the energy sector generated by the
evolution of energy consumption.

3 The Social Accounting Matrix

The Social Accounting Matrix (SAM) is an accounting scheme that represents the
structure of the economy and highlights the circularity of relations among economic
agents and activities of the market system. The matrix can also be used as a tool to
address and support public investment policies by analyzing the relations of inter-
dependence between the agents of an economic system. The SAM has been widely
utilized in the macroeconomic and sector analysis of both developing and advanced
countries. Starting from the SAM, in fact, it is possible to integrate the distribution of
income within the input-output representation of the economic process, and analyze
how the redistribution process interacts with other phenomena.

While SAM origins can be traced back (Pyatt and Round 1979) to the experiences
of Norway and the Netherlands, respectively, in the years 1930 and 1940, the first
official SAM was built for the British economy in 1960 by Richard Stone, as part
of the Cambridge Growth Project, in response to the need to develop a national
accounting system taking into account the process of income formation both from
the production and the consumption side, aswell as its distribution across institutions.
Previously, the detailed information about the economic system had taken the form of
Input-Output tables for the part regarding the productive sectors, while the accounts
related to the distribution and redistribution of income and their connection with
households, government, savings and trade accounts hadbeen considered in summary
and incomplete ways.

In the early 50’ the need arose to create a common information system, character-
ized by standardized rules for collecting, coding and presenting data. In this context,
in 1953, the UN published the System of National Accounts and Supporting Tables
(SNA53) adopted by countries with amarket economy, and theMaterial Product Sys-
tem (MPS) adopted by countries with collectivist economies. In 1968, thanks to the
idea of Stone to present accounts in matrix form, the UN revised the previous SNA53
replacing it with the SNA68 and highlighting the accounting aspect of the matrix.
In 1968, the Statistical Office of the European Communities (SOEC), elaborated the
European System of Integrated Economic Accounts (ESA), subsequently adopted
by the member countries in 1970. The SNA68 underwent further changes, becom-
ing SNA93, laying the foundations for additional revisions to the European System
of Integrated Economic Accounts and finally resulting into the current accounting
system, ESA95, which came into force in 1999.

TheSAMaccounts report the existing transactions between the key aggregates that
constitute an economic system, including production, income formation and income
redistribution. To integrate the last two accounts with the input-output matrix, two
additional elements and their connections are included: (i) the factors of production
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(labor and capital) and, (ii) the so-called institutional sectors (households, businesses,
government, capital formation and rest of theworld) towhich the factors (land, capital
and labor) distribute the income received from production activities.

The SAM is typically a square matrix (it has the same headers for rows and
columns) and is formed by a series of sub-matrices (the block in the upper left
in the table is Leontief input-output matrix), where for each aggregate the sum of
all transactions of a sector by column equates the sum for the same sector by row.
Each row of thematrix reports the sources of revenue of each institution or productive
sector, while each column shows how revenue is used to purchase goods and services
or to make money transfers to the other sectors and institutions.

The SAM is not only an accounting scheme but also a tool for economic analysis.
While the monetary flows represented in the matrix typically reproduce the equilib-
rium between demand and supply of an economic system in a given year, it is possible
to change the levels of demand of one or more accounts (represented by the trans-
actions reported in their corresponding columns) and evaluate the changes needed
in the other sectors to meet these changes and reconstitute equilibrium. This means
that the accounts of the matrix can be considered either endogenous or exogenous,
and the variation of expenditure attributed to the exogenous accounts constitutes the
shock vector that impacts the economic system.

The simplest way to evaluate the effect of exogenous shocks on the endogenous
accounts consists in using the system of multipliers derived from the so called Leon-
tief input-output open equilibrium model.

X � (I − A)−1 ∗ f

A Matrix of the expenditure coefficients (aik = Xik/Xk)
(I – A)–1 Matrix of global multipliers for endogenous accounts
f Shock vector (exogenous)

In this model, the changes in production (and therefore in employment and
income) are estimated by multiplying the multiplier matrix for the vector of exoge-
nous accounts, thereby incorporating two distinct multiplicative circuits. The first
circuit connects the increase in final demand of an exogenous sector, the increase in
production in the sectors directly connected as providers of goods and services, and,
through the supply chain of intermediate goods, the sectors indirectly activated. The
second circuit connects the increase of production to an increase in factor incomes,
their distribution to the institutions, and the ensuing increase in the final demand for
goods and services.

3.1 The SAM Estimation Procedure

The SAM used in this study was estimated by using official ISTAT (the National
Institute of Statistics) statistical sources (national accounts data, “supply and use”
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matrices, survey on household consumption), suitably re-aggregated and organized
in order to create a detailed picture of the national economy for the base year 2010.
The estimated SAM has the following structure:

• 58 productive sectors (25 services, 29 industries, 1 building construction, 3 agri-
culture),

• 2 factors of production (labor and capital),
• 4 institutions (Families, Companies, Government, Investments)
• Rest of the world.

The estimation procedure begins with the collection and organization of data
available from institutional sources. The first part of the SAM that is estimated is the
input-output matrix. The matrix of intermediate flows using the supply (resources)
and use (uses) tables published by ISTAT. Starting from these tables and following
the procedures outlined by ISTAT a symmetric input-output is finally obtained. In the
estimation process of the symmetric table, estimates of the input-output relationships
can rely on two alternative assumptions, product technology or branch technology.
Depending on the assumption adopted, both the outputs and the inputs of the sec-
ondary productions are reallocated using different mathematical methods. With the
first assumption, it is assumed that each product is produced with the same tech-
nology, no matter where it is produced, hence the input structure of the technology
that produces a given good is the same everywhere. Under the technology branch
hypothesis, it is assumed that the inputs are consumed in the same proportions in
each production activity carried out by a branch. This means that main products and
by-products are all manufactured using the same technology, hence having the same
structure of inputs. In the estimation procedure adopted for this study, product tech-
nology was assumed, thus implying that there is only one technique for producing
each product and each product has, therefore, its typical input-output structure.

The model also required the estimation of the revenues and expenditures of the
institutional sectors: households, companies, government, capital formation, the rest
of the world. For these national account figures from ISTAT were used, except for
the households’ accounts, for which we used the time series analysis of the surveys
on household spending conducted by ISTAT and the surveys on household budgets
conducted by the Bank of Italy.

3.2 The National Energy Balance

The National Energy Balance (NEB), aggregates the energy statistics of a country
in a matrix scheme that represents the functioning of the energy system, including
supply, transformation and energy demand. The data contained in theNEB, processed
according to standards encoded by international statistics authorities such as the
International Energy Agency (IEA) and Eurostat, are the most suitable statistics for
international comparisons (data from energy questionnaires, which comply with the
same standards, are not published, except through the NEB). The column headings of
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the NEBmatrix report the energy sources while the row headings describe the stages
of production, transformation and consumption of commodities used in the system
itself. The outline of the NEB is a rectangular array organized into three sections.2

(supply, transformation and end-use), whose order and whose disaggregation depend
on conventions adopted by the organization that publishes the balance. For example,
the NEB published by theMinistry of Economic Development aggregates the data of
the final energy consumption, the residential sector and services into a single “Civil
Sector”, while EUROSTAT and IEA present the two sector data separately.

The transformation section shows the flow of commodities as inputs to trans-
formation plants (for example cooking plants, refineries, power stations) and the
outputs of these plants. This section records the production of secondary energy and
shows the different flows of commodities (primary and secondary) that feed the final
demand, also reporting the energy consumption of the same generation plants and
losses along the transmission and distribution network.

The end-use section shows the energy consumption of the productive sectors (in
economic terms these constitute intermediate consumption), energy consumption of
the residential sector (imputable to households’ final consumption) and consumption
of the transport sector (part of consumption for road transport is households’ final
consumption, the rest is classified as intermediate consumption of the sector that
produces transport services).

The Energy Balance gives details of final consumption of non-energy sectors
(3 main groups of productive sectors grouped according to the classification ISIC
Rev4, the residential sector and non-energy use). The productive sectors include 13
industrial sectors of which five are Energy intensive (Iron and steel, non-ferrous
metals, non-metallic Minerals, Chemical, Petrochemical, Pulp and paper), one is a
sector for trade and services and six are modes of transport. The classification is
consistent with the OECD guidelines for the homogenization of the input-output
matrices.

3.3 The Economic Classification of the National Energy
Balance

The SAM (base-year 2010), estimated according with the procedure detailed in Sect.
3.1, was disaggregated in the energy sectors included in the scheme of energy balance
adopted by the IEA.3 This disaggregation was designed through the construction of

2See, for example the structure of Eurostat EnergyBalances: http://epp.eurostat.ec.europa.eu/portal/
page/portal/product_details/publication?p_product_code=KS-EN-13-001.
3The TIMES-Italy model (http://www.enea.it/it/seguici/le-parole-dellenergia/glossario/parole/
times) could provide even more disaggregated data (the level of activity and cost of each sin-
gle technology). It has been chosen to adopt the National Balance (NEB) aggregation scheme for
two main reasons: because its a reference framework universally accepted by the experts of the
energy sector and cause it minimizes the problems in estimating missing data through a complete
explication of the TIMES-Italy technologies.

http://epp.eurostat.ec.europa.eu/portal/page/portal/product_details/publication%3fp_product_code%3dKS-EN-13-001
http://www.enea.it/it/seguici/le-parole-dellenergia/glossario/parole/times
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a so-called bridgematrix, estimated to allow greater accuracy in the evaluation of the
economic impact of energy scenarios and, ultimately, to use energy balances arising
from technological scenarios developed by the TIMES-Italy model.

The integration of the SAM with technological bottom-up models of the
MARKAL-TIMES4 family allows to evaluate the time evolution of the structure
of the economy (the coefficients of the SAM) as a consequence of national energy
policy and to gain analytical insights to support energy policy.

The basic SAM estimated disaggregates the Energy sector into 4 sub-sectors:

1. Coal;
2. Oil and natural gas, ancillary services to the extraction of oil and gas;
3. Coke and refined petroleum products;
4. Electricity, gas and steam.

The bridge matrix, with a greater disaggregation of the energy sector, allows the
connection between the SAM and the NEB (that can be the statistical framework of
a past year as well as an output of the TIMES model regarding future years).

After the division of the sector Electricity, gas and steam, the resulting breakdown
is:

• Coal
• Crude Oil and Natural Gas and auxiliary activities
• Coke and refineries
• Natural Gas Distribution
• Thermal Power Generation
• Thermal Power Generation (Biomass only)
• CHP
• Hydro
• RES for electricity generation (PV CSP WIND)
• RES for electricity generation (Geothermal)
• RES (heat generation)
• Biomass
• Electricity transmission and distribution

The estimated flows of the bridge matrix include the quantitative data of the
national energy balance, while estimation of energy prices was performed using
different statistical sources (mainly ISTAT data and IEA).

The bridge matrix reports value transactions within the disaggregated energy
sectors, and between each energy sector and the rest of the economy, for a level of
disaggregation higher than that required by the SAMoriginally estimated. In practice,
through the bridge matrix several energy sectors can be added to the original SAM
and for the sectors added it is possible to estimate the transaction flows related to

4TheMARKAL/TIMES family are energy/economic/environmental models supporting a rich tech-
nology detail. MARKAL/TIMES were developed in a collaborative effort under the auspices of the
International Energy Agency’s Energy Technology Systems Analysis Program, which started in
1978. See: http://www.energyplan.eu/othertools/national/markaltimes/.

http://www.energyplan.eu/othertools/national/markaltimes/
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energy sales through the NEB data. The information for the purchase of energy
sectors from the other non-energy production sectors, however, is not available and
to estimate them it is necessary to use other statistics, andwhere necessary, numerical
simulation methods.

The general criteria used to project the NEB flows estimates into a SAM are as
follows:

• two sectors were added for distribution to users of gas and electricity;
• fossil fuels and renewables (appropriately aggregated) indicated in the column
headings of the NEB, became areas of mining or energy sectors of primary energy
production in the bridge matrix;

• transformation processes in the transformation section of the NEB became new
production sectors in the bridge matrix;

• the energy flows in the transformation section of the NEB, were considered inter-
mediate purchases of energy sub-sectors;

• consumption of final energy shown in the lower part of NEB was considered as
intermediate purchase from productive sectors by energy transformation industries
or by the distribution networks;

• in the bridge matrix, the gas extraction industry was assumed to sell only to the
gas distribution sector and the latter to the intermediate and final users;

• in the bridge matrix, sectors involved in electricity generation buy inputs from
extractive sectors, from sectors of production of primary energy, from the foreign
sector, and from other sectors of transformation (refineries);

• the sector “transmission and distribution of electricity” purchases electricity from
electricity generation sectors and sells to the intermediate and final users;

• imports and exports in the NEB scheme are treated in a similar manner in the
bridge matrix;

• energy consumption of households in the bridge matrix derive from the NEB final
consumption in the residential sector and consumption in road transport.

3.4 Disaggregation of the SAM

A computer program has been designed to perform what has been described at the
theoretical level. The program takes as inputs the energy data from a NEB, the
social accounting matrix and a set of prices for Energy commodities and uses them
according to the algorithm detailed in Fig. 1.

While the process of estimation of the bridge matrix is described in detail in Rao
and Ciorba (2010), Figs. 2 and 3 provide a synthetic description of the procedures
implemented.
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Bridge Matrix 
Generation 

• Import physical data from National Energy Balance
• Elaboration of Matrix in currency value

Controls • Check-up of correct execution of the program
• Check up with historical data (like those from energy bill)

Disaggregation phase 
(multistep) 

• RAS balancing (normal and with constraints)
•  Check up with historical data

Disaggregation with 
Pseudo-Wolsky 

procedure 
• Pseudo Wolsky algorithm application (Tor Vergata version)
• Balancement with constraints following ENEA procedure

Fig. 1 E-SAM construction algorithm. Source Authors’ elaboration

3.5 SAM Disaggregation Based on the Pseudo-Wolsky
Algorithm

3.5.1 The Wolsky Method

A standard methodology can be used to build a disaggregated SAMmatrix (Table 1)
using the information known about some of the subsectors of disaggregation. The
solution is exact and explicit, see Wolsky (1984) for detail. In our study, the Wolsky
(1984) method for matrix disaggregation was implemented using a dedicated routine
developed in MATLAB environment. In particular, the aggregate “Energy” column
of the original SAM is disaggregated into new component sectors using the weights
estimated for of the energy subsectors, using additional information when available
(e.g. the ISTAT data for the rest of the world accounts on the national energy bill).
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Fig. 2 Bridge matrix algorithm. Source Authors’ elaboration
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Fig. 3 RAS balancing algorithm. Source Authors’ elaboration

4 A Case Study: The Development of the Upstream Sector
in Italy

Italy is highly dependent on energy imports, with significant implications on the
foreign energy bill and the security of supply. Despite this situation, the country has
unexploited reserves of oil and gas. The aim of this section is to quantify the impact,
in terms of job creation and economic growth, of investment in the upstream sector.5

5Such an investment would likely produce negative effects on the environment and on human health.
However, the evaluation of these effects goes beyond the scope of our study.
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Moving from the above premises, the simulation performed6 was based on the
targets reported by the Italian National Energy Strategy (SEN)7:

• increase the current domestic production of about 24 million barrels of oil equiv-
alent (BOE) of gas and 57 million BOE of oil, moving from~7 to~14% in terms
of contribution to the total primary energy consumption.

• invest for~e15 billion, with a saving in energy bill of about e5 billion for year,
due to the reduction of fossil fuel imports.

The simulation performed gives two types of results, concerning, respectively, the
“Construction period” and the “Operating period” of the projects implemented.

For the development of the Italian upstream sector, the National Energy Strategy
forecasts an amount of 15 billion e of Investment in the period (2012–2020) i.e.
approximately 1.67 billion e each year. An independent survey, carried out in 2010,
identified the activities needed for this objective.8 These activities are reported in the
left column of Table 2 and have been regrouped by sector of supply. The percentages
have been used to estimate the vector of increased demand of investment goods (the
“investment vector”) of the simulations performed.

Using the expenditure vector in Table 2 to simulate the impact of investment in
the energy upstream activities, we obtain an estimate of a series of impacts on the
economy and, in particular, of the investment cumulative impact on value added,
production and employment due to the following effects:

• direct effects (related only to the investment),
• indirect effects (related to income and final consumption increases),
• induced effect (related to supply chain activation).

These effects are estimated to cause a cumulative growth of value added of 20.8
Billion e (i.e. 2.3 Billon e per year or 0.1% of annual GDP). Such a growth and
related factor’s remuneration boosts tax revenues that increase by 9.6 Billion e
(i.e. 46.2% of GDP growth) over the whole construction period. Overall production
grows by 43.6 Billon e with manufactures (especially iron and steel) increasing by
7.8 Billion e, construction by 5.4 Billion e, services by 19.2 Billion e, and the
upstream sector by 7.5 Billion e. The production of other energy sectors grows by
nearly 700 Me for the production and distribution of electricity, by more than 500
Me for the refining sector, and by 256 Me for the gas distribution sector.

Production growth, essentially demand driven, shows a contained impact on the
rest of the energy sector, if compared with other sectors that provide intermediate
and final goods or services. Investment is estimated to create almost 30,000 full time

6We distinguish between impact analysis for the “construction period” (CP) and for the “operating
period” (OP). In the CP the “Investment” sector is exogenous and the effect of each additional
investment is evaluated. In theOP, the sector that became the “owner” of the investment is considered
exogenous and the impact of the change on current expenditure in the sector is assessed.
7Strategia Energetica Nazionale, in Italian language: see point 4.6 of the approved document, page
110.
8Nomisma Energia—“Idrocarburi e occupazione” presentation at the Assomineraria Conference
30-3-2010.
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Table 2 Upstream investments in Italy. Type of activities by productive sector

Logistic/Vessel/Helycopters/Control 0.4%

Transport (onshore) 0.0%

Pipelay on shore 1.5%

Pipelay off shore 7.0% Crude oil, natural gas and auxiliary
activities

offshore installation 7.0%

Compression 13.0%

Drilling plants 16.7%

Geophysics, seismic and field studies 1.9%

Other 2.8%

Construction/Installation 11.5% Construction

Civil works (onshore+storage) 3.3%

Facilities/Equipment/Central 14.8%

Sealine (offshore), pipelines
(onshore)

3.3% Iron and steel

Casting/Tubing/Chisels/Range 3.9%

Sludge/Cements 0.9% Non-metallic minerals

Engineering and project management 4.6%

Logging/Testing/Auxiliaries 7.4% Comm. and public services

Source Authors’ elaboration

equivalent (FTE) new jobs per year (of which only 6,732 direct jobs). Direct jobs are
created in the construction (3,674 FTE), the tertiary sector (1,750 FTE), oil and gas
extraction (454 FTE), iron and steel production (764 FTE) and in the non metallic
minerals production (99 FTE). Indirect and induced job creation accounts for the
majority of the impact (23266 FTE, 78% of which in the tertiary sector); a relevant
impact is also expected in manufacturing industries (3892 FTE), and Construction
(494 FTE). The detail of the energy sector shows that expected employment grows
by 151 FTE in the production and distribution of electricity, by 46 FTE in the refining
sector, and by 69 FTE in the gas distribution sector (Figs. 4 and 5).

The National Energy Strategy hypothesizes an operating period of 30–40 years
for the new plants. It is estimated that the production of about 80 million of oil barrel
equivalents with an average oil price of about 60 e/barrel) would avoid imports of
crude oil and natural gas for an amount of 5 billion e per year. This is assumed to
be the value of production and is distributed across the production inputs of the oil
and gas sector, according to the column coefficients of the SAM (excluding import).
In order to provide a range of results for the impact analysis, an alternative average
international price of 30 e/bbl is also assumed. The value of production is thus
halved and the difference is subtracted entirely from the profits of the sector. During
the operating period, we estimate a yearly growth of the value added in the range
9.1–18.2 Billion e (0.1% of annual GDP for the highest estimate).
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The simulation results suggest that in the operating period overall production
would grow by 14.4–28 Billion e per year. Manufactures would post an increase
of 2.7–5.2 Billion e, the tertiary sector of 7.6–14.7 Billion e and construction of
0.7–1.5 Billion e. Energy sectors production would grow by 204–396 Me for the
generation and distribution of electricity, by 188–362Me for the refining sector, and
by 124–202 Me for the gas distribution sector. From the employment point of view,
the long term investment effectswould consist in 90,400–171,500 full time equivalent
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tion

Table 3 Percentage differences between SAM and E-SAM—%

Construction period
(%)

Operating period (oil
price 60 e/barrel) (%)

Operating period (oil
price 30 e/barrel) (%)

Production 1.4 −2.1 −2.1

Value added 0.9 −1.0 −1.1

FTE labor unit −0.5 −1.8 −2.5

Source Authors’ elaboration

(FTE) new jobs per year (of which 3,136 direct jobs), with a relevant impact in
manufactures (14,000–27,300 FTE), services (65,800–126,400 FTE), construction
(4,921–9,942 FTE). Tax revenues would increase by 4.3–8.4 Billion e (i.e. nearly
47% of GDP growth) each year. Employment in the energy sector would grow by
457–887 FTE in the production and distribution of electricity, by 151–290 FTE in
the refining sector, and by 341–555 FTE in the gas distribution sector (Fig. 6).

The results show a substantial matching between the simulations performed by
the SAM and the E-SAM.

The mean percentage difference among the main aggregated results (Production,
Value Added and FTE Labor Unit) is less than 1.0%: the disaggregate estimates of
the energy system provided by ESAM thus don’t appear create significant distortions
in the direction and intensity of the effects measured by the base matrix (Table 3).
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Fig. 7 Main simulation results by E-SAM. Source Authors’ elaboration

As previously explained in detail, the simulation results are significantly positive
both in monetary terms and in terms of FTE Labor Units. Given the substantial
equivalence between SAM and ESAM results, we can summarize the effects using
the ESAM as shown in Fig. 7.
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Analysis of Local Economic Impacts
Using a Village Social Accounting
Matrix: The Case of Oaxaca

Cataldo Ferrarese and Enrico Mazzoli

Abstract This chapter describes a methodology to estimate a local economic model
based on a social accounting matrix (SAM), for the district of Villa Alta within the
SierraNorte regionof theMexicanState ofOaxaca.The estimates combine secondary
statistics with data obtained through a direct survey. A SAM based model is then
used to assess the impact of a rural development program on the local (village) and
regional (state) economy.

Keywords Social accounting matrix · Local economy · Economic impact
Rural development

1 Introduction

The applied economic research literature over the last years has collected studies
focusing on project economic impacts using different evaluation techniques. Some of
the limits of this kind of analysis are related to the fact that only selected beneficiaries
and variables directly linked to projects/programs are accounted for, and is therefore
not possible to capture themain impacts on the overall economy.ComputableGeneral
Equilibrium (CGE) and Social Accounting Matrix (SAM) models can be used to fill
this gap.

The aim of the present investigation is to assess the economic impact of a rural
development programme1 on a local (village) and regional (state) economy using
a SAM model. More specifically, this research shows whether, and under which

1While acknowledging the distinction between programme and project, we opted to use the
two terms interchangeably for the purpose of this research.
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conditions, a rural development project that includes Climate Change Adaptation
strategies (such as the Adaptation for Smallholder Agriculture Programme, ASAP)
would trigger economic growth in a region or in a group of villages within a specific
geographical area.

The study applies an innovative methodology for estimating village-wide SAMs,
which builds on the most recent literature on the subject, and integrates estimation
methods by theWorldBank and the ItalianGovernment (Scandizzo et al. 2010, 2015).
The SAM methodology identifies investment impacts on: (i) household income; (ii)
household welfare; (iii) productive sectors; and (iv) local administration. We expand
this method to make a direct comparison among three project scenarios, controlling
for different types of investment projects and relative total costs. This approach allows
us to quantify the extent to which a climate adaptation intervention would enable
the local economy to achieve more stable paths of economic growth. Furthermore,
our methodology distinguishes between short-medium term and long term expected
impacts on the different economic and social sectors, thus increasing the informative
capacity of the analysis performed.

We test the methodology in a small geographic area, the district of Villa Alta
within the Sierra Norte region in Oaxaca State (Mexico). As a result of the direct
comparison between three different project scenarios implemented over a period
of five years, we identify which of the socio-economic sectors are benefitting from
each programme intervention. Through this research, we contribute to generate more
evidence-based decisions on investments project designs that aim to stimulate rural
economic development and include Climate Change Adaptation strategies.

The plan of theChapter is as follows. Section 2 beginswith a theoretical discussion
on SAM methodologies. Section 3 discusses additional practical implication for the
SAMestimation at regional and local level. Section 4 presents the expected outcomes
for the scenarios envisaged. Section 5 concludes.

2 The SAM: Theoretical and Methodological Aspects

The Social Accounting Matrix (SAM) is considered an extension of the traditional
Input—Output2 (I/O)model proposed byLeontief (1966), which records inmonetary
terms the exchange flows occurred within an economic system, during a specific
period of time (usually an year). The Matrix allows to consider the entire structure
of relations characterizing an economic system through the different phases of the
production, distribution, utilization and income accumulation process.

As shown in Fig. 1, any economic system can be described by the circular income
circuit where economic agents, productive sectors and institutions are connected to
one another through real transactions. For example, households’ incomes are related
to remuneration of capital and labor, government assistance in the form of social

2The Input—Output accounts provide detailed industry and commodity accounts and show the
supply and demand flows in a specific economy.
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Fig. 1 The income circuit

transfers, and foreign remittances from the Rest of the World.3 Conversely, families
decide to allocate their wealth on both consumption and savings following their
preferences, once taxes—both direct and indirect—are paid. In such a comprehensive
framework, each actors’ outflow becomes someone else’s inflow and, considering
that all transactions between people and institutions are monitored and quantified,
the system does not present leakages.

A SAM thus consists of a set of interrelated subsystems that, on the one hand,
provide the analytical framework of the economy studied by trackingmonetary flows
occurring between sectors and, on the other hand, measure the structural changes
within the economy (injections and multiplying effects in the system), as a result of
policy changes or a project interventions.

The information is compiled in a double-entry table (the matrix), describing the
structure of the economic system through disaggregation in key blocks (actors, pro-
ductive factors and activities), assumed as origins and destinations of the transaction
flows. Each key block is further disaggregated into accounts headed to the institu-
tional sectors (e.g. type of households, specific commodities, production sectors)
depending on the detailed data availability. The economic system is typically disag-
gregated into the following blocks:

i. Primary production factors (Labour and Capital);
ii. Households (eventually disaggregated by income or income source);
iii. Government (Public Administration);
iv. Production sectors and Commodities (Agriculture, Industry, Services and their

disaggregation);

3The Rest of the World can be defined as another Country/State, Region or geographical area
depending whether the scale of the analysis is National, Regional or Local-wide respectively.



88 C. Ferrarese and E. Mazzoli

Productive 
Factors

Household Government 
Production 
sectors and 

Commodities 

Savings and 
investment 

Rest of the 
World 

Total inflows

Productive 
Factors

Domestic 
Employment

Government 
Employment

Value-added 
Payments from 

abroad 
Total factor 

income 

Household 
Labour 

incomes and 
profits 

Inter-household 
transfers 

Social 
transfers 

Foreign 
remittances 

Total household 
income 

Government 
Taxes on 

labour and 
profits 

Direct taxes Indirect taxes
Taxes from capital 

account 
Foreign grants and 

loans 

Total 
Government 

income 
Production 
sectors and 

Commodities 

Domestic 
supply

Private 
consumption

Recurrent 
spending

I/O Matrix 
(intermediate 

demand)

Investment and 
stock 

Export payments
Total demand 
and activity 

income 

Saving and 
Investment 

Private savings Fiscal surplus
Current account 

balance 
Total savings

Rest of the 
World 

Factors 
payments 

abroad 

Household 
transfer 

Government 
transfers 

Imports 
payment

Total imports

Total outflows
Total factors 

spending
Total Household 

expenditure

Total 
Government 
Expenditure

Total Gross 
output

Total investment 
spending

Total Export

Fig. 2 A simplified SAM scheme (Source Own elaboration)

v. Savings and Investment (Public and Private gross fixed investments);
vi. Rest of the Country (ROC) or Rest of the World (ROW).

In a typical SAM structure, columns represent the outflows of the different eco-
nomic agents that is, the expenditure of any aggregate with respect to the others,
while rows represent the inflows, namely the income formation. Since total incomes
equal total expenditures and material balances between demand and supply mist also
hold,4 a SAM is a square and balanced5 matrix. A simplified scheme of the SAM is
presented in Fig. 2.

An interesting evaluation in the context of developing countries relates to the
simulation of structural changes of the economy in response to policy changes. Some
exemplary questions to which this analysis could respond are: What would happen
to the economy if technical change in agricultural production were brought in? How
would the economy change after a shift in import? What would be the trickle-down
effect due to the establishment of a new production activity?

All these interventions cannot be simply studied as the effects of an increase
in households’ disposable income, since changes in the economy have potential
important effects on the structure of the SAM in terms of coefficients andmultipliers.
For instance, long lasting impulses in the Agricultural sector (as in the form of ODA
interventions) would generate an increase in rural household income that would
trigger a rise in goods and services demand. Thereafter, a likely increase in goods
and services supply would generate a structural change within the local economy.

For this reason, we can base ours simulation on a variation of the linear
Input—Output model, according to the equation (Scandizzo and Ferrarese 2015):

4Surplus or deficit in the balance of trade are compensated within the “rest of the world” account.
5A square matrix contains an equal number of rows and columns while a Matrix is balanced when
the sum (total value) of each row is equal to the sum (total value) of each column for each of sectors
included.
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�X � (I − A∗)−1[(�A)X + �Y ]

where A and A* are the SAM matrices, respectively, with and without the Adaption
for Smallholder Agriculture Programme (ASAP) component, and ΔY is the vector
of exogenous changes in receipts or expenditure of the capital account (Project inter-
vention or exogenous investment). In our specific case, ΔY = 0, since the policy
examined consists only in the selective change in the sector coefficients interested
by the project intervention.

In the case of Oaxaca the evaluation consists of a two-step process. The first step
relates to the evaluation of an investment programme at regional scale, with and
without the ASAP component. Using the Oaxaca SAM, we evaluate the short-term
effects of the project in the five investment years, and the effects of the expected
mid-long term structural change of the local economy, in response to the project and
the related climate change adaptation measures.

The second step consists in assessing project effects on the targeted economy.
In order to perform this evaluation we need to scale down the project at village
level using the local SAM presented above. As in the analysis at regional level, the
estimation procedure will consider short and long term effects on the local targeted
area, differentiating impacts related to the ASAP inclusion or exclusion.

2.1 The Local SAM

CGEmodelling and SAM-based research require the use of themost recent economic
data available in a coherent framework. However, these data generally come from
quite diverse sources of information such as Input—Output tables; national account-
ing data; households, firms and enterprise surveys; Sector-wide census; labourmarket
surveys; government and international trade accounts. One of the main issues when
constructing a SAM both at national and local level is how to combine and incor-
porate information, harmonizing both primary and secondary dataset, derived from
previous periods.

While the original idea was based on the articulation of national accounts, the
structure of a SAM appears particularly appealing to represent the interconnections
of a smaller economy, such as a region, a town, a village or a group of villages,
particularly in the process of investigating the aspects of the mutual relationships of
obligation and exchange that characterize local communities. In this respect, a SAM
can be used with a twofold aim to:

(i) focus on the local detail of the linkages among disaggregated production and
consumption activities (agricultural production, rural works, personal services,
etc.), and,

(ii) quantify the monetary and non-monetary transactions within and between the
households and the formal and informal community groupings.
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Because of its characteristics of a balanced network of exchanges among a variety
of producers and users, a local SAMcan also capture some of themore subtle linkages
that characterize social cohesion, cooperative behaviour and institutional strength in a
small community. These linkages may lead to estimates of multipliers and indicators
of growth capacity that depend on the relational structure of the community, rather
than merely on its resource endowments and performance indicators. In addition,
the same linkages may shed lights on the phenomenon of development as a result of
complex interactions between competitive and cooperative interrelations in a local
context, and on the importance of network closure—dense connections between
network participants—in maintaining trusting relationships and building up social
capital (on this, see, for example Coleman 1988).

Depending on the degree of integration with external markets, villages are charac-
terized by stronger orweakermarket interactions amid village households. Following
a U-shaped relationship, market interactions tend to be stronger in case all goods are
non-tradable between villages, while they are weaker in economies perfectly inte-
grated with external markets. The villages in our study could be depicted as in Fig. 3.

Compared to the more aggregate SAMs, local SAMs try to capture the complexi-
ties of a closely integrated, but small socio-economic systems. In fact, a village SAM
is based on a representation of a local economywhich has considerable more breadth
and depth and, as such, demands a closer investigation of the elements of modularity
and interconnection characterizing the structure of village life. Because of social
capital, a local SAM spans a broader set of functions and non-monetary transactions,
for example, payments in kind, reciprocal exchanges, management of the commons,
social rewards and sanctions and a variety of social rites and customary activities.

Production and 
consumption units 
(e.g. Households) 

Subsistence 
Production  

Commercial  
Production  

Intermediate 
I/O

Village product
export

Village 
product
imports

Village factor 
exports (e.g. 

labour)

Purchased 
village inputs

Family inputs

Subsistence 
output 

Surplus marketed 
in village

Fig. 3 Economic flows in a village with intermediate degree of interaction with external markets
(Source Own elaboration)
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Furthermore, owing to of the higher disaggregation level of economic activities, a
local SAM may contain a deeper analysis of the productive relations, with a finer
detail of agricultural activities, rural industries, small business and personal services
(Taylor et al. 2006).

From the point of view of the target group, or the nodes of the social network,
a village SAM may also include stakeholders other than the classical groupings
defined in national accounts in order to capture, for example, exchanges within the
extended family and repeated interactions, such as those occurring between farmers
to govern the distribution for irrigation water. While households and firms may be
disaggregated into finer categories, village level institutions may also be included in
a local SAM as important nodes of interdependencies within the local community.

The integration of specific primary data information coming from the household,
the business and the community questionnaires into a unique dataset, allowed track-
ing down the exchange relations between the sectors characterizing the economic
system.

2.2 Literature Review of Local SAM

One of the first studies on local level SAM has been implemented by Bell, Hazell
and Slade (1982) who analysed the effects on paddy land of an irrigation project for
the Muda River basin. The authors focused on the evolution of some key variables
(output, income, wage and rent) to estimate direct impacts of the project by means of
a linear programmingmodel. Indirect effects have been analysed developing a Social
Accounting Matrix model at regional level. The regional SAM was disaggregated
into forty-five accounts. Results of the analysis showed an increase in the regional
value added but no changes in the distribution of income within the region.

Years later, Adelman et al. (1988) were the first to undertake a study and construct
a village level SAM. The authors constructed a SAM using household data collected
from a major migrant-sending village in Central Mexico in 1982 and focused on
the economic structure of such economy. The study highlighted the importance on
internal and international migration in the village economy. Findings showed that
national and international migration has a central role in the village economy and
that stressed the vulnerability of the village economy to external shock resulting
from U.S immigration policy reform. Further, it showed how anti-poverty policies
are crucial in addressing the problem of landless households.

Subramanian and Sadoulet’s study (1990) elaborated a village-wide SAM for the
village of Kanzara in Western India. The SAMwas used to estimate the effects of an
irrigation investment program in this cotton-producing and rain-fed area. Given the
agricultural nature of the village, fewer commodity—producing activity sectors were
considered in the SAM which instead provided greater details on services, labour
flows, transfers, and income distribution.

An interesting town-based analysis through a SAM was carried out by Lewis
and Thorbecke (1992). The analysis focused on a Kenyan town Kutus, comprising
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both the town population—of around 5,000 inhabitants—and the 8 km zone around
it (hinterland) with a population of 42,000 people. The SAM was used to test the
governmental assumptionof agriculturally-driven regional economies and to evaluate
non-agricultural production sector activities in the Kutus region. According to the
authors, agricultural activities were indeed very important for stimulating regional
output and income.

A vast and diverse set of issues have been analysed through Village-SAMs—from
the impact of remittances fromMexicanworkers abroad or in urban centres (Adelman
et al. 1988) to the impact of decentralized rural industrialization on employment,
incomes and modernization trends within the village (e.g. Parikh and Thorbecke
1996); or the nutritional consequences of different exogenous policies (e.g. Ralston
1992).

Extensive application of village-SAM analysis is done by Taylor and Adelman
(1996), which they applied to India, Indonesia, Kenya, Mexico, and Senegal. In their
book—Village Economies—the authors present a general framework for modelling
village economies based on computable general-equilibrium techniques. They esti-
mate models for villages and a village-town and conduct a series of comparative
experiments. In addition, they built a complementary CGEs calibrated and designed
to capture the impact of policy, market and environmental changes on the different
village economies.

Taylor et al. (2006) extend village SAMs to include household groups as well
as separate components of a rural economy. In this type of model each “household
level SAM” or rural group is integrated into a rural sector “mega-SAM”. The SAM
provides the data input into the micro economy-wide, CGE model.

A differentmicroeconomicmodelling approach is used bySubramanian andQaim
(2009) used to analyse welfare and distribution effects in a typical village economy
in India. Unlike previous SAMs, which were based on sample surveys, their SAM
was built on a village census and considered 156 agricultural and non-agricultural
activities. Cotton production and numerous other crops are included within the Agri-
cultural activities accounts. Non-agricultural activities included other village-based
production (e.g. construction) and agriculture services (e.g. hiring out machinery),
retail trade, private services (for example, doctor, barber etc.), government services
(for example, ration shop, post office) and transportation.

2.3 A General Framework for Village-SAM Analysis

A typical village SAM can be described as essentially a scaled-down version of a
national or regional SAM. In particular, the following sectors can be considered for
the village-SAM structure:

Production activities: Production sectors normally included in the SAM are: (1)
crop production—coffee, cocoa, wheat, maize, other pulses, oilseeds, cotton, fruits
and vegetables, and other crops (cultivation of these crops could be divided for irri-
gated and rain-fed areas, but in SAMwe can have only one column for each crop); (2)
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animal husbandry—milk and milk products, wool and meat, cow dung manure, and
bullocks; (3) construction; (4) service providers and the self-employed—small shops,
grocery, fruit and vegetable vendor, cloth shop, general shops, transport, carpenter,
and other services; (5) manufacturing—cotton ginning factory; and (6) services—-
government services (education, welfare) and private services.

Factors of production: Factors of production included in the village SAMs are
tipically: (1) Labour—divided by sex; and (2) Capital, measured as income from
managing one’s enterprise—in various forms, including mixed income from the
self-employed.

Institutions: Institutions considered in village SAMs are normally: (1) households
dividedby family size andbyoccupation—small,medium, large farmers, labour, self-
employed in non-agriculture, service, and other households; and (2) government at
various levels depending on the depth and breadth of the analysis (local, district,
provincial).

The construction of village-level SAMs can be a challenging task, considering the
possibility to consider and to investigate both monetary and non-monetary transac-
tions within a small community, and the need to collect primary data and household
census data to represent these transactions. A typical description of local SAMwould
include: (i) Primary Production Factors; (ii) Natural resources; (iii) Stakeholders,
(iv) Production sectors; (v) Capital formation, (vi) Rest of the world.

Transactions between the village and rest of the world are recorded in the Rest
of World accounts. Depending on the geographical area of the analysis, The Rest
of the World account can be further disaggregated into three different components
including Rest of the Area, Rest of the Country and Rest of the World to describe
domestic and international trade.
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3 The Regional SAM of Oaxaca

3.1 Estimating the Oaxaca SAM

While no recent estimation of the Social Accounting Matrix for the Oaxaca
region appears to be available, we were able to use Input—Output estimates made
by Bautista (2008) and Martinez Jimenez (2012) integrated with economic data
2004/2010 collected by the Research Team of the Global Trade Analysis Project
(GTAP) and INEGI. We thus estimated using a computational algorithm (Scandizzo
and Ferrarese 2015) a regional SAM consisting of 4 agriculture economic sectors,
11 industrial sectors, 4 services sectors, 2 production factors, 2 institutions (House-
hold and Government), Capital Formation and The Rest of the World and rest of the
Mexico (see Table 1: SAM sectors).

Table 1 SAM sectors for the Oaxaca region

Productive sectors Production factor

Agriculture Labour

Animal Capital

Forestry

Fishing and hunting

Mining

Food, beverage and tobacco

Textiles and textile products, leather and
leather products

Wood and wood products Institutions

Paper and paper products, publishing and
printing companies

Households

Manufacture of coke and refined petroleum
products

Government

Mineral

Metal product

Manufacturing

Construction

Electricity, gas, steam and water supply

Wholesale, restaurant and hotels Other sectors

Transport storage and communications Capital formation

Finance and real estate Rest of the Mexico

Social and personal services Rest of the world
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3.2 Villages Profiles

In order to develop the estimates of the Village SAM for Oaxaca we conducted a
statistical survey of two municipalities within the Villa Alta district, precisely in: (i)
San Ildefonso Villa Alta and (ii) San Cristóbal Lachirioag.

The two communities are located in the northern eastern part of Oaxaca in the
centre of the Sierra Norte region at about 140 km to Oaxaca de Juarez at an altitude of
1200 mt (3939 ft.). San Cristobal Lachirioag total area is of about 24.24 km2 which
represent the 0.03% of Oaxaca state while San Ildefonso Villa Alta covers a larger
total area of 136 km2 (0.14% of Oaxaca State).

The Villa Alta municipality includes, among others, the villages of San Juan
Yalahui, San Francisco Yatee and San Jaun Tagui which have been part of the study.
The total population of twomunicipalities is of 4,708 peoples (INEGI 2012). The first
production activity within the target area is agriculture and in the observed villages
there is only one exporting industry (Mezcaleria).

3.3 Survey Descriptive Statistics

To estimate the local SAM and analyse relevant sectors of the village matrix, we
collected data throughhouseholds andbusiness-activities surveys in each of the above
mentioned communities. In detail, we have gathered values on several variables such
as output of crops and other activities; inputs of land, labour, capital, and purchased
inputs, food and non-food consumption expenditures and pattern over time, public
and private transfers, saving and remittances flows, economic shocks, climate change
and adaptation strategies. Preliminary meetings with local authorities were held in
each of the communities visited so as to being officially introduced to the inhabitants
and get a better understanding of both the local government spending and the village
formal and informal markets.

For household data we opted for a Random sampling technique6 with the intention
of reducing the likelihood of bias favouring, wherever possible, women’s interviews
since they are considered a more accurate and reliable source of information. The
household sample consisted of 520 people (335 females and 285 males) representing
104 households. Seven local enumerators helped the team during data collection.

The data collected show that 20% of the population does not carry out any agricul-
tural activity—despite the fact that minimal production for household consumption
is generally present—while over 24% of population live exclusively on agriculture
(hereafter defined as Farmers). More than half of the population (54%) relies both
on agriculture and other activities. Figure 4 describes how agriculture production
contributes to poor households’ incomes.

6Random sampling is a sampling technique where we select a group of subjects (a sample) for study
from a larger group (a population). Each individual is chosen entirely by chance and each member
of the population has a known, but possibly non-equal, chance of being included in the sample.
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46.60%

25.50%

10.20% 8.90%
6.50%

1.00% 0.50% 0.40% 0.10% 0.10% 0.10% 0.10%

Fig. 4 Crop production value of poor households

The “non-poor” households, mostly with a double activity, are well integrated the
local economy and also interact with neighbouring communities. The main activities
carried out by this categories are: (i) Food store; (ii) Restaurant; (iii) Hardware; (iv)
Blacksmith; (v) Internet Point; (vi) Household goods store; (vii) Bakery; (viii) Taxi;
(ix) Other store.

In order to include the business section in thematrixwe have surveyed 50 different
shops in the various communities covering at least one shop for each business sector.7

Even for this data collection processweopted for a randomsampling technique,while
considering as well spatial aspects such as proximity to the main road, visibility and
ease of access. To the extent possible, we tried to cover themajority of villages’ shops
including those not immediately accessible. Table 2 summarizes the mean values of
costs, revenues and profits and presents a breakdown for revenues’ composition.

3.4 Estimating the Village SAM

Thanks to the information collected through the survey we identified 30 socio-
economic sectors relevant in the local economy:

Some of these sectors represent the typical services produced and consumed
by rural households and other productive sectors in the target area, while others
pertain to goods and services consumed in the area but produced in a different
region/community.

From the coefficient matrix we then estimate the Multiplier matrix. The latter
describes the effects of an exogenous expenditure on the economic system. Similarly

7Despite Mezcal production is a common practice in the communities we visited, only one person
was formally running a prolific business activity on it.
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Productive sector Value added

Agriculture Capital

Coffee

Maize

Avocado

Spring onion

Rest of agriculture Labour

Mezcaleria

Oil

Energy

Telecommunication

Construction

Food and beverage

Accomodation and restaurants Institutions

Transport Farmers HHs

Carpentry No farmers HH

Metalurgy Government

Hardware

Internet point

Beauty shop

Gas station

Clothing shops Other sector

Other shops Capital formation

Repair services Rest of Mexico

Instruction and public services Rest of the world

to the KeynesianMultiplier, an initial expenditure of oneMU in a specific sector will
generate impacts equal to the multiplier factors to the respective interlinked sectors.

Starting from the Multiplier matrix we can generate the Restricted8 Multiplier
(Forward and Backward multipliers). Forward multipliers express the increase in the
activity level of a particular sector in response to an equi-proportional increase in
all sectors. They thus measure the importance of the sector considered as a supplier
of goods and services and, in a broader sense, the capacity of a sector to participate
to overall growth. Sectors possessing low forward multipliers indicate that these
industries sell their output mostly to final demand and dependmostly on intermediate
flows. Backward multipliers, on the other hand, measure the extent to which a sector
autonomous rise in activity level spills over all the other sectors. Therefore they
measure the importance of a sector as a centre of demand for the rest of the economy,

8The multipliers are defined “restricted” because the balance of payment is assumed to be con-
strained by the base year conditions, so that exports are prevented from growing to match the
increase in imports.
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Fig. 5 Backward and forward multipliers

and can be considered as an index of the positive externalities generated by the
network structure, which relates to the capacity to propagate a shock from one to
other sectors. Those sectors characterized by low backward multipliers indicate that
their dependence on other sectors for their inputs is comparatively very low, i.e., their
principal inputs are provided mainly by imports.

In conclusion, forward linkages determine the relationship between the activity
in one sector and its sales to others. Backward linkages display the relationship
between the activity in a sector and its purchases from the others. In the case of the
municipalities analysed, the sector with highest multiplier mean value are Coffee,
Maize, Avocado, Spring Onions (cash agriculture) and public services. The key
results of our estimation on the Local SAM restricted multipliers are summarized in
Table 3 and Fig. 5.

Using the data of foreign expenses in the communitywe can estimate themultiplier
effect for each Peso spent in the village. As it could be expected, given the socio-
economic context of the area,Households andServices appear to be themost sensitive
sectors. These results can be certainly justified observing that these two sectors are
the most connected, therefore those with the highest capacity to spread the initial
shock over the rest of the economy. The multiplier for value added is equal to 1.254
which means that each peso injected in the target area creates 1.254 pesos of value
added in the village economy. Table 5 shows the results (Table 4).

To evaluate the multiplier effect in the study area we can simulate different invest-
ment scenarios. The following tables and figures depict the effects of alternative
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Table 3 Local SAM, restricted multipliers

Backward Forward

Total Mean Index Mean

Value added 1.17 0.26 5.30 1.16

Farmers (household) 1.22 0.27 1.83 0.40

No farmer household 0.91 0.20 3.82 0.84

Cafè 1.25 0.27 1.02 0.22

Maize 1.27 0.28 0.90 0.20

Avocado 1.27 0.28 0.42 0.09

Spring onion 1.27 0.28 0.41 0.09

Rest of agriculture 1.33 0.29 0.43 0.09

Mezcaleria 1.10 0.24 0.17 0.04

Oil 0.17 0.04 0.57 0.13

Energy 0.17 0.04 0.78 0.17

Telecommunication 0.17 0.04 0.81 0.18

Construction 1.19 0.26 0.39 0.09

Food and beverage 0.85 0.19 0.41 0.09

Accomodation and
restaurants

1.12 0.24 0.21 0.05

Transport 0.81 0.18 0.33 0.07

Carpentry 1.13 0.25 0.37 0.08

Metalurgy 1.18 0.26 0.23 0.05

Hardware 1.23 0.27 0.49 0.11

Internet point 1.08 0.24 0.36 0.08

Beauty shop 1.24 0.27 0.18 0.04

Gas station 0.53 0.12 0.51 0.11

Clothing shops 0.66 0.15 0.33 0.07

Other shops 1.35 0.30 0.88 0.19

Repair services 1.14 0.25 0.27 0.06

Education and public
services

0.98 0.21 1.34 0.29

Government 1.20 0.26 4.25 0.93

investments in cash agriculture, transport, services or government transfers to house-
holds. The results show a larger than unity effect on local value added in the case of
agriculture investment, while the biggest impact on local industry and services are
provided in the case of investment in transport services.

Another interesting simulation concerns the likely impact generated by remit-
tances flows towards the area. Remittances represent 25% of farmers’ total income
and 40% of the income for other households. Remittance flows show a leverage
capacity on value added of 1, 8 (11%) and 4, 7 (28%) million pesos respectively for
farmers and other households. In the case of farmers the sectors with the larger effect
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Table 4 Local SAM,
restricted multiplier

Multiplier

Value Added 1.254

Farmers (household) 0.394

No farmer household 0.865

Cafè 0.180

Maize 0.155

Avocado 0.047

Spring onions 0.045

Rest of agriculture 0.056

Mezcaleria 0.000

Oil 0.077

Energy 0.133

Telecommunication 0.139

Construction 1.188

Food and beverage 0.048

Accomodation and restaurants 0.009

Transport 0.115

Carpentry 0.101

Metalurgy 0.014

Hardware 0.295

Internet Point 0.037

Beauty shop 0.002

Gas station 0.097

Clothing shops 0.035

Other shops 0.159

Repair services 0.024

Education and public services 0.317

Government 1.256

are agriculture and in the case of other households cash agriculture and services. In
general the remittances contribute for over 40% of total GDP creation for the Villa
Alta area (Fig. 6).

4 Project Description

In order to assess project’s effect on the targeted areas we hypothesized a typical
IFAD investment programme of 20 USDmillion of which 7 million relates to ASAP
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Fig. 6 Local impact of remittances

Table 6 Typical activities of a project with an ASAP component

Strengthening adaptive capacity of local
institutions

Natural Buffer zones against climate extremes

Improving water resources Livelihood diversification

Soil rehabilitation and protection Improved processing and storage systems

Protection of communal infrastructure Diversifying energy source

Climate information systems Climate risk financing and transfer

contribution.9 Programme investment and recurrent costs represent the expenditure
vector10 thanks to which we can estimate the short term impacts at both region and
local level. The investment and recurrent costs considered in the analysis are: (i)
Civil works; (ii) Goods and Supplies; (iii) Vehicles; (iv) Technical assistance; (v)
Capacity building; (vi) Knowledge management; (vi) Salaries and Allowances.

The ASAP programme long term objectives represent the drivers upon which we
have estimated the structural changes accrued to the targeted areas over a 10 years’
time period after project implementation, vìs-á-vìs a traditional investment program
lacking the ASAP component.

A typical project with an ASAP component consists of different activities and
actions (Table 6).

In our investment project ASAP activities pertain to: (i) Strengthening adaptive
capacity of local institutions; (ii) Improving water resources; (iii) Soil rehabilitation

9We calculated this amount as the average ASAP contribution to the IFAD investment portfolio in
the year 2013/2014.
10Each expenditure item is classified accordingly to the SAM accounts and the NACE sector clas-
sification. The items are then reconciled and grouped as a vector.
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Table 7 Investment and recurrent costs of alternative scenarios

WP WOP WOP+

Labour 6.42 3.70 5.87

Agriculture 2.97 1.86 2.95

Forestry 4.95 4.00 6.35

Manufacturing 0.04 0.04 0.06

Construction 1.98 2.00 3.17

Social and personal
services

3.65 1.00 1.59

Total 20.00 12.60 20.00

and protection; (iv) Natural Buffer zones against climate extremes; (v) Livelihood
diversification.

Table 7presents the investment and recurrent costs vectors related to three different
scenarios:

1. ASAP (WP) for a total of 20 USD million;
2. Without (WOP) ASAP component for a total 12.60 USD million;
3. Without ASAP (WOP+) component for a total of 20 USD million.

Through these scenarios wewould like to pursue a twofold objective of measuring
short term incremental expected impacts on the economy, as the difference generated
by two alternative projects (with and without ASAP), and simultaneously, to prove
that the expected changes are not exclusively driven by budget amounts (Table 7).

4.1 Short Term Effects on the Oaxaca Region

4.1.1 A Direct Comparison Between WP and WOP

Estimates of the short term effects of the investment project on the Oaxaca economy
are presented in Fig. 7. In the ASAP project scenario the results show an impact
on value added equal to 50 USD million over an investment period of 5 years. In
the WOP the value added impact is 30 USD million. In the production sectors the
highest effect occurs in the Services account with a 43 USD million impact in the
ASAP project and 25 USD million in the WOP (Fig. 8).

We can further analyse the different impacts on the productive sectors by divid-
ing them into direct (expenditure) and indirect (multiplier) effects. In this specific
investment scenario the sectors characterized by higher direct effects are associated
with lower indirect effects. For instance, while on Agriculture and Forestry more
than 40% of investment costs are spent, this initial spending accounts for only 19%
of the total project impact (Fig. 10).
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Fig. 7 Short term impact during investment period

Fig. 8 Effects during the investment period in productive sectors
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Fig. 9 Short term impact during investment period

4.1.2 A Direct Comparison Between WP and WOP+

Figure 9 shows the comparison between ASAP project (WP) and non-ASAP project
(WOP+) for the same amount of resources.

In the ASAP project scenario the results indicate an impact on value added equal
to 50 USD million over an investment period of 5 years. In the WOP+ scenario the
value added impact is of about 49 USD million. In the productive sector the highest
effect occurs in the Services account with a 43 USD million impact in the ASAP
project and 41 USD million in WOP+.

In the midterm perspective, we consider production changes occurring in the sec-
tors mainly affected by the programmes. The estimation is carried out over 10 years
assuming an adoption timespan for the proposed interventions in line with what
expected from the preliminary study of the project.

The likely effects on the Oaxaca State are measured as the difference between the
development trends triggered after completion of the ASAP and non-ASAP project.
In order to factor in the externalities related to climate change, we revised SAM’s
coefficients and multipliers, according with the Intergovernmental Panel on Climate
Change (IPCC) long-term scenarios for the region11 and the medium and long term
OECD scenarios12. Table 8 summarizes the long term projections for Mexico.

The mid-term net effect, which is calculated as a cumulative difference of the two
projects’ trends, presents a growth pattern in Value Added and Natural sectors 15%
higher for the ASAP vis-à-vis the non-ASAP, with a net gain for the Government of
about 12% (Fig. 10).

11The IPCC scenario for Latin America are available at: http://www.ipcc.ch/ipccreports/tar/wg2/
index.php?idp=45.
12OECD Economic Outlook 2014.

http://www.ipcc.ch/ipccreports/tar/wg2/index.php?idp=45.
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Table 8 Mexico long term scenario (%)

2014–2030 2031–2060

Potential GDP 2.9 3.2

Potential GDP per capita 2.0 2.9

Trend productivity 0.9 2.4

Potential employment ratio 1.0 0.5

Source Author elaboration on public data OECD 2014

Fig. 10 Midterm growth difference in Oaxaca (WP—WOP+)

4.2 Impacts on the Local Economy

In order to downscale the analysis to the local level we reduced the expenditure
vectors of the proposed projects, so as to estimate the share of project costs for
each of the communities. Therefore, we assumed that 15% of total investment cost
would be spent in the local economy. As shown in Fig. 11, in the short term the
big bulk of the effects are concentrated in value added and agriculture sector. As
mentioned in the previous section, the village rural economies in Oaxaca presented
low level multipliers and the results on the short-term impact analysis confirms this
characteristic.

During the five investment years, the ASAP project would generate and increase
sector value added of about 5 USD million, 0.06 USD million more than the tradi-
tional project. In the productive sectors the impact would reach 8.17 USD million
and 8.11 USD million respectively for the ASAP and the traditional project. The
overall ASAP project impacts on the different sector determine a 31% increase on
the local GDP.

The likely effects in the Oaxaca State are measured as the difference between the
development trends triggered after completion of the ASAP and non-ASAP project.
In order to factor in the externalities related to climate change, we revised SAM’s
coefficients and multipliers, according with the Intergovernmental Panel on Climate
Change (IPCC) long-term scenarios for the region and the medium and long term
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Fig. 11 Short term effect on local economy

OECD scenarios. For a more correct evaluation, we considered the different sce-
narios created after ASAP and non-ASAP implementation, within a nineteen year
timeframe. The results show that in the standard project, production value of agricul-
ture would increase of about 8% per year while the ASAP intervention would result
in an increase of 12% per year.

These results notwithstanding, the most relevant results are foreseen in term of
incomes of rural households. In fact, in theASAPproject their incomewould increase
of 50% thanks to the knowledge acquired through the project on how to adapt to
climate change. The following figures shows in summary the effect on Value Added,
Households, Agriculture production, Industry, Construction, Services sectors and
Government. The graphs depict the growth rates for each of the sectors with respect
to the base year (Fig. 12).

5 Conclusions

The main objective of this study was to gain insights on whether, and under which
conditions, a rural development project which includes Climate Change Adaptation
strategies (as in the case of an ASAP investment) would trigger the economic growth
in a region or in a group of villages.
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Fig. 12 Mid-term effect in local economy
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Fig. 12 (continued)

In particular, we applied an innovative methodology for estimating village-wide
SAMs to make a direct comparison among three investment project scenarios (tra-
ditional investment project, ASAP project, and traditional investment project with
total costs as ASAP project of reference). We therefore measure the extent to which a
climate adaptation intervention would enable more stable paths of economic growth.

The geographic area under analysis is the district of Villa Alta in the region of
the Sierra Norte, Oaxaca State (Mexico). In a first step of the analysis, we estimated
the expected outcomes of the programmes in Oaxaca both in the short and medium
term. In a second step, we develop a Village SAM to analyse the impacts of the
three project scenarios at local level. Finally, we include a long term IPCC scenario
to enhance the predictive capacity of our model over the medium–long range by
factoring in climate change hazards for the region.

We believe that our results can usefully contribute evidence-based decisions on
investments that aim to stimulate rural economic development and help develop
strategies of adaptation to climate change. In the short term, we find some evidence
of differences in impact between an ASAP and a traditional project, both region-
ally and locally. Differences however are smaller when we control for total project
costs. Conversely, in the medium and long-term, the differences in impact between
the scenarios are more evident, and could be explained in the light of the specific
design features and components of a typical ASAP project and simulated through the
changes in theSAMcoefficients.ASAPprojects in fact generally invest in strengthen-
ing relevant capacities and skills among the rural population, and thus can guarantee



112 C. Ferrarese and E. Mazzoli

sustained growth even in the face of climate change phenomena. Indeed, thanks to
the new knowledge acquired during the implementation of the project, farmers may
apply new farming techniques, which in turn induce adaptive changes in the produc-
tion structure of the local and regional agricultural sector. As results, farmers and the
local, regional economies are better positioned to cope with climate change in the
future.

Annex 1: Proposed Estimation Methodology for Village
SAM (Scandizzo and Ferrarese 2015)

We propose to estimate the Village SAM with the methodology applied to the esti-
mation of the system of regional social accounting matrices for Italy (Scandizzo
1993; Scandizzo et al. 2010). This methodology can be formalized as a problem of
constrained maximization within the context of the generalized cross entropy (GCE)
model proposed by Golan et al. (1996). In general terms, the estimation problem can
be formulated as follows. Assume that a SAM is specified as a matrix of transactions
between J sectors, factors and stakeholders. Consider each transaction (or, in nor-
malized form, each coefficient) bi j as the expected value of a random variable with
support [z1, z2, . . . zM ] and probabilities [p1i j , p2i j , . . . pMi j ]. The support values
indicate the range of possible values for each coefficient. Since the SAM coefficients
are shares of column totals, the interval of these values is comprised between 0 and
1. The corresponding range of the support values may be constituted, in the inter-
val considered, by a discrete series of values or by a continuum. For simplicity, we
assume that the first hypothesis holds and that it is possible to specify the same set
of possible, but not equally probable, values M for each coefficient. Given a set of
prior estimates qmi j of the probabilities associated to the possible values of each
coefficient, posterior estimates can be obtained by solving the problem:

max
pmi j≥0

H � −
∑

m

∑

i

∑

j

pmi j log
pmi j

qmi j
(1)

Under the constraints:

∑

m

pmi j � 1 (2)

∑

i

∑

m

pmi j zm � 1 (3)

∑

j

∑

m

pmi j zmv∗ j � vi∗ (4)

where v∗ j is the vector of the pre-defined column totals and vi∗ the vector of the
pre-defined row totals.
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The objective function in (1) which is typically denoted as “cross entropy”, in real-
ity is not an entropy indicator, but the sum of the entropy measures, according with
Shannon’s definition (19448) for each column of the matrix and for each element of
the probabilistic support [z1, z2, . . . zm]. More precisely, we can define as column
entropy level for the m-th state of nature the function Hjm � −∑

i pmi j log pmi j .
This function measures the quantity of information contained in the probability of
each column for each state of nature as the logarithmic difference of the uniform
distribution. When information is constituted only by the constraint that the proba-
bility sum must equal 1, the entropy is at a maximum, and the best estimate of the
probabilities of the j-th column is that they are all equal to 1/M . The entropy indica-
tor thus measures the additional degree of information with respect to an informed
prior distribution. If the analyst possesses a more informed prior, for example in the
form of a prior probability qmi j , this can be incorporated in the logarithmic term of
the entropy measure:

Hjm � −
∑

i

pmi j log
pmi j

qmi j
(5)

Given a SAM, it will thus be possible to specify a different measure of entropy
for each column (or each row) or even each value of the stochastic support zm . The
“cross entropy” is the sum of these row or column entropies and represents, not
itself an entropy, but only one possible synthetic index of the entropy that can be
associated to the SAM’s rows and columns. Instead of a simple sum, in particular
otherweighting schemes canbeused to reflect the different value that canbe attributed
to the information contained in a SAM according with the size or the variability of
the flows, their statistical reliability and other special properties one may wish to
consider.

Going back to the problem (1)–(4), the estimation of the coefficients bi j is given
by:

bi j �
∑

m

pmi j zm

The corresponding Lagrangean is:

(6)L � −
∑

m

∑

i

∑

j

pmi j log
pmi j

qmi j

−
∑

i

∑

j

γi j (
∑

m

pi jm − 1) −
∑

j

λ j (
∑

i

∑

m

pmi j zm − 1) −
∑

i

μi (
∑

j

∑

m

pmi j zmv∗ j − vi∗) � 0

The Kuhn Tucker conditions for the solution of the problem (1)–(4), are given
by the constraints (2), (4), assuming that they are binding and by the following
expressions:
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∂L
∂pmi j

� log pmi j

qmi j
+ 1 + γi j zm + λi j zm + μiv∗ j zm

m � 1, 2 . . . M ; i � 1, 2 . . . I ; j � 1, 2 . . . J
or pmi j � 0 (7)

Solving for pmi j :

pmi j � qmi j exp(−1 − γi j zm − λ j zm − μi zmv∗i ) (8)

Summing over m, we obtain:

∑

m

pmi j � 1 �
∑

m

qmi j [exp(−1 −
∑

m

γi j zm −
∑

m

λ j zm −
∑

m

∑

j

μi zmv∗ j )]

∑

m

pmi j � 1 �
∑

m

qmi j [exp(−1 − γi j zm − λ j zm − μi zmv∗i ] (9)

Implying:

exp(1) �
∑

m

qmi j [exp(−γi j zm − λ j zm − μi zmv∗i ] (10)

And, substituting in (8):

pmi j � qmi j exp[−zm(γi j + λ j + μiv∗i )]/
∑

m

qmi j exp[−zm(γi j + λ j + μiv∗i )]

(11)

From (11) one can derive the estimate of a distribution of m matrices of I × J
coefficientswhich are function of a prior value of the probabilities and the constraints’
shadow prices:

bmi j � pmi j zm � qmi j zm[exp(−(γi j + λ j + μiv∗i )zm)]∑
m qmi j [exp(−(γi j + λ j + μiv∗i )zm)]

(12)

With expected values:

bi j �
∑

m

pmi j zm �
∑

m qmi j zm[exp(−(γi j + λ j + μiv∗i )zm)]∑
m qmi j [exp(−(γi j + λ j + μiv∗i )zm)]

(13)

In our experience a prior distribution qmi j may be typically characterized as a
normal distribution with mean and variance equal to:

b0i j � Eb0mi j �
∑

m

qmi j zm, i � 1, 2 . . . I, j � 1, 2 . . . J (14)

Var (b) � E
∥∥b0mi j − b0i j

∥∥ (15)



Analysis of Local Economic Impacts Using a Village Social … 115

This prior distribution is the distribution of non-balanced matrices derived from
direct estimates of the totals from aggregating survey data, or using time series. The
estimate proposed byEq. (13), even though based on a constrainedmaximization, can
be computed using a stochastic simulation and an iterative algorithm of the RAS type
that re-proportions iteratively the columns and the rows of thematrix to estimate: The
estimate can in fact be interpreted as an adaptation of an initial estimate proportional
to a function of the expected value of the variable xmi j � zm exp(−γi j ), to make this
variable satisfy the constraints given by the sums of the rows and the columns.
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A CGE Model for Productivity
and Investment in Kenya
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Abstract This chapter develops an application of a CGE model to analyze some
important economic features and policy problems forKenya, one of themost dynamic
African countries. The CGE model developed reflects the basic structure of the
Kenya’s economy and captures some of the key trade-offs affecting its policy choices,
especially for what concerns aggregate growth, sustainability and inclusiveness. The
results suggest that a policy strategy aimed to boost agricultural productivity and
infrastructure investment would be the best choice for the long run development of
the country.
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atc Shift parameter for output transformation (CET) function
cwtsc Weight of commodity c in the CPI
icaca Quantity of c as intermediate input per unit of activity a

P. L. Scandizzo
University of Rome Tor Vergata, Rome, Italy
e-mail: scandizzo@uniroma2.it

M. R. Pierleoni
Presidency of the Council of Ministers-Italian Government, Rome, Italy
e-mail: mr.pierleoni@governo.it

D. Cufari (B)
OpenEconomics Srl, Rome, Italy
e-mail: daniele.cufari@openeconomics.eu

© Springer International Publishing AG, part of Springer Nature 2018
F. Perali and P. L. Scandizzo (eds.), The New Generation of Computable General
Equilibrium Models, https://doi.org/10.1007/978-3-319-58533-8_6

119

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-58533-8_6&domain=pdf


120 P. L. Scandizzo et al.

intaa Quantity of aggregate intermediate input per activity unit
ivaa Quantity of value-added per activity unit
mpsh Share of disposable household income to savings
pwec Export price (foreign currency)
pwmc Import price (foreign currency)
qdtstc Quantity of stock change
qbarinv(C) Exogenous (unscaled) investment demand
qinvc Base-year quantity of private investment demand
shryif Share for domestic institution i in income of factor f
tec Export tax rate
tmc Import tariff rate
tqc Rate of sales tax
trii Transfer from institution i’ to institution i
tva Value added tax
tyi Rate of nongovernmental institution income tax
αa
a Efficiency parameter in CES function

αva
a Efficiency parameter in CES function for value added

βch Share of commodity c in the consumption of household h
βtouc Share of commodity c in tourism consumption
δaa Share parameter in CES function
δva
f a Share parameter for factor fin activity a, in value added CES function

δ
q
c Share parameter for composite commodity supply (Armington) function

δtc Share parameter for output transformation (CET) function
θac Yield of commodity c per unit of activity a
ρa
a CES function exponent

ρ
q
c Armington function exponent

ρtc CET function exponent
ψ Per capita consumption of tourist
σt
c Elasticity of substitution for composite supply (Armington) function

σt
c Elasticity of transformation for output transformation (CET) function

Variables

CPI Consumer price index
CDTOURc Tourists’ consumption
EG Government expenditures
EXR Exchange rate
FSAV Foreign savings
GSAV Government savings
IADJ Investment adjustment factor
PAa Activity price
PDc Domestic price of domestic output
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PEc Export price (domestic currency)
PMc Import price (domestic currency)
PQc Composite commodity price
PVAa Value-added price (factor income per unit of activity)
PXc Aggregate producer price for commodity
QAa Quantity (level) of activity
QDc Quantity sold domestically of domestic output
QEc Quantity of exports
QFfa Quantity demanded of factor f from activity a
QFSf Supply of factor f
QGc Government demand
QHch Quantity consumed of commodity c by household h
QINTca 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)
QVA Quantity of value added
QXc Aggregated marketed quantity of domestic output of commodity
– Walras dummy variable
WFf Average price of factor f
WFDISTf Wage distortion factor for factor f in activity a
YFif Transfer of income to institution I from factor f
YG Government revenue
YIi Income of domestic nongovernment institution
YTtt Tourists’ income
OBJ Object function (to maximize)

1 Introduction

Compared with structural econometric as well as simulation models used in eco-
nomic policy analysis, computable general equilibrium (CGE) solve numerically
abstract general equilibrium structure a la Arrow and Debreu with real data to find
the equilibrium levels of supply, demand and price for specified markets. According
to Wing (2004), CGE models are useful but they are nonetheless viewed with sus-
picion by some in the economics and policy analysis communities as “black boxes”
(Panagariya and Duttagupta 2001), whose results cannot be meaningfully traced to
any particular feature of their data base or input parameters, algebraic structure, or
method of solution. Such criticism, mainly due to the lack of communication and
information across broader economics and policy community, typically rests on the
presumptions that CGE models contain a large number of variables and parameters
and are structurally complex, both characteristics allowing questionable assumptions
to be hidden within them that end up driving their results. Descriptions of models’
underlying structure, calibration and solution methods abound, but tend to be spread
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across a broad cross section of materials, each subset of which focuses on a different
aspect of the subject.

As explained in the introduction to this volume (Chap. 1), a recent revival of CGE
models is based on several new facts and advancements of both theory and practice.
CGEs have become the only point of encounter of macroeconomic policies with
project evaluation, where they promise to perform a critical function to connect two
frameworks that typically don’t mingle and often risk to contradict each other. In a
series of important research attempts, in large part conducted at theWorld Bank, sev-
eral generations of computable general equilibrium models (CGE) since the late 70s
were developed and gradually became important and useful tools for policy analysis.
In these models, social accounting matrices (SAM) became the core of the repre-
sentation of general equilibrium as a circular flow of production, consumption and
incomes, with prices in all markets as the equilibrating variables. Solving algorithms
started with fixed point (Scarf and Hansen 1973) and mathematical programming
procedures (Norton and Scandizzo 1981; Walbroeck and Ginsburg 1981) and grad-
ually developed into nonlinear equation systems and local or global search solution
methods (Devarajan et al. 1997). At present, while the macro-econometric models
prevailing in the 1970s have all but disappeared from the economic practice, CGEs
are increasingly used around the world, both in their static and dynamic versions, as
tools to analyze economic policy options.

In this Chapter we develop an application of a CGE to analyze some important
economic features and policy problems for Kenya, one of the most dynamic African
countries.We try to build amodel that reflects the basic structure of theKenya’s econ-
omy and captures some of the key trade-offs affecting its policy choices, especially
for what concerns aggregate growth, sustainability and inclusiveness. The plan of
the Chapter is as follows: Sect. 2 provides a brief description of the Kenya economy
and its recent trends and major development problems. Section 3 presents the math-
ematical structure of the CGE model and discusses its main assumptions and related
characteristics. Section 4 reports and briefly discusses the estimates of Kenya’s social
accounting matrix (SAM). Section 5 presents the model simulations and discusses
their implications from the point of view of the economic policy problems examined.
Section 6 finally develops some conclusions and policy recommendations.

2 The Kenya’s Economy

Kenya is a sizable country (580.400 km2 with a population of 44 million) and an
income per capita of about 1,400 US$ at the official exchange rate. According to the
Kenya Economic Update (World Bank 2017), for the third consecutive year, eco-
nomic activity gave rise to sustained economic growth. Kenya’s economy expanded
by 5.8% in 2016, 0.1% points higher than the previous year, in spite of a back-
ground of weaknesses in several emerging markets and Sub-Saharan economies
where GDP growth decelerated. Unlike oil exporting countries, Kenya, being an oil
importer, benefitted from the slump in oil prices, particularly in the first half of 2016.

https://doi.org/10.1007/978-3-319-58533-8_1
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Similarly, earlier good rains supported favorable harvests in 2016, particularly in
the first half of the year. Further the tourism sector, which had slowed down since
the 2013 terrorist attacks, rebounded in 2016. Finally a positive role was played
by domestic developments such as the government’s infrastructure drive aimed at
easing supply side constraints and a stable macroeconomic environment, supported
economic activity in 2016. These favorable compensated for theweakness in external
demand and the sharp deceleration in credit growth to the private sector.

The service sector contributed 3.2% points to Kenya’s GDP growth for the first
three quarters of 2016; in other terms, some 54% of Kenya’s growth in 2016 derived
from the strength of the service sector. Performance among various service sub-
sectors was, however, mixed. For examples thanks to the rebound in the tourism
sector, accommodation and restaurant sub sector contributed to some 0.41% points
to GDP growth; transport and storage also accelerated, as they benefitted from lower
fuel prices. In contrast, Kenya’s real estate sector presented a deceleration in 2016,
that could be reflective of the slowing private sector credit growth. Similarly, in
2016, the financial sector contributed only 0.3% points to GDP growth compared to
its contribution to GDP of some 0.6% points in 2015. The decline in the contribution
of the financial services is consistent with tougher environment faced by Kenyan
banks in 2016 as a tighter regulatory condition for the provisioning of bad debts and
lower interest margins resulting from the Banking Amendment Act.

Agricultural output grew at 4.9% in first three quarters of 2016, the sector’s con-
tribution to growth increasing by 0.2% points from that of the 2015. For the first
three quarters of 2016, Kenya’s industrial sector expanded by 5.6% but the sec-
tor’s contribution to GDP growth decelerated to 1.6% points from 1.8% points over
the same period in 2015. Much of this deceleration in growth can be attributed to
sluggish/below par growth in the manufacturing sector and lower dynamism in the
construction sector. A key question for the Kenyan economy thus appears to be the
role of total factor productivity and the consequences of its increase in productivity
agriculture versus the other sectors. Given the weight of agriculture and demographic
pressures for Africa, this question appears important to identify goals for technolog-
ical innovation and diffusion, as well as to suggest alternative strategies of growth.

The macroeconomic environment was stable in 2016; in particular inflation was
moderate in 2016. However unfavorable weather has led to a surge in food inflation
in recent months. The fiscal deficit declined from 8.4% of GDP in Financial Year
(FY) 14/15–7.5% in FY 15/16. Kenya’s medium-term fiscal policy is anchored by
its commitment to achieve convergence with the East African Community Monetary
Union protocols. In recent years, the government has embarked on an ambitious
infrastructure plan (roads, railways, ports and power projects) that drove the share
of development spending to 8.8% of GDP in FY 14/15 from 6.3% a year earlier.
However, in FY 15/16 development spending was moderate, thereby supporting the
commencement of the fiscal consolidation. In contrast to development spending,
recurrent spending increased to 15.6% of GDP in FY 15/16. Fiscal consolidation
should help to: (i) anchor Kenya’s macro stability, (ii) reduce crowding out pres-
sures, (iii) contain the pace of debt accumulation and (iv) contribute towards a more
favorable sovereign debt credit rating.
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However, in contrast to the consolidation that took place in FY15/16, the fiscal
deficit is projected to rise to 8.9% of GDP in FY16/17. Given the projected increase
in revenues (as a share of GDP), the increase in the deficit is being driven by an
expansionary fiscal stance, with government expenditures increasing from 27.1% of
GDP in FY15/16 to 30.0% in FY16/17. The significantly higher deficit, however,
assumes that there will be a full execution of the development budget in FY16/17.
Given the track record of 31%under-execution rate for development spending, deficit
turnouts could be lower than current projections. There is a need to recreate fiscal
space through reductions in the share of recurrent spending, and expansion of the
revenue base in order to carry out the ambitious public investment drive without
straining public finances.

From the point of view of development policy, the role of investment identifies
a second policy question for the future of the Kenyan economy. This question con-
cerns the trade-off between fiscal consolidation and growth faced by policy makers
in the short run, even under the favorable assumption that the economy proceeds
on a virtuous path of productivity improvement. While such an improvement may
endogenously generate enough resources to fuel further growth, it is legitimate to ask
whether an aggressive policy of investment in public goods, such as the one pursued
by the government in recent years, might not be important to ensure stale support to
a higher path of development for the country.

3 The Core CGE Model for Kenya

The CGE model is based on a social accounting matrix that provides a schematic
portrayal of the circular flowof income in the economy: fromactivities and commodi-
ties, to factors of production, to institutions, and back to activities and commodities
again. In particular, the equations of the core CGE model follows the same pattern
of income generation of the SAM. These equations can be grouped in the follow-
ing blocks: (1) equations which define the price system, (2) equations that describe
production and value-added generation, (3) equations that describe the mapping of
value added into institutional income, (4) equations which completed the circular
flow, showing the balance between supply and demand for goods by the various
actors, and (5) a number of “system constraints” that the model economy must sat-
isfy; these include both market clearing conditions and the choice of macro “closure”
for the model (Robinson et al. 1999).

The core of the model follows a standard structure (Robinson et al. 1999; Lofgren
et al. 2002) based on CGEmodel specified in terms on non-linear algebraic equations
andnumerical solution techniques (Devris et al. 1982).While themodel is designed as
a neoclassical structure, different closure rules may be used to incorporate Keynesian
hypotheses andmechanisms of income formation and to analyze differences in policy
implementation (as explained later). In keeping with the private market orientation
of the Kenyan economy, the core of the model is a process of maximization of profits
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by producers and utility by households. Labor is assumed to be mobile, markets are
competitive within an open economy, and international trade and tourism.

Technology for producers and preferences for consumers are described by Cobb-
Douglas functions and consumption demands are derived from the optimization
process. Commodities are either sold in the domestic markets or exported to inter-
national markets. A constant elasticity of transformation function (CET) describe
the relationship between the internal and external markets, with the determination
of price ratios and elasticities of transformations to determine the level of output
exported or sold domestically.

For imports, households and producers are assumed to utilize commodities based
on Armington’s composite commodity function, which describes the substitutions
between imports and domestic commodities through a constant elasticity of substitu-
tions (CES) function. The government’s inflows are represented by taxes and transfers
from other institutions and at the same time use the income to purchase commodi-
ties, make transfer to other institutions and savings. The commodities demanded
by government are determined in fixed proportion and transfers from and to other
institutions are also fixed in foreign currency. Enterprises are also included in the
model as institutions, and receive inflows from factor of production and transfers
from other institutions. As outflows, enterprises’ incomes are used to pay taxes, sav-
ings and transfers but not to consume commodities. International tourists are also
represented as institutions, that receive as inflows incomes from the rest of the world
and consumes commodities and savings domestically.

The CGE model incorporates all the flows from the Social Accounting Matrix
(production, consumption, distribution etc.) and simulate the product and factor mar-
kets role in setting equilibrium relative prices. Depending on a number of factors and
the purpose ofwhich themodel simulation is used,model closure consists of choosing
a particular set of exogenous variables in a way that allows a consistent and possibly
unique set of solutions. Because a problem of over-determination (Sen 1963; Ratso
1982) may arise when the number of equations implied by the model exceeds the
number of endogenous variables, we refer to four basic closure rules: the neoclassi-
cal, the Keynesian, the Joansen and the neo-Keynesian. In the Neoclassical closure
investment is endogenous and savings driven (i.e. saving determine the level of the
endogenous investment that adjust consequently). The Keynesian closure is charac-
terized by unemployment in equilibrium, hence the level of employment is not fixed
and variation in the level of output and employment will clear the market of saving
and investments. In the Joansen-closure, the model is investment-driven, hence the
level of savings adjusts, differently from the neoclassical closure as Johansen con-
siders the government as an important source of savings. Government consumption
or tax rates become endogenous and savings depend on tax rate and adjust to ensure
the saving-investment gap. Finally, in the neo-Keynesian closure, the real wage is not
equal to marginal product of labor and the functional distribution of income ensures
the equality between savings and investments.

For an open economy with trade and international tourism the closure problem
becomes more complex, with the introduction of a new equilibrium condition in the
foreign exchange rate and new source of savings in the investment—savings balance
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(Ratso 1982; Delpiazzo 2011; Robinson 2006). In the case of the Neoclassical clo-
sure, foreign savings are assumed to be fixed and the real exchange rate is fluctuating
to ensure the equilibrium on the foreign market. Investment is saving-driven and
the model behaves in a way similar to the closed economy (Robinson 2006). In the
Keynesian closure usually foreign savings is assumed to be fixed exogenously, while
the exchange rate adjusts to clear the foreign exchange market. As the exchange
rate varies, real prices (including the wage rate) will adjust, generating employment,
income, production and savings to match fixed investments. Since foreign savings
are fixed, they have no role in the adjustment and the multiplier is operating similarly
to the closed economy case (Robinson 2006; Taylor and Lisy 1979). The Johansen
closure in the open economy case is characterized by saving driven investment as in
the closed economy, but foreign savings are endogenous and adjust to ensure invest-
ments—savings balance (and not the domestic savings as the closed economy case).
A change in the level of investments will adjust the real exchange rate that is the equi-
librating variable and generate changes in foreign savings. These in turn adjust to
investment levels. Furthermore, the model assumes that the wage rate is free to vary
and ensure equilibrium in the labor market. In the neo Keynesian closure, a fixed
wage is the numeraire, while the exchange rate is exogenous and foreign savings
adjust. Changes in the real wage provoke adjustments in price level and exchange
rate. If for example the price level increases, the real wage decreases and employ-
ment, income and savings all increase. On the foreign market the real exchange rate
appreciates, with a consequent deterioration of the balance of trade and increase in
foreign savings. The increment in both foreign and domestic savings ensure macro
equilibrium, so that the investments level end the effect of the Keynesian multiplier
is lower than that of standard Keynesian closure.

4 Social Accounting Matrix and Computable General
Equilibrium for Kenya

Several social accounting matrices are available for Kenya. The 2003 Kenya Social
Accounting Matrix (SAM), estimated by the Kenya Institute for Public Policy
Research and Analysis (KIPPRA) and the International Food Policy Research Insti-
tute (IFPRI), is the main example of a family of models both at national and regional
level, built in the past decade. This matrix is a consistent data framework that cap-
tures the information contained in the national income and product accounts and the
input-output table, as well as the monetary flows between households, government
and other institutions. The Kenya SAM also used surveys to estimate the production
technology underlying different sectors of the economy. By combining this informa-
tion with the country’s household income and expenditure survey, the SAM provides
a comprehensive picture of the structure of the Kenyan real economy built in 2003.

Using the 2003 KIPPRA-IFPRI SAM as a starting point, we updated the SAM
for Kenya by applying the entropic methodology described in Scandizzo and Fer-
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rarese (2015), to national and state account data and other statistics (Kiringai et al.
2006; KNBS 2014). These methods are based on the so called “maximum entropy
econometrics” (Golan et al. 1996) and are able to handle the “ill-conditioned” esti-
mation problems associated with the lack of the degrees of freedom typical of I-O
matrices. The methods are very flexible in combining a variety of specific data with
prior information and national accounts.

The matrix estimated contains detailed sector accounts for production, sales and
purchase of goods and services. In total there are 35 production sectors, with primary
activities including irrigated and non-irrigated agriculture as well as forestry and
mining. Tourism is also detailed both from the point of view of various types of tourist
demand and hotel and lodging supply. Three factors of production (labor, capital and
land) are accounted for in connection with productive sectors and households. The
latter are divided into four categories: namely rural poor, rural non-poor, urban poor
and urban non-poor, using standard poverty level.

The SAM distinguishes between ‘activities’ (the entities that carry out produc-
tion) and ‘commodities’ (representing goods and non-factor services exchanged on
themarket). SAMflows are valued at producers’ prices in the activity accounts and at
market prices (including indirect commodity taxes and transactions costs) in the com-
modity accounts. The government is disaggregated into a core government account
and different tax collection accounts, one for each tax type. Taxes are disaggregated
into commodity, direct and trade taxes, plus a core government account. Enterprises
institutions are also considered, as well as the capital account (savings—investments)
that comprehends all formal and informal transactions concerning the various forms
of credit in the economy, including transactions from the formal banking system and
all financial transactions that play a crucial role to supply an outlet to savings and
a source of credit to consumer-producer households. The rest of the world account
represents trade flows between the national economy and rest of the world, such as
imports and exports of goods and services.

Figure 1 and Table 1 shows the Rasmussen indexes of backward and forward
linkages computed from the matrix. These indexes describe the direct and indirect
connections between the different actors of the economy, whose accounts are repre-
sented in the SAM. Introduced by Hirschman and defined by Rasmussen (1957), the
indexes of backward linkages are based on the average multipliers (from the columns
of the SAM inverse) and can be interpreted as the increase in output of the entire
system of industries needed to cope with an increase in the final demand for the
products of one industry by one unit (Rasmussen 1957, pp. 133–134). The indexes
of forward linkages are instead based on the row multipliers and quantify the extent
to which the system of industries draws upon a given industry. They are indexes of
sensitivity of dispersion, as theymeasure the increase in the production of an industry
driven by a unit increase in the final demand for all industries in the system. Both
indexes are normalized by dividing the average multiplier for each sector by the total
average multiplier for all sectors.

The magnitude of the multipliers depends on the number of the accounts con-
sidered exogenous and are lower the larger such a number, while the Rasmussen
indexes, being normalized with the average multipliers, indicate only the relative
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Fig. 1 Rasmussen backward and forward indicators. Source Our elaboration

importance of a sector linkage as compared to the mean. The multipliers used in the
table correspond to the hypothesis that the capital formation account is exogenous.
Under this hypothesis, as the table shows, the Rasmussen indexes of backward mul-
tipliers, which average 1 by construction, range from a minimum of 0.54 for metal
and machines account to a maximum of more than 1.12 for sales taxes, indirect taxes
and tariffs. This means that if the demand of one sector increases 100%, the average
impact on the demand for the products of the other sectors is between a minimum of
54% and a maximum of 112% the average. The results show that the country enjoys
a stronger than average backward connectivity for many sectors, like tourism, which
are at the end of their value chain. The indexes of forward linkages, on the other hand,
measure the degree of participation of each sector/institution to the overall economic
activity, that is, on average, how much a sector demand increases in response to an
equi-proportional increase in all sectors. They are much more diverse than the back-
ward indexes, with especially large values for some sectors such as non-irrigated
agriculture, transport and especially labor and capital. The lowest value of 0.06 is for
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Table 1 Comparison of backward and forward linkages related to different elaborations the of
Kenya SAM

Our elaboration of
Kenya social
accounting matrix

Elaboration of Kenya
social accounting
matrix (WB Report,
2017)

Elaboration of Kenya
social accounting
matrix (Wanjala and
Were 2009)

B F B F B F

Irrigated
agriculture

1.05 0.25 Irrigated
agriculture

1.26 0.36

Non irrigated
agriculture

1.05 2.83 Non irrigated
agriculture

1.29 3.77 Agriculture 3.43 8.42

Forestry and
fshing

1.06 0.20 Forestry and
fishing

1.08 0.34 Fishing 3.15 1.14

Forestry 3.4 1.23

Poaching 0.90 0.06 Poaching 1.08 0.12

Mining 1.03 0.12 Mining 1.11 0.22 Mining 3.33 1.07

Food,
beverage and
tobacco

1.05 1.27 Food,
beverage and
tobacco

1.73 0.86 Beverage and
Tobacco

2.64 2.77

Petroleum 0.92 0.21 Petroleum 0.86 0.31 Petroleum 1.96 5.21

Textile and
clothing

1.06 0.20 Textile and
clothing

0.85 0.31 Textile and
footwear

2.8 2.73

Leather and
footwear

0.99 0.11 Leather and
footwear

0.98 0.16

Wood and
paper

0.93 0.25 Wood and
paper

0.76 0.39 Wood and paper 3.2 1.15

Printing and
publishing

0.83 0.56 Printing and
publishing

0.50 0.71 Printing and
publishing

2.59 2.34

Chemicals 0.56 0.48 Chemicals 0.54 0.70 Chemicals 1.84 3.09

Metals and
machines

0.54 0.25 Metals and
machines

0.47 0.32 Metals and
machines

1.56 2.63

Non metallic
products

1.04 0.13 Non metallic
products

1.04 0.19 Non metallic
products

2.97 1.61

Other
manufactures

0.84 0.68 Other
manufactures

0.76 0.84 Other
manufactures

2.45 3.64

Distribution
water

1.06 0.07 Distribution
water

1.57 0.45 Electricity and
water

3.11 2.12

Electricity 1.01 0.42 Electricity 0.93 0.57

Construction 0.98 0.13 Construction 0.93 0.16 Bulding and
construction

3.24 1.19

Trade 1.05 1.50 Trade 1.01 2.26 Trade 3.64 7.11

Hotel 1.10 0.13 Hotel 0.89 0.18 Hotel and
restaurants

3.14 3.65

Lodge 1.09 0.08 Lodge 0.14 0.87

Rent house 1.09 0.09 Rent house 0.15 0.87

(continued)
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Table 1 (continued)

Our elaboration of
Kenya social
accounting matrix

Elaboration of Kenya
social accounting
matrix (WB Report,
2017)

Elaboration of Kenya
social accounting
matrix (Wanjala and
Were 2009)

B F B F B F

Restaurant 1.10 0.13 Restaurant 0.87 0.18

Park Tourism 1.08 0.12

Beach Tourism 1.08 0.08

Cultural
Tourism

1.08 0.07

Business
Tourism

1.08 0.09

Transport 0.91 1.52 Transport 0.93 2.02 Transport and
communication

3.23 8.01

Information
and communi-
cation

1.05 0.56 Information
and communi-
cation

1.00 0.78

Financial and
insurance
activities

1.03 0.95 Financial and
insurance
activities

0.94 1.35 Financial services 3.33 4.52

Real estate 1.03 0.93 Real estate 0.99 1.16

Other services 1.05 0.56 Other services 0.97 0.77 Other services 3.30 3.92

Public
administration
and defence

1.02 0.82 Public
administration
and defence

0.27 0.90 Administration 3.29 1.19

Health and
social work

1.05 0.35 Health and
social work

1.02 0.32 Health 3.91 1.60

Education 1.06 0.92 Education 1.02 0.60 Education 3.62 1.67

LAB 1.01 4.31 LAB (skilled +
semi-skilled +
unskilled)

3.87 6.58

CAP 0.99 5.08 CAP 0.89 6.58

rp-hhd 0.95 1.60 rp-hhd 1.34 2.11

rnp-hhd 0.95 2.46 rnp-hhd 1.33 3.22

up-hhd 0.95 0.22 up-hhd 1.36 0.30

unp-hhd 0.94 5.76 unp-hhd 1.16 6.37

ent 0.93 5.49 ent 0.83 6.59

gov 1.06 2.00

stax 1.12 1.09 stax 0.12 1.73

ytax 1.12 0.69 ytax (Direct
taxes)

0.13 0.97

tar 1.12 0.15

h-tour 1.04 1.00 h-tour 1.19 0.39

l-tour 0.99 1.00

Source Our elaboration
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poaching activity, while the highest value of 5.08 is for capital. Tourism activities
have backward multipliers near to the average, but low forward multipliers. This
suggests on the backward side that the local value chain, even though still weak, has
already some depth, and, on the forward side, that the sector is not dependent on
domestic economic activity and relies mostly on foreign demand.

5 Impact Analysis: Policy Simulations

Because of the importance of the agricultural sector in most developing economies,
raising agricultural productivity appears a plausible and appealing choice for policy
makers to promote economic growth. The literature provides abundant theoretical
and empirical evidence that agricultural growth is essential to foster overall growth,
especially in developing countries and identifies the diverse roles that agriculture
plays in the process of growth and development as well. For example, for Johnston
and Mellor (1961) agriculture contributes to economic development with food and
raw materials, labor and capital, foreign exchange and markets for the outputs of
other sectors. Agricultural productivity growth would generate increased demand
not only for food but also for other industrial outputs and services via intermediate
and final demand linkages (Adelman 1984; Mellor 1976). Bautista (1986) identi-
fies increased agricultural production through productivity increase result in foreign
exchange savings and reduction in food imports and increase the ability to export.
Further, increased agricultural productivity may cause lower and more stable food
prices making households better off (Adelman 1975; de Janvry and Sadoulet 2002).

It is important to underline the distinction between increases in output and pro-
ductivity since these do not necessarily have similar impacts. In some cases, output
and productivity increase together whereas in other cases they can vary inversely
with differential consequences for poverty (Irz et al. 2001; Schneider and Gugerty
2011).

The effects of agricultural growth spread to the non-farm economy through dif-
ferent linkages; production, employment and incomes. Higher real incomes in the
agricultural sector stimulate demands for the products of other sectors and labor
within the sector, while higher agricultural outputs stimulate the creation of non-farm
rural and urban employment opportunities through backward and forward linkages
to manufacturing and services sector activities (Hanmer and Naschold 2000; Thirtle
et al. 2001). Irz et al. (2001) summarize and review many possible arguments of
effects of agricultural productivity growth on farm economy, rural economy as a
whole and the national economy and the necessary conditions to achieve them. It is
not clear that rural income will increase at all times with improvements in agricul-
tural productivity, as a result of possible deterioration of agricultural terms of trade
arising from price and income inelasticity of agricultural products (Bautista 1986).
Arndt et al. (2000) suggest that price declines due to an increase in agricultural pro-
ductivity would transmit most of the gains to urban households, to non-agricultural
sectors and to non-agricultural factors of production. Rural households who mostly
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engage in agricultural activities gain from greater availability of food. Further,
Thirtle et al. (2001) argue that productivity gains may not trigger poverty reduc-
tion if the decline in output prices outweighs the gain from increased productivity.
These complex relationships between direct and indirect general equilibrium effects
emphasize the linkages between agricultural productivity, growth and poverty reduc-
tion. While many studies of productivity or technical change in developing country
agriculture have been conducted (Mellor 1999; Self and Grabowski 2007; Thirtle
et al. 2003), linkages of the agricultural sector with the rest of the economy have
been the object of only a limited number of studies.

Studies investigating the multiplier effects of agricultural growth on the other
sectors of the economy (Arndt et al. 2000; Bautista 1986; Coxhead and Warr 1991,
1993, 1995; Dorosh et al. 2003) include social accountingmatrices and CGEmodels.
Arndtet al. (2000), for example, use a CGE model to analyze improvements in agri-
cultural productivity and reductions in marketing costs inMozambique. Their results
suggest that that increasing agricultural productivity may be a priority for Mozam-
bique with large potential gains. However, increasing agricultural output with very
highmarketing costs leads to significant fall in prices transmittingmost of the gains in
factor income to non-agricultural sectors. Bautista (1986) developed a CGEmodel to
investigate the effects of productivity increases in Philippine agriculture. The study
simulates the impacts of productivity increases in three agricultural sectors; food
crops, export crops and livestock and fishing sectors and the food manufacturing
sector on sectoral prices and outputs, rural and urban income, trade balance and
national income. The simulations imply a 10% increase in total productivity sepa-
rately in the four sectors and increased productivity in all sectors simultaneously.
The cause of the productivity increase is assumed to be the result of technological
change and/or improved infrastructure. Increased productivity in the food crops sec-
tor results in a fall in food prices but promotes the food processing sector. Productivity
improvements in the crop sector results in a decline in sector prices while improving
sector production. Increased productivity in the foodmanufacturing sector stimulates
growth in production and in the food crop sector as well. Simultaneous productivity
increases in all four sectors show moderate positive impacts on household income
while there are significant impacts on macroeconomic variables. Based on those
results, the author argues that increasing agricultural productivity does not necessary
result in reduced rural income but is more likely to benefit urban households.

Coxhead and Warr (1991) used a CGE model for Philippines to investigate the
distributional effects of technical progress in Philippine agriculture. They show, in
a small open economy, that technical improvements in farming are likely to benefit
the poor, especially if the technical change is labor-using—land-saving. A technical
change which substitutes capital for labor with no increase in output in irrigated
agricultural sector triggers a reduction in real wage in the same sector. Households
owning only labor lose while real incomes of households that do not depend on labor
show a slight increase. Coxhead and Warr (1995) used the same model to trace the
effects of differential rates of technical progress in the irrigated andnon-irrigated agri-
cultural sectors on income distribution of factor owning household groups, poverty
and economic welfare within a small open economy with open agricultural trade and
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agricultural trade under restrictions. The results clearly showed that reduced poverty
from technical progress is substantially greater when agricultural trade is unrestricted
at constant world prices. Similar results are obtained by Coxhead and Warr (1993),
who examine the distributional effects of technical change in Philippines’ agriculture
using a CGE model. They show that technical change in Philippine agriculture may
lead to increased incomes, reduced poverty and improved income distribution.

Given this background of past studies and results, we propose a series of simula-
tion with the CGE model that combine increases in productivity of agriculture and,
alternatively, in the industrial sector. with investment increases. These simulations
aim to measure the potential growth spill overs of technical change in agriculture
and industry. They also aim to quantify the link between investment and productivity
increase, since one of the most important reasons to invest in infrastructure is pre-
cisely to induce productivity growth and, on the other hand, any exogenous increase
in productivity needs to be accommodate by further investment to spread to the rest
of the economy. More specifically, we simulate the following scenarios:

(a) doubled agricultural total factor productivity (TFP) with a parallel increase in
investment (50%) with a Keynesian closure;

(b) increased investment (50%) with a Keynesian closure.
(c) doubled agricultural TFP with a Neoclassical closure.
(d) doubled industrial TFP with a parallel increase in investment (50%) under a

Keynesian closure;
(e) doubled industrial productivity with a Neoclassical closure.

The simulations are made with the GAMS (General Algebric Modelling System)
software described in Brooke et al. (1996).

Tables 2 and 3 and Fig. 2 present a summary of the results obtained in the sim-
ulation scenarios mentioned above, in terms of real increases for the key economic
variables of the model. The simulations representing a Keynesian scenario assume
wage rigidity and exogenous investment, while in the neoclassical simulations wages
are free to vary and investments are endogenized. In the former scenarios almost all
variables are higher. The agricultural growth simulations also suggest that increases
in agricultural TFP would be more beneficial, ceteris paribus, from the point of view
of production, factor income and income redistribution. Furthermore, the impact of
industrial TFP growth combined with the exogenous investment stimulus in the Key-
nesian scenario, would have rather modest effects and would display the greatest dif-
ference between relatively large benefits to factor remunerations and GDP increases,
compared to rather low and uniform benefits to personal (disposable) incomes. These
results are in line with empirical literature mentioned above where the authors found
in a neoclassical economy a welfare gains from agricultural productivity increas-
ing, but the differences of performance displayed between agriculture and industry
TFP growth are a somewhat novel finding of our study. They suggest the intriguing
hypothesis that a stage-wide pattern of growthmay bemandated by the very structure
of a developing economy.

In detail, simulations I, III, IV and V show the potential benefits of technical
productivity change respectively in agriculture (scenarios I and III) and industry
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Table 2 Agricultural TFP and investment increase simulations (Mln US$)

Base case Simulation
I (Agricul-
tural
productiv-
ity doubled
and
investment
increasing
of 50%)
Keynesian
closure

Var. w.r.t.
BC* (%)

Simulation
II
(investment
increasing
of 50%)
Keynesian
closure

Var. w.r.t.
BC* (%)

Simulation
III (Agri-
cultural
productiv-
ity
doubled)
Neoclassi-
cal
closure

Var. w.r.t.
BC* (%)

Absorption 56,246.90 74,333.90 32 68,625.10 22 70,893.80 26

Private
consump-
tion

42,208.70 56,325.20 33 50,616.40 20 54,679.20 30

Fixed
invest-
ments

7,941.20 11,911.80 50 11,911.80 50 10,117.70 27

Government
income

9,231.21 11,883.24 29 12,126.76 31 11,115.66 20

Exports 943.80 1,458.80 55 1,101.70 17 1,414.00 50

Imports −7,471.50 −9,800.30 31 −9,795.90 31 −9,091.60 22

GDP
(market
price)

49,719.20 65,992.50 33 59,930.90 21 63,216.10 27

Indirect
taxes

4,601.10 5,623.80 22 5,492.40 19 5,257.00 14

GDP
(factor
cost)

49,460.40 65,205.50 32 59,100.50 19 62,641.90 27

Agricultural
production

17,121.20 29,994.87 75 23,213.87 36 30,390.18 78

Industrial
production

29,159.44 35,176.71 21 35,004.30 20 31,802.87 9

Investment
multiplier

3.47 2.61 6.06

Households
income

Rural poor 8,762.35 10,810.66 23 11,184.14 28 10,241.66 17

Rural non
poor

13,626.20 16,811.50 23 17,391.42 28 15,926.82 17

Urban poor 936.77 1,177.89 26 1,214.21 30 1,116.47 19

Urban non
poor

32,083.47 40,392.68 26 41,634.34 30 38,280.81 19

Source Our elaboration based on CGE results
*% Var. w.r.t. BC = variation with respect to Base Case
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Table 3 Industrial TFP and investment increase simulations (Mln US$)

Simulation IV
(industrial
productivity
doubled)
Neoclassical
closure

Var. w.r.t. BC*
(%)

Simulation V
(Industrial
productivity
doubled and
investment
increasing of
50%) Keynesian
closure

Var. w.r.t. BC*
(%)

Absorption 68,086.80 21 64,085.80 14

Private
consumption

47,854.50 13 46,077.00 9

Fixed
investments

14,135.40 78 11,911.80 50

Government
income

10,909.20 18 9,344.99 1

Exports 1,266.80 34 1,358.00 44

Imports −9,361.80 25 −8,159.60 9

GDP (market
price)

59,991.70 21 57,284.20 15

Indirect taxes 5,908.60 28 5,549.10 21

GDP (factor cost) 59,434.60 20 57,360.30 16

Agricultural
production

17,569.36 3 16,529.04 −3

Industrial
production

44,102.40 51 41,809.14 43

Investment
multiplier

1.61 1.99

Households
income
Rural poor 9,854.81 12 9,180.97 5

Rural non poor 15,325.00 12 14,277.47 5

Urban poor 1,046.44 12 986.88 5

Urban non poor 35,844.00 12 33,813.65 5

Source Our elaboration based on CGE results
*% Var. w.r.t. BC = variation with respect to Base Case

(scenarios IV and V). They also aim to detect the potential gains due to a combina-
tion of investment and productivity increases in these two different sectors (scenarios
I, II and V). The simulations permit also to compare the results obtained with dif-
ferent closures of CGE models—neoclassical and Keynesian—which correspond to
different hypotheses on the functioning of the economic system. The increase in
productivity, both agricultural and industrial, effectively reduce marginal production
costs and increase the level of production and GDP. The results show that agricul-
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Fig. 2 Impact of simulation scenarios on GDP. Source Our elaboration based on CGE results

Fig. 3 Impact of simulation scenarios on household incomes. Source Our elaboration based on
CGE results

tural production increases of 75 and 78% and industrial production increases of 51
and 43% with respect to the base case (respectively in the Keynesian and Neoclassi-
cal closure). The increase in real GDP drives up also Government income and both
imports and exports in the foreign market.

Notably, in the first scenario the investment multiplier is higher than in the second
one (3.47 vs. 2.61); however, the highest multiplier is in the third scenario (6.06),
even though in this case it is the productivity increase that determines the surge of
investment and some of the ensuing effects. In the first scenario almost all variables
are higher with respect to the other simulations; for example the GDP increases
around 33% respect to 21% in the second and 27% in the third (Fig. 3). This suggests
that a mix of increasing productivity and investment is a better development vehicle
as compared to just increasing investment demand. However in the third scenario
the investment multiplier is greater, meaning that increasing agricultural produc-
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tivity works well in a neoclassical economy when it is supported by a stimulus of
endogenous demand.

Table 3 presents scenarios IVandV—concerning the industrial sector productivity
increases—with the results obtained significantly lower than those in scenario I and
III. For example the GDP increases by 21% in the fourth scenario and by 15% in
the fifth one, with lower investment multipliers (respectively 1.61 and 1.99). This
suggests that the combination in increasing industrial productivity and investment
demand (scenario V) does not determine the best development path of the economy
either from the production side or from the income one. The stimulus of domestic
demand, in fact, is higher in simulation IV (neoclassical closure), where the increase
in real GDP drives up the Government income by about 18% while real growth os
much lower in the last scenario. Furthermore, private consumption is higher and in
the IV scenario increases of 13% with respect to the base case, against an increment
of only 9% in the last scenario.

6 Conclusions

In this chapterwe have presented an application of aCGEmodel, estimated forKenya
on the basis of a recent estimate of a SAMmatrix, to the analysis of the country eco-
nomic structure and to some basic policy choices confronting the government. These
choices concern the weight to give to agriculture in the development strategy of the
country, and how to combine an infrastructure-centered policy of public investment
with a drive for diversification and industrial growth.

The results of the analysis present us with a picture of Kenya as a country that,
though still dominated by agriculture, may develop at a fast rate and diversify in
multiple industries and services, including a very dynamic tourism sector. At the
same time, the CGE simulation results suggest that agricultural growth may be the
most important driver of the country economic development. This result appears
to depend not only on the weight of agriculture on the economy (70% of Kenyans
are still estimated to take their livelihood from agriculture), but also on its multiple
connections, through backward and forward linkages, with the rest of the economy.

More intriguingly, the CGE simulations appear to indicate that a bias in favor
of policies directed to industrial development may not only display an inferior per-
formance, with respect to policies oriented towards increasing agricultural TFP, but
may even be counterproductive. In particular, the combination of industrial TFP and
investment increases may cause producer and consumer prices to diverge, and ulti-
mately bring about a major gap between aggregate growth results and the improve-
ment of living conditions by boosting disposable incomes. This is a phenomenon that
has been experienced also by several advanced countries in the course of the past
30 years, and is at the root of the perceived inability of aggregate growth to create
employment and lift people from poverty.
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Appendix: Model Specification

Core Equations of the Model

Price Block

Import Price

PMc � pwmc (1 + tmc) ∗ EXR (1)

Export price

PEc � pwmc (1 − tec) ∗ EXR (2)

Absorption

PQc ∗ QQc � PDc ∗ QDc + PMc ∗ QMc ∗ (1 + tqc) (3)

Market output value

PXc ∗ QXc � PDc ∗ QDc + PEc ∗ QEc (4)

Activity price

PAa �
∑

c

PXc ∗ θac (5)

Value-added price

PV Aa � PAa −
∑

c

PQc ∗ icaac (6)

In the price Block, PE and PM are the international prices for commodities traded
with foreign economies. The prices are respectively export and import prices, which
are reduced by governmental subsidies in the first case (te) and incremented by
tariffs in the second case (tm). PQ is the price paid into the domestic market for
the commodity demand and represents the composite price. PX is the producer’s
price, which is the combination of commodities sold domestically and exports. PA is
the price received by each activity from commodities selling, that allows a multiple
commodity production by each activity. PVA is the value-added price which reflect
the price of activities net the price of output, thus reflecting the price of production
factors.

Production Equation

Production function
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QAa � αa
a ∗ (δaa ∗ QV A

−ρa
a

a +
(
1 − δaa

) ∗ QI NT A
−ρa

a
a )

−1
ρaa (7)

Value added and factor demand

QV Aa � αva
a ∗

⎛

⎝
∑

f

δva
f a ∗ QF

−ρva
a

f a

⎞

⎠

−1
ρva
a

(8)

Factor demand

WFf ∗ WFDI ST f a � PV Aa ∗ (1 − tvaa) ∗ QV Aa ∗
⎛

⎝
∑

f

δva
f a ∗ QF

−ρva
a

f a

⎞

⎠

−1

∗ δva
f a ∗ QF

−ρva
a −1

f a (9)

Intermediate demand

QI NTca � (icaca ∗ QAa) (10)

Output function

QXc � �a (θac ∗ QAa) (11)

Composite supply

QQc � αq
c ∗ (δqc ∗ QM−ρ

q
c

c − (
1 − δqc

) ∗ QD−ρ
q
c

c )
−1
ρ
q
c (12)

Import-domestic demand ratio

QMc

QDc
�

(
PDc

PMc
∗

(
1 − δ

q
c
)

δ
q
c

) 1
1+ρ

q
c

(13)

Output transformation function

QXc � atc ∗ (δtc ∗ QE
ρt
c

c +
(
1 − δtc

) ∗ QD
ρt
c

c )
1
ρtc (14)

Export-domestic supply ratio

QEc

QDc
�

(
PEc

PDc
∗

(
1 − δtc

)

δtc

) 1
ρtc−1

(15)

In the production block QA represents the value of activity production, modeled
as a CES function but put in its simplest version as cob-douglass production func-
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tion where alpha is the efficient parameter and rho is the share parameter (Eq. 7).
Equation (8) states represents the quantity of value-added that is a CES function of
disaggregated factor quantities. The optimality condition brings to factor demand
(Eq. 9) that is in function of relative factor prices. The demand of intermediate inputs
in Eq. (10) is fixed in proportion if intermediate input coefficients. Equation (12)
reflects the Armington specification of the composite supply, where the supply is
divided for domestic and international markets defined by share parameters of mar-
ket supply. Equation (13) is the optimality condition for the Armington specification.
The Output transformation function (Eq. 14) defines the substitution between output
produces for domestic market and output produced for foreign market. Also in this
case the optimality mix in in function of share parameters and production elasticities.
Equation (15) represents the optimality condition.

Institution Block

Factor income

Y Fi f � shryi f ∗ �a(WFf ∗ WFDI ST f a ∗ QFf a) (16)

Household demand function

PQc ∗ QHch � βch ∗ (1 − mpsh) +
(
1 − ty

) ∗ Y Hh (17)

Investment demand function

QI NVc � IADJ ∗ qinvc (18)

Government consumption function

QGc � GADJ ∗ qgc (19)

Government revenues

YG � �i t yi ∗ Y Ii ∗ EXR ∗ trsgov,row + �ctqc ∗ PQc ∗ QQc + shrygov, f

+ rgov,ent + �ctmc ∗ QMc ∗ EXR + �ctec ∗ pwec ∗ QEc ∗ EXR (20)

Government expenditure

EG � �c PQc ∗ QGc + �i trsi,gov (21)

Tourist demand

CDT OURi � �t t (βi t t ∗ YTtt∗)

PQc ∗ EXR
(22)
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Objective function

OBJ � (warlas) ∧2 (23)

The first equation of the institution block represents the factor income, which is
the sum for each activity of the quantity demanded for the respective factor price. The
household demand function, (Eq. 16), is a liner expenditure function of commodities
demanded by households. In its simplest form (like in this case) the function can be
stated as cobb-douglass demand function, where households demand commodities
in function of their disposable income, after paying taxes, other transfers and sav-
ings. The demand for investments in Eq. (17) is fixed according to fixed investment
coefficients and multiplied by an adjustment factor IADJ. The same specification is
stated for Government demand of commodities according to fixed demand coeffi-
cients. The Government total revenue is the sum of taxes, tariffs and transfers from
the rest of the World, while the spending are the sum of commodity consumption
and transfers to other institutions. Tourist demand in Eq. (21) is stated as in function
of an exogenous tourist income and enterprise revenue is the sum of capital shares
and transfers from other institutions such as government and rest of the world.

System of constraint block

Factor market

�aQFf a � QFS f (24)

Composite commodity market

QQc � �aQI NTca + �hQHch + QGc + QI NVc + qdstc + CDT OURc (25)

Current Account balance

�c pwmc ∗ QMc + �i trrow,i � �a pwec + QEc + �i tri,row +
�c PQc

EX R
∗ CDT OURc + FSAV

(26)

Savings-Investment balance

�i M PSi ∗ (1 − t yi ) ∗ Y Ii + (YG − EG) + EXR*FSAV � �c PQc ∗ QI NVc

+ �c PQc ∗ qdstc +W ARLAS (27)

Price Index

CP I � �c PQc ∗ cwtsc (28)

The system of constraints is very important for the specification of the CGEmodel
and represents the conditions for model equilibrium. The first Eq. (24) represents
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the equality between factor demand and supply. In the Neoclassical specification,
factor supply is fixed, reflecting the fact of full employment, while in Keynesian
specification this hypothesis can be relaxed. Equation (25) stated the equality between
commodity supply and composite demand, where the supply is equal to demand
from institutions (households, government), investment demands and demand for
intermediate inputs.

Equation (26) states the current account constraint, where imports equal exports
plus the foreign deficit and everything is expressed in foreign currency. Finally,
Eq. (27) is the saving—investment balance, where savings from domestic institutions
and the rest of the world, equals the total capital formation.

Changing the specification of the closure equations (i.e. allowing somevariables to
vary and fix others), changes themodel closures, according to policies and hypothesis
that we want to analyze with the study.
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The Political Economy of the CAP
Reform in Italy

Antonella Finizia, Riccardo Magnani and Federico Perali

Abstract This chapter analyses the ex-ante socio-economic impact of the CAP
reform on Italian agriculture and the whole economy using a micro-funded gen-
eral equilibrium model which differentiates the impact at the household level. The
political economy analysis of the consequences of the reform has clearly revealed
the positions of farmers and agro-food industries, consumers, and farming unions
concerning the issue of a total or partial implementation of decoupling. The policy
analysis permits both an understanding of the possible social conflicts arising from
the implementation of the reform and a unique ranking of the policy alternatives.

Keywords CAP reform · Political economy · General equilibrium · Ex-ante
policy analysis

JEL Classification F1 · D5 · Q1

1 Introduction

This chapter investigates the ex-ante impact of theMid TermReview of the Common
Agricultural Policy (CAP) on Italian agriculture and describes the political economy
aspects associatedwith the execution of the reform.Although the reduction of domes-
tic farm supports may lead to a net gain in national economic welfare, some sectors
and households can be adversely affected. Tracking the aggregate impacts down at
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the micro level is then crucial to understand the sources of political frictions that may
hinder the process leading to the implementation of reforms. The ex-ante analysis
of the possible causes of social conflicts, the identification of potential losers and
the quantification of their losses may help designing accompanying policy actions
making the reform politically feasible and enforcing the bargaining position of the
institutions supporting the policy change. This motivation has markedly shaped the
present research.

The effects of the CAP reform, in terms of producers, markets and levels of well-
being of agricultural, rural and urban households, are first evaluated by using an
applied general equilibrium model that permits to implement the CAP instruments
by modeling the associated market failures, price rigidities and non-linearities. The
general equilibrium results obtained with the MEG ISMEA model1 are further elab-
orated in order to carry out the political economy analysis of the different scenarios.

The paper first illustrates the three policy alternative scenarios delineated by the
Mid-TermReview of the CAP, onewith full decoupling of aids and twowith different
options of partial decoupling. We then present the results of the simulations and their
political economy interpretation aiming at ranking the policy scenarios accounting
for the producers and consumers’ point of view and society’s changes in welfare.

2 The Mid Term Review and the Policy Scenarios

The present work analyses the impacts of the policy scenarios delineated in the Mid
Term Review of the CAP as approved at the end of June 2003 in Luxembourg.2

As it is well known, the aim of the reform is to substitute payments “coupled to
specific farm activities”3 with a lump-sum payment which has no distortive effects
in the markets and farmers’ allocation decisions. In essence, a price subsidy and/or
an income subsidy coupled to a specific production is substituted with a decoupled
income subsidy which in fact transfers support from the products to the producers.
Farmers can thus optimize the activity portfolio according to the allocative infor-
mation conveyed through the market, ensuring Pareto efficiency. The objective to
decouple payments from specific farming activities is achieved while safeguarding

1In this paper, we only show the general equilibrium results that are useful to the political economy
analysis of the implementation of the CAP reform in Italy. For a complete discussion of the general
equilibrium results, see Finizia et al. (2005).
2EC Regulations 1782/2003 and subsequent ones.
3Since the Mac Sharry 1992 Reform the direct payments, for the majority of agricultural products,
cannot be defined as coupled in strict sense, which is a term that more properly refers to a direct link
of the support with the level of production. In fact, payments are computed on the basis of historical
yields and are therefore independent of the current level of production. However, by being linked
to the declared hectares devoted to a specific crop, they are in this sense coupled as compared to the
payment introduced by the Luxembourg agreement, which is decoupled from specific crops. On
the other hand, the premia given to the olive oil and tobacco sectors, which have not been reformed
in the Luxembourg agreement, are in fact maintained coupled to production in the model.
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agricultural incomes, by ensuring an income support as a single farm payment (SFP)
representing a certain financial flow, which should help to keep farmers in business
and to sustain the rural households’ livelihoods (De Filippis 2004).

Themainobjective of favoringgreater orientation towardsmore andbettermarkets
is accompanied by other important objectives such as: favoring greater sustainability
of agriculture; assuring more attention towards issues of food security and animal
welfare, by asking farmers to sign contracts of environmental cross-compliance in
exchange for public support; rising equity in distributing the support with respect
to coupled payments which are mainly benefited by large producers; realizing more
integration and synergy with rural development; obtaining administrative simplifi-
cation.

The reform can be summarized in three main pillars (European Commission
2003a, b):

1. modifications of the market policies through variations of the intervention prices
and/or variations of the existing premia or introduction of new premia for some
products;

2. decoupling of the premia: decoupling introduces a single payment per farm start-
ing from year 2005, whose amount equals the mean of the total direct payments
received by the farm during the years 2000–2002, for some productions (cereals,
protein crops, oil seeds, rice, livestock, sheep and goats and, from 2008, milk
as well). The payment corresponding to the set-aside area in possess during the
reference period is attributed separately;

3. modulation of the premia: all direct payments given to farmers (the single decou-
pled payment and specific coupled payments for durumwheat, protein crops, rice,
fruits in shell, olive oil, tobacco) will be reduced in the period 2005–2012 in the
proportion of 3% in 2005, 4% in 2006, and 5% from 2007 to 2012. Premia below
EUR 5,000 are exempted.

The objective of the modulation, which is mandatory, is to transfer an amount
of aids from the first pillar (market support) to the second pillar of the CAP (rural
development). The single farm payment (SFP) is the mean of the payments received
by the farm during the reference period 2000–02 for cereals; protein crops; oilseeds;
rice; dried fodder; bovine meat; sheep and goats and, from 2008, milk. Permanent
crops are not eligible. Further, there is a specific payment for the set-aside area.
The SFP does not account for: (a) the quality premium for durum wheat, (b) the
special premium for protein crops, and (c) part of the rice premium (EUR 453/ha).
The eligible land has to be kept in good agronomic and environmental condition
and is constrained not to produce fruit, vegetables and potatoes. If the reform is
implemented regionally by giving a uniform rate per hectare, then farmers are free
to produce any good with the exception of permanent crops.

The SFP that will be received in the future by the farm is composed by the per
hectare SFP multiplied for the number of eligible hectares. Because of the link with
eligible land, if a farmer reduces in one year the number of hectares, either by selling
or renting some land in or out, the SFP will be proportionally reduced. It is then
impossible to exert the right to the Single Payment without being in possess of at
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least one hectare of land.4,5 On the other extreme, it is possible to produce nothing
on the eligible land, if the land is maintained in “good agronomic and environmental
conditions”.

The estimation of the transfers generated by the reform takes into consideration
two impacts:

• the effects of the variations in the levels of intervention prices and premia in the
involved Common Market Organizations (CMO), which modify the comparative
advantage across agricultural activities and the absolute level of the premium;

• the non distortive effects of the decoupled lump-sum transfer which determines
market-based reallocations of the activity portfolio of the farms.

The effects are microsimulated using farm level data to generate a base scenario
depicting the situation ofAgenda 2000 (scenarioA).6 Because for some commodities
the changes due to the reform are introduced gradually, the impacts of the scenarios
are simulated referring to an abstract situation where the reform is fully implemented
at year 2008.

The implementation of the Luxembourg agreement requires adjustments to the
common market organization mainly for certain arable crops (cereals, oilseeds, pro-
tein crops), anddairy products.7 The adjustments toCMOsare summarized inTable 1.
The adjustments in the CMOs, for the products which have been considered in the
micro-simulation and in the MEG ISMEA model, are as follows:

1. Cereals, oil seeds and set-aside: The direct payment of 63 EUR/ton is the same
as for the base scenario.

2. Durum wheat: The base premium remains the same as for the base scenario; a
reductionhas beendecidedof the supplementarypremiumfor the traditional areas
from EUR 344.5/ha to EUR 285/ha in 2006, along with the elimination of the
premium for normal areas; a quality premium of EUR 40/ha has been introduced
in traditional production zones to farmers who are using certified seed of selected
varieties within the limits of current Maximum Guaranteed Areas. We make the
hypothesis that all farmers in traditional areas are eligible and access the quality
incentive.

3. Protein crops: The base premium remains the same as for the base scenario,
but the current special payment of EUR 9.5/ton is converted into a crop specific
area payment of EUR 55.57/ha; with respect to the base scenario, considering
the average historical yields in Italy the premium results to be slightly higher.

4It is not necessary that the land be physically the same. It is in fact possible to sell or rent land that
was available in the reference period and sell it or renting it elsewhere.
5Livestock production without farming land represents an exception with special right. To claim
the right, at least 50% of the livestock which received a premium in the reference period should be
maintained.
6The variation of the intervention price for a certain good is introduced through a change in both
the intervention price and the import price since we assume that the CAP significantly affects the
European market.
7Other products interested by the reform are dried fodder, seeds, energy crops and nuts; however,
the policy regimes for these products are not incorporated in the simulation.
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Table 1 A summary of the mid term review policy changes—base situation 2001–2002 and full
implementation

Base year Full implementation

Durum wheat

Supplementary aid in
traditional areas (euro/ha)

344.5 285

Supplementary aid in other
areas (euro/ha)

138.9 0

Quality payment 0 40

Rice

Intervention price (euro/t) 298.35 150

Payment (euro/t) 52.65 177

Protein crops

Special payment (euro/t) 9.5 0

Special payment (euro/ha) 0 55.57

Dry forage aid (euro/ha) 19 24

Nuts

Payment (euro/ha) 0 120.75

Energy crops

Payment (euro/ha) 0 45

Milk and Dairy products

Intervention price for butter
(euro/100 kg)

328.2 246.39

Intervention price for
skimmed milk powder
(euro/100 kg)

205.52 174.69

Payment per ton of quota
(euro/t)

8.15 24.49

Effective payment per ton of
quota in Italy, including
national envelope (euro/t)

11.14 33.48

Quota (million tons) 118.891 120.545

4. Rice: The intervention price for rice is reduced by 50% to EUR 150/ton and
88% compensation is provided through higher payments. The final compensation
increases existing direct payments from EUR 52.65/ton to EUR 177/ton. Hence,
for an average productivity of 6.04 tons/ha in Italy the premium is about 1070
EUR/ha, which is about three times the premium of the base scenario.

5. Milk and Butter: Dairy quotas are extended until the 2014/15 season. The
intervention price of butter is reduced by 25%. The skimmed milk price is cut by
15%. As a compensation, it is introduced a premium of EUR 24.49/ton. Keeping
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Table 2 Level of micro-simulated direct payments and changes in intervention and import prices
for the commodity disaggregation simulated in the general equilibrium model

Durum wheat 4.3% total reduction of premia

Proteic crops 1.9% total increase of premia

Rice 245% total increase of premia

50% reduction of the intervention price

0.6% reduction of the import price

Milk Payment proportional to the quota owned by
the farm
6.1% reduction of the import price of dairy
products

Butter 25% reduction of the intervention price

Skimmed milk powder Not considered because Italy does not produce
SMP

also into account a uniform distribution of the national envelope on a per quota
basis, the Italian premium is EUR 34.87/ton.

The policy microsimulation was performed using the farm budgets of the ISMEA
socio-economic survey (ISMEA 2005) in the following steps:

1. Determination of the level of premia received by each farm of the ISMEAmicro-
data considering the Agenda 2000 package and the 2001 situation in order to
reconstruct the historical yields to compute the premia and the number of ani-
mals which effectively received a premium in the bovine meat CMO.

2. The changes in direct payments and variations in prices described above are then
reported to the universe using the 2001 Census of Italian Agriculture and used
to compute the SFPs on the basis of the estimated eligible land. The modulation
is considered, that is the reduction by 5% of all premia when the reform reaches
its full implementation regime.

The non-behavioral microsimulation exercise generates the sector-level impacts
that are summarized in Table 2 according to the commodity disaggregation adopted
in the MEG ISMEA model. The table also presents the changes in intervention and
import prices introduced at the macro equilibrium level as a result of the adoption of
the reform. For all other products, we do not consider changes in prices and premia.

Another important feature of the reform is the possibility given to the Member
States (MSs) to partially adopt the decoupling regime. This possibility concerns only
the application of the arable crops, cattle and sheep and goats regimes. In detail, for
arable crops the MSs can choose to couple up to 25% of the base premium for or,
alternatively, up to 40% of the supplementary premium for durum wheat.

For livestock, the MSs can choose to couple up to 50% of the actual premia for
sheep and goats and up to 100% of the slaughter premium for calves and, further,
one of the following alternatives: up to 100% of the suckler cows premium and up
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to 40% of the slaughter premium for adult bovines, or up to 100% of the slaughter
premium for adult bovines, or up to 75% of the special male premium.

The Reform foresees also the constitution of national reserves bymeans of further
percentage reductions of the premia, in addition to that coming from the modulation.
The reserves are intended to permit the access to the activity to new farms, which
are excluded by the SFP as they were not active in the reference period 2000–2. The
decision about the premia cut for the constitution of the reserve is left to national
governments. Other decisions for national governments concern the opportunity to
cut part (up to 10%) of the crops, bovinemeat and dairy premia and to use this amount
of aids for special quality programs or to give incentive to specific productions in the
same sectors. As no indication is available regarding the Italian decisions on these
subjects at the moment of the simulations, we have not considered these options.

3 The General EquilibriumModel and Simulations’ Design

The MEG ISMEA model, which is described in detail in Finizia et al. (2005), is a
static multisectoral computable general equilibrium model of the Italian economy
with two different trade areas, the European Union (EU) and the rest of the world
(RoW). The aim of this distinction is to take into account that the Italian agricultural
policy is a European policy (OECD 1988; Gohin et al. 1999, 2002; Gohin 2002).
Table 3 reports a summary description of the main features of the MEG ISMEA
model.

TheMEG ISMEArepresents aWalrasian economywhere allmarkets are perfectly
competitive, firms maximize their profits, households maximize their utility and the
production factors are remunerated on the basis of their marginal productivity. In this
“ideal” economic environment some rigidities are introduced, in the goods and in the
factors markets, in order to reproduce the main features of the Common Agricultural
Policy (CAP) (Weyerbrock 1998; Hertel 1999; De Muro and Salvatici 2001; FAPRI
2003; ISMEA 2004).

TheMEG ISMEAmodel includes 41 sectors and places particular emphasis on the
agricultural and agri-food sectors. As shown in Table 4, agriculture is disaggregated
into 23 agricultural sectors, food industry in 9 sectors, other industries in 7 sectors,
and services in 2 sectors. Each sector produces a single output, using intermediate
goods and primary factors: self-employed farm labor, hired labor, land (distinguished
in three types), agricultural capital, and animals (distinguished in four types). The
other sectors use two production factors: non-agricultural capital and labor.

MEG ISMEA considers 11 household types: 7 farm-household types describing
the agricultural sector, 1 rural household type, and 3 urban low-middle-high income
classes. The classification of the 7 farm-household types has been derived from the
cluster analysis of the ISMEA 1995 Survey about the Socio-Economic Conditions of
ItalianAgriculture (ISMEA2005). The social accountingmatrix is further articulated
into a rural class, and three urban classes graduated in terms of income levels. The
information is derived from the Bank of Italy Income Survey. This classification
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Table 3 The structure of the MEG ISMEA general equilibrium model

– A single country, multi-sector CGE model of the Italian economy focused on agriculture and
agri-food sector

– A static model calibrated on the 1995 ISMEA I/O table

– Perfect competition in all markets and neoclassical macroeconomic closure

– 41 sectors: 23 in the primary sector, 9 in the agro-food sector, 7 in the industrial sector, 2 in the
service sector

– 2 trade areas: the rest of the European Union (EU) and the Rest of the World (RoW)

– 2 institutional sectors: the households (11 household categories) and the Italian government

– Two-stage constant-returns to scale production functions with imperfect substitution between
inputs, including intermediate inputs using nested CES functions

– 11 types of primary production factors: labor (hired labor and farm self-employed labor);
capital (capital and agricultural capital); land (three types of land); animals (four types of
animals)

– Household preferences are described using a two-stage CES utility function. In the first stage,
the utility depends on aggregate consumption and leisure. In the second step each class
decides, on one hand, the optimal allocation of the aggregate consumption across the goods
produced by the 41 sectors, and, on the other, the optimal allocation of labor supply between
hired labor and self-employed farm labor

– International trade

On the export side, the relation between domestic sales and exports is described with a CET
function.
On the import side, domestic and foreign goods are “Armington” imperfect substitutes. We have
two cases:
(1) Large country hypothesis for some goods: imperfect substitution between production and
import so that their prices are different and the market equilibrium price is endogenous

(2) Small country hypothesis with respect to the rest of the world for wheat, durum wheat,
soy-bean assuming perfect substitution between production and import so that their prices are
identical and the market equilibrium price is fixed at the world level

Modeling of the Common Agricultural Policy’s main features such as the single farm payment,
intervention price mechanism, import tariffs, production quotas, set-aside, decoupling

Political economy interpretation using collective choice rules

permits an accurate distributional and welfare analysis of the impact of agricultural
policies upon policy relevant farm-household types (ISMEA 2005).

TheMEG ISMEAmodel builds on a Social AccountingMatrix (SAM) describing
the economic relations between the structure of production and the income distri-
bution across household classes. The SAM is based on the 1995 input-output table
of the agri-food sector (ISMEA 1997). The input-output table is based on the data
gathered in 1996 through two ad hoc surveys, the Survey on the Socio-economic
Conditions of the Italian Agriculture and the Survey on the Economic Conditions of
the Italian Food Industry.

We use the MEG ISMEAmodel to simulate the general equilibrium effects of the
following policy scenarios:
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Table 4 Sector definitions

Agriculture

1 Cereals Soft wheat

2 Durum wheat

3 Rice

4 Corn and other cereals

5 Fodder (corn silage)

6 Non irrigated forage

7 Vegetables Potatoes

8 Tomatoes

9 Other vegetables and legumes (beans, peas,
garlic, cabbages, mushrooms…)

10 Industrial crops Sugar beet

11 Soy-bean

12 Other industrial crops (hemp, linen, cotton,
peanuts, sesame, other oil seeds)

13 Raw tobaccos

14 Viticulture Grapes

15 Olive Olives

16 Fruit Citrus fruit, fresh and dry fruit

17 Floriculture Floriculture and other products (flowers and
seeds, spices, sugar, coffee…)

18 Milk Bovine milk

19 Beef Bovine meat livestock

20 Forestry Forestry

21 Other livestock Sheep and goats

22 Pigs, poultry, other animals

23 Fish Fish and other sea products

Agro-food sector

24 Meat Fresh and preserved meat

25 Milk products Milk and milk products

26 Bread, pasta, trasf. cereals Cereal products, bread and pastry, pasta

27 Veg-fruit Processed and preserved fruit and vegetables

28 Oil and fats Olive oil, other vegetal oil, fats

29 Feed Prepared animal feeds

30 Tobacco Cigarettes

31 Other agro-food ind Sugar and other products

32 Beverages Wine, alcoholic beverages, beer, non alcoholic
beverages, tea, coffee

(continued)
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Table 4 (continued)

Agriculture

Other industries
sector
33 Fuel and lubrif Fuel and oils

34 Energy Electric power

35 Water Water

36 Fertilizers Fertilizers

37 Pesticides Pesticides

38 Other chemical and
pharmaceutical prod

Other chemical and pharmaceutical products

39 Heavy industry Maintenance, other industrial products,
agricultural and industrial machinery,
constructions and public works, other industrial
productions (products of iron and steel, glass,
motor vehicles, ships, aircrafts, spinning and
webbing, footwear, furniture…)

Services sector

40 TRCOMUNCRINS Transports and communication, credit and
insurance

41 Other services Other services (business, hotels and public
services, leisure—cultural services, Public
Administration services, public and private
health services…)

• Scenario A (the base scenario): our ex-ante situation refers to the premia estab-
lished by Agenda 2000 in its full implementation (period 2001–2). This informa-
tion has been constructed using a non-behavioralmodel that has been updated from
the 1995 to the 2001 situation and incorporated in our Agenda 2000 situation, as
implemented in Italy in the years 2001 or 2002, depending on the products. This
is the benchmark against which we evaluate the effects due to the introduction of
the reform as described in the following scenarios.

• Scenario D1 (total decoupling, with modulation): we consider both decoupling
and modulation. Modulation has been implemented by assuming that all the direct
premia, both those which are part of the SFP and those coupled, are cut by 5%
with the exemption of the first EUR 5,000.

• Scenarios D2A and D2B (partial decoupling): these scenarios are based on the
possible options for the countries to maintain a proportion of payments “cou-
pled” to specific commodities.8 In the scenarios names, the letters A and B refer
respectively to:

8Originally, we considered ten scenarios describing the most important possible combinations of
partial decoupling options. For the simulations with MEG ISMEA we selected only those four
scenarios identified as the most relevant options for Italy.
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Table 5 The partial decoupling scenarios: percentages of decoupled premia in detail

D1 D2A D2B

Soft wheat 100.0 75.0 100.0

Durum wheat 66.3 49.7 37.1

Rice 58.7 58.7 58.7

Corn 100.0 75.0 100.0

Forages 100.0 100.0 100.0

Potatoes

Tomatoes

Other vegetables

Sugar beet

Soy beans 100.0 75.0 100.0

Other industrial crops 100.0 75.0 100.0

Tobacco 0.0 0.0 0.0

Grapes

Olives 0.0 0.0 0.0

Fruit

Floriculture

Milk 100.0 100.0 100.0

Bovine meat livestock 100.0 63.2 63.2

Forestry

Sheep and goats 100.0 79.0 79.0

Other livestock

Note 1 In the case of tobacco and olives the premium is coupled to production
2 Empty cells indicate that no premium has been proposed in the Review

i. the option of leaving 25% of the base payment of cereals coupled (scenario
D2A);

ii. the option of leaving 40% of the supplementary payment per hectare of durum
wheat coupled (scenario D2B).

The two scenarios should be considered “maximum” coupling options, where the
minimum alternative is represented by the scenario D1 of complete application of
the decoupling regime. In fact, each combination considers the maximum percentage
of partial coupling admitted by the Regulation. Table 5 reports the percentages of
decoupled premia generated by the reform for each product of the model, in the five
scenarios. The political economy analysis of the different scenarios, presented in the
next section, is carried out using the general equilibrium results obtained with the
MEG ISMEA.
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4 The Political Economy of the CAP Reform in Italy

The political economy question aims at reconciling the different views of the actors
involved in the decision making process into a unique social outcome. With this
objective in mind, the scenarios have been ranked according to (a) the agricultural
producers’ point of view as affected by the impact on value added and interested
in production protection, (b) the general point of view of the agricultural and food
industry, which includes other aspects besides valued added in agricultural produc-
tion, and (c) the consumers and society’s point of view based on the impact of the
reform on the consumer price index of the basket of food goods and on social welfare
level.

We use the Borda voting rule to aggregate the individual or sector-specific pref-
erences. We also measure the impact of the Mid Term Review on the distribution of
incomes among the socio-economic groups of interest and the related effects on soci-
ety’s welfare. The changes in welfare levels of each household class also influences
the classes’ preference orderings with respect to the policy alternatives, and the equi-
ty—efficiency trade-off implied by them, and the prospect that political coalitions
are formed thus affecting the distribution of political power and the policy ranking.
We examine these issues in sequence.

According to the Borda voting rule each person reports his preference relation.
Suppose that there are N alternatives. The highest ranked alternative is assigned a
fixed point ki. The alternative in the second preference place is assigned a smaller
fixed point ki−li, 0 < li < ki for i = 1,…,N , a third place is assigned a yet smaller fixed
point and so on to the last choice which is assigned l point. The sum of the weights
gives the social preference ordering and the single best alternative.We assume that the
Borda social decision function is incentive compatible, that is there are no incentives
for strategic behavior by declaring false preferences, because in the present scheme
there is only one voter.

The Borda aggregation method gives a rational collective preference but the out-
come is not independent of irrelevant alternatives. As a consequence, the choice over
the number of scenarios/candidates and the number of election outcomes to be aggre-
gated, that is the control of the “agenda”, is of critical importance for determining
the final collective preference. The voting mechanism is designed for one voter in
the vests of a benevolent social observer. It runs in two rounds. In the first round
of the elections, the benevolent social observer is asked to vote for J elections by
ranking the N alternatives forming the set of alternatives A1 = {D1, D2A, D3B} as if
each production sector were a separate industry in the economy in terms of the value
added contribution of each sector.

The voting rule ranking the alternative reform scenarios assigns a higher vote to
the highest positive percentage change and the lowest percentage change in value
added. This is intended to reflect the producers’ interest in maximizing profits from
agriculture and protecting agricultural production in general. The least preferred
gets 0 points, then the sequence increases by equal increments of 1 until N . The
weights need not to be equally spaced. The ex aequo outcome is attributed when the
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differences are within the range [−0.3, 0.3] and receives the lowest vote. In other
words, ties are not counted in the sum. In the second round, the social observer is
asked to produce a social rule based on an objective weighting scheme reflecting the
relative “importance” of the scenarios based on the value added share contributed by
each sector. The weighting scheme changes the equal spacing rule of the votes cast
in the first round. The intersectoral aggregation is the weighted sum of the Borda
votes, which gives a unique voting outcome revealing the most preferred scenario
from the producers’ point of view.

The voting procedure can be summarized as follows:

The election

1 voter being a benevolent social observer

i = 1, …, N alternatives with N = 3

j = 1, …, J elections (one for each agricultural sector, J = 23)

The voting mechanism

Round 1—Vote for the best scenario per each sector

Round 2—Aggregate each vote using objective weights

4.1 The Producers’ Interests

The voting outcome of both the first and second round of elections is presented in
Table 6. The simulated changes determined with the MEG ISMEA in the production
levels for each agricultural sector are presented in the first three columns of Table 6.
The general equilibrium results show that the reform induces marked productive
reallocations from cereal crops to fodder. The effect is particularly unfavorable for
soft and durum wheat (respectively −27.64% and −36.11%), soy-bean (−80.67%)
and other industrial crops (−20.68%). Soft wheat is also less competitive. Vice versa,
livestock production is slightly encouraged from the cost reduction, given the higher
availability of forage (and consequent cost reduction), with the exception of sheep
and goats which are typically raised on extensive agricultural areas.

The outcome of the first round of the voting where all sectors have the same
importance weight gives the total decoupling scheme D1 as the winner. The Borda
score is 23 as compared to 13 for the partially decoupled scheme D2A and 8 for the
D2B scheme. The results of the second round of elections can be read in the last row
of the last three columns. The weights used to account for the different contribution
of each sector to the agricultural value added are shown in the seventh column. The
aggregation rule incorporating the weighting scheme preserves the same preference
ordering.
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4.2 The General Interest of the Agricultural and Food
Industry

Table 7 proposes a more enlarged view, which includes the general interest of the
agricultural and food industry and of other sectors related to agriculture such as the
chemical sector. From this wider perspective, it is not just the performance of the
single sectors that is important but other factors such as the size of the trade deficit of
agri-food products, the impact on land prices, the changes in both farm and non-farm
labor employment and the impact on income levels are of primary importance.

It is interesting to note that while the outcome of the voting procedure for the
producers’ point of view depends only upon the choice of the voting rule, the outcome
of the more general interest at the industry level depends also on the choice of the
weights, that are now subjective, and the “agenda setting” which selects the number
and type of elections. While the agenda setting is less of a problem regarding the
agricultural producers’ view because the number of elections corresponds to the
number of sectors included in the model, in the more enlarged view incorporating
also the preferences of the agricultural and food industry, the selection of the number
of elections is critical.

The subjective weights are assigned according to the following “conformity rule”
based on the degree of proximity of a sector outcome to the objectives of the reform.
We summarize the reform objectives as follows: (a) greater market orientation and
efficiency, (b) income maintenance and employment, (c) low factor use where, in
general, extensive choices are preferred to intensive choices, (d) low environmental
impact, (e) sustainability of agriculture and incentives for rural development, (f)
fairness in the distribution of the level of support. Based on the subjective evaluation
of the social observer we assign a conformity score on the basis of a low (0 score),
medium (0.5 score) and high (1 score) level of conformity.

Theweighted outcome is presented in the right corner of Table 7, which reports the
subjective scores assigned to each item of the agenda in the first column. The order of
preference ranks total decoupling (D1) first and the partial decoupling scheme D2A
as more preferred to the D2B scheme. Interestingly, the conformity weights change
the preference ordering of the non-weighted count.

4.3 The Consumers’ Interests

In general, consumers are worried about price instability and the impact of policy
changes on the level of the consumption price index. Recently, agricultural and food
products have been often blamed to be themain responsible for inflationary pressures.
This situation justifies the growing public concern for the impact of the Mid Term
Review on both the level and variability of the primary commodities composing the
food basket and the associated impact of the consumer price index for food products
on the overall level of the consumer price.
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Table 8 reports the composition of the food basket as derived from the ISTAT
Consumer Expenditure Survey for the base year 2001 for the household classes
included in the general equilibrium model. The food budget shares are the weights
used to compute the change in consumer price index and its variability. As it is
apparent by inspecting the overall results, the reform has an impact that may have
an economic interest only in the milk sector but the overall impact on both the levels
of the consumer index and its variability is negligible. It follows that post-reform
pressures on the consumption price index should not be imputed to the agricultural
reform.

Also for consumers, the order of preference ranks total decoupling (D1) first and
the partial decoupling scheme D2A as more preferred to the D2B scheme.

4.4 Social Welfare, Income Distribution and the
Equity-Efficiency Trade-Off

The outcomes of the different policy scenarios affect the distribution of income
among socio-economic groups and the level of social welfare. As expected due to the
surgical nature of the reform that limits most of the changes to the agricultural sector
and the related industries, changes in incomeare restrictedmainly to farm-households
(Table 9). In fact, the incidence of the effects varies among farm-household types. The
groups experiencing the highest rise in real income are the professional medium-size,
large and very large farm households.

The change in relative net output and input prices affects the distribution of value
added between sectors and, within sectors, the distribution of value added between
wages and rents. These changes, along with changes in the cost of living and lump-
sum transfers in the form of SFPs associated with the reform, are responsible for the
distribution of income among the household types. The magnitude of farm income
changes depend on the size of the elasticity of substitution between labor, capital
and land and the intensity of the factor uses due to the post-reform changes in output
and factor prices and the size of the lump-sum transfer which is associated with the
distribution of rights at the reference situation.

The impact of the different reform scenarios on the distribution of income of the
overall society has been measured using Gini coefficients. As shown in Table 9,
at the society level, where about 96% of the households are non-agricultural, the
differential impact of the reform scenarios on the income distribution is indiscernible.
The Gini index of 0.674 is not affected by the reform. The level of inequality for the
agricultural society is much lower (0.371) as it is reasonable to expect for a relatively
more homogeneous segment of society. As before, it does not vary across scenarios.

The effect on inequality is not the sole dimension of interest in ranking income
distributions. It is in general of interest to combine the evaluation with considerations
about efficiency as described, in the present context, by changes in society’s average
level of income. The social evaluation function that we choose to rank any pair of
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Table 8 The consumers point of view

Products Food
budget
share (%)

D1%
change
consumer
price

D2A%
change
consumer
price

D2B%
change
consumer
price

Weighted
D1

Weighted
D2A

Weighted
D2B

Fish 8.7 0.07 0.04 0.04 0.006 0.003 0.003

Meat 22.8 −0.13 −0.13 −0.12 −0.030 −0.030 −0.027

Milk and
Dairy
Products

13.8 −1.26 −1.16 −1.18 −0.174 −0.160 −0.163

Bread,
Pasta,
other
cereal
products

16.7 0.02 0.00 0.00 0.003 −0.001 −0.001

Vegetables
and Fruits

17.6 −0.03 −0.05 −0.04 −0.005 −0.009 −0.007

Oils and
Fats

3.8 0.01 0.00 0.06 0.000 0.000 0.002

Sugar,
Coffee
and
Others

7.4 −0.31 −0.26 −0.28 −0.023 −0.019 −0.021

Beverages 9.2 −0.10 −0.09 −0.09 −0.009 −0.008 −0.008

Change
in con-
sumer
price
index for
food
products

−0.231 −0.223 −0.221

Variance
of con-
sumer
price
index for
food
products

0.0036 0.0030 0.0031

income distributions is in fact a function that aggregates both a concern for efficiency,
as represented by the mean of the income distribution, and a concern for equity, as
described by an index of inequality or dispersion of the income distribution:

W (x) � V (µ, I ) � µ−G

where µ(x) � ∑N
i�1 xi/N with N being the number of household classes, I � I (x)

is an index of inequality of the distribution of income x such as the Gini coefficient,
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Table 9 Social welfare rankings

Household class Initial
income level
billions e

Population
Share

Share of
total income

D1% change D2A %
change

D2B %
change

Limited-
resources

0.353 0.003 0.001 −0.110 −0.008 0.020

Retirement 0.390 0.001 0.001 −0.130 −0.001 0.030

Residential/
lifestyle

0.516 0.001 0.001 0.400 0.410 0.450

Farming
occupation/
lower-sales

0.387 0.005 0.001 0.010 0.100 0.120

Farming
occupation/
higher-sales

7.044 0.018 0.014 0.770 0.680 0.730

Large family
farms

20.656 0.010 0.041 0.490 0.430 0.470

Very large
family farms

19.662 0.002 0.039 0.210 0.210 0.240

Rural 61.401 0.130 0.123 0.008 −0.020 −0.030

High income 190.359 0.208 0.382 0.020 −0.010 −0.020

Mid income 163.974 0.415 0.329 0.010 −0.020 −0.020

Low income 33.577 0.208 0.067 0.020 −0.010 −0.020

Total/mean 498.320 1.000 1.000 0.053 0.022 0.020

Initial D1 D2A D2B

Abbreviated
Social Welfare

55.858 55.856 55.867 55.876

Gini index by
scenario

Society 0.67379 0.67398 0.67398 0.67399

Agricultural
society

0.37110 0.37055 0.37062 0.37060

and V is a function increasing in its first argument but decreasing in the second
argument. Lambert (1989) terms this social evaluation function as the abbreviated
social welfare function. As the last row of Table 9 shows, the welfare level of the
Italian society, incorporating both a concern for equity and efficiency, is not affected
by the reform.

4.5 Social Conflicts and the Distribution of Political Power

Different agricultural reform schemes have a significant impact on the distribution
of welfare levels especially, as it is rational to expect, within the farming sector. This
affects the distribution of political power among the interest groups representing
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the different farm-household types. Are there conflicts among society? How does
political power affect decisions? How will the political bargaining weight of the
groups of gainers and losers affect the final policy outcome?

To investigate these questions, we use the Pareto criterion to rank the policy
scenarios according to the preferences of each household class, and then inquire
whether there are common interests across household classes that can be grouped.
This process may identify the existence of possible class conflicts among coalitions
representing the interests of the groups.

Pareto optimality ranks possible outcomes (economic states) by constructing a
preference ordering among the elements of the choice set using the binary relation
xRy stating that “welfare at state x is at least as high as welfare at state y”. The
ordinal preference relation R is complete and transitive and says nothing about the
intensity, or cardinality, of the preferences. A strict preference is indicated as xPy;
an indifference situation is indicated as xIy. According to the Pareto principle, the
economic state x is Pareto superior to state y if xRjy for all agent j and xPjy for at
least one agent j. In the context of the present social experiment, every household
class is at least satisfied with the outcome of policy scenario y and x and at least one
household class is strictly better off with x.

Inspection of Table 10, reporting the changes in welfare levels with respect to
the base scenario per each policy alternative under consideration, reveals that it is
not possible to establish a unique ranking across scenarios because there is at least
one class that is worse off with respect to one of the binary comparisons of interest.
However, some classes of households show a consistent preference ranking across
scenarios. The limited resources, retirement, residential lifestyle, small farms rank
D2B.P.D2A.P.D1 as shown in the no-shadowarea inTable 10. Themedium size, large
and very large farm-households consistently rank D1.P.D2 B.P.D2A. The urban and
rural households, the dark shadow area in Table 10, do not consider the agricultural
reform as a political issue of interest as a consequence of their revealed indifference
D2B.I.D2A.I.D1 to the different policy scenarios.

We then assume that the less professional classes of farm-households (limited
resources, retirement, residential lifestyle, small farms) form a coalition kept together
by the common interests of preferring the D2B partial decoupling scenario to the
D2A scheme and total decoupling D1 that we term the “small farm coalition.” On
the other hand, the professional agriculture (the medium size, large and very large
farm-households) coalesce to form the “large farm coalition.”

Under a political economy perspective, it is interesting to inquire whether the dif-
ferent interest groups have same bargaining power, as reflected by different political
weights, to the point that one of the coalitions dominates the policy arena. Does the
choice of political weights affect the Pareto ranking?

We assume that these interest groups know the level of gain or losses that is going
to occur, that it has perfect knowledge of Table 10 gains and losses with respect to the
base scenario, and that the coalitions are self-interested groups. Further, the intensity
with which any group cares about a given policy change is proportional to the relative
difference in welfare levels between the three alternative policy scenarios. We also
define two weights describing the likely political importance of the two coalitions.
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Table 10 Pareto rankings

Pareto ranking—%
welfare changes

D1 % change D2A % change D2B % change

Limited-resources −0.07 −0.005 0.004

Retirement −0.08 0.02 0.04

Residential/lifestyle 0.43 0.45 0.49

Small family farms 0.03 0.12 0.14

Medium family farms 0.78 0.68 0.72

Large family farms 0.54 0.43 0.45

Very large family
farms

0.28 0.21 0.21

Rural −0.02 −0.02 −0.03

High income −0.01 −0.01 −0.02

Mid income −0.02 −0.02 −0.02

Low income −0.008 −0.01 −0.02

Note The different shadow areas identify a unique Pareto ranking

The population share weight is based on the number of the farm-households entering
each coalition in line with the one person, one vote paradigm; the value added weight
is defined in terms of the value added contribution of each farm-household class.

Table 11 shows that the preference rankings are not affected by the different
bargaining power of the two coalitions as captured by the population and value
added weight. Comparing the differences in weighted welfare levels at the coalition
level, it is reasonable to expect a more intense political action capable to dom-
inate the policy arena from the coalition of the professional farmers who would
enjoy a much larger gain in welfare by pursuing the total decoupling scheme
(0.3 or 0.5 % change depending on the political weight) as compared to the less
professional farmers who are expected to have a weaker motivation to pursue their
own interest due to the small expected welfare gains from the reform.

5 Conclusions

The analysis of the impact of the CAP reform on Italian agriculture and the whole
economy has been carried out within a micro-funded general equilibrium model
capable of differentiating the impact by household type of policy concern. The polit-
ical economy analysis of the ex ante impact of the reform on the interests of the
society’s groups has revealed the following positions about the issue of a total or
partial implementation of decoupling:

• the producers and agro-food industry’s interests: both producers, which give each
agricultural sector a different importance based on the value added, and the
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agro-food industry, whichweights the industry activities on the basis of the confor-
mity of the impact with the goals of the reform, rank the total decoupling scheme
as the most preferred;

• the consumers’ interests: the overall impact of the reform on the consumer price
index for food products is negligible. As a consequence, potential post-reform
pressures on the consumption price index should not be imputed to the agricultural
reform;

• the society’s interests—the level of inequality and social welfare of the Italian
society, incorporating both a concern for equity and efficiency, is not significantly
affected by the reform;

• the farming unions’ interests: based on the impact of the reform on the welfare
levels of the Italian farm-household types, the small less professional farms prefer
partial to total decoupling. Professional farm-household types invert the ranking.
The urban and rural households are indifferent with respect to the marginal impact
of the reform on their levels of well-being. In general, it is reasonable to expect
a more intense political action from the coalition representing the interests of the
professional farmers who would enjoy a much larger gain in welfare by pursuing
the total decoupling scheme.

The implementation of a totally decoupled reform gives back to the market both
the allocative and the redistributive function thus favoring greater efficiency in the
use of resources in activities and areas of greater comparative advantage. Income
levels of farming households are maintained by granting a non distortive lump-sum
corresponding to the amount of premia received in the reference situation of year
2001–2002. In general, a totally decoupled scheme would mitigate the problem
of distributive justice associated with coupled payments which, by design, benefit
mainly the large producers.

The adjustment process induced by the reform may encourage farmers to adopt
least cost practices and activities with the objective of minimizing the use of labor
and other inputs in agriculture. The increase in pasture production at the expenses of
durumwheat in the Italian south is an example of such a change. This modification of
the activity portfolio does not lead to an exit from the agricultural industry, but induces
the rational adoption of cost-efficient activities and the abandonment of activities,
such as durum wheat, that, without the coupled premium, do not cover operating
costs in the less efficient farms. This type of change, that we term “disactivation,”
releases resources which can be employed more efficiently in other sectors of the
economy.Agricultural surplus labormay give rise to unemployment, especially in the
south, where employment opportunities lack. Lower demand for agricultural inputs
coupled with higher costs of the chemical industry has a positive impact on the
environment. Higher land prices are expected to curb transactions of land properties
butmay activate the rentalmarket for land. The landmarketmay also suffer from legal
conflicts due to the unclear definition of property and rental rights in the reference
situation leading to higher transaction costs.

The adoption of a partially decoupled scheme would reveal greater society’s aver-
sion to inequality in recognition of the fact that most of the benefits would accrue
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to non professional farmers. The evaluation of the pros and cons associated with
the adoption of a partially decoupled scheme shows that the benefits would not be
sufficient to mitigate the marked structural adjustments associated with the totally
decoupled choice, especially in the cereal and sheep and goat production and as a
consequence of the “disactivation” process, and would cause a loss of efficiency for
the entire sector. Further, a partially decoupled solution has no significant effects in
the livestock industry whose productivity is sensitive to market conditions and to
the opportunity to gain from the reduced costs of feeding as it can be expected as a
consequence of the greater availability of fodder.

In general, an obstacle to reforms is represented by the real or presumed costs of
the adjustment imposed on farmers. The New Zealand experience, where in the past
decade amarket oriented reformwithout incomecompensations has beenundertaken,
teaches that farmers’ incomes and the agricultural industry in general, recovered
promptly from the initial shocks of de-regulation also thanks to other reforms in
connected markets and outside of agriculture and the related general equilibrium
effects (Rae et al. 2003).

The reform forces a change in the professional farmers’mentality who, despite the
larger financial possibilities generated by the single farm payment, have to make pro-
duction decisions without counting on the previously guaranteed returns stemming
from each single activity. As a consequence, the post-reform marketing strategies
have to take into account the changed competitive environment, the characteristics of
the demand for their products, their competitive advantages and the special strengths
of each farm organization.

The reform also imposes a “cultural” change in the quality of the Italian agricul-
tural policy product towards greater market orientation which would foster a restruc-
turing process in favor of better products, more efficient and competitive industries
and a more effective integration between agricultural and rural policy. The push
towards greater exclusion of the farms already at the margins of agriculture, espe-
cially in the South, is not so strong thanks to the single farm payment. It should be
remarked, however, that these “less professional” farms are not the main object of
interest of agricultural policies, but, more properly, of rural policies, which, curi-
ously not enough, can be financed by the modulation of agricultural policy. What is
relevant is then the “coupling” of agricultural with rural policies.

The reformwill then be an opportunity rather than a problem, if State and Regions
will be using in a modern way market policies that activate (a) the land market in
order to favor the consolidation of those farms going out of market, (b) the insurance
market and (c) the financialmarket. This action concernsmainly agricultural policies.
If central and regional governments will also intervene by targeting non-professional
farms, which do not fully benefit from the reform, by adopting effective rural policies,
then, equity cum efficiency is a concrete objective.
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See Tables 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11.
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Abstract The study presented in this chapter applies a dynamic CGE model to the
analysis of the “ocean economy”, a somewhat new economic construct that reflects
both a renewed attention to the potential contribution of ocean resources to economic
growth as well as the perception of the ocean as an endangered ecosystem. The
empirical application of the study concernes the economy of Mauritius, a dynamic
country that has a recently chosen to base its strategy for long term growth on the
valorization of its ample and promising ocean resources. A dynamic CGE model
especially designed to address someof the key issues of an ocean economy investment
strategy was developed as part of a World Bank project, and is based on a large data
base and a joint effort with the Statistics Mauritius and a local technical team.
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1 Introduction

The concept of the “ocean economy” is at the same time, a new perspective on
sources of economic growth and a recent contribution to the debate on the desirable
characteristics of global development policies.While the basic definition is limited to
identify the set of activities whose inputs depend on the ocean, the interpretation from
the international institutions has hinged on the opportunities offered by the concept to
identify and pursue a strategy of green inclusive growth. Thus, for example, according
to UNCTAD (2014) “… The concept of the oceans economy, also referred to as the
blue economy, is one that simultaneously promotes economic growth, environmental
sustainability, social inclusion and the strengthening of oceans ecosystems”.

An ocean economy, from the point of view of its definition and concerns, there-
fore, appears to have a distinctive dual nature, as it reflects both a new attention
to the potential contribution of ocean resources to economic growth as well as the
perception of the ocean as an endangered ecosystem. For example, technological
advances and greater capacity and scope for deep water marine research have led to
increased awareness of greater opportunities for undertaking commercial extraction
of deep water living and non-living resources. At the same time, however, the same
advances have shed a new light on fragility of deep water systems (Norse 1993).
The very potential for commercial use of the deep seas, in turn, has both furthered
concern about ecosystemic vulnerability and advanced the development of marine
research technologies (Broad 1997).

Mauritius launched its first ocean economy roadmap in 2013, which seeks to
take advantage of the economic potential of oceans. This potential appears to be
especially large for Mauritius, which commands an ocean extension much broader
and unknown than its land based economy. Mauritius roadmap places emphasis
on the need to make use of the untapped value locked up in the EEZ by ensuring
sustainable and coordinated utilization of living and non-living resources. Business
opportunities are expected to develop, organized into five clusters: marine services
(marine tourism and marine pharmaceuticals); petroleum, minerals and ocean ener-
gies; fisheries and aquaculture; seaport related activities. Deep ocean water applica-
tions (DOWA) include a plan to pump cold water of approximately 5 C from depths
of around 1,000 m to the surface to cool buildings.

Consistent with these expectations, as shown in Table 1, theOcean Economy (OE)
includes a large number of promising sectors where current activities can expand
and new activities can be created anew, depending on ongoing and future innovation
in technologies and modes of production. Industrial organization, competition and
trade are also likely to evolve in response to the expansion of the ocean sectors
and to the innovation engendered by many emerging technologies and investment
opportunities. As a comparison between Table 1 (all OE sectors) and Table 2 (current
OE sectors) readily shows, at present the traditional sectors account for the totality
of Mauritius ocean related activities, which offer a limited direct contribution (about
10%) toGDPwith tourism andmarine leisure accounting together formore than 70%
of it. While our preliminary calculations with the 2007 SAM matrix show that these
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Fig. 1 A graphic concept of the ocean economy

percentage would about double if indirect effects were taken into account, it seems
clear that the bulk of any substantive OE expansion should be in the new sectors or,
in some new and revitalized form, in some of the traditional sectors hampered by
insufficient productive and technological capacity.

Any OE expansion would also entail the need to cope with the environmental
threats, coming from a combination of anthropogenic influences and the effects of
climate change. Damages to the local biotopes are already significant from climate
change and water pollution for coral reefs, lagoons habitats and biodiversity. Coastal
erosion and higher vulnerability to weather extreme events has also been increasing.

Given the importance of traditional OE sectors in Mauritius, the above consid-
erations suggest that the economic analysis should focus on the evaluation of the
potential of the present OEmodel of resource exploitation, production and industrial
organization. At the same time, new technologies, sectors and investment patterns,
broadly included in the government OE programs should also be carefully evaluated.
For the traditional sectors the data base available appears adequate for a quantitative
analysis based on SAM-CGE modelling. For the new sectors, however, and sev-
eral technological developments that may affect both traditional and modern sectors,
data of current operations are not available in Mauritius. They may have to be either
obtained from experimental/simulation data or from benchmarking countries that
have already investing in the new technologies (Table 3).

For the “new sectors”, past experience and theoretical knowledge can both provide
basic narratives on the evolution and the prospects of related innovations, in addition
to specific data, as shown for the exemplary cases of marine engineering and marine
biotechnologies in Tables 4 and 5 (Fig. 1).

The classification proposed is from Zhao et al. (2014).
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Table 4 Marine engineering and building industry: data needs from benchmarking

Main technologies Technology and process
components

Data needs

• Business-process
technologies

• The principal “up front”
management processes and
other management activities,
notably technologies for
preliminary design, bidding,
estimating, and sourcing, that
are linked to the marketing
capabilities of shipbuilders;

Description of processes and
technologies. Input output data

• System technologies • Engineering systems, such as
process engineering and
computer-aided design and
manufacturing, that support
shipyard operations;

Input output and cost data,
labor requirement by skill

• Shipyard production
processes technology

• Fabricating, assembling,
erecting, and outfitting vessels;

Input output, Investment costs,
labor requirements,
employment

• New materials and new
product technologies

• Innovations, including new
designs and new components,
that meet particular market
needs

Input output, effects on
productivity and the value
chain. Effects on
competitiveness

2 Building a SAM for the Ocean Economy

Constructing an economic-environmental SAM for the Mauritius Ocean Economy
(OE) requires the integration of data from different sources. Building a SAM at the
national level with the same aggregate detail of national accounts is straightforward.
However, the construction of a SAM disaggregated around specific OE subsectors
is more challenging because it requires the integration of micro and macro data
and investigating in greater depth monetary and non-monetary transactions within
some of the major sectors and stakeholders’ communities, that are represented in the
national accounts. As Table 6 shows, monetary transactions can be distinguished in a
conventional SAM by sector of origin and destination, thus conveniently partitioning
the economy in two broad sectors concerning, respectively, the Ocean and the non-
Ocean based activities. Non-monetary transactions are particularly important for
natural resources and environmental goods, which constitute a localized stock of
wealth. This can be fully taken into account in the Social Environmental Accounting
Matrix (SEAM), as shown in Table 7. Furthermore, because such a localized wealth
is subject to the challenge of various forms of dynamic uncertainty, among which
climate change looms increasingly larger, it can be considered contingent wealth, in
the manner that can identified and measured through real option theory (Scandizzo
2010).
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Table 5 Marine biotechnology: data needs from benchmarking

Pursuing human health and
well-being
Sustainable supply of high
quality food
Developing sustainable
sources of energy alternatives
to crude oil and gas
New industrial products and
processes with lower GHG
emission Protection and
management of the already
stressed marine environment
… and as a much needed new
source of innovation and
economic growth in many
countries

The global market for marine
biotechnology is projected to
reach US $4.6 billion (2017)
with growth rates of 4.0% per
year. Possible prospects and/or
targets for Mauritius

Investment prospects in
different areas. Ongoing R&D
in Mauritius and elsewhere

Main activities in EEZ and
deep sea—open ocean

Commercial activity driven by
existing companies or
biotechnology companies (e.g.
Aquaculture, drug companies)

Prospects for marine
biotechnology SMEs
Investment costs
Investment and i-o data on
production or extraction-based
aquaculture

Investment challenges Allocation, analysis, advocacy,
accountability different drivers

Financial needs of established
companies and SMEs;

Need to support marine
specific capabilities and needs
• (e.g. Vessels, ocean
monitoring, collection, model
organisms)

• Take advantage of other
biotechnology RI
• (e.g. genomics platforms, big
data analytics, synthetic
biology, nanotechnology)
Standardization, integration,
harmonization

Input output data from R&D

Existing frameworks for
‘access and benefits’ for EEZ
and beyond

Coordination of marine
resource ‘activities’ within
EEZs (balancing productivity
with
sustainability)—’regional’
Development of tools to
monitor impact on ocean
Monitoring frameworks at
regional and International
level

Ongoing and planned
initiatives in Mauritius and
other countries

Global challenges Technology transfer/capacity
building to allow for
development of local solutions
in • Aquaculture/food
production • Integrated
biorefineries

Ongoing and planned
initiatives in Mauritius and
other countries. Data on R&D,
experimental projects

Source Our elaboration
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The accounts in the tables above and related data needs and availability can be
briefly described as follows:

(a) Production sectors

1. Structure

Production sectors accounts describe production, sales and purchase of goods and
services produced. In the case of the Ocean Economy, sea food related activities will
be analyzed in somedetail, both in termsof disaggregatedproductionof commodities,
post harvesting activities, and investment. Production sectors can be disaggregated
into different accounts such as: pelagic and demersal fisheries, aquaculture, agri-
culture; Industry, including metal work, food preparation and chemistry, textiles,
construction and carpentry; Services, including stores, communications, hotels and
other accommodations, transportation, port services, public and private school, other
services.

(b) Natural resource sectors

This category includes all activities that transform natural resources as primary
inputs into intermediate goods for industrial processing. For theOceanEconomy they
may include the fish canning industry, energy production and distribution, water
distribution as well as the new projects envisaged formarine biotechnology, and
other technological innovations involving the use of ocean resources.

(c) Residuals

All activities to transform, recycle and/or re-process residuals of production and
consumption activities, including emissions, all forms of pollution, water treatment,
safety processing of industrial waste, waste disposal etc. Also included are all activ-
ities that reconstitute or make easier to reconstitute, renew or replace, wholly or
partially natural capital.

(d) Capital formation

The Capital formation account includes all formal and informal transactions con-
cerning the formation of savings as well as the various typologies of credit in the
economy, including transactions from the formal banking system, microcredit and
all financial transactions that play a crucial role to supply an outlet to savings and a
source of credit to consumer-producer households.

(e) Rest of the world

Transactions between the local economy and rest of the world are recorded in
the rest of world accounts. The Rest of the World account can be disaggregated into
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three different components including Rest of the Area, Rest of the Country and
Rest of the World to describe domestic and international trade.

(f) Primary production factors

Accounts for primary factors include various types ofmaterial and immaterial cap-
ital. Material capital comprehends the result of various forms of physical investment,
such as cultivated land, orchards, irrigation equipment, tractors, vehicles, local roads,
post harvest facilities, factories, machinery etc. Non material capital may include,
inter alia, human capital (e.g. education), technical knowledge, and various forms of
social capital.

(g) Natural resources as primary factors

This category includes fresh and marine water (including lagoons), forests,
sources of energy (including water falls, wind, fossil combustibles and other
underground resources), land, and commons and public goods that are typically
the object of intense governance activities from communities as well as governments.

(h) Natural capital formation

Natural capital includes all formal and informal transactions concerning the
growth, the renewal as well as the depletion of the existing stock of natural resources.

(i) Stakeholders

Stakeholders’ accounts include various types of institutions and groupings of indi-
viduals, such as households and household members, enterprises, local and nonlocal
government, cooperatives, associations, traders, rest of the sub-regional economy,
rest of the world. Workers and Households are disaggregated by socio-economic
criteria such as education and income. Enterprises can also be disaggregated, for
example by distinguishing small, medium and large firms, and formal and informal
business by size. Government collects taxes, and distributes them through transfer
payments. Other important stakeholders are the various forms of association and
community level institutions that provide the governance of the commons as well as
a variety of social functions.

Formally, the accounts in the SAM-ESAM described by Tables 6 and 7 can be
represented as a system of equations, based on the following definitions:

X Vector of production activities for goods and services
Q Vector of production/distribution activities for natural resources
R Vector of activities of treatment/recycling/disposal of Residuals
C Matrix of Consumption Goods by Households
E Vector of net exports of final goods
M Vector of net imports of intermediate goods
Z Vector of employment levels of primary factors of production by industrial

activity,
V Vector of incomes of primary factors
PZ Vector of prices of primary factors
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PW Vector of prices of natural resources (as primary factors or a form of natural
capital)

PX Vector of prices of activities providing goods and services
PQ Vector of prices of activities providing natural resources
PR Vector of prices of activities of treatment/recycling/disposal of residuals
YH Vector of households’ incomes from primary factors
YH Vector of Households’ incomes from natural resources as primary factors

According to the balance of each column and row, the key equations of the eco-
nomic model that can be constructed on the SAM in Table 1 can be developed as
follows:

X � AXX X + AXQQ + AXR R + CXHYH + CXGYG + IX + EX Material Balance for Goods and Services
(1)

Q � AQX X + AQQQ + AQR R + EQ Material Balance for Natural Resources (2)

R � ARX X + ARQQ + ARR R + KR Material Balance for Residuals (3)

Z � FZX X + FZQQ + FZR R Primary Factor Employment (4)

VZ � P
′
z Z Primary Factor Incomes (5)

W � FWX X + FWQQ + FWR R Natural Resource Flow (6)

VW � P
′
WW Incomes from Natural Resources (7)

YH � �HZ VZ + �HW VW Household Income Formation (8)

YG � �GZ VZ + �GW VW Government Income Formation (9)

YK � �K Z VZ + �KW VW Natural Capital Income Formation (10)

EDP � P ′
X X + P ′

QQ + P ′
R R Environmentally Adj. Net Domestic Product (11)

GV A � VZ + VW Green Value Added (12)

Note also that the budget constraint will imply that the following equality will
have to hold for natural capital:

KR � �K ZVZ + �KWVW + SHK + SGK (13)

This equality means that the value of investment in natural capital recovery must
equal the payments to natural capital provided by natural resources and by the capital
formation sector (savings). If these payments are sufficient to recover (in form of
maintenance, decontamination, recovery etc.) the capital consumed by economic
activities, the ecosystem will be in equilibrium. If they are not sufficient, some level
of depletion will occur.

A dynamic interpretation of (13) can also be obtained by considering the logistic
model for natural capital:

d� � K � g�(1 − �

�∗ ) + KR − (�K ZVZ + �KWVW + SHK + SGK ) (14)

where � is the stock of natural capital and �∗ its maximum sustainable level.
Equation (14) implies that in the steady state:
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KR + g�(1 − �

�∗ ) � �K ZVZ + �KWVW + SHK + SGK (15)

In other words, in equilibrium, natural capital is naturally recovered through the
natural dynamics of the resource and may also be recovered through industrial pro-
cesses. The total amount of recovery (i.e. total expenditure) must equal total revenue,
i.e. the income provided by the primary factors of production (including natural
resources) plus institutions’ savings. The two equilibrium conditions in (13) and
(14) will coincide If the stock of natural capital is at its maximum sustainable level
(� � �∗).

3 The Base CGE Model

We developed estimates for a Mauritius Social Accounting Matrix (SAM) for 2015
based on the definitions in Tables 6 and 7 above, using a combination of macro
and micro-economic statistics as well as the National SAM estimated by Statistics
Mauritius (under the aegis of the Ministry of Finance and Economic Development)
and published for year 2007. The estimates were obtained by applying a maximum
entropy algorithmusing themethodologyoutlined inScandizzo andFerrarese (2015).
Altogether, the SAMestimated comprises 18 products (goods and services), 7 factors
of production (6 classes of labor and one class of capital), and seven institutional
accounts (households by income group, corporations, government, capital formation
and rest of the world). The model in base version is estimated at 2015 values, using
national account historical series made by Statistics Mauritius, and disaggregated on
the basis of the 2007 Input-Output classification for 30 economic sectors.

In order to provide a full representation of the ocean economy in the model,
we identified both current and potential developing sectors based on the direct and
indirect use of the ocean, drawing on the classification of the Mauritius Office of
Statistics. To complete the model with the environmental sectors, we used FAO
statistics on water. The environmental sectors, included as factors of production are:
ocean, green water, blue water, and wetland, and, as recipients of rents from environ-
mental capital, water resources, natural capital, and emissions. The contribution of
these variables to value added (as a form of non-remunerated environmental costs)
and in the distribution of rents are estimated through a combination of the maximum
entropy and the Wolsky disaggregation algorithm (Scandizzo and Ferrarese 2015).

4 Key Features of the Dynamic CGE Model

The dynamic CGE model aims to capture some of the relevant features of the Mau-
ritius economy today and their potential evolution over time. The model’s core is the
SAM matrix described above for the entire economy of 118 sectors, commodities,
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factors, and institutions, and it projects the economy over time based on a moving
equilibrium algorithm and a basic Solow-like structure of capital accumulation and
growth. As a result, the time path followed by the model converges to a steady state
where growth is solely determined by technological progress (productivity increases)
and population growth. Considering both these factors as exogenous (in other words,
the model converges to a zero growth steady state), the model can be used to inves-
tigate differential capital accumulation and resource allocation strategies and their
trajectories over time.

The dynamic model presents several characteristics that should be noted carefully
before interpreting its results. First, the model is based on the idea that the SAM
coefficients represent budget shares. This implies that the SAM sector columns can
be interpreted as value shares corresponding to Cobb Douglas production functions,
and the consumption columns as linear expenditure functions from Cobb Douglas
utility functions. Since the shares change with the model solutions under the impact
of capital accumulation and technical changes, technology and preferences across
several periods are represented by Cobb Douglas splines. As a consequence, the
model exhibits decreasing returns to scale due to convex technologies and general
equilibrium effects (price changes) in each simulation period, but its behavior over
time depends on the combination of convexity with the transition from the older to
the new technology/preferences. This means that investing in one sector will tend
to increase less than proportionally its output within a single simulation period.
However, the effects across periods will be path dependent—that is, they may be
positive or negative and larger or smaller, depending onwhether the share of the sector
has increased or decreased in the preceding periods. Second, large changes may find
equilibria that are unstable, in the sense that subsequent small shocks may tend to
produce large effects. Third, the impact of a single project or programwill be different
based on whether it is considered by itself or as part of a more complex strategy. This
is also due to effects of scale, but in this case, because of possible complementarities
between different projects, economies rather than diseconomies of scale may ensue.
Fourth, while all simulations should be compared to a counterfactual, unlike the static
CGE case, the counterfactual cannot be unique and is necessarily specific, as its first
best alternative, of each project or program that is simulated. Fifth, the pattern of
productivity increases depends on specific hypotheses on the parameter changes of
each simulation. These effects are important to understand the potential of alternative
policy strategies in the long run, since productivity changesmay significantlymodify,
and even reverse, the merit order of policy alternatives that are ranked on the basis
of current production and consumption parameters.

5 Calibrating and Testing the Dynamic Model

To assess the capacity of the model to replicate the performance of the economy of
Mauritius in the past, we simulated the effect of the investments of the past 9 years.
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This allows us to evaluate if the CGE model captures the same trends observable
from the historical data.

The first simulation is based on the rate of economic growth and the levels of value
added generated by the model. The validation data are from Statistics Mauritius and
show the gross fixed capital formation in years 2006–2014 (Tables 8 and 9).

Figures 2 and 3 show the results of model simulations, conditioned to the invest-
ment figure in Table 8, to backtrack historical figures of value added growth (Fig. 6)
and value added level (Fig. 7).
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Table 9 Characteristics of OE2 and CF best investment trajectories (Year 1–Year 10)

OE2 CF

Total OE supply year 10/Total
OE supply year 1

1.88 1.47

Average contribution to
growth rate (%)

3.17 2.93

Additional OE2 investment
(000MR)

78,691,571

Additional OE2 investment
(million US$)

2,248

GDP growth (000MR) 105,182,087 86,012,113

NPV (5%) GDP increase
000MR)

210,619,461 164,983,628

NPV (5%) Additional OE2
investment (000MR)

191,594,091 191,594,091

NPV (5%) Additional OE2
investment (million US$)

4,046 4,046

Total investment/GDP at the
10th year

0.29 0.28

NPV (5%) GDP
increase/ADD INV

1.49 1.23

NPV (5%) export-import
increase (000MR)

1,582,736 998,055

6 Investing in the Ocean Economy

In this set of experiments, we investigate the possible deployment of an investment
strategy aimed at developing Mauritius’ ocean economy (OE) by simulating trajec-
tories for different autonomous investment increases with respect to the baseline.
The model is thus solved by imparting an exogenous shock of investment expendi-
ture, concentrated in the ocean economy sector, with the general aim of doubling the
size of the ocean economy within a time horizon of 10–15 years. The investments
are assumed to be concentrated on four main OE sectors—(i) fishery and sea food
processing, (ii) sea transport ports and related services, (iii) ICT, and (iv) sewage
and water treatment. The trajectories simulated are evaluated on the basis of a wel-
fare function of the Stone-Geary variety, with consumption weights being a negative
function of households’ wealth. The best trajectory found corresponds to an invest-
ment path characterized by a gradual increase in OE investment from $25 million in
year 1 to ten times as much in year 10. Tables 10 and 11 report other characteristics
of the OE2, and show the trajectories of two of the main macro-effects of the OE2
simulated scenario. The ocean economy would more than double in 10 years, even
though the investment stimulus only increases gradually to ten times its first year
size, from $25 million, or 2.37% of total investment, to $2.5 billion, or about 30% of
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the total. Even though the OE more than doubles its size with respect to the first year
of the development scenario, because of the expansion of the rest of the economy,
its share of GDP (including the indirect effects) only increases from 12.6 to 20%.
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Table 10 Macroeconomic impact of the best OE2 trajectory

Year 1 Averagea Year 1–Year 10

OE2 CF

Government
deficit/GDP (%)

1.63 1.36 1.43

Government debt as %
of GDP (%)

61.63 61.40 61.45

Government debt
increase (000 MR)

6,200,006 6,209,550 6,376,374

GDP growth (%) 0.58 3.27 2.33

GDP real growth (%) 0.30 3.17 2.84

Implicit GDP deflator
(%)

0.28 0.11 −0.51

aGeometric averages for % rates

Table 11 Sector impact of the best OE2 trajectory

Year 1 000MR Year 1 (%) Year 10 000MR Year 10 (%)

Fishery and sea
food processing

17,823,352 18 40,230,512 22

Sea transport and
related services

10,084,921 10 24,464,899 13

Marine ICT 6,845,453 7 15,613,962 8

Tourism 63,734,701 64 101,964,001 55

Sewage and
water treatment

1,872,311 2 4,284,710 2

Total 100,360,738 100 186,558,084 100

Thousand MR

As Fig. 9 shows, the impact on GDP growth of the investment simulated is high and
increasing over time, with very little inflation.

The performance of the OE2 strategy can also be seen in Tables 9 and 10 in com-
parison to a counterfactual (CF) scenario based on an equal amount of demand and
investment increases as the OE2 scenario, but with investment allocated according
to historical shares. The OE2 strategy appears to over-perform the CF scenario in
all the macro indicators considered, and, as suggested by Fig. 9, differences tend to
increase over time. However, the OE2 scenario appears to generate a general increase
in capital income and its environmental costs (and the implicit investment costs to
neutralize them) are much higher for OE2 than for the CF (Table 12).

Figures 4, 5, 6, 7, 8 and 9 indicate that the performance of the OE2 strategy,
even though at the beginning is very demanding in terms of domestic and foreign
savings, eventually results in a high and growing degree of domestic capital forma-
tion. Figure 7 shows that the (incremental) surplus of domestic savings is matched
in the later years by an incremental trade surplus. Table 11 shows the evolution of
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Table 12 Value added impact of the best OE2 and CF trajectory

Value added increases (000 MR)

OE2 scenario CF scenario

Year 1–2 Year 9–10 Year 1–2 Year 9–10

Primary
education

148,161 318,818 148,161 315,861

Secondary
education < SC

108,248 2,312,890 108,248 1,659,207

Secondary
education SC and
above

79,278 685,068 79,278 1,139,311

Tertiary
education

146,855 1,562,083 146,855 2,664,605

Own account 216,976 2,303,242 216,976 4,474,613

Employer 53,841 99,904 53,841 691,514

Operating
surplus

402,925 76,013,288 402,925 60,197,920

Ocean 8,639 181,560 8,639 133,116

Green water 2,574 253,598 2,574 219,919

Blue water 1,532 146,904 1,532 128,748

Wetland 48 156,432 48 137,407

Total VA 1,156,283 83,295,294 1,156,283 71,143,031

Natural resource
cost

12,793 738,494 12,793 619,189

the OE sectors over time, pointing to the less than proportional expansion of some of
the traditional sectors (such as the coastal hotels and restaurants). Other traditional
activities, however, (for example, fishery and sea food processing, and the services
allied to marine transport) and relatively new activities display more than propor-
tional growth. Tables 12, 13 and 14 show that the OE2 scenario also has a more
equitable impact on the formation of value added, job creation, and the income of
the poor.

7 Conclusions

Developing a dynamicCGEdeveloped forMauritius ocean economy presents a num-
ber of methodological and empirical challenges, including the multiplying effects
of demand expansion, capital accumulation and impact on natural resources. The
model presented mimics the mechanism of demand driven growth through the mul-
tiplier effects of investment expansion, but also incorporates feedbacks on the supply
side through capital accumulation and productivity changes. As a result, the CGE
constructed presents characteristics that are common to Keynesian and neoclassical
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models, with growth critically depending on the forward and backward linkages of
the sectors where investment expenditure is concentrated, and on the productivity
and the potential for productivity increases of the sectors where capital accumula-
tion occurs. These effects are compounded by the assumption of flexible technology,
with input output coefficients fixed in any single period, but changing according to
Cobb-Douglas splines across periods.

Given these characteristics, the simulation results suggest that concentrating
investment in the ocean economy sectorsmay be awinning strategy, if comparedwith
one of merely continuing the historical pattern of resource allocation. Such a strategy
would yield sustained growth over the ten year period considered, with several desir-
able characteristics concerning diversification, high value added shares and inclu-
siveness, as compared with a plausible counterfactual. At the same time this strategy
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appears vulnerable under the two critical aspects of natural and human resource
management. It would put further pressure on natural resources, especially in and
off shore water, and on the social and health infrastructure. On the human resource
side, potential growth could be thwarted by the growing gap between demand and
supply of labor due to skill mismatch and educational and training pitfalls. Large
complementary investment in these areas would thus be necessary to make the ocean
economy strategy fully successful and this would compound the need for financial
resources.

These findings point at the usefulness of the CGE structure in producing an inte-
grated framework to analyze alternative scenarios, but also to some of theweaknesses
due to its representation of the natural and human resources accumulation mecha-
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Table 13 Labor Real income increases and job creation in comparison with the counterfactual
(CF)

Real value added cumulative increases
(thousand MR)

Job creation (estimate
of 20 year tenure job
vacancies)

OE2 OE2 CF CF OE2 CF

Labor qual-
ification

Year 1–2 Year 1–10 Year 1–2 Year 1–10 Year 1–10 Year 1–10

Primary
education

148,161 6,581,529 148,161 8,354,108 2388 3032

Secondary
education <
SC

107,844 8,089,315 107,844 6,059,886 2936 1649

Secondary
education
SC and
above

79,082 3,348,899 79,082 4,504,748 1215 981

Tertiary
education

146,523 7,424,015 146,523 10,432,028 2694 2271

Own
account

216,229 9,622,295 216,229 15,960,195 3492 1390

Total 697,839 35,066,053 697,839 45,310,965 12,726 9,324

Table 14 Increases in incomes by recipient groups

NPV (at 5% discount rate)

OE2 CF OE2/CF

Government and
NPISH

9,414,565 7,917,621 1.19

Poor 1,046,639 1,019,671 1.03

Lower middle 10,316,235 9,638,649 1.07

Higher middle 21,063,871 20,127,055 1.05

Wealth 12,577,645 12,546,702 1.00

Firms 145,785,223 114,647,792 1.27

Total 200,204,179 165,897,491 1.21

nisms. While the model accounting system has been enlarged to take incorporate the
income flows emanating from both sets of resources, stock flow relation modeling
is still rather crude and unsatisfactory. It also represents an area of major challenges
for further research and applications.
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Abstract In this chapter, we use a Micro-Macro simulation model to evaluate the
distributional effects of a real depreciation of the Euro on the French economy. Our
Micro-Macromodel consists of amicrosimulationmodel and aCGEmodelwhich are
integratedusing an iterative approach.Wefind that a 10%real depreciationof theEuro
stimulates the aggregate demand by increasing exports and reducing imports, which
increases real GDP by 0.7% and reduces the unemployment rate in the economy by
2 percentage points. At the individual level, we find that the macroeconomic shock
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1 Introduction

CGEmodels and microsimulation models are widely used in policy analysis, respec-
tively from amacro and micro economic perspectives. In particular, microsimulation
models are used to evaluate the effects of a shock or of a policy reform at the house-
hold level, i.e. on the individual choices about consumption and labor supply and,
then, on income distribution, inequality, poverty, etc. In contrast, general equilibrium
models are used to determine the effects at the macro level, at the sectoral level, on
the equilibrium prices, etc.

A drawback ofmicrosimulationmodels is that they are implicitly carried out using
a partial equilibrium framework, which implies that the effects on individual behav-
ior are computed without taking into account for the general equilibrium changes
determined at the macro level. Suppose, for instance, that the effect of a policy at the
micro level is an increase in the individuals’ labor supply and, thus, in their disposable
incomes. In addition, suppose that at the macro level wages are rigid, which implies
that labor demand is constant. Thus, the actual effect of the policy is an increase in
the level of unemployment since more people want to work, but they cannot find a
job.

On the other hand, an important drawback of general equilibrium models is that
they are built on the basis of the representative agent paradigm. In other words, the
representative agent is assumed to perfectly aggregate the individual decisions about
consumption and labor supply. It is well-known that the aggregation of individual
preferences is possible only under very restrictive and unrealistic assumptions.

For this reason, the integration betweenmicrosimulationmodels and general equi-
libriummodels appears very appealing in policy evaluation. The integration between
these two types of models allows to avoid the shortcomings of both types of mod-
els since, in integrated Micro-Macro models, the individual effects are computed
by taking into account for the general equilibrium effects and the macro effects are
computed by taking into account for the individual heterogeneity at a very detailed
level instead of considering a representative agent.

Different procedures exist in the literature to integrate general equilibrium and
microsimulation models1: The fully-integrated approach consists in introducing in
the CGE model all the individuals of the micro dataset (see, for instance, Cockburn
2004). The top-down approach (see, for instance Bourguignon et al. 2008) consists
in transmitting the variations of macro variables computed in the CGE model into
the microsimulation model. The problem of this approach is that there is no feed-
back from the microsimulation model back to the macro CGEmodel. The sequential
approach, used also in this study, consists in transmitting the variations ofmacro vari-
ables computed in theCGEmodel into themicrosimulationmodel and in transmitting
the variations concerning the individual behavior computed in the microsimulation
model into the CGE model, until a fixed point is reached (see, for instance, Savard
2003). Another approach, developed by Magnani and Mercenier (2009), consists in

1For a review concerning the integration of microsimulation and CGE models, see Vaqar and
O’ Donoghue (2007).
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using in the macromodel several representative agents that aggregate the preferences
of individuals who make discrete choices. This approach permits to avoid the itera-
tions between the microsimulation and the CGE models and to avoid the presence
of an excessive number of individuals in the CGE model.

In this study, we present an illustration of aMicro-Macro simulationmodel, where
the integration is done using the sequential approach. In particular our Micro-Macro
model is focused on the French economy and consists of a Microsimulation model
that includes an arithmetical model for the French fiscal system and two behavioral
models used to simulate the individual consumption behavior and the individual
labor supply discrete choices, and of a multisectoral and static CGE model.

We use our Micro-Macro model to analyze and quantify, both at the macro and
micro levels, the economic consequences for the French economy2 of a real depreci-
ation of the Euro against other currencies. Our model allows to assess the long-term
macroeconomic and distributional effects of a structural change in the real exchange
rate. In particular, it permits to evaluate the impact of a real depreciation of the Euro
(i) on macroeconomic variables such as GDP, current account, employment and real
wages, the relative competitiveness of domestic firms, and the purchasing power of
households, (ii) on sectoral production and on the allocation of production factors
across tradable and non-tradable sectors, (iii) on individual choices concerning labor
supply and consumption, and (iv) on income distribution, inequality and poverty.
Even though our model does not allow to analyze the dynamic path towards the
long-run equilibrium, our approach permits to properly quantify the redistributive
impact of a macroeconomic structural change such as a real currency devaluation.

In particular, the real depreciation of the Euro is considered in this study as an
exogenous and common shock for the Eurozone. Thus, determining what kind of
monetary policywould be needed to obtain the level of the real depreciation simulated
is not an objective of this study. In addition, the approach used is not normative, with
no aims of determining the optimal level of the real exchange rate. In this context,
the real depreciation can be interpreted as an exogenous and structural shock in the
rest of the world, namely a productivity shock, that is common for all countries of
the Eurozone.

Focusing on redistributive aspects among sectors and among households is par-
ticularly relevant because real currency devaluation is by definition an asymmetric
shock which affects the relative prices between monetary zones but also between
sectors. Concerning the economic consequences at the sectoral level, Gourinchas
(1999) states that a variation in the real exchange rate induces a reallocation of pro-
duction factors across tradable and non-tradable sectors. Campa andGoldberg (2001)
analyze the effects of exchange rate movements on employment and wages for man-
ufacturing industries in the US. They find that for lower markup industries, the effect
of a variation of the exchange rate on wages and employment is larger than for higher
markup industries. International evidence on the effects of exchange rates on labor
markets is provided among others by Burgess and Knetter (1998) who focus on the

2The French case is particularly interesting since starting from 2005 the current account displayed
important deficits.
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G7 countries. They confirm differences among industries in employment elasticities
with respect to exchange rates, but also across countries. However, to our knowledge,
the effect of real depreciation on inequality has not been analyzed in the literature.

It is important to highlight that the effects of a real currency depreciation, andmore
generally of any shock, strongly depend on the closure rule used in themacromodel.3

Real devaluation improves the external financial position by increasing exports and
reducing imports. In a neoclassical framework in which investments are savings-
driven and the elasticity of labor supply is small, the effect of a real depreciation
on real GDP is negligible4 since the level of output at the macro level depends on
the quantities of labor and capital available in the economy which are assumed to be
fully employed. Consequently, the increase in one of the components of the aggregate
demand is compensated by a strong reduction in investments and consumption Hall
(2009). In contrast, using the Keynesian closure where investments are fixed at a pre-
determined level, real devaluation, by stimulating net exports and aggregate demand,
reduces the level of unemployment and increases real GDP.5 Álvarez-Martínez and
Polo (2012) compare the neoclassical and the Keynesian macro closures and find
that, in the case of a negative external shock for the Spanish economy, the neo-
classical closure predicts an implausible investment boom. However, as shown by
our sensitivity analysis, the use of the Keynesian closure rule implies an unrealistic
positive reaction of the unemployment rate in the case of a real currency devalu-
ation. This is why in the present study we propose an intermediate macro closure
where investments and unemployment are both allowed to react when a shock occurs
(Magnani 2015). In particular, an investment function estimated on French data is
used to take into account the crowding-out effect on investments produced by a
change in the components of the aggregate demand.

Our results show that a real depreciation of the Euro stimulates the aggregate
demand by improving the trade balance, reduces unemployment and poverty. In par-
ticular, a 10% Euro’s devaluation stimulates real GDP (+0.7%), reduces the unem-
ployment rate (−2.0 p.p.) and induces significant effects at the sectoral level, with
a noticeable heterogeneity of reactions in terms of employment and production. At
the individual level, given the reduction in the unemployment rate determined at the
macro level, some of the involuntary unemployed find a job and, given the change
in real wages and consumption prices determined at the macro level, individuals
modify their labor supply and consumption choices. The model predicts a significant
reduction of poverty and a slight reduction of income inequality. In particular, the
decrease in the equilibriumwage determined in the macromodel moderately reduces
the available income for people who already have a job, while the more conspicuous

3For a review of the macro closure rules see Löfgren et al. (2001), Rattso (1982) and Taylor and
Lysy (1979).
4The only effect is due to the reallocation of factors across sectors.
5Rosensweig and Taylor (1990) used a CGE model with a Keynesian closure to simulate the effect
of currency devaluation in Thailand. They find that a 10% devaluation could increase real GDP by
3.3%.
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income increase of the involuntary unemployed who find a job often brings them out
of poverty.

This article is organized as follows. In the next section we describe the main
characteristics of our Micro-Macro model. Section 3 presents the results of our
simulation, while Sect. 4 presents a sensitivity analysis. The last section concludes.

2 The Micro-Macro Model

2.1 Introduction

In this section, we briefly present our Micro-Macro model for the French economy
which is composed by a microsimulation model, named SYSIFF 2006 (SYStème
d’Imposition Fiscale Français de 2006), and a macro CGEmodel. For a full descrip-
tion of the model, see Magnani et al. (2017).

2.2 The CGE Model

The CGEmodel, which represents the macro component of ourMicro-Macromodel,
is amultisectoral and staticmodelwith two foreign zones: theEurozone and the rest of
the world. The model is built by using the 2006 French input-output dataset provided
by Insee. The input-output table, which includes 118 sectors, is aggregated into 19
sectors, 11 of which correspond to the sectors used in the microsimulation model
concerning the consumptiondecisions (Table 1). The constructionof theSAM(Social
Accounting Matrix), necessary to calibrate our CGE model, is completed by using
national accounts concerning the government account and the balance of payments.

The CGEmodel is solved by considering several variables as exogenous: the total
quantity of labor supplied; the total demand for some type of goods and services; the
total amount of employees’ and employers’ contributions; the total amount of income
taxes; the total amount of transfers from the government. However, it is important
to highlight that this does not mean that these variables are exogenous in our Micro-
Macro model. In fact, the value of these variables is fixed at the initial level only in
the first iteration of our Micro-Macro model. Starting from the second iteration, the
value of these variables is fixed at the level computed in the microsimulation model,
i.e. by taking into account individual heterogeneity.

In what follows we describe the main characteristics of our CGE model. The
detailed description of the model could be found in Magnani et al. (2017).
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Table 1 List of the sectors in the CGE model

Microsimulation CGE

1 Food Agriculture, hunting, forestry, fishing.
Food

X

2 Beverage Beverages X

3 Tobacco Tobacco X

4 Energy Mining and quarrying. Coke, refined
petroleum products and nuclear fuel.
Production, collection and distribution
of electricity. Manufacture of gas;
distribution of gaseous fuels through
mains. Steam and hot water supply.
Collection, purification and distribution
of water

X

5 Mineral products Chemicals excluding pharmaceuticals.
Rubber and plastics products. Other
non-metallic mineral products

X

6 Textile Textiles, textile products, leather and
footwear

X

7 Housing Wood and products of wood and cork X

8 Mechanic industry Machinery and equipment, nec

9 Electric industry Office, accounting and computing
machinery. Electrical machinery and
apparatus. Medical, precision and
optical instruments

X

10 Metallurgy Iron and steel. Non-ferrous metals.
Fabricated metal products, except
machinery and equipment

X

11 Health Health and social work.
Pharmaceuticals. Education

X

12 Construction Construction X

13 Transports Motor vehicles, trailers and
semi-trailers. Building and repairing of
ships and boats. Aircraft and spacecraft.
Railroad equipment and transport equip
nec. Manufacturing nec; recycling.
Land transport; transport via pipelines.
Water transport. Air transport.
Supporting and auxiliary transport
activities. Activities of travel agencies

X

14 Hotels and
restaurants

Hotels and restaurants X

(continued)
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Table 1 (continued)

Microsimulation CGE

15 Leisure Pulp, paper, paper products, printing
and publishing. Radio, television and
communication equipment. Other
community, social and personal
services. Private households with
employed persons and extra-territorial
organizations and bodies

X

16 Communications Post and telecommunications X

17 Public
administration

Public admin. and defense; compulsory
social security

X

18 Non-financial
services and R&D

Real estate activities. Renting of
machinery and equipment. Computer
and related activities, Research and
development. Other business activities

X

19 Financial services Finance and insurance X

2.2.1 The Production Side

For each sector, we use a multi-stage CES production function. In the first stage, the
demand of total intermediate goods Zi , labor Li and capital Ki is optimally chosen
by each sector i in order to maximize its profit given a technological constraint
represented by the following production function:

Yi �
[
(αZ ,i )

1
σi · Zρi

i + (αL ,i )
1
σi · Lρi

i + (αK ,i )
1
σi · K ρi

i

] 1
ρi

In the second stage, each sector i chooses the optimal repartition of the total
intermediate good into different intermediate goods sold by sector j, Z ji . The choice
is made in order to minimize the total cost and to respect the following technological
constraint:

Zi �
⎡
⎣∑

j

(αZ ji )
1

σ Zi · ZρZi
j i

⎤
⎦

1
ρZi

In the third stage, each sector i chooses the optimal repartition of the intermediate
goods sold by sector j between the quantity that comes from the domestic market
Z h

ji and from abroad Z f
ji . The repartition is chosen in order to minimize the total

cost and to respect the following technological constraint:

Z ji �
[
(αh

ji )
1

σ Z ji · (Z h
ji )

ρZ ji + (α f
j i )

1
σ Z ji · (Z f

ji )
ρZ ji

] 1
ρZ ji
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In the last stage, each sector i chooses the optimal repartition of the intermediate
goods sold by sector j that come from abroad between the quantity that comes from
the Eurozone Z Ez

ji and from the rest of the world Z Row
j i . The repartition is chosen in

order to minimize the total cost and to respect the following technological constraint:

Z f
ji �

[(
αEz

ji

) 1

σ Z
f
ji ·

(
Z Ez

ji

)ρZ f
ji
+

(
αRow

j i

) 1

σ Z
f
ji · (

Z Row
j i

)ρZ f
ji

] 1
ρi

The optimal repartition depends on the relative price, i.e. the ratio between the
price in the Eurozone P Ez

j and the world price expressed in Euros P Row
j · ε. In

particular, (i) the exchange rate ε is assumed to be exogenous (while financial flows
are endogenously determined in order to equilibrate the balance of payments) given
that it is used to simulate the macroeconomic shock in our model; (ii) the world
price of good j expressed in foreign currency P Row

j is exogenous; (iii) the price

in the Eurozone P Ez
j is treated as endogenous since it is reasonable to assume that

Euro’s depreciation would affect prices in the whole Eurozone. In particular, for
each sector j , the price in the Eurozone P Ez

j is computed as a weighted average
between the domestic price in the Eurozone (which is assumed to vary in the same
proportion as the domestic price in France) and the world price expressed in Euros.
This implies that we consider in our model a symmetric equilibrium in the sense the
Euro’s devaluation does not affect competitiveness within the Eurozone.

A fraction of the production is sold in the domestic market and the complementary
fraction is exported. Goods that are exported are supposed to be identical to those
sold in the domestic market, implying that the selling price is the same. Exports,
towards the Eurozone and the rest of the world, are defined by a demand function
that is decreasing in the relative price, i.e. the ratio between the domestic price and
the foreign price expressed in domestic currency:

E Ez
i � αEz

i ·
(

P Ez
i

Ph
i

)σ Ei

E Row
i � αRow

i ·
(

P Row
i · ε

Ph
i

)σ Ei

Considering that the real devaluation of the Euro represents a shock affecting the
whole Eurozone, it is reasonable to presume that also real GDP in the Eurozone is
affected by the shock. For this reason, the terms αEz

i , which represent a measure of
the purchasing power in the Eurozone, are assumed to be endogenous and to vary in
the same proportion as the French real GDP.
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2.2.2 The Demand Side

(a) Consumption

Concerning households, we consider one representative agent who maximizes his
well-being by choosing the consumption level of different goods and services. As
indicated in Table 1, we consider 8 “CGE sectors”, the consumption level of which is
endogenously determined in the CGE model, and 11 “microsimulation sectors”, the
consumption level of which is exogenous. In particular, the level is fixed at the initial
level in the first iteration of our Micro-Macro model and, starting from the second
iteration, the level is fixed at the level computed in the microsimulation model.
The preferences of the representative agent are modeled using a multi-stage utility
function. In the first stage, the level of total consumption for the “CGE goods”
Ccge is determined as a fraction of the total disposable income. In the second stage,
the representative agent chooses, for each “CGE good” i , the optimal consumption
Ccge

i . In the third stage, the representative agent chooses the optimal repartition of
the consumption demand of good i between domestic goods Ch

i and foreign goods
C f

i . In the last stage, the consumption demand of the foreign good i is divided into
foreign goods coming from the Eurozone C Ez

i and from the rest of the world C Row
i .

(b) Investments

The second component of the aggregate demand is given by the investment. As
for consumption, we use a multi-stage structure. In the first stage, the aggregate
investment I , that is determined as described in Sect. 2.2.6, is allocated into different
sectors Ii . Then, we determine the repartition of the investment of sector i between
investment coming from the domesticmarket I h

i and the foreignmarket I f
i . In the last

stage, the foreign investment of sector i is divided into foreign investment coming
from the Eurozone I Ez

i and from the rest of the world I Row
i .

(c) Government expenditure

The third component of the aggregate demand is given by the government expendi-
ture. Here, we also use a multi-stage structure. In the first stage, the total government
expenditure G, that is determined by assuming that the ratio with respect to real
GDP remains constant, is allocated into different sectors Gi . Then, we determine
the repartition of the government expenditure of good i between goods coming from
domestic and foreign markets (respectively Gh

i and G f
i ). In the last stage, the gov-

ernment expenditure of the foreign good i is divided into foreign goods coming from
the Eurozone G Ez

i and from the rest of the world G Row
i .

(d) Total demand

For each sector i , the total quantity demanded depends on the demand of the domestic
good (that is given by the difference between the domestic production and exports)
and on the demand of the foreign good. In particular, for each sector i , the total
domestic demand of the domestic good Xh

i is given by the sum of domestic inter-
mediate goods, private and public consumption and investments. For each sector i ,
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the total imports respectively from the Eurozone M Ez
i and from the rest of the world

M Row
i are given by the sum of intermediate goods, private and public consumption

and investments imported respectively from the Eurozone and the rest of the world:

Xh
i �

∑
j

Z h
i j + Ch

i + I h
i + Gh

i

M Ez
i �

∑
j

Z Ez
i j + C Ez

i + I Ez
i + G Ez

i

M Row
i �

∑
j

Z Row
i j + C Row

i + I Row
i + G Row

i

2.2.3 Budget Constraints

(a) Household budget constraint

The gross income earned by the representative agent is given by the labor and capital
incomes earned in France and abroad, and the transfers from the government:

Ygross � w · (1 − cotempl ) · L Fr−Fr · (1 − u) + wEz · L Fr−Ez

+ r · P I · AFr−Fr + r Row · ε · AFr−Row + �ms + �

In particular, the labor incomes earned in France depend on the endogenous domestic
wage w, on the contribution rate paid by the employees cotempl and the quantity of
labor supplied by French people who work in France L Fr−Fr · (1 − u). The latter
variable depends on the quantity of labor that people decide to supply L Fr−Fr that
is exogenously fixed at the level determined in the microsimulation model, and on
the unemployment rate u which can be exogenous or endogenous according to the
macro closure that is chosen in the CGE model. By assuming that French people
who work abroad work in the Eurozone, labor incomes earned abroad depend on
the exogenous foreign wage rate wEz and the exogenous quantity of labor supplied
by French people who work abroad L Fr−Ez . The capital incomes earned in France
depend on the endogenous domestic interest rate r and the value of assets owned by
French people in France AFr−Fr , while the capital incomes earned abroad depend
on the exogenous world interest rate r Row, the exchange rate ε and the value of assets
owned by French people in the rest of the world AFr−Row. We consider two types of
transfers from the government: transfers �ms that affect the labor incomes (and thus
the labor market choices), the value of which is fixed at the level determined in the
microsimulation model, and transfers � that do not affect individual labor choices
that are treated as exogenous.

The disposable income is computed as the difference between the gross income
and taxes on labor and capital incomes:

Ydisp � Ygross − T axlab − τcap · r · P I · AFr−Fr



A Micro-Macro Simulation Model Applied to the French Economy … 215

In particular, the value of the taxes on labor incomes T axlab is fixed at the level
determined in the microsimulation model, while taxes on capital incomes are sup-
posed to be proportional to the capital incomes earned, where τcap is the tax rate on
capital incomes.

The budget constraint implies that the difference between the disposable income
and the consumption of goods and services represents private savings SH :

SH � Ydisp −
∑

i

PCi · Ci

(b) Government budget constraint

Government revenues come from direct taxes on labor and capital incomes, indirect
taxes on production and on the value added, and social contributions on employers
and employees, while government expenditures are represented by the total public
expenditure G, interests on the public debt B and transfers to households �ms and
�. The difference between government revenues and expenditures determines public
savings SG :

SG �
∑

i

τyi · Ph
i · Y h

i

+
∑

i

τV AT,i · [
Ph

i · (
Ch

i + I h
i + Gh

i

)
+ P Ez

i · (
C Ez

i + I Ez
i + G Ez

i

)

+P Row
i .ε.

(
C Row

i + I Row
i + G Row

i

)]

+ T axlab + τcap · r · P I · AFr−Fr +
∑

i

w · (
cotpatr + cotempl

) · Li

− (PG · G + r · B + �ms + �)

(c) Balance of payments

The balance of payments states that the current account surplus plus the capital
account surplus must be equal to zero. In particular, the current account surplus is
given by the net exports plus the net factor incomes from the rest of the world, while
the capital account surplus is given by the net capital inflows, i.e. the difference
between the flow of foreign assets to France �ARow−Fr and the flow of domestic
assets to the rest of the world �AFr−Row:

[∑
i

Ph
i · (

E Ez
i + E Row

i

)] −
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]

+
[
wEz · L Fr−Ez + r Row · ε · AFr−Row

]

− [
w · (

1 − cotempl
) · L Row−Fr + r · P I · ARoW−Fr

]
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+ P I · (�ARow−Fr − �AFr−Row) � 0

Given that the real exchange rate is assumed to be exogenous and given that the
flow of domestic assets to the rest of the world �AFr−Row is determined by the
optimal asset allocation (see Sect. 2.2.4) the balance of payments determines the
flow of foreign assets to France �ARow−Fr .

2.2.4 Optimal Asset Allocation

We assume that the representative agent has to choose, at the beginning of the period,
how to allocate his (exogenous) initial wealth AFr between investments in France
AFr−Fr and abroad AFr−Row. We suppose that the two alternatives are not perfect
substitutes and that the optimal allocation depends on the ratio between the rates of
return on the two assets. In particular, the rate of return on assets invested in France
is the (net of depreciation) marginal productivity of capital r , while the rate of return
on assets invested abroad is given by the sum between the foreign interest rate r Row

and the percentage variation of the exchange rate, i.e. ε−ε(−1)
ε(−1) .

The total wealth owned by the representative agent at the beginning of the next
period AFr (+1), that is given by the initial total wealth AFr plus private savings SH ,
must be also allocated between assets invested in France AFr−Fr (+1) and abroad
AFr−Row(+1), on the basis of the expected ratio between the rates of return. Here,
we consider extrapolative expectations implying that the expected rate of return on
assets invested in France is fixed at the (net of depreciation) marginal productivity
of capital of the first period; the expected foreign interest rate is fixed at the level of
the first period; and the expected percentage variation of the exchange rate is fixed
to zero.

The allocation of the total wealth in the two periods allows us to determine the
flow of domestic assets to the rest of the world �AFr−Row which affects the balance
of payments.

2.2.5 Equilibrium Conditions

For each sector i , domestic prices Ph
i adjust in order to guarantee the equilibrium

between the quantity produced Yi and the domestic and foreign demands:

Yi � Xh
i + E Ez

i + E Row
i

In the labor market, the total labor demanded by all sectors
∑

i Li must be equal to
the sum between the quantity of labor supplied by French people (that depends on the
quantity of labor, determined in the microsimulation model, that French people want
to supply L Fr−Fr , and on the unemployment rate u) and the (exogenous) quantity of
labor supplied by foreign people L Row−Fr :
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∑
i

Li � L Fr−Fr · (1 − u) + L Row−Fr

In the capital market, the total capital demanded by all sectors
∑

i Ki and by the
government B must be equal to sum between the capital supplied by French people
AFr−Fr (that depends on the optimal asset allocation choice) and the (exogenous)
capital supplied by foreign people ARow−Fr :

∑
i

Ki + B � AFr−Fr + ARow−Fr

This equation determines the equilibrium domestic rate of remuneration of
capital r .

Finally, the numéraire chosen is the domestic price index. Thus, the exchange rate
ε represents the real exchange rate implying that themacroeconomic shock simulated
in this paper is a depreciation of the real exchange rate.

2.2.6 Macro Closure

The macroeconomic equilibrium condition states that aggregate investments must
be equal to aggregate savings (i.e. the savings of the representative agent, of the
government and with respect to the rest of the world):

P I · I � SH + SG + P I · (�ARow−Fr − �AFr−Row)

The neoclassical closure, that is the most frequently used in general equilib-
rium models, implies that investments are savings-driven, i.e. the macroeconomic
equilibrium condition determines the level of aggregate investment. The use of the
neoclassical closure implies that a shock which increases the value of a component
of the aggregate demand (for example, an increase in the current account induced by
currency devaluation) produces a strong and unreasonable negative effect on invest-
ments, while the effect on the GDP is quite negligible since GDP is determined by the
supply of productive factors that are supposed to be fully employed in the economy.
Thus, currency devaluation can stimulate real GDP only by removing the hypothe-
sis of full-employment of production factors and by assuming that the involuntary
unemployment is provoked, according to the Keynesian view, by the weakness in
aggregate demand.

With respect to the neoclassical closure, the Keynesian closure consists to fix the
level of investments at a predetermined level (see Álvarez-Martínez and Polo 2012)
and to endogenize the unemployment rate. The unemployment rate is then determined
in order to satisfy the macroeconomic equilibrium condition between investments
and aggregate savings, implying that aggregate production is demand-driven. In
particular, and in contrast to neoclassical models, the macroeconomic equilibrium
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Table 2 Estimation results of the investment function on French data from 1949 to 2012

Coefficient Std. Error t-Statistic Prob.

Constant −116.769 10.220 −11.425 0.000

GDP 0.581 0.042 13.914 0.000

Detrended CONS −0.428 0.185 −2.321 0.024

Detrended G −0.315 0.157 −2.009 0.049

DetrendedCA −0.910 0.187 −4.860 0.000

R-squared 0.998

Adjusted
R-squared

0.997

may be an under-unemployment equilibrium, implying that unemployment appears
in the case in which the level of the aggregate demand is insufficient.

However, even the Keynesian closure presents a major shortcoming since the
reduction in the unemployment rate produced by the currency devaluation simulated
in our paper would be excessively high. This is why we chosen to use a closure
rule which is between the neoclassical and the Keynesian ones (Magnani 2015).
The idea is the following: with a neoclassical closure, in which investments are
savings-driven, an increase in the current account produces a crowding-out effect on
investmentswhich compensates the positive effect on the current account; in contrast,
with a Keynesian closure, the same shock produces no effects on investments (since
they are fixed at a given value) and a positive effect on real GDP due to the reduction
in unemployment. The closure rule used in our model consists in introducing an
investment function which takes into account the (partial) crowding-out effect on
investments produced by a change in the components of the aggregate demand. In
particular, using yearly French data from1946 to 2012 provided by Insee,we estimate
the following investment function:

I � α0 + α1 · G D Preal + α2 · �C + α3 · �G + α4 · �C A

Theprevious equation implies that investments dependon the realGDP, the change
in aggregate consumption�C , the change in public expenditures�G, and the change
in the current account �C A. The detrended variables �C , �G and �C A are con-
structed using a HP filter with a smoothing parameter equal to 100. The estimation
results, reported in Table 2, show that an increase in each component of the aggregate
demand produces a crowding-out effect on investments. However, the crowding-out
effect is only partial, i.e. it is lower than that obtained using a neoclassical closure.
The introduction of this investment function allows us to build a CGE model with a
macro closure that is between the neoclassical and the Keynesian ones. This implies
that real devaluation, which permits to improve the current account, provokes a par-
tial crowding-out effect on investments. Thus, the aggregate demand increases and
the unemployment rate, determined in order to guarantee the equilibrium between
aggregate savings and aggregate investments, decreases.
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Table 3 Fiscal instruments simulated in SYSIFF 2006

Social contributions and VAT Income tax, local taxes and public benefits

Employer social contributions Deductions

Assurance Maladie/Solidarité Retraites complémentaire volontaire

Assurance Vieillesse Plafonnée Frais réels

Assurance Vieillesse Déplafonnée Abattement général

Allocation Familiales Déductions Enfant

FNAL Déductions Ascendants

Allocation Chômage Pertes en capital

Retraites Complémentaire

AGFF Income tax

Régime de Prévoyance Cadres Foyer fiscal

Versement Transport Impôt sur le Revenu

Réduction Fillon

Tax credits

Employee social contributions Contribution non profit

Assurance Maladie/Solidarité Assurance décès-sante

Assurance Vieillesse Plafonnée Prestation compensatoire

Assurance Vieillesse Déplafonnée Personnes âgées dépendantes

Allocation Chômage Salarié à domicile

Retraites Complémentaires Garde d’enfants

AGFF Frais de scolarisation

Assurance Santé extra/complémentaire Comp. Taxe Carbone

CAPS (Capital) Réduction d’impôts DOM

Prélèvement Social (Capital) Prime pour l’emploi

Allocations Familiales (self empl.)

Formation professionnelle (self empl.) Local taxes

Assurance Maladie (self empl.) Taxe Habitation

Assurance Invalidité décès (self empl.) Taxe Foncière sur le non-bâti

Assurance Vieillesse (self empl.) Taxe Foncière sur le bâti

Régime d’Indemnités Journalières (self empl.)

Public benefits

Special contributions AF—Allocations Familiales

CSG PAJE—Prestation d’Accueil du Jeune Enfant

CRDS (a) Child born before 01-01-2004

APE (Allocation Parental d’Education)

VAT APJE (Allocation Pour Jeune Enfants)

Food AAM (Aide Assistant Maternelle)

(continued)
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Table 3 (continued)

Social contributions and VAT Income tax, local taxes and public benefits

Beverages (b) Child born after 01-01-2004

Clothing Prime à la Naissance

Energy AB (Allocation de Base)

Furniture CLCA (Complément de Libre Choix
d’Activité)

Household appliance Paje Emploi

Housing (products) CFAM—Complément Familial

Health API—Allocation Parent Isolée

Transports ARS—Allocation Rentrée Scolaire

Communications Prime de Déménagement

Amusements Minimum Vieillesse

Books and newspapers Aide au Logement

Cinema RMI (Revenu Minimum d’Insertion)

Museums RSA (Revenu de Solidarité Active)

Leisure

Teaching

Meals

Beauty

Other goods

2.3 The SYSIFF 2006 Microsimulation Model

SYSIFF 2006 is a microsimulation model for the French fiscal system which inte-
grates the arithmetical simulation model with two behavioral models concerning
consumption and labor supply decisions. SYSIFF 2006 is a microsimulation model
in the sense that it is based on a microeconomic dataset concerning a sample of fami-
lies representative of the French population on which simulations can be performed.
The micro dataset used in our paper is the Budget de Familles 2006 (from now on
BDF2006) by Insee. It has been chosen in virtue of the fact that it is the only dataset
available in France with sufficient information to perform all computation required
by a complex fiscal system as the French one. Moreover, it includes data on family
expenditure on goods and services and the labor supply of households’ members.
This information is fundamental for the estimation of the demand system and labor
supply functions necessary to integrate micro-level behavioral responses within the
Micro-Macro model.
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Table 4 Heckman estimation for salaries

Single Married

Female Male Female Male

Log of hourly wage

Age 0.025* 0.037** 0.046*** 0.035***

Age squared 0.000 0.000 0.000*** 0.000***

Primary
education

0.020 −0.090 −0.050 −0.023

Secondary
education

0.059 0.128 0.075 0.150***

Cap/Bep 0.051 0.110* 0.101** 0.135***

University 0.196** 0.253*** 0.266*** 0.235***

Superior
education

0.246*** 0.248*** 0.351*** 0.246***

Immigrant −0.027 −0.133** −0.094** −0.063**

Ile-de-France 0.095 0.051 0.066 0.110**

Public sector 0.101*** 0.084* 0.126*** 0.011

White collar 0.342*** 0.406*** 0.307*** 0.406***

Constant 1.344*** 1.200*** 0.791*** 1.171***

Selection

Age 0.121*** 0.027 0.073*** −0.001

Age squared −0.001*** 0.000 −0.001*** 0.000

Primary
education

0.552** −0.055 0.237 −0.042

Secondary
education

0.704*** 0.105 0.147 0.476**

Cap/Bep 0.675*** 0.622*** 0.303*** 0.184

University 1.231*** 0.194 0.686*** 0.276**

Superior
education

1.358*** 0.423 0.726*** 0.468***

Immigrant −0.344* −0.609*** −0.656*** −0.580***

N. children
[0–2]

−0.347 −1.493 −0.459*** −0.206**

N. children
[3–6]

−0.243*** 2.961 −0.255*** 0.027

Bad health −0.977*** −1.297*** −0.425*** −0.764***

Non-labor
incomes

−0.081*** −0.077*** −0.015*** −0.044***

Ile-de-France 0.498 0.371 −0.086 0.083

Constant −1.694* 1.397 −0.238 2.000**

ρ −0.018 0.008 0.236*** −0.027
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2.3.1 The Arithmetical Model

The first element of SYSIFF 2006 is the arithmetical model which includes a collec-
tion of algorithms and parameters that allow to compute, for each family, the amount
of direct and local taxes, social contributions, and social benefits received, within
a given fiscal system. As discussed in Sect. 2.3.2, singles (women and men) and
married women can choose whether not to work, to work 50% part time (18 h per
week), 80% part time (28 h per week), or full time (36 h per week). Married men can
only choose whether not to work or to work full time (36 h per week). For each labor
supply alternative, the arithmetical model computes, for one family at a time, the
labor income (which depends on the level of the equilibrium wage determined in the
CGEmodel) and the value of all fiscal instruments.6 The disposable income, for each
labor supply alternative, is given by the labor income minus taxes and contributions,
plus the transfers from the government. Consequently, when a shock is introduced
in the model, the CGE model determines the effect on the equilibrium wage and
the arithmetical model determines, at the family level, the effect on the disposable
income for each labor supply alternative. This information is then transmitted to the
labor supply behavioral model.

2.3.2 The Labor Supply Behavioral Model

The second element of SYSIFF2006 is the behavioralmodel concerning labor supply.
This model allows to determine the effect of a shock on the quantity of labor supplied
by each family. In particular, this effect depends on the change of the equilibrium
wage determined in the CGE model and on the estimated reaction of labor supply to
a change in the disposable income. This is why, in this section, we firstly describe
how labor supply is estimated and, secondly, how the behavioral model is used to
evaluate the effect on labor supply at the family level.

A standard way to estimate labor supply is to consider that individuals choose the
optimal number of hours worked in order to maximize their well-being under a time
and budget constraint. However, the non-linearity and non-convexity of the budget
constraint, due to the characteristics of the tax system, implies the impossibility to
derive an explicit solution to this standard utility maximization problem. For this
reason, the best option for estimating labor supply behavior is that of discrete choice
models à la Van Soest (1995). This approach allows to directly estimate the utility
function parameters without the need of a Marshallian labor supply function. In
particular, discrete choice models have the advantage of capturing behavioral change
in corner solution, accounting for market rigidities and avoiding the computational
and analytical difficulties arising from non-linear and non-convex budget constraints,
since the budget constraint depends on the disposable income which is computed by
the arithmetical model and is introduced directly into the utility function.

6The list of fiscal instrument modeled in SYSIFF 2006 is reported in Table 3.
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The analysis of the distribution of the work alternatives has lead to the choice
of four work alternatives for singles and married women (not to work (0 h), 50%
part time (18 h), 80% part time (28 h), and full time (36 h)) and two alternatives for
married men (not to work (0 h), and full time (36 h)).7

The estimates of labor supply are performed on a sub-sample of potential wage
earners8 separately for single men, single women and couples. We consider four
alternatives for singles and eight alternatives for couples, and we assume that singles
and couples choose the alternative thatmaximizes their utility. In particular, for single
men ( j � 1), single women ( j � 2) and couples ( j � 3), we define a utility function
for each labor supply alternative s depending on individual (or family) characteristics
X j,k and on the disposable income (provided by the arithmetical model for each
alternative) yi,s ,9 as follows:

U j,s �
∑

k

αk,s · X j,k + β j · lnyi,s + ε j,s

With respect to the standardmodel proposed byVanSoest (1995),which implicitly
assumes that non-working people choose not to work, we consider that unemploy-
ment may be involuntary, as in Magnac (1991), Bingley and Walker (1997), and
Haan and Uhlendorff (2013). Our micro dataset allow us to identify involuntarily
unemployed by checking if individuals perceive an unemployment benefit (alloca-
tion chômage) that is given only to people who are actively searching for a job. In
our sample, 19.7% of individuals do not work and 6.3% of the sample is involuntar-
ily unemployed, implying that the unemployment rate is 7.3%. Involuntary unem-
ployment is introduced by randomly assigning (respecting the actual distribution of
observed choices) a choice among thework alternatives to involuntarily unemployed.
Thus, involuntarily unemployed choose to work but, given the constraints in the labor
market, cannot find a job.

The discrete choice labor supply models (for single men, women and couples)
are estimated using a Multinomial Logit regression by also taking into account the
fictitious choice of the involuntarily unemployed. Tables 5 and 6 report the estimated
parameters for singles and couples respectively. Themost relevant parameter in these
estimates is the income parameter, which is expected to be positive and significant.
This is so for single women and couples, while for single men it is not significantly

7Clearly, not everybody chose one of these options, so we set-up intervals within which the assigned
choice is one of these. 0 h is reserved to non-working people, 50% part time is for people working
less than 23 h per week, 80% part time is for people working 23 to 33 h per week, and full-time
work is for those working more than 33 h per week.
8We exclude from the sample self-employed, retired people, individuals with less than 25 years or
over 60 years.
9In order to compute the disposable income for the non-observed alternatives it is necessary to
generate a potential salary for the unemployed. Potential salaries are generated from the estimation
of the wage equation using the Heckman correction model (Heckman 1979). The estimation results
are reported in Table 4.
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different from zero, probably due to the fact that the vast majority of single men are
full-time workers.10

We then estimate the probability of not being involuntarily unemployed, using
a Probit model. The estimation results are as expected since the probability of not
being involuntarily unemployed significantly increaseswith age and education,while
it decreases if the person is an immigrant or if he is in bad health conditions. Living
in Paris has a positive but not significant impact on the probability of not being
involuntarily unemployed.

After the description of the estimation of labor supply, we now describe how the
behavioralmodel is used to evaluate the effects of a shock on labor supply.Aswe have
already said, when a shock is introduced in the model, the CGE model determines
the effect on the equilibrium wage and the arithmetical model determines, at the
family level, the effect on the disposable income for each labor supply alternative.
The labor supply behavioral model receives this information and determines for
each single woman and man and for each couple the optimal labor supply choice,
i.e. the alternative that maximizes the utility level. The optimal choice depends on
the change in the disposable income for each alternative, on the estimated reaction
of labor supply to a change in the disposable income, and on the value of the error
terms.11 However, the optimal choice determined here may be fictitious. In fact,
an individual may choose to work but not find a job. The CDF of the predicted
probabilities of not being involuntarily unemployed allows to rank individuals and,
thus, is used to determine the unemployment status of each individual which depends
on the level of unemployment determined at the macro level using the CGE model.
Thus, the ranking in the CDF allows to identify the individuals who find a job (if,
at the national level, the unemployment rate decreases) or the individuals who lose
their job (if, at the national level, the unemployment rate increases).

Next, it is possible to compute, at the family level, the labor income, the value of all
fiscal instruments and, thus, the disposable income. Remember that the arithmetical
model determines the value of these variables for each labor supply alternative and
that an individual, even if his/her optimal choice is to work, may not find a job. Thus,
the level of these variables corresponds to the level (determined in the arithmetical
model) for the alternative chosen in the behavioral model, and considering whether
the individual is or is not involuntarily unemployed. The effect on the disposable
income for each family is transmitted to the consumption behavioral model.

Finally, it is possible to aggregate (i) the behavior concerning labor supply, i.e.
to compute the total quantity of labor supplied by all families and (ii) the amount of
employees’ and employers’ contributions, of income taxes, and of transfers from the
government. The effects on these variables are transmitted to the CGE model.

10Once the model is estimated the correct prediction is quite large: 88% for single men, 72% for
single women and 53% for couples.
11For each alternative and for each single and couple, we have generated 300 extreme-value dis-
tributed stochastic terms, conditioned on the observed choice. The 300 extractions ensure the sta-
tistical properties of labor supply predictions once a shock modifies the disposable income for each
labor supply alternative.
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2.3.3 The Consumption Behavioral Model

The third element of SYSIFF 2006 is the behavioral model concerning consumption.
As for labor supply, we first describe the estimation procedure and, then, how this
behavioral model is used to evaluate the effects on consumption.

The estimation of consumption demand is based on theAlmost IdealDemand Sys-
tem proposed by Deaton andMuellbauer (1980) and extended by Banks et al. (1997)
with the introduction a quadratic income term in the demand functions that fulfill the
necessity of having a higher rank demand system which is useful when Engel curves
are non-linear. Along with the quadratic extension, we also introduce demographic
heterogeneity through an income translating function, firstly introduced by Gorman
(1976). To comply with homogeneity properties required by consumption theory, i.e.
to respect linear homogeneity and Slutsky symmetry, the demand system is subject
to a set of a priori restrictions on the parameters. The system of demand equations is
simultaneously estimated by Full Information Maximum Likelihood and using the
generalized Heckman procedure to correct for zero expenditures (Shonkwiler and
Yen 1999).

The demand of good i , in terms of budget share ωi , is specified as follows:

ωi � αi +
∑

r

τir ln dr +
∑

j

γi j ln p j + βi
(
ln y∗ − ln a ( p)

)
+

λi

b ( p)

(
ln y∗ − ln a ( p)

)2

with:

ln y∗ � ln y −
∑

i

∑
r

τir ln dr ln p j

ln a ( p) �
∑

i

αi ln pi +
1

2

∑
i

∑
j

γi j ln pi ln p j

ln b ( p) �
∑

i

βi ln pi

where d is the vector of demographic characteristics, p is the vector of prices, and
y is the total expenditure in consumption which is assumed to be proportional to the
disposable income. The preference parameters to be estimated are αi , βi , γi j , λi and
τir . To respect linear homogeneity and Slutsky symmetry the following restrictions
are imposed:

∑
i

αi � 1;
∑

i

βi � 0;
∑

i

λi � 0;
∑

i

τir � 0 for all r

∑
i

γi j � 0 for all j ;
∑

j

γi j � 0 for all i ; γi j � γ j i for all i and j

The dataset used for the estimation is BDF2006. After eliminating a few outliers,
families with negative expenditures or negative total expenditure, the sub-sample
consists of 10125 families, which is more than 99% of the original sample. To be con-
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sistent with the CGE model, consumption goods are aggregated into 11 categories:
food, drinks, tobacco, clothing, housing, health care, transport/energy, communica-
tion, leisure, food out of home, and other goods. The demographic characteristics
included in d are: household size, age of the household head, number of children
with less than 3 years, number of children aged between 3 and 6, if living in a city
with more than 100 thousands inhabitants, if the household head is married, if the
household head is self-employed and if the household head is a manager.

The estimation results, reported in Table 7, show that most parameters of the
demand system are significantly different from zero and with expected signs. In
addition, self-selection bias due to zero expenditure is detected (and corrected) for
almost all goods. The signs of income and uncompensated price elasticities, reported
in Table 8 for the average family, are as expected and consistent with consumption
theory requirements.

After the description of the estimation of consumption demand, we now describe
how the behavioral model is used to evaluate the effect of a shock on consumption.
As we have already said, when a shock is introduced in the model, the CGE model
determines the effect on the equilibrium prices of the goods and services and the
labor supply behavioral model determines, at the family level, the effect on the
disposable income. The consumption behavioral model receives this information
and determines, at the family level, the optimal level of consumption for each type
of good. This optimal choice depends on the change in the disposable income, on
the change on the price of each good, and on the estimated value of the elasticity of
consumption demand with respect to income and prices.12

Finally, it is possible to aggregate the behavior concerning consumption, i.e. to
compute the total quantity demanded by all families and for each type of good. The
effect on the total quantity of consumption for each type of good is transmitted to
the CGE model.

2.4 Micro and Macro Models’ Integration

First of all, the macro CGE model is used to simulate a shock or a policy reform. In
the CGE model, labor supply, the consumption of goods and services, employees’
and employers’ contributions, income taxes, and transfers from the government are
exogenously fixed at the initial level. The CGE model permits to quantify the macro
effects on:

• The equilibrium prices for each type of goods and services.
• The equilibrium wage.
• The unemployment rate.

12The consumer reaction is evaluated by considering family specific elasticities rather than average
elasticities.
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Then, the previous macro effects are introduced into the arithmetical component
of SYSIFF 2006 which determines for each labor supply alternative and for each
individual:

• The income and local taxes.
• The employees’ and employers’ contributions.
• The transfers from the government.
• The disposable income.

Then, the effects on the disposable income for each labor supply alternative and
the effect on the unemployment rate (obtained in the CGE model) are introduced
into the labor supply behavioral model which determines for each individual:

• The optimal quantity of labor supplied.
• Whether he/she finds a job or is involuntarily unemployed.
• The value of:

– The income and local taxes.
– The employees’ and employers’ contributions.
– The transfers from the government.
– The disposable income.

Then, the effects on the disposable income and on the equilibrium price for each
type of goods and services (obtained in the CGE model) are introduced into the
consumption behavioralmodelwhich determines for each family the optimal demand
for each type of goods and services.

Then, the results obtained at the micro level are aggregated in order to compute
the percentage change in:

• The total quantity of labor supplied.
• The total demand for each type of goods and services.
• The total amount of employees’ and employers’ contributions.
• The total amount of income taxes.
• The total amount of transfers from the government.

Then, these aggregate effects obtained at the micro level are introduced into the
macro CGE model. The CGE model is solved using these new exogenous levels and
determine the new macroeconomic effects, as in the first step.

The previous steps are repeated until a fixed point is reached, i.e. until the changes
determined at the macro and micro levels, from one iteration to another, are suffi-
ciently small.

3 Simulation Analysis

In this section we analyze the effects of a real depreciation of the Euro by 10%.
We first analyze the macroeconomic effects, both on the whole economy and at the
sectoral level, and then the microeconomic effects.
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Table 9 Aggregate effects of a 10% real depreciation of the Euro on international trade

Real terms Nominal terms

Exports (Variation in %) 3.3 3.5

Exports (Eurozone) (Variation in %) 1.3 1.6

Exports (Rest of the
world)

(Variation in %) 5.5 5.7

Imports (Variation in %) −6.8 −1.9

Imports (Eurozone) (Variation in %) 2.7 4.3

Imports (Rest of the
world)

(Variation in %) −16.5 −8.2

Current Account /
GPD

(Variation in p.p.) 2.7 1.4

3.1 Macroeconomic Effects

3.1.1 Macroeconomic Effects on the Whole Economy

The direct effect of a real depreciation of the Euro concerns international trade. In
particular, Table 9 shows that exports, at constant prices, increase by 3.3% while
imports, at constant prices, decrease by 6.8%. The effects in nominal terms, i.e. in
terms of the numéraire, are obviously less positive since the Euro’s depreciation
implies an increase in the price of imports from the non-Eurozone. In nominal terms,
imports decrease by 1.9%, while exports increase by 3.5%. The impact on the current
account at constant prices is positive and quite important: with respect to GDP, the
current account passes from a deficit of 0.5% before the shock to a surplus of 2.2%
after the depreciation. Thus, the ratio of the current account to GDP increases, in real
terms, by 2.7 p.p.

Table 10 shows the main macroeconomic results. The increase of the current
account in real terms stimulates the aggregate demand. Given themacro closure used,
the macroeconomic equilibrium between investments and savings is guaranteed by a
change in the unemployment rate. In particular: (i) Private consumption at constant
prices is negatively affected by the increase in the consumer price index (+0.5%),
but positively affected by the reduction in the unemployment rate. The private saving
rate increases by 1.3 p.p. (ii) Government savings decrease, at constant prices, and
the ratio between the public deficit and GDP increases by 0.7 pp given that (a)
the aggregate public expenditure, that is supposed to be proportional to real GDP,
increases by 0.7%, (b) total direct taxation decreases by 0.5%,13 and (c)VAT revenues
decrease by 2.3% due to the reduction in imports from the rest of the world. (iii)
Savings with respect to the rest of the world are affected by (a) the flow of domestic

13This result is explained by the reduction in wages expressed in terms of the numéraire. Due to the
progressivity of the French fiscal scheme, this negative effect dominates the positive effect related
to the increase in employment.
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Table 10 Aggregate effects of a 10% real depreciation on the main macroeconomic variables

Real GDP (Variation in %) 0.7

Unemployment rate (Variation in p.p.) −2.0

Labor (Variation in %) 2.2

Capital (Variation in %) −0.8

Real wage (Variation in %) −2.0

Real rate of remuneration of
capital

(Variation in p.p.) 0.0

Consumer price index (Variation in %) 0.5

Private consumption (Variation in %) 0.2

Investments (Variation in %) −10.8

Government expenditure (Variation in %) 0.7

Private saving rate (Variation in p.p.) 1.3

Public deficit/GDP (Variation in p.p.) 0.7

Flow of domestic assets to
RoW

(Variation in %) 2.4

Flow of foreign assets to
France

(Variation in %) −3.5

assets to the rest of the world (+2.4%) determined by the portfolio decision made by
French people to invest in France or abroad and (b) the flow of assets from the rest
of the world that equilibrates the balance of payments (−3.5%). (iv) Investments,
determined by a specific investment function, are negatively affected by the increase
in consumption, in government expenditures and in the current account (−10.8%).
Nevertheless, as analyzed inSect. 4, it is important to note that the crowding-out effect
on investments is less important than it could be by using a standard neoclassical
closure. The macroeconomic equilibrium between investments and savings requires
an important reduction in the unemployment rate, from 8.8 to 6.8% (−2.0 p.p.).
Although the quantity of labor that workers want to supply decreases by 0.04%
given the reduction in the real wage (−2%), total employment increases by 2.2%
thanks to the reduction in the unemployment rate.

Finally, the decrease in the unemployment rate produces a positive effect on the
real GDP that increases by 0.7%.

3.1.2 Macroeconomic Effects by Sectors

As we have already said, the direct effect of depreciation concerns imports and
exports. Obviously, the effect at the sectoral level depends on its exposure to inter-
national trade. Table 11 presents, for each sector, the size of imports (with respect to
the total demand of domestic and foreign goods) and the size of exports (with respect
to the total production). Seven sectors (energy, mineral products, textile, mechanic
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Table 11 Size of imports and exports (total, vs. Eurozone, vs. rest of the world)

M/(M+X)
(%)

MEU/M
(%)

MROW/M
(%)

E/(E+X)
(%)

EEU/E
(%)

EROW/E
(%)

Y/GDP
(%)

1 Food 13.9 63.0 37.0 14.5 66.8 33.2 6.8

2 Beverage 9.0 53.8 46.2 24.5 37.9 62.1 2.2

3 Tobacco 13.1 83.3 16.7 3.3 51.8 48.2 0.4

4 Energy 29.5 27.0 73.0 11.2 56.7 43.3 5.5

5 Mineral products 46.5 57.7 42.3 45.7 48.7 51.3 3.2

6 Textile 45.5 38.5 61.5 37.1 47.5 52.5 1.7

7 Housing 22.5 53.3 46.7 18.9 47.4 52.6 2.8

8 Mechanic industry 34.9 53.7 46.3 36.6 46.7 53.3 3.0

9 Electric industry 54.6 34.5 65.5 51.3 47.7 52.3 2.9

10 Metallurgy 34.0 69.1 30.9 32.4 61.4 38.6 3.2

11 Health 6.5 51.1 48.9 9.9 50.5 49.5 10.1

12 Construction 0.0 0.0 0.0 0.0 0.0 0.0 7.1

13 Transports 40.0 51.1 48.9 43.2 50.5 49.5 7.5

14 Hotels and
restaurants

0.0 0.0 0.0 0.0 0.0 0.0 2.3

15 Leisure 17.3 72.7 27.3 18.8 59.2 40.8 7.7

16 Communications 3.0 51.2 48.8 5.1 54.2 45.8 1.8

17 Public administration 0.0 0.0 0.0 0.0 0.0 0.0 4.8

18 Non-financial
services and R&D

3.8 51.2 48.8 3.6 54.2 45.8 21.9

19 Financial services 2.8 51.2 48.8 3.9 54.2 45.8 5.0

industry, electric industry, metallurgy, and transports) are exposed to international
trade, while three sectors are completely closed to international trade (construction,
hotels and restaurants, and public administration).14 The table also indicates the part
of imports and exports with respect to the Eurozone and to the rest of the world. In
the last column, we indicate the weight of each sector in terms of production with
respect to the production at national level.

Table 12 shows that the real depreciation of the Euro strongly reduces imports
of tradable sectors from the rest of the world (energy −12.2%, mineral products
−16.3%, textile −19.4%, mechanic industry −23%, electric industry −17.5%, met-
allurgy −22%, and transports −13.9%), that are only partially replaced by imports
from the Eurozone, and stimulates exports toward the rest of the world.

Table 13 indicates other macroeconomic effects at the sectoral level, concerning
the production level, labor and capital demand, consumption and investment. In
particular, the real depreciation of the Euro induces a significant increase in the
production of tradable sectors (energy +2%, mineral products +2.6%, textile +4.7%,

14A sector is defined as exposed to international trade if imports represent more than 25% of total
demand or exports represent more than 25% of total production.
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Table 12 Sectoral effects on international trade (variations in %)
Exports Exports

(Eurozone)
Exports (Rest
of the World)

Imports Imports
(Eurozone)

Imports (Rest
of the World)

1 Food 2.3 1.0 4.8 −5.2 2.7 −18.6

2 Beverage 3.5 1.1 5.0 −6.1 0.8 −14.1

3 Tobacco 3.0 0.8 5.2 −1.3 1.2 −13.6

4 Energy 2.4 1.2 4.1 −7.2 6.1 −12.2

5 Mineral products 3.0 1.5 4.4 −5.3 2.7 −16.3

6 Textile 3.6 2.0 5.2 −9.2 6.9 −19.4

7 Housing 3.2 1.3 5.0 −9.1 −0.5 −19.0

8 Mechanic industry 3.2 1.4 4.8 −10.8 −0.3 −23.0

9 Electric industry 3.4 1.9 4.8 −9.9 4.6 −17.5

10 Metallurgy 2.6 1.2 4.7 −5.1 2.4 −22.0

11 Health 3.1 0.9 5.2 −2.8 9.0 −15.1

12 Construction

13 Transports 2.7 1.4 4.1 −6.5 0.6 −13.9

14 Hotels and restaurants

15 Leisure 2.7 1.0 5.1 −3.6 2.1 −18.6

16 Communications 2.8 1.0 4.8 −7.3 2.0 −17.0

17 Public administration

18 Non-financial services
and R&D

2.8 0.9 5.0 −7.4 3.4 −18.9

19 Financial services 2.8 0.9 5.1 −7.6 3.1 −18.8

electric industry +3.1%, metallurgy +1.3%). The production level of the construction
sector is dramatically reduced (−8.9%) due to the strong fall in investments.15

The effects on sectoral prices are reported in Table 14. In particular the domestic
price, for each sector, is endogenously determined to guarantee the equilibrium in
the domestic market, while the foreign price is computed as the weighted average
between the price in the Eurozone and the price in the rest of the world, both affected
by the real depreciation of the Euro. We also compute the total effect on the price
level for each sector, computed as the weighted average between the domestic and
the foreign prices, that is then sent to the microsimulation model and affects the
individual consumer behavior. The most important increases in prices are observed
in sectors that are more exposed to international trade: energy +2%, mineral products
+1.8%, textile +2.3%, electric industry +3.3%, and transports +3.1%.

15Note that this negative effect is coherent with the evolution of the construction sector in the early
years of the introduction of the Euro. In fact, between 1999 and 2005, the size of the construction
sector has significantly increased in the Eurozone. In particular, in this period, the contribution of
the construction sector to the total value added has increased by 11% in the Eurozone and, more
specifically, by 13% in France, by 39% in Ireland, by 18% in Italy, and by 72% in Spain. In contrast,
it has decreased by 27% in Germany. Thus, our simulation results suggest that the increase in the
size of the construction sector is partly explained by the real appreciation of the Euro during this
period.
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Table 13 Sectoral effects on macro variables (variations in %)
Production Labor Capital Consumption Consumption Investments

(MS sectors) (CGE
sectors)

1 Food 0.7 2.5 0.7 0.0 −10.5

2 Beverage 0.2 2.2 −0.2 −1.7

3 Tobacco 0.6 2.2 −0.2 0.5 −10.3

4 Energy 2.0 6.3 3.6 0.3 −12.6

5 Mineral products 2.6 5.7 3.3 0.5 −11.1

6 Textile 4.7 6.6 3.9 0.5

7 Housing −1.0 1.1 −1.4 −1.4 −10.5

8 Mechanic industry −1.1 1.4 −1.1 0.5 −11.1

9 Electric industry 3.1 5.8 3.1 0.8 −11.9

10 Metallurgy 1.3 4.1 1.4 −1.0 −10.7

11 Health 0.8 2.5 −0.1 −0.5 −10.2

12 Construction −8.9 −6.3 −8.8 1.1 −10.6

13 Transports 0.6 5.5 2.4 0.2 −11.9

14 Hotels and restaurants −0.3 2.1 −0.4 −2.7

15 Leisure 0.6 2.5 −0.1 −0.1 −10.6

16 Communications −0.3 2.3 −0.3 −0.2

17 Public administration 0.8 2.5 −0.1 1.9

18 Non-financial services
and R&D

−0.8 1.3 −1.3 2.9 −10.4

19 Financial services −0.4 1.4 −1.1 0.4

3.2 Microeconomic Results

The change in real wages affects the disposable income earned by each family and
thus its labor market choices. The change in consumer prices and the change in
the disposable income earned by each family affect the consumption choices con-
cerning the different goods and services. Moreover, a certain number of involuntary
unemployed find a job since, at the macro level, the equilibrium unemployment rate
decreases. This implies that a real depreciation of the Euro, which is a pure macroe-
conomic shock, produces significant effects at the individual level, both in terms of
individual choices and of income distribution.

Table 15 reports poverty and inequality measures for the whole population before
and after the 10% real depreciation of the Euro.16 The most notable result is a reduc-
tion in the number of the poor17 of about 1%, accompanied by a similar reduction
in the intensity of poverty18 (−1.2%). Inequality reduction is small: the Gini index

16Poverty and inequality analysis is carried out by computing equivalent incomes using the OECD
scale.
17An individual is defined as poor if his/her equivalent income is below the poverty line correspond-
ing to the 60% of the median equivalent income.
18The intensity of poverty is defined as themean distance separating the population from the poverty
line, with the non-poor being given a distance of zero.
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Table 14 Sectoral effects on prices (variations in %)
Domestic prices Foreign prices Total

Eurozone Rest of the world Total

1 Food 0.1 0.7 10.0 3.8 0.4

2 Beverage −0.2 0.6 10.0 4.8 0.2

3 Tobacco −0.7 −0.5 10.0 1.2 −0.5

4 Energy 1.6 2.5 10.0 7.8 2.0

5 Mineral products 0.8 2.3 10.0 5.4 1.8

6 Textile −0.5 2.0 10.0 6.6 2.3

7 Housing −0.2 0.9 10.0 4.9 0.6

8 Mechanic
industry

0.1 1.5 10.0 5.1 1.4

9 Electric industry 0.1 2.4 10.0 7.1 3.3

10 Metallurgy 0.3 1.3 10.0 3.7 1.1

11 Health −0.7 −0.3 10.0 4.4 −0.6

12 Construction 0.3 0.8 10.0 0.0 0.3

13 Transports 1.5 2.9 10.0 6.3 3.1

14 Hotels and
restaurants

0.0 0.5 10.0 0.0 0.0

15 Leisure −0.5 0.1 10.0 2.6 −0.2

16 Communications 0.1 0.7 10.0 5.0 0.1

17 Public
administration

−0.6 −0.2 10.0 0.0 −0.6

18 Non-financial
services and
R&D

−0.3 0.0 10.0 4.6 −0.3

19 Financial
services

−0.4 −0.1 10.0 4.5 −0.4

Table 15 Microeconomic effects on income inequality and income distribution

Baseline Shock (%) Variation (%)

Headcount ratio 9.05% 8.96 −1.00

Poverty gap ratio 2.53% 2.50 −1.20

Gini index 0.2909 0.2899 −0.30

10th percentile 6867 6893 0.40

50th percentile 13363 13345 −0.10

90th percentile 24750 24677 −0.30

90th/10th perc. 3.60 3.58 −0.70

reduces by 0.3%, while the average income increases for the first decile and reduces
for the last one, reducing the interdecile ratio by 0.7%.

The reduction in poverty and inequality is substantially explained by the reduction
in involuntary unemployment. Tables 16 and 17 report the change in the labor supply
for singles and couples. 1.4% of previously unemployed singles finds a full-time job,
while 0.3% finds a part-time job. Similarly, for couples, the families in which at least
one member find a full-time job are 1.2%, while in 0.4% of families a previously
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Table 16 Singles’ labor supply reaction

Shock

0 18 24 36 Total

Baseline 0 14.1 0.1 0.2 1.4 15.7

18 0 6.7 0 0 6.7

24 0 0 8.2 0 8.2

36 0 0 0 69.4 69.4

Total 14.1 6.7 8.4 70.8 100

unemployed member finds a part-time job. The number of families that reduce the
labor supply due to the decline of the salary is negligible.

These results imply that the number of families that gain from the shock is limited,
but their average gain is quite substantial. Table 18 reports the number of winners
and losers in terms of disposable income and their average gain and average loss
by family type. In general, results confirm that who wins obtains substantial gains
but that a rather large part of the population suffers from a moderate loss, due to
the slight decrease in equilibrium wages. It is worth noting that the shock benefits
mostly the poor. Almost 9% of the poor win and their gain in terms of disposable
income represents more than 34%. Another group that benefit from the shock is that
composed by singles with children, where about 10% of them gain from the shock
although their gain is slightly lower than for the poor. The group that is less affected
by the shock is that composed by the elderly. Since there is no behavioral variation in
the labor supply and their pension is not affected by the shock, there is no variation
in their conditions.19

Thus, a first look at the aggregate poverty and inequality measures hides a quite
substantial improvement. This is particularly true for poor people, since the reduction
in the unemployment rate permits to some individuals to find a job. On the other side,
the situation deteriorates—but very slightly—for peoplewho have already a job since
the wage level decreases after the shock. At the end, the average gain in terms of
disposable income is very important (+24.1%) for the winners (which represent 2.5%
of the families), while the average loss is quite limited (−1.1%) for the losers (which
represent 36.9% of the families).

Finally, Table 19 reports the effects concerning consumption for each category by
family type. Clearly, part of the variation is driven by the increase in prices, especially
for tobacco and clothing, that had the sharpest price increase, while large income
increases beef up consumption of the poor.

19In France pension benefits and subsidies are indexed to inflation, implying that the increase in
prices obtained in the macro model has no effect on their real income.
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Table 18 Percentage of winners, average percentage gain, percentage of losers and average loss

Family type Winners (%) Average gain
(%)

Losers (%) Average loss
(%)

Net gain (%)

All families 2.5 24.1 36.9 −1.1 0.2

Poor 8.7 34.2 11.6 −0.3 2.9

Single males 3.9 33.0 48.3 −1.1 0.8

Single
females

2.8 14.3 29.2 −1.1 0.1

Singles
without
children

10.2 18.2 63.6 −0.7 1.4

Couples
without
children

1.8 28.6 40.3 −1.1 0.1

Couples with
1 child

3.3 18.8 59.4 −1.2 −0.1

Couples with
2 children

2.9 37.9 65.5 −1.1 0.4

Couples with
3 children or
more

2.3 20.2 61.3 −0.9 −0.1

Elderly (aged
more than 60)

0.0 0.0 0.0 0.0 0.0

4 Sensitivity Analysis

In this section, we present a sensitivity analysis to explore the role of the key element
in the simulation of currency devaluation, i.e. the choice of the macro closure rule.

In this sensitivity analysis, we compare the main results with those obtained using
different macro closure rules. As discussed in Sect. 2.2.6, the macro closure used in
this study can be considered as between the neoclassical and the Keynesian ones.
Herewe simulate the effects of a 10% real devaluation of theEuro using a neoclassical
closure, in which investments are determined by aggregate savings, and a Keynesian
closure, in which investments are fixed at a predetermined value.

As Table 20 shows, using a neoclassical closure, a 10% real devaluation of the
Euro would produce a negative effect on real GDP (−0.6%). This negative result is
explained by the reduction in the stock of capital available in the economy (−0.9%)
which, in turns, is related to the choice of French people to invest abroad. Clearly,
without this effect due to the optimal asset allocation, the effect on the realGDPwould
be negligible since, if aggregate capital is constant and the reaction of labor supply
to a change in the real wage is small, real GDP is only affected by the reallocation of
the production factors across sectors. Thus, in real terms, the positive effect on the
current account (exports increase by 2.6% and imports decrease by 8%) is more than
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Table 20 Sensitivity analysis—Macro closures

Base scenario Neoclassical
closure

Keynesian
closure

Real GDP (Variation in %) 0.7 −0.6 4.6

Unemployment
rate

(Variation in p.p.) −2.0 0.0 −7.9

Labor (Variation in %) 2.2 0.0 8.6

Capital (Variation in %) −0.8 −0.9 −0.8

Real wage (Variation in %) −2.0 −1.5 −3.9

Real rate of
remuneration of
capital

(Variation in p.p.) 0.0 −0.1 0.2

Consumer Price
Index

(Variation in %) 0.5 0.5 0.5

Private
consumption

(Variation in %) 0.2 −0.5 2.0

Investments (Variation in %) −10.8 −14.4 0.0

Government
expenditure

(Variation in %) 0.7 −0.6 4.6

Exports (Variation in %) 3.3 2.6 5.4

Imports (Variation in %) −6.8 −8.0 −3.4

Private saving
rate

(Variation in p.p.) 1.3 0.9 2.6

Public
deficit/GDP

(Variation in p.p.) 0.7 0.8 0.4

Flow of domestic
assets to RoW

(Variation in %) 2.4 2.4 2.3

Flow of foreign
assets to France

(Variation in %) −3.5 −3.8 −2.8

compensated by the small decrease in consumption and government expenditures
and the strong fall in investments (−14.4%).

Instead, using a Keynesian closure rule, a 10% real devaluation of the Euro pro-
duces a strongly positive effect on the real GDP. Even if the stock of capital decreases
by 0.8%, real GDP increases by 4.6% thanks to the strong reduction in the unem-
ployment rate (which passes from 8.8% to 0.9%) and, consequently, to the significant
increase in total employment (+8.6%) and the real GDP (+4.6%). Concerning the
elements of the aggregate demand, the shock produces a positive effect on the current
account (exports increase by 5.4% and imports decrease by 3.4%), investments do not
change since, with the Keynesian closure rule, they are fixed at the initial level, while
consumption and government expenditures increase (+2% and +4.6%, respectively).
To resume, we think that both the neoclassical and the Keynesian closures determine
an unrealistic effect on real GDP. In particular, with the neoclassical closure the
unrealistic effect is related to the excessively high reduction in investments, while
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with the Keynesian closure the unrealistic effect is related to the excessively high
reduction in the unemployment rate. In contrast, in our base scenario, the real deval-
uation of the Euro produces a quite positive effect on real GDP combined with an
important reduction in investments (even if the crowding-out effect on investments
is less important than that obtained with the neoclassical closure rule) and with a
reduction in the unemployment rate (which is less important than that obtained with
the Keynesian closure rule).

5 Conclusions

In this chapter we present a Micro-Macro simulation model applied to the French
economy. TheMicro-Macro simulation approach is very appealing since it permits to
analyze simultaneously both themacro general equilibrium effects and the individual
effects of a shock or a policy reform.

We use our Micro-Macro simulation model to evaluate the effects of a pure
macroeconomic shock represented by a 10% real depreciation of the Euro, both
at the macro and micro level. We find that the real depreciation of the Euro stimu-
lates the aggregate demand by increasing exports and reducing imports. The increase
in aggregate demand stimulates the real GDP and reduces the unemployment rate in
the economy from 8.8 to 6.8%. At the sectoral level, currency devaluation induces
important effects on job creation in tradable sectors (as found, for instance, by Davis
and Haltiwanger 2001). Moreover, a positive effect, although less important, can be
observed for non-tradable sectors (with the relevant exception of the construction
sector) given the interrelations between sectors. Interestingly, currency devaluation
does not produce a general reallocation of the workforce from all non-tradable to
tradable sectors. In fact, the strong job destruction produced in the construction sec-
tor benefits to all the other sectors, especially mineral products, textile and electric
industry.

At the individual level, the macroeconomic shock induces a significant alleviation
of poverty and a slight reduction of income inequality. The decrease in the equilibrium
wage determined in the macro model moderately reduces the disposable income for
people who have already a job, while the reduction in unemployment permits to some
involuntary unemployed to find a job, substantially increasing their income. The
average income of the first decile increases while a rather large part of the population
suffers from a moderate loss. About 9% of the poor improve their situation after the
shock and their gain in terms of disposable income is more than 34%.
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Green and Blue Dividends
and Environmental Tax Reform:
Dynamic CGE Model

Francesca Severini, Rosita Pretaroli and Claudio Socci

Abstract The challenge of climate change needs to be tackled with environmental
policies carefully designed to achieve environmental benefits and avoid negative
economic effects. The introduction of an environmental tax in the economic system
can generate a double benefit represented by the attainment of the environmental
target (first or green dividend) and other additional benefits (second/third or blue
dividends) represented by gains in welfare, employment, consumption etc. In this
perspective, the general equilibrium analysis is able to quantify the environmental
and welfare direct and indirect effects that an environmental policy generates within
the economic system. Since international environmental agreements set clear target
deadlines on the reduction of GHG emissions, in this chapter a dynamic CGE model
based on a bi-regional SAM framework for Italy is developed.

Keywords Environmental tax reform · SAM · Dynamic CGE model · Double
dividend

JEL Classification H23 · D58 · D57
1 Introduction

In recent years, the European Union has promoted initiatives on environmental pro-
tection as required by the Kyoto Protocol1 and the member states are committed
to introduce environmental policies for the reduction of greenhouse gas emissions

1In 2000, the European Commission launched the European Climate Change Program (ECCP)
to identify and develop all the elements necessary to match the Kyoto Protocol. The goal of EU
environmental policy for the year 2020 includes the cut of 20% in CO2 emissions, the increase
in renewable energy use of 20% and the increase in energy efficiency by 20% with respect to
1990 levels.
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(GHG). However, the need of structurally reducing the pressure of the human activ-
ities on environment cannot be kept apart from the need of stimulating economic
growth as suggested by the European Commission (EC 1993). Therefore, the trade-
off between environmental and economic targets that often emerges should be taken
into consideration when selecting the most appropriate environmental policy instru-
ments to deal with this complex target.

Among the variety of economic measures, more than a few Central Governments
adopted taxes on emissions and emission permits trading that are widely known as
market-based policy instruments dealing with externalities of pollution (Baumol and
Oates 1988; Morris 1999). The environmental taxation, in particular, is considered a
powerful tool of pollution control (Parry 2004; Farmer and Steininger 1999) because
it discourages the pollutant behaviour and provides public revenue that can be recy-
cled both at state and federal level to enhance environmental and non-environmental
benefits (Pearce 1991).As for the potential positive impact of environmental taxation,
we can refer to the concept of double or triple dividend (Bovenberg and De Mooij
1994), widely debated in the economic literature. In particular, it is possible to iden-
tify as benefits from the environmental taxation the reduction inGHG emissions (first
or green dividend) and the positive non-environmental benefit related to economic
welfare improvement (second or blue dividend). This latter can be assessed when
the tax revenue, collected by Central or Local governments, is used to cut existing
distortive taxes (Parry 1995). In the literature, many empirical studies debate around
the existence of the double dividend in its weak and strong version, starting from
the survey of Goulder (1995b). In general, there is evidence that the weak double
dividend hypothesis holds, while the strong version seems to fails, that is to say,
the environmental tax revenue can be used to reduce other existing tax distortions
but does not easily allow achieving also an income or, more generally, a welfare
benefit. For the literature that neglects the presence of a second dividend we can see
Goulder (1995a), Bovenberg and Goulder (1996), Bovenberg and Goulder (1997)
and Böhringer et al. (1997).

However, when considering the complexity and peculiarities of each economic
system, there are many empirical studies that demonstrate the possibility to reach a
strong double dividend as a result of an accurate environmental tax revenue recycling
scheme. Nonetheless, there is even evidence of a third benefit that might arise with
the second dividend effect for certain countries (Schneider 1997; Bovenberg and
De Mooij 1998; Manresa and Sancho 2005; Takeda 2007; Glomm et al. 2008; Bor
and Huang 2010). These second and third benefits can be represented by better
performances of economic variables such as employment, production, consumption,
inflation or income (Gimenez and Rodriguez 2010).

As for the Italian economy, the analysis carried out by Pench (2002), Bulckaen
and Stampini (2002) and Roson (2002) tries to detect the double dividend effect by
introducing different environmental tax reforms in a general equilibrium framework.
In particular, they simulate the introduction of a “carbon tax” (Pench 2002) and
analyse the impact of the environmental policy in a dynamic framework (Roson
2002). The results of their simulations do not confirm the possibility to get any
further advantages apart from the environmental benefit, however the opportunity of
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getting a double dividend for the Italian economy is still an open question since the
introduction of an environmental taxation to realize both environmental and budget
objectives is still present in the policy debate. Indeed, it is worth pointing out that the
possibility to get a double dividend through an environmental policy strictly depends
on the structure of the existing tax system, on the production technology and above
all on the structure of tax reform. Following Bovenberg and Goulder (2002), the
presence of double dividend depends on a set of different conditions: the structure of
primary factors’ taxation; the elasticity in primary factors supply; the international
immobility of capital; the value of elasticity of substitution between energy and
labour (if higher than elasticity of substitution between energy and capital) and the
sensibility of real wages to unemployment falls (as a consequence of the reduction
of taxes on labour).

From this point of view, in a country characterised by economic differences at
regional and social level, the double dividend could differ between regions or it could
not occur for all regions where environmental fiscal reform is implemented (Takeda
2007). In this respect, empirical studies on environmental tax reforms and double
dividend are typically focused on countries rather than regions and either accept or
refuse the hypothesis of double dividend merely observing the effects of the policy
on the macroeconomic variables’ changes at national level. When the analysis of
the environmental tax reform is performed at regional rather than national level, it
is possible to figure out the economic and social differences among regions within
the same country and let the regional peculiarities in technologies and habits emerge
also in terms of ability in generating ecological dividends.

Such regional analysis can be carried out through a set of instrument able to
quantify the direct and indirect effects of the environmental policy in a multisectoral
and multiregional framework. Computable general equilibrium models (CGE) are
widely considered in the literature as suitable instruments of analysis (Radulescu and
Stimmelmayr 2010) to quantify the impacts of an exogenous shock on macroeco-
nomic variables along the income circular flow (Ciaschini and Socci 2007a, b; Yeldan
1997). Moreover, since the European Commission sets to the member states clear
deadlines (year 2020) to achieve the CO2 emissions targets, the analysis should be
carried out in a long term perspective, moving from the static to a dynamic approach.

In this perspective, this study develops a bi-regional multisectoral dynamic CGE
model to verify the compatibility between the environmental taxation and the eco-
nomic targets in terms of double/triple dividend. In particular we analyse the impact
of an environmental fiscal policy for the Italian economy through a dynamic CGE
model. Three main aspects inspire the use of a dynamic CGEmodel: first, static CGE
is based upon a single set of equilibrium conditions and leaves aside relationships
over time.2 Second, the vector of prices that solve the static equilibrium does not hold
over time and refers to an uncertain time horizon. Finally, even if the assumptions on
elasticity of supply and demand can be interpreted as relatively long run adjustments,

2As an example, producers and consumers, which maximize their utility choosing the optimal
allocation of consumes and savings become myopic in the between period decisions (savings and
investment).
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staticmodels do not account formore than a few factors such as capital accumulation,
population growth and technological change (Lau et al. 2002). Therefore, we suggest
a disaggregate and regional perspective for the study of environmental policies that
can offer a further contribution in the existing debate on double dividend.

In addition, since the introduction of an environmental tax is becoming a prerog-
ative of European countries, we focus on Government taxations from two sides: the
side of production and generation of income (that is affected by the introduction of
a new environmental tax) and the side of the secondary income distribution (that is
affected by different tax revenue recycling schemes). Actually, once the environmen-
tal tax rate and tax base are determined, the government action should focus on the
best possible use of tax revenues in order to reduce existing distortions in taxation.

The environmental tax reform proposed is characterized by the introduction of a
regional environmental tax, which affects the production process according to the
level of CO2 emissions by each commodity. In particular, this tax is designed with
a different ‘polluter pays’ principle that follows instead, the idea that “who pollutes
more should pay more”, so that the activities that have a level of emission over a
certain limit, pay a tax that is reshaped by and has a progressive structure. The main
purpose of this reform is to assess if there is the possibility to obtain, through an
environmental tax, a positive effect both on environment and on disposable income.3

Thus, the corresponding tax revenue is used to cut income taxes and the regional
tax on activities’ value added. The reduction of income tax has the aims to mitigate
the green tax effects on households real disposal income: the price of goods in fact,
may be affected by tax shift and the private final consumption may dampen as a
consequence of the higher price. On the other side the reduction of the regional tax
on activities’ value added is applied to face directly the tax shift correlated to the
green tax on commodities.

The analysis is carried out on the bi-regional Social AccountingMatrix (SAM) for
the Italian economy that allows to quantify both the economic and the environmental
effects generated by the environmental fiscal reform in the long run. Furthermore,
the aim to identify the convenient green tax reform requires the integration of the
SAM with the environmental data set concerning CO2 emissions by commodity. In
this respect, the European Commission suggests the use of the National Accounting
Matrix with the integration of the Environmental Accounts (NAMEA) as the basic
tool for the integration between environmental and economic flows.4 This detailed
database represents the benchmark for the CGE model that is calibrated on it, and
allows to discuss the results of the policy proposed in terms of changes in prices,
total output, final demand and total emissions. Moreover, the analysis is integrated
with considerations about the changes of the burden index over time. Indeed this

3The model assumes that all markets clear, therefore we do not considers any rigidity on wage
formation and unintentional unemployment.
4The NAMEA integrates the major economic aggregates—total output, value added and final
demand—with the GHG emissions data in physical terms according to the input output disag-
gregation (EC 1994). This approach avoids the difficulties connected to a correct valuation of
environmental costs.
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indicator is classically considered as a measure of government efficiency in the
income distribution act and we assume its performance as a welfare measure.

The next section points out the main features of the dynamic model and describes
the tax burden indicator. Section three gives a description of the database and intro-
duces the environmental policy targets for the Italian economy. Than in the fourth
section, we suggest a suitable environmental tax reform consistent with the reduc-
tion of CO2 emissions and propose two tax revenue recycling alternatives. The fifth
section provides a description of the simulation results emerging from the application
for the Italian case, in terms of CO2 emissions by activities, total output, price trend,
gross investment, final consumption and tax burden over time.

2 Dynamic CGE Model Relationships

BiReg17 (Bi-Regional 2017), is a bi-regional andmultisectoral dynamic CGEmodel
where the evolution path is a sequence of single period static equilibria linked each
other by the capital accumulation condition (Lau et al. 2002). It is a recursive dynamic
model that can be illustrated in two phases: the first refers to the description of the
single period equilibrium conditions; the second introduces the dynamic rule.

The model considers an open economy with two regions,m commodities, c com-
ponents of value added, h Institutional Sectors including Households, Firms, Gov-
ernment5 and Rest of theWorld. In every time period the demand equals the supply in
all commodities and primary factors markets (market clearing conditions) and extra
profits are not allowed (no profit conditions) (Pretaroli and Severini 2009).

Bireg17 can be described as an integrated representation of the bi-regional income
circular flow (Ciaschini et al. 2012) where the entire process of generation, primary
and secondary distribution of income is represented by a system of behavioural
equations and income constrains for agents, which are price taker and maximise
their utility function. Following the scheme provided by Table 1, the total output
(Xt) resulting from the sum of domestic and imported output (Mt)

6 is equal to
intermediate demand (Bt), final consumption expenditures (Ct), final consumption
expenditure incurred by Government (CGt), gross fixed capital formation (It) and
exports (Et). Likewise, primary factors’ endowments correspond to primary factors’
demanded by production process (Y) and their markets are perfectly competitive.
We do not consider any rigidity on wage formation and thus we assume that there
is no unintentional unemployment.7 Domestic production is formalized as a nested
constant return to scale technology. Assuming the Leontief production function,

5The Government is represented as a Central Government, that has a national dimension, and as
Local Government that is represented together with the other institutional sectors. The assumptions
on Institutional Sectors hold also for Central and Local Government.
6Following Armington’s hypothesis (Armington 1969), imported and domestically produced com-
modities are not perfect substitutes. This solves the problem that the same kind of good is found to
be both exported and imported.
7Labor supply (endowment) is exogenous.
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domestic output is the combination of intermediate goods (B), depending on total
output and prices, and value added that is affected by total production and primary
factors compensations (Y). Then assuming a CES technology, the value added is
generated by combining capital and labour that are perfectlymobile across activities.8

Following the logic of the Ramsey model, the Institutional Sectors maximise the
present value of their intertemporal utility function, which depends on final con-
sumption expenditure (Ct and CGt), and gross saving (St and SGt) subject to the
lifetime budget constraint. The budget constrain for Households is verified when the
total disposable income (Rd) is equal to the sum over time of final consumption
expenditures (C) and savings (S). The primary factor compensations (Rt) plus net
transfers from Institutional Sectors (Trt), minus income taxes (Tat), determine con-
sumers total endowments in every time period. As to Government, public saving (or
deficit) (SGt) is calculate as total tax revenue (Tat) minus the sum of final consump-
tion expenditures by Government (CGt) and transfers to other Institutional Sectors
(Trt). This description represents the public budget constrain.9 We distinguish direct
income taxes and a set of indirect taxes (tax on products, value-added tax and payroll
taxes).

The single period equilibrium regarding the condition on gross capital formation
requests that total gross fixed capital formation (It) becomes equal to gross savings by
Institutional Sectors (St and SGt). The dynamic component in the model is given by
the inter-temporal capital accumulation condition. According to the market clearing
condition for capital, any change in gross fixed capital formation must affect the
capital yearly growth given a constant rate of capital depreciation (δ).10

Then, in the dynamic model, the optimization problem for all the consumers
becomes:

max
∞∑

t�0

(
1

1 + ρ

)t

u
[
Ct

(
ydt , pt

)]
(1)

s.t.

Ct � f (Kt , Lt , Mt , Tat ) − It − Et (2)

Kt+1 � (1 − δ)Kt + It (3)

Every institutional sector maximizes intertemporal utility which depends on con-
sumption, under the constraints represented by two conditions:

8The elasticity of substitution between labor and capital derives from econometric estimates for
Italy (Van der Werf 2007).
9The marginal cost of public funds are set equal to zero.
10According to the literature on dynamic CGE we employ the term ‘depreciation’ in place of the
term ‘consumption of fixed capital’ used by the SNA. The term ‘consumption of fixed capital’ refers
to the decline, during the course of the accounting period, in the current value of the stock of xed
assets owned and used by a producer as a result of physical deterioration, normal obsolescence or
normal accidental damage. It is used in the SNA to distinguish it from ‘depreciation’ as typically
measured in business accounts (United Nations 2008).
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(i) total output produced by each commodityXt is equal to the sum of intermediate
consumption, households consumption expenditures (Ct), government current
expenditures (CGt), gross fixed capital formation It and exports Et (market
clearing conditions);

(ii) the capital stock in period t + 1 is equal to the capital stock in period t(Kt),
11

less depreciation (δKt) plus gross fixed capital formation in period t(It)12. The
rate of capital depreciation is exogenous. It depends on the value of steady state
interest rate r and growth rate g.13

In order to solve the model for a finite number of periods, we approximate the
infinite horizon with endogenous capital accumulation condition according to Lau
et al. (2002). Thus in order to obtain the terminal period equilibrium we set the
terminal gross capital formation growth rate equal to the growth rate of aggregate
output (see the Appendix 1).

In BiReg17 two regions are modelled, therefore all equilibrium condition and
budget constraint hold for both regions. As for the economic flows between regions,
they are not considered as exports or imports, but are modelled as intermediate
consumption of commodities associated to the other region (in the production block)
and as income transfers between institutional sectors belonging to the other region (in
the primary and secondary income distribution). Imports and Exports are determined
at national level and include the economic flows of each region only with the rest of
the world.

Because there are two regions and a set of Institutional sectors, themodel produces
a disaggregate set of information on prices, total output by commodity and incomes.
However, a welfare measure that allows seeing the overall effects of a policy is
represented by the tax burden index that is considered as a measure of government
efficiency in income redistribution. Moreover, the computation of this index allows
to understand whether there are efficiency gains or only redistribution effects when
a policy is implemented. The tax burden index is calculated as the ratio between the
sum of all taxes (direct taxes, indirect taxes—tax on products, value-added tax and
payroll taxes) and the Gross Domestic Product (GDP). It is set equal to 100pt in the
baseline equilibrium and it is recursively calculated each year in order to show its
evolution over time.

3 Environmental Accounts in a Social Accounting Scheme

The parameters of BiReg17 are calibrated on the bi-regional SAM for the Italian
economy. It describes the production system features and the income circular flow in
terms of intra-regional and inter-regional flows (Pretaroli and Severini 2009). A SAM

11The capital stock in period t is calibrated on the SAM data following Paltsev (2004).
12For the specification of the dynamic model see the appendix Appendix 1.
13In ourmodel, we assume r = 4% (nominal interest rate) and g = 0.6% (real growth rate). According
to the rule for investment on a steady state It = (d + g)Kt we calibrate the value of the depreciation
rate δ on the SAM data.
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scheme of the bi-regional flows is showed in Fig. 1. The flows are split in two macro
regions, the North-Centre region and the South-Islands region (Pretaroli and Severini
2008) and the rows and columns of the SAM are headed to 16 commodities [1. Prod-
ucts of agriculture, 2. Energy products, 3. Metal and non metal ore, 4. Non-metallic
mineral products, 5. Chemical products, 6. Mechanics, 7. Transport equipment, 8.
Food products and beverages, 9. Textile, 10. Other manufacturing products, 11. Con-
struction work, 12. Trade, 13. Transport, 14. Financial services and Insurance, 15.
Private services, 16. Government services]; 2 primary factors [Labor and Capital]; 5
Institutional Sectors [I. Households, II. Firms, III. Regional Government, IV. Cen-
tral Government, V. Rest of the World]. The disaggregation of Institutional Sectors
follows the exigency of testing the impacts of policy reforms on public and private
balances. For this purpose, different typologies of tax and expenditures are consid-
ered. In particular, we distinguish social contributions, regional value added tax, a
set of indirect taxes on commodities and income taxes. The average tax rates are
calibrated on the SAM data and are fixed at their benchmark level in all scenarios.

Since the paper aims to assess the economic and environmental impacts of a
fiscal reform at regional level, the SAM database is integrated with environmental
indicators provided by the National Accounting Matrix including Environmental
Accounts (NAMEA) developed by ISTAT (2008). We focused on CO2 emissions by
commodity14 and associated these physical flows to the commodities classification
in the SAM. This phase allows to construct a data scheme in which the economic
flows related to the 16 commodities in each region (North-Centre and South-Islands)
are associated to a specific level of CO2 emissions. The different polluting power
associated to each commodity depends on the technology employed in the production
process and is measured by the CO2 emission coefficient.15

4 Fiscal Policy Through an Environmental Tax Reform

According to the Kyoto Protocol, the Italian economy had to reduce the CO2 emis-
sions by 16.9% with respect to the 1990’s level within 2020.16 From 1990, when the
total CO2 emissions were 360 Mlt, Italy should be reducing the emissions of CO2

on average by 2.045 Mlt each year, in order to achieve the Kyoto target represented
by 300 Mlt in 2020 (ISTAT 2008).17 Actually, the annual level of CO2 emissions

14We do not consider the CO2 emissions resulting from final consumption expenditure. The impact
on CO2 emissions is not included in utility function of the Government in order to obtain Environ-
mental Domestic Product.
15The emission coefficient by commodity is the ratio between the of CO2 emission tons by com-
modity and the total output.
16The Kyoto protocol established the reduction of 20% of Italian GHG. CO2 emissions represent
the 85% of total GHG, thus the Kyoto target for Italian CO2 can be considered as 16.9%.
17We do not consider the emissions deriving from final consumption process. Therefore, the levels
and the target of emissions considered do not include direct emissions caused by households and
firms.
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Fig. 1 Bi-regional SAM framework (our source)
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is exceeding the hypothetical annual level compatible with the 2020 target and this
difference can be easily interpreted as the annual Italian potential debit of CO2 emis-
sions (Ciaschini et al. 2012, 2014). This trend should reverse or, at least, terminate
to approach the 2020 target. For this purpose, we can consider the introduction of
an environmental tax that takes into account the above-mentioned polluting license
and the polluting power of each commodity represented by the emission coefficient.
The average level of emission allowed by commodity can be calculated as the ratio
between the total level of CO2 for Italy in each year and the number of commodities
considered in the benchmark.18 The “no-tax area” therefore, reflects the average level
of CO2 emissions that fulfils the Kyoto Protocol target and the commodities charged
by the taxation are those with a level of CO2 emissions exceeding this level.

In Table 2, we calculate the distance in tons between the actual and the admitted
level of emissions in the base year by commodity. Those showing a negative value
do not pay any environmental tax since they pollute under the permitted level, on
the contrary those with a positive value are burdened by the taxation following the
principle “who pollutes more should pay more”. This means that they pay a higher
marginal tax rate and should have an incentive to reduce their emissions to avoid the
taxation, allowing the achievement of the so called green environmental dividend.19

Technically, we consider the introduction of a carbon tax on output differentiated
by commodity according to CO2 emissions coefficients. The exemption area is cal-
culated as the ratio between the total level of CO2 allowed for Italy in the base year
and the number of commodities in the benchmark. Thus, the environmental tax is
designed with a progressive structure, with 5 classes of taxation and a fixed price per
ton of CO2 emission established in each class. When total emissions by commodity
exceeds the cut-off point, the commodity is taxed according to the subsequent class
of taxation for the emissions in excess. The structure of the tax for the base year can
be described as follow:

from 0 to 10.871.958 t (no-tax area);
from 10.871.958 t to 15.000.000 t (9 euro per CO2 t);
from 15.000.001 t to 30.000.000 t (16 euro per CO2 t);
from 30.000.001 t to 50.000.000 t (22 euro per CO2 t);
over 50.000.001 t (32 euro per CO2 t).
According to the database, the commodities burdened by the tax in North-Centre

region are: ‘Energy products’, ‘Nonmetallicmineral products’, ‘Chemical products’,
‘Mechanics’, ‘Trade’ and ‘Transport’. In South-Islands region, the tax is calculated
on ‘Energy products’, ‘Non metallic mineral products’ and ‘Transport’.

The environmental tax revenue can be attributed alternatively to the Central or
Local Government and used to cut existing local or central taxes. Depending on the
choice, we can identify two hypothetical scenarios: in s1 the tax revenue is allocated
to the Regional Government and recycled to reduce the regional tax on value added

18There are 32 commodities (16 for North-Centre and 16 for South-Islands regions).
19Because we do not know the costs of the environmental damage, we consider the amount of CO2
emissions as a proxy of the environmental damage and consider its reduction as a positive effect
(dividend).
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Table 2 Distance from admitted level of CO2 emissions by commodity tons in base year (our
elaboration)

South-Island North-Centre

1. Products of agriculture −8193883 −6481826

2. Energy products 41741701 79085967

3. Metal and non metal ore −11658202 −10710630

4. Non metallic mineral
product

569054 21842393

5. Chemical products −6322697 22121753

6. Mechanics −8674561 14339882

7. Transport equipment −11164576 −9053772

8. Food products and
beverages

−9641433 −4622612

9. Textile −10621875 −1373467

10. Other manufacturing
products

−10647291 −1972093

11. Construction work −10820342 −9343867

12. Trade −6188216 2824093

13. Transport −1284255 16843725

14. Financial services and
insurance

−11600401 −11099251

15. Private services −10092737 −7181543

16. Government services −7543571 −4155521

by activity; in s2 the tax revenue is allocated to the Central Government and recycled
to reduce Households income tax.

The reasons that led us to model these two scenarios refers to the opportunity
of reducing the indirect effects of the environmental tax on commodity prices and
stimulating income generation. Indeed, the tax directly affects the most polluting
goods and indirectly leads to higher final prices even for the other commodities,
since all the production processes are integrated. For this purpose, by reducing the
income tax we attempt to compensate Households for the loss purchasing power.
Similarly the reduction of regional tax on value added by activities should reduce the
costs of production and compensate for the environmental tax burden on final prices
formation. The effectiveness of the policies in this sense is analysed also in terms of
tax burden in order to measure the action of the Government in the redistribution of
income.
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Fig. 2 Effects on energy price—% change

5 Looking for Dividends

5.1 Economic Impact of the Environmental Tax Reform

The simulations compare the baseline equilibrium (or benchmark equilibrium) with-
out any environmental taxation, with the new equilibrium resulting from the envi-
ronmental policy reform. The distance in every period (year) between the baseline
trend and the path after the simulation represents the impact of the policy, that is
measured on the main environmental and welfare variables in the long run.

The results of the simulations are discussed starting from the effects on total
output, prices, CO2 emissions, final demand and tax burden index.

In both scenarios, the environmental tax is modeled as a new tax on total output.
In particular, the burden is on the commodities whose CO2 emissions exceed the
allowed level (the no-taxed level). Among the other, the Energy commodity is the
most pollutant in both regions, thus pays a higher tax (class 4). As a result of the
environmental fiscal reform, total output of Energy decreases and the price increases
with respect to the benchmark path (Figs. 2 and 3). The impact on prices and outputs
is greater in the North-Centre region, where the production of Energy generates
a higher level of CO2 emissions and the tax burden is higher. This effect is more
evident when the tax revenue is recycled through a reduction of households’ income
tax (scenario s2). In the first scenario (s1) in fact, the cut in the regional tax on value
added mitigates the pressure of the policy on final prices and reduces the impact on
total production.
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Fig. 3 Effects on energy output—% change

Similarly, total output of all the other goods decreases and prices increase with
respect to the benchmark. Nevertheless, the impact of the environmental reform on
commodity outputs and final prices is relevant only in the short run. In the long run,
changes adjust back to the benchmark trend.

Looking at the general level of CO2 emissions, in both scenarios the policy allows
achieving the expected environmental target as results from the reduction in CO2

emissions showed in Fig. 4. The decrease in CO2 emissions is greater in the North-
Centre area but, as already observed for the commodities total output, the distance
from the benchmark path almost disappears after few periods. It is possible to say
that in all scenarios the environmental (green) dividend can be pursued although
for a short time and with regional differences. The results allow us to identify the
relevance of the second recycling scheme (scenario s2), which provides the reduction
of households income tax, in terms of environmental performance in both regions.

The research for further benefits associated to the recycling scheme of the tax
revenue, requires the collection of results in terms of income generation and distri-
bution. In particular, to identify a welfare blue dividend, we consider the evolution of
final demand formation and distinguish the impact of the reform on gross capital for-
mation and final consumption expenditure. Since the inter-temporal utility depends
on the single period utility and the single period utility depends on final consumption
expenditures by all institutional sectors, observing the change in final consumption
expenditures we derive information on consumers’ utility or welfare.

In the South-Islands region we observe a reduction in final consumption in both
scenarios for the first year (see Fig. 5) than it gradually follows the benchmark path.
In the North-Center region, final consumption in the short run increases with respect
to the benchmark in the first scenario (s1) when the environmental tax is recycled
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Fig. 4 Effects on total CO2 emissions—% change
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Fig. 5 Effects on households’ consumption—% change

by reducing the regional tax on activities. As already observed for the South-Islands
region, this rise in final demand disappears in the long run.

Similarly, in South-Islands region it is possible to observe a reduction in gross
capital formation with respect to the benchmark path in the short run, regardless to
the recycling assumptions. Conversely, in the North-Centre region, this policy does
not affect the gross capital formation that almost replicates the same benchmark trend
over the time in both scenarios as shown in Fig. 6.



264 F. Severini et al.

-2.80%
-2.30%
-1.80%
-1.30%
-0.80%
-0.30%
0.20%
0.70%
1.20%

0 1 2 3 4 5 6 7 8 9 10

Investments (% change) - North-Centre

benchmark s_1 s_2
-2.80%
-2.30%
-1.80%
-1.30%
-0.80%
-0.30%
0.20%
0.70%
1.20%

0 1 2 3 4 5 6 7 8 9 10

Investments (% change) - South-Islands

benchmark s_1 s_2

-1.00%

-0.50%

0.00%

0.50%

1.00%

0 1 2 3 4 5 6 7 8 9 10

Distance from the benchmark (% change) 
- North-Centre

s_1 s_2

-1.00%

-0.50%

0.00%

0.50%

1.00%

0 1 2 3 4 5 6 7 8 9 10

Distance from the benchmark (% change) - South-Islands

s_1 s_2

Fig. 6 Effects on gross investment—% change

The combination of the effects on consumption and gross capital determines the
performance of the policy reform in terms of final demand (Fig. 7). In general, the
introduction of the environmental tax in the economic system generates positive
effects on final demand only in the North-Centre region in the first scenario. This
result might lead to conclude that recycling the tax revenue through a reduction
of income taxes is a less efficient measure than cutting taxes on regional value
added in terms of final demand and investment. This result is confirmed also by
the performance of the tax burden index. As a measure of government efficiency in
income redistribution, this index shows whether the environmental policy generates
efficiency gains or only redistribution effects. The value of the index in the benchmark
is fixed to 100 pts in the base year and it is recursively calculated in the following
years. As showed in Fig. 8, when the tax revenue is recycled according to the first
scenario (reducing the regional tax on value added by activities) the tax burden is
lower than the benchmark and the second scenario, allowing a gain in welfare. As a
result of the previous disaggregate analysis we can assert that probably this overall
effect is mostly driven by the effectiveness of the policy more in the North-Centre
region than in the South-Islands region.

5.2 Sensitivity Analysis of the CGE Model Results

In the economic literature on CGE modeling, the consistency of the results are com-
monly argued to be strictly dependent on the assumption on exogenous parameters,
such as elasticity of substitution in production and utility function (Grassini 2009).
Therefore, in order to strengthen the validity of the outcomes already described,
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Fig. 7 Effects on final demand—% change
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Fig. 8 Tax burden index

we integrate the study with the sensitivity analysis for the elasticity of substitution
between primary factors (labor and capital) in the value added aggregate. To be more
specific, in the nested production function, when combining labor and capital to
generate the value added aggregate, we assumed a CES technology with elasticity
of substitution equal to 0.5218 (Van der Werf 2007). The sensitivity analysis is car-
ried out assuming two alternative parameters for the elasticity: sigma1 = 0.6262 (the
original parameter increased by 20%) and sigma1 = 0.4174 (the original parameter
decreased by 20%).

Then the simulations are run again considering these new parameters. The results
of the sensitivity analysis are showed in Tables 3 and 4 in the Appendix 2 and confirm
the robustness of the analysis. We compare the outcomes of the new simulations with
the results of the simulations s1 and s2 as regard to the changes in Energy commodity
output and price, the change in the CO2 emissions (Table 3), the change in final
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consumption, gross investment and final demand (Table 4). As showed the results
are persistent since only small differences are detected in final consumption, gross
investment and final demand change but only in the fifth decimal.

6 Conclusions

The effectiveness of an environmental policy measure can be tested using the multi-
sectoral approach that allows determining its direct and indirect (desired and unde-
sired) impacts in a general equilibrium analysis. In particular, the use of the SAM
integrated with environmental data on CO2 emissions allows to calibrate a dynamic
CGEmodel in which the environmental aspects are modelled as dependent to agents
behavior over the time.

The environmental tax proposed for the Italian economy is modelled to reduce
the pollution power of each activity following the principle “those who pollute more,
should pay more” in order to assess the existence of a regional second dividend
that integrates the first national dividend related to an improvement of environment
through the reduction of CO2 emissions.

The first step of this analysis consists in the definition of the tax structure. In
particular, disaggregated data on CO2 emissions permits the classification of com-
modities according to their polluting capacity. They allow to identify the production
processes that exceed the level of emissions compatible with International Targets.
Then, an environmental tax on output with a progressive structure was introduced
to restore the correct level of CO2 whether the admitted level of emissions is not
respected. The most interesting aspect of the policy scenarios is related to the desti-
nation of the tax revenue to reduce existing tax burden and provide a better income
distribution. Indeed, we focus on the Government action that affects the behavior of
economic agents from two sides: the side of production and generation of income
(that is affected by the introduction of a new environmental tax) and the side of the
secondary income distribution (that is affected by different tax revenue recycling
schemes). In particular, two alternative recycling scheme are developed: the first
refers to the reduction of income tax, the second concerns the reduction of regional
tax on value added generated by activities.

The second step concerns the assessment of the environmental and the social-
economic benefits (the first or green and the second or blue dividend). The results
show the importance of using a detailed database inthe general equilibrium analysis
to detect the impacts of the environmental fiscal reform within the economic system.
We ascertain the existence of a green dividend in the economy as a whole, regardless
to the recycling scheme, given by the reduction in CO2 emissions. This effect is
particularly strong in the short run and endures in the long run, with a lower trend.

As to the blue dividend, we considered the evolution over the time of the final
demand in order to obtain information on the intertemporal utility change, which
depends on the consumption over time. The results show that the final demand in the
North-Centre region increases in particular when the tax revenue is recycled through
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the cut of the regional tax on value added by activities. This result is consistent
with several studies on double dividend (e.g. Takeda 2007), according to which the
combination of environmental taxation and the reduction in capital taxes improves
welfare. Thus if we concentrate on the benefits connected with environmental policy,
the introduction of a tax onCO2 emissions by commodity,with a progressive structure
and a convenient distribution of the tax revenue, i.e. reduction of income taxes and
regional value added taxes, allows for the attainment of both the green and the blue
dividends at regional level.

This phenomenon can be considered as an actual second dividend since it is
confirmed by the performance of the tax burden index over time. We considered the
tax burden on the economic system and derived a measure of the effectiveness of
government action within the economic system. This allows the achievement of a
second blue dividend in the first scenario both at national and regional level.

The consideration that the result depends at a greater extent on the distinct pecu-
liarities of technology and behavioral habits in the two regions of the national econ-
omy encourages further attempts in this direction. However the sensitivity analysis
confirms the results.

Appendix 1

Dynamic CGE model specification
The dynamic CGE model developed in this paper is calibrated on the SAM inte-

grated with environmental data. It is solved using the GAMS (General Algebraic
Modeling System) software to find the equilibrium prices, quantities and incomes
over the time.

Given the structure of the economy described by the SAM, to determine prices and
quantities which maximize producers’ profits and consumers’ utility, we solve the
Arrow-Debreu (1954) problem as an optimization problem of the consumer subject
to income, technology and feasibility constraints. When programming on GAMS
usually, this maximization problem is turned into a Mixed Complimentary Problem
(MCP) and solved (solver used MILES) as a system of non-linear equation. In our
model, the optimization problem for all the consumers (Böhringer et al. 1997) has
been settled as:

max
T∑

t�0

(
1

1 + ρ

)t

u [Ct ] (4)

subject to:

Ct � x (Kt , Lt , Mt , Tat ) − It − Et (5)

Kt+1 � (1 − δ)Kt + It (6)
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The first order conditions deriving from this maximization problem are:

Pt �
(

1

1 + ρ

)t
δu (Ct )

δCt
(7)

PKt � (1 − δ)PKt+1 + Pt
δx (Kt , Lt , Mt , Tat )

δKt
(8)

Pt � PKt+1 (9)

Than the corresponding mixed complimentary problem can be formulated as a
sequence of market clearing, zero profit and budget constraint conditions.

Market clearing conditions holds for all commodities and primary factorsmarkets.
Analytically, we can summarize the conditions as follow:

Xt ≥ Bt , d (Pt , RA) + It + Et , Pt ≥ 0, Pt (Xt − Bt , d (Pt , RA) − It − Et ) � 0
(10)

Lt ≥ Xt
δC (RKt , PLt , PMt , Tat )

δPLt
,

PLt ≥ 0, PLt

(
Lt − Xt

δC (RKt , PLt , PMt , Tat )

δPLt

)
� 0 (11)

Kt ≥ Xt
δC (RKt , PLt , PMt , Tat )

δRKt
,

RKt ≥ 0, RKt

(
Kt − Xt

δC (RKt , PLt , PMt , Tat )

δRKt

)
� 0 (12)

Mt ≥ Xt
δC (RKt , PLt , PMt , Tat )

δPMt
,

PMt ≥ 0, PMt

(
Kt − Xt

δC (RKt , PLt , PMt , Tat )

δPMt

)
� 0 (13)

Zero profit conditions posits that total supply in each commodity market is deter-
mined by the perfect competitivemarket condition, that is to say, price equals average
total cost (profit are zero). In a general equilibrium model, the price that clears the
market (demand equals to supply) also equals average total costs for each commodity.
Analytically, we can summarize the conditions as follow:

Pt ≥ PKt+1, It ≥ 0, It (Pt − PKt+1) � 0 (14)

PKt ≥ RKt + (1 − δ) PKt+1, Kt ≥ 0, Kt (PKt − RKt − (1 − δ) PKt+1) � 0
(15)

C (RKt , PLt , PMt , Tat ) ≥ Pt , Xt ≥ 0, Xt (C (RKt , PLt , PMt , Tat ) − Pt ) � 0

(16)

Income balance conditions derive from the budget constraint:
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RA ≥ PK0K0 +
T∑

t�0

(PLt Lt + PMtMt − Tat ) − PKt+1Kt+1, RA ≥ 0 (17)

The variables are:

t Time periods
T Terminal period
ρ Individual time-preference parameter
u Utility
Ct Consumption in period t
x Production function
Xt Total output in period t
Kt Capital in period t
Lt Labour in period t
Mt Imports in period t
Tat All taxes payed by sectors in period t
I t Investment in period t
Et Exports in period t
δ Capital depreciation rate
γ interest rate
Pt Price of output in period t
d Demand function
PKt Price of capital in period t
RKt Rental of capital in period t
PLt Wage in period t
PMt Price of imports in period t
RA Consumer’s disposable income

Appendix 2

Results from sensitivity analysis
See Tables 3 and 4.
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A Sub-national CGE Model
for the European Mediterranean
Countries

Francesco Bosello and Gabriele Standardi

Abstract This chapter describes the methodology used to develop a Computable
General Equilibriummodelwith sub-national detail for theEuro-Mediterranean area:
Italy, France, Spain, Portugal and Greece. Themain purpose of this exercise is to per-
form economic assessments of climate change impacts with a finer spatial resolution
compared to that offered by standard CGE models and, in doing so, to increase the
comparability of and the possibility to exchange information across economic and
physical impact models. Indeed, aiming to represent the high spatial heterogeneity of
climate drivers and environmental impacts, both climatemodels and physical process
models (like e.g. land use, crop growth, flood risk models) are spatially detailed. This
is not the case for macroeconomic models that typically feature large geo-political
blocks or at best the country as the finest investigation units. Accordingly, when
physical and economic models are interfaced to produce integrated assessments of
climate change impacts, there is an unavoidable loss of richness both of input and
output information. Developing a sub-national resolution for the economic analysis
thus offers a first useful step to measure more accurately the economic consequences
of climate change, to produce an information more relevant for local planners and
businesses, and also to better capture the economic feedbacks between regions which
can turn to be as important as the international ones. The study addresses conceptual
and practical issues related to the regionalization process, and presents simple exper-
iments aimed to test the robustness of the regionalized structure and understand the
economic implications in terms of market integration.
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1 Introduction

ComputableGeneral Equilibrium (CGE)models represent a popular tool to assess the
economic consequences of different policies and social-economic scenarios. Start-
ing from a neo-classical theoretical structure (Johansen 1974; Shoven and Whalley
1992) they are able to capture all the feedbacks in the economic system in terms
of inter-sectoral production reallocation, international trade and investments flows.
In the recent years an increasing number of works has seen the application of CGE
models in the field of environmental and climate change economics. Examples are
the assessment of the implementation of carbon and energy taxes for environmental
purposes (see e.g. EC 2008, 2010; Böhringer et al. 2009, 2010, 2012) or the study of
economic consequences of climate change impacts (see e.g. Darwin and Tol 2001;
Bigano et al. 2008; Aaheim et al. 2010; Eboli et al. 2010; Ciscar et al. 2011; Bosello
et al. 2012).

The typical investigation unit of CGE models is the country. Sub national differ-
ences are very often overlooked. However, on the one hand climate change impacts
can be highly differentiated across different areas within the same country. This
raises an immediate interest in quantifying their economic consequences with a sim-
ilar degree of detail, especially to provide information that can be useful to “local”
decision makers. On the other hand, countries also present economic asymmetries
within them. These can impact for instance factor mobility and trade as importantly
as international dynamics. Accordingly, local specificities constitute important deter-
minants not only of how the economic consequences of climate change spread all
over the economic system, but also of climate policy effectiveness. Tracing these
sub national effects is thus particularly important to gain a better grasp of the dis-
tributional implication of a given policy or impact, and to understand the economic
implications related to the different assumptions onmarket integration and flexibility.

In this chapter we describe the building process of a sub-national CGE model
for the Euro-Mediterranean region: Italy, France, Spain, Greece and Portugal. The
Mediterranean area has been identified as one of the main climate change hotspots:
that is, one of the most responsive areas to climate change (IPCC 2014). The area
is populated by over 500 million people, distributed in about 30 countries in Africa,
Asia, and Europe. This geographical area is also crucial from an economic and
socio-political point of view.

As anticipated, there are few CGE multi-country models also featuring a sub-
national detail. This is mainly due to the difficulty to create mutually consistent
Social AccountingMatrices (SAMs) and reconstruct all the bilateral trade flows for a
large number of sub-national regions. Among these: Peter et al. (1996) developed the
MRF (Multi Regional Forecasting) model to simulate tax/environmental policy for
the Australian economy; Jean and Laborde (2004) developed the DREAM-MIRAGE
(Deep Regional Economic Analysis Model—Modelling International Relationships
in Applied General Equilibrium) model for Europe taking into account 119 NUTS
(Nomenclature of Territorial Units for Statistics) 1 regions; Canning and Tsigas
(2000) built a model for eight macro-regions of the USA; recently EU Joint Research
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Centre (JRC) has created RHOMOLO (Regional HOlistic MOdeL) for 267 NUTS2
European regions and 6 macro-sectors (Brandsma et al. 2015; Potters et al. 2014) for
analysing the impact of the European Cohesion policy.

Some CGE models exist which present a spatially resolved description of the
agricultural sector. Examples of this type are CAPRI-GTAP (Common Agricultural
Policy Regional Impact Analysis—Global Trade Analysis Project) (Jansson et al.
2009), CAPSIM (China’s Agricultural Policy Simulation Model) (Yang et al. 2011),
GTAP-AEZ (Global Trade Analysis Project—AgroEcological Zones) (Hertel et al.
2009; Lee et al. 2009) and the ICES-AEZ (Intertemporal Computable Equilibrium
System—AgroEcological Zones) (Michetti and Parrado 2012).

The model presented here is an extension of the regionalized model for Italy
developed by Standardi et al. (2014). That model has been applied to the economic
assessment of flood risk (Carrera et al. 2015; Koks et al. 2015), sea-level rise (Stan-
dardi and Eboli 2015) and environmental policies for water saving (Pérez-Blanco
et al. 2016).

The chapter is organized as follows. Section 2 presents the database construction
and the estimation strategy to obtain trade flows across sub-national regions within
countries. Section 3 describes the main theoretical changes made to adapt the stan-
dard country-level CGE model to the sub-national framework. Section 4 reports the
results of the experiments developed to test the robustness of the model structure
and to highlight the economic interactions between sub-national regions. Section 5
concludes and sketches some ideas for future research.

2 Database Development

The starting point is the GTAP 8 database (Narayanan et al. 2012). The 8.1 version
consists in a collection of Social Accounting Matrices (SAMs) for 57 economic sec-
tors and 134 countries (or groups of countries) in theworld. The calibration/reference
year is 2007.

In the case of France, Italy, Spain, Portugal and Greece, which the GTAP
dataset already represents as singled-out countries, we further reconstruct a database
characterizing the 70 sub-national entities represented in Table 1 and the 57 sectors
represented in Table 2. An advantage of using a global database such as GTAP is
the already existing rich description of international trade flows. In some sense, this
facilitates the subsequent endeavor to further regionalize international trade and keep
all the information for the other GTAP countries in the world.

Information sources to substantiate the process were the Eurostat (Economic
Accounts for Agriculture 2017; Structural Business Statistics 2017) and the National
Statistical Offices. Specifically: for Italy we refer to Istituto Nazionale di Statisti-
ca—ISTAT (Conti Economici Regionali, Anni 1995–2009; Agricoltura e Zootecnia;
Valore Aggiunto ai Prezzi di Base dell’Agricoltura per Regione, Anni 1980–2011);
for France to Institut National de la Statistique et des Etudes Economiques - INSEE
(Valeurs Ajoutées régionales), for Spain to Instituto Nacional de Estadistica - INE
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Table 1 Sub-national characterization of the Euro-Mediterranean regiona

France (22
NUTS-2)

Italy (20
NUTS-2)

Spain (19
NUTS-2)

Portugal (5
NUTS-2)

Greece (4
NUTS-1)

1. Île de France 1. Piemonte 1. Galicia 1. Norte 1. Voreia Ellada

2. Champagne-
Ardenne

2. Valle d’Aosta 2. Principado de
Asturias

2. Algarve 2. Kentriki Ellada

3. Picardie 3. Lombardia 3. Cantabria 3. Centro 3. Attica

4. Haute-
Normandie

4. Trentino-Alto-
Adige

4. País Vasco 4. Lisboa 4. Nisia-Aigaiou-
Kriti

5. Centre 5. Veneto 5. Navarra 5. Alentejo

6. Basse-
Normandie

6. Friuli-Venezia-
Giulia

6. La Rioja

7. Bourgogne 7. Liguria 7. Aragón

8. Nord
-Pas-de-Calais

8. Emilia-
Romagna

8. Comunidad de
Madrid

9. Lorraine 9. Toscana 9. Castilla y León

10. Alsace 10. Umbria 10. Castilla-La
Mancha

11.
Franche-Comté

11. Marche 11. Extremadura

12. Pays de la
Loire

12. Lazio 12. Cataluña

13. Bretagne 13. Abruzzo 13. Comunidad
Valenciana

14. Poitou-
Charentes

14. Molise 14. Illes Balears

15. Aquitaine 15. Campania 15. Andalucía

16.
Midi-Pyrénées

16. Puglia 16. Región de
Murcia

17. Limousin 17. Basilicata 17. Ceuta

18. Rhône-Alpes 18. Calabria 18. Melilla

19. Auvergne 19. Sicilia 19. Canarias

20. Languedoc-
Roussillon

20. Sardegna

21. Provence-
Alpes- Côte
d’Azur

22. Corse

aThe Nomenclature of territorial units for statistics (NUTS) is a hierarchical system for dividing up
the economic territory of the EU (Eurostat 2016)
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Table 2 Sectoral detail of the CGE model

Sectors

1. Paddy rice 20. Meat products nec 39. Transport equipment nec

2. Wheat 21. Vegetable oils and fats 40. Electronic equipment

3. Cereal grains nec 22. Dairy products 41. Machinery and equipment
nec

4. Vegetables, fruit, nuts 23. Processed rice 42. Manufactures nec

5. Oil seeds 24. Sugar 43. Electricity

6. Sugar cane, sugar beet 25. Food products nec 44. Gas manufacture,
distribution

7. Plant-based fibers 26. Beverages and tobacco
products

45. Water

8. Crops nec 27. Textiles 46. Construction

9. Bovine cattle, sheep and
goats, horses

28. Wearing apparel 47. Trade

10. Animal products nec 29. Leather products 48. Transport nec

11. Raw milk 30. Wood products 49. Water transport

12. Wool, silk-worm cocoons 31. Paper products, publishing 50. Air transport

13. Forestry 32. Petroleum, coal products 51. Communication

14. Fishing 33. Chemical, rubber, plastic
products

52. Financial services nec

15. Coal 34. Mineral products nec 53. Insurance

16. Oil 35. Ferrous metals 54. Business services nec

17. Gas 36. Metals nec 55. Recreational and other
services

18. Minerals nec 37. Metal products 56. Public Administration,
Defense, Education, Health

19. Bovine meat products 38. Motor vehicles and parts 57. Dwellings

(Contabilidad Regional de España 2000–2016), for Portugal to - Instituto Nacional
de Estatística - INE (Gross value added (e) of Enterprises by Geographic localiza-
tion (NUTS 2002) and Economic activity) and for Greece to the Hellenic Statistical
Authority—HSA (Gross value added by industry 2000–2015).

Operationally the sub national development of ICES followed a stepwise proce-
dure. We started from a country, we regionalize its national database and then we
moved to regionalize another country starting from the database obtained in the pre-
vious step. The country sequence is the following: Italy, Greece, Spain, France and
Portugal.
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2.1 Splitting the Value Added

As quite typical in CGE models, also our model features an upper level production
structure which combines a bundle of primary factors with a bundle of intermediate
goods by means of a Leontief technology. The two composites of production factors
are thus perfect complement. The value of primary factors (in the model: labour,
capital, land, natural resources) which coincides with their remuneration, constitutes
total value added.

The first step for the sub national development consists thus in detailing the value
added, originally available at the country level, to the new regional scope.

To do this, first, we match the sectors of the GTAP database with those of our data
sources. Then, for each sector, the regional shares of value added, and accordingly
of labour, capital, land and natural resources are computed using the sub-national
data. Finally, these shares are used to distribute original country-level data across
sub-national units.

National Statistical Offices of Italy and Spain provide information on both capital
and labor at the sectoral level. Other countries are not that data rich. In these cases
we use the weight of value added to split the national value of all primary factors. For
some manufacturing activities we referred to Structural Business Statistics (SBS) of
Eurostat because theyhave amore detailed description of these sectors. To regionalize
the agricultural economic components of value added we mainly rely on Economic
Accounts for Agriculture of Eurostat because of the rich and already standardized
information across EU regions.

2.2 The Derivation of Sub-national Demand for Domestic
and Imported Goods: Simple Location Quotients (SLQs)

One of the most challenging tasks in the database construction is the derivation of
the sub-national domestic demand and trade patterns with other regions within and
outside the country. This is because these data are often missing and need to be
reconstructed using different techniques. The derivation of intra-national trade is
particularly important. In our case we rely on the so-called Simple Locations Quo-
tients (SLQs) method (Miller and Blair 1985; Bonfiglio and Chelli 2008; Bonfiglio
2008).1 The formula for the SLQs is the following:

1SLQs are so called “non-survey” techniques to derive input-output tables and SAMs. SLQs are
not the most precise across non survey coefficients known in the literature (Bonfiglio and Chelli
2008). However they offer the great advantage to be of particularly easy application when large
global databases are involved as in our case.
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SLQi,r � Xi,r/Xr

Xi,c/Xc
(1)

where i is the sector and X the output, r and c represent the regional and national
indexes, respectively. SLQ gives a measure of the regional specialization in the
economic activity. Two extreme cases are possible: absence of the economic activity i,
andperfect specialization. In thefirst casewehaveXi,r � 0which implies SLQi,r � 0.
Thismeans that the regionwill need to import i, whether intermediate and final goods,
from other regions.

At the other extreme we have Xi,r � Xi,c and SLQi,r � Xc/Xr. This means that
the sectoral regional value added coincides with the national one and that region will
tend to export the good for intermediate or final consumption.

Finally in the case of Xi,r/Xr � Xi,c/Xc the sub-national demand structure will
follow exactly the national one and the share of domestic and imported demand will
be the same.

Obviously in almost all the cases the SLQ values will be in between the two
extreme cases and not equal to the last one. The sub-country shares of domestic and
imported demand will be given by multiplying the national shares times SLQs and
then normalizing these shares, as illustrated in the following equations:

ShrDomi,r � ShrDomi,c · SLQi,r (2)

ShrImpi,r � ShrImpi,c · (1/SLQi,r) (3)

ShrDom∗
i,r � ShrDomi,r/(ShrDomi,r + ShrImpi,r) (4)

ShrImp∗
i,r � ShrImpi,r/(ShrDomi,r + ShrImpi,r) (5)

where ShrImp and ShrDom are the not normalized shares of domestic and imported
demand and ShrImp* and ShrDom* the normalized ones. In the extreme case of no
economic activity we put ShrImp = 1 and ShrDom = 0 to avoid the infinite numbers.

2.3 Estimation of Bilateral Trade Flows Between
Sub-national Regions

The second step consists in the determination of the bilateral trade flows across sub-
national regions. These data are very often missing. To overcome the problem the
procedure usually adopted is the so-called gravitational approach as in Horridge and
Wittwer (2010) and Dixon et al. (2012). By this method, the bilateral intra-country
trade flows are estimated using a gravity equation as in the Newtonian physics. It
accounts for the sectoral production in the origin region and sectoral demand in the
destination regions as attractors and the distance between them as friction.
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Table 3 Components of
matrix �

North Centre South Tot

North π11 π12 π13 �1.

Centre π21 π22 π23 �2.

South π31 π32 π33 �3.

Tot �.1 �.2 �.3 1

Some alternative approaches exist. For example, Chintrakarn andMillimet (2006)
and Canning and Tsigas (2000) use transport data for United States to obtain trade
flows across member States. Dubé and Lemelin (2005) also use transport data to
estimate the trade flows across three sub-national regions of Quebec. In addition,
they integrate this information with economic data about aggregate sub-national
exports and imports and apply a cross-entropy optimisation method to make the two
types of information consistent.

We follow the gravitational approach adjusting the trade flows across sub-national
regions by the RAS statistical method (Deming and Stephan 1940; Bacharach 1970)
to make consistent the intra-national trade obtained through the SLQs and the appli-
cation of the gravitational approach for the bi-lateral trade flows between sub-national
regions.2

In practice, the procedure is the following. Consider the share matrix � repre-
sented in Table 3. Afterwards, vectors and matrices are in bold type. For simplicity,
Table 3 features just three hypothetical sub-country regions: North, Centre and South.

In matrix �, the rows represent the origin, and the columns the destination sub-
national regions. Its general element πod, where 0 ≤ πod ≤ 1, is computed through
the gravitational criterion, that is the kilometric distance between the capital cities
of the origin and destination regions. As our procedure is valid for all the sectors,
for sake of algebraic simplicity we do not consider a sector index in the rest of the
section (Table 4).

DenotingYNAT the Italian sectoral production sold countrywide that is the value of
sectoral production sold domestically, D the sub-national demand (excluded demand
for foreign goods), EXP the sub-national exports towards the other sub-national
regions, IMP the sub-national imports from the other sub-national regions, EXPAG
the aggregate sub-national exports towards the rest of country and IMPAG the aggre-
gate sub-national imports from the rest of country, we compute these variables for,
say, sub-national region Centre, applying the following formulas:

2The RAS abbreviation stems from the names of the vectors (R and S) and matrix (A) used by
Bacharach in the original formulation of the algorithm. According to McDougall (1999) RAS is a
type of cross-entropy optimization method and it should be preferred in the absence of information
about variation in column structure or row structure of the matrix.
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Table 4 GDP % changes wrt database

1st Scenario:
reference

2nd Scenario:
bigger products
substitution

3rd Scenario:
lab/cap mobility

4th Scenario:
both components

Norte −9.86 −9.90 −17.47 −20.13

Algarve −0.01 0.02 4.77 7.51

Centro −0.01 0.00 3.92 5.32

Lisboa −0.03 −0.01 2.94 3.80

Alentejo 0.00 0.03 4.65 6.37

Portugal −2.89 −2.89 −2.64 −2.56

(π12 + π22 + π32) · YITA � DCentre

π21 · YITA � EXPCentre, North
π23 · YITA � EXPCentre, South
(π21 + π23) · YITA � EXPAGCentre

π12 · YITA � IMPNorth, Centre
π32 · YITA � IMPSouth, Centre
(π12 + π32) · YITA � IMPAGCentre

(6)

We apply the same procedure for each sub-national region.
Now, it well may happen that the regional production and demand that can be

inferred for a given sector by applying the SLQs are not consistent with the aggregate
imports and exports obtained by the gravitation approach:

YNorth � DNorth + EXPAGNorth − IMPAGNorth

YCentre � DCentre + EXPAGCentre − IMPAGCentre

YSouth � DSouth + EXPAGSouth − IMPAGSouth

(7)

The required adjustment takes place through the bi-proportional RAS method.
Consider the bilateral trade matrix:

A � �YITA

of size 3× 3, wherewe putπ11 =π22 =π33 = 0. InmatrixA, the general element is aod
where row o represents the origin and column d the destination sub-national region
respectively. We also have a target vector of row totals E (aggregate sub-national
exports to the rest of country, size 3 × 1) and a target vector of column totals M
(aggregate sub-national imports from the rest of country, size 3 × 1). Targets are
computed using the National and Eurostat statistical information about economic
production (YNorth, YCenter and YSouth) according to the following equations:
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ENorth � YNorth − DNorth + IMPAGNorth

ECentre � YCentre − DCentre + IMPAGCentre

ESouth � YSouth − DSouth + IMPAGSouth

MNorth � DNorth + EXPAGNorth − YNorth

MCentre � DCentre + EXPAGCentre − YCentre

MSouth � DSouth + EXPAGSouth − YSouth

(8)

The RAS method attempts to find a new matrix B such that:

∑

o

bod � Md

∑

d

bod � Eo

where bod, eo and md are, respectively, the general element of matrix B, vector E and
vector M.

The new matrix B is related to the original A via the iterative procedure:

bod � (rm)o · (cm)d · aod
where (rm)o is the multiplier of row o and (cm)d is the multiplier of column d.

For this initial application, we split the national exports and imports using the
sectoral sub-national share of value added for exports and a combination of sub-
national GDP share and SLQs for imports.

3 Changes in the Model Structure

Regionalization implies two work phases: one on the database, and another on the
model structure. The first phase has been described in the previous section.

The second phase requires modifying the functional structure of the model espe-
cially to introduce a different degree of factors andgoodsmobility for the sub-national
regions respect to the national ones. In fact, either goods or factors are expected to
move more easily within the same country or the same political and economic union
such as EU than between different macro-regions such as Europe and Asia for exam-
ple.

In our original CGE model primary factors of production like labour and capital
are imperfectly mobile across sectors, within the country or the aggregated macro-
region, and implicitly also perfectly mobile “spatially” within the country or the
aggregated macro-region. They are not mobile across countries. GTAP also includes
land among primary factors. Land does not move physically, but can be used for
different purposes, namely to grow different crops. It is a “sluggish” factor of pro-
duction as there are constraints in land uses captured by an elasticity of transformation
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parameter which determines the land supply in each agricultural sector. This sectoral
mobility of primary input is clearly technological/sectoral rather than spatial. The
issue is slightly different for intermediates and final consumption goods. Both can be
imported and thus are “mobile” across countries. However, in the CGE framework,
to prevent unrealistic specialization phenomena and trade overflows that could warp
the results of the model, the Armington assumption (1969) is introduced. It postu-
lates imperfect substitutability between homologue domestic and imported goods.
The values of the Armington elasticity are set by econometric estimations, which are
carried out at the national level.

When, as in our case, the spatial detail of the CGE model is increased, it would
be unrealistic to simply transfer to sub national entities the same parameterization
used in the national model.

Both intra national primary factor mobility and goods’ and intermediates’ substi-
tution require additional assumptions.

As to the first point it is reasonable to assume some, but not perfect, degree of
factor mobility across sub-national regions within the same country or EU but this
depends also on the policy scenario of the experiment (short, medium or long run).

As to the second point some imperfect substitution between goods produced in
different sub-national regions must be introduced. If not, unrealistic full specializa-
tion or trade flows could be observed also at the sub-national levels. Following the
empirical evidence that trade is bigger within than between countries given the same
distance—the so-called border effect (McCallum 1995)—these Armington elastici-
ties should be higher intra than inter country.

3.1 Mobility in Factors Market: The CET Approach

The value added in the standard GTAP model originates from five primary factors:
land, natural resources, unskilled labour, skilled labour and capital. All the sectors use
labour and capital while only some use land and natural resources (agriculture and
mining-related sectors, respectively). Land and natural resources supply is sluggish
across sectors while labour and capital are perfectly mobile. All the primary factors
are spatially immobile. For our sub-national context, we assume the following:

(1) Primary factors sectoral mobility does not change.
(2) Land and natural resources remain spatially immobile at the sub-national level.
(3) Sub-national unskilled labour, skilled labour and capital supply is still immobile

with respect to the rest of the world but can be geographically sluggish within
the country or the EU depending on the type of experiment and the aim of the
research.

The third assumption is new with respect to the standard GTAP model. It is
implemented through a CET (Constant Elasticity of Transformation) function: as a
result, workers and capital can move outside the sub-national region they belong to
in response to economic shocks. It is worth noting that the model allows a flexible
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aggregation scheme. If the focus is on a specific European Mediterranean country,
there is the possibility to increase the mobility just within this country.

First order conditions of the CET supply function and the formula to determine
the EU price of the endowment (shadow price) are given in the Eqs. 9–14, where QL,
QH, QK, PL, PH, and PK represent, respectively, the quantity of supplied unskilled
labour, skilled labour, capital and the associated prices. EU and r are, respectively,
the European aggregate index and the sub-national index. The parameters σL, σH and
σK are the elasticity of substitution of the endowment supply, they are a measure
of geographical mobility. Increasing the absolute value of these parameters means
increasing the factors mobility within EU.

QLr � QLEU

(
PLEU

PLr

)σL

with σL < 0 (9)

∑

r

QLrPLr � QLEUPLEU (10)

QHr � QHEU

(
PHEU

PHr

)σH

with σH < 0 (11)

∑

r

QHrPHr � QHITAPHITA (12)

QKr � QKEU

(
PKEU

PKr

)σK

with σK < 0 (13)

∑

r

QKrPKr � QKEUPKEU (14)

3.2 The Trade Structure of the Sub-national Regions: The
CRESH Approach

In the standard GTAP model the demand side is composed by private consumption,
government spending and intermediate goods. The demand tree follows a double
nest (Fig. 1). The first nest links domestic demand and aggregate foreign imports
of a specific commodity (irrespective of origin country) for each agent (households,
government, firms). The second nest differentiates foreign imports according to the
geographical origin.

The second model improvement thus consists in modifying that tree in order to
make sub-national products closer substitutes among them within EU.

To achieve this goal we modify the second nest in Fig. 2 by using the CRESH
(Constant Ratios of Elasticities of Substitution, Homothetic) function (see Hanoch
1971; Pant 2007; Cai and Arora 2015). The CRESH function is very flexible com-
pared to the standard CES function because for every good it allows for differing
levels of substitution between any pair of countries/sub-national regions.

The Eq. 15 shows the demand function behind the new trade structure in Fig. 2:
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CES ARMσ

CES IMPσ

Domestic demand in country c for good 
i by households, government and firms

Aggregate foreign imports in country c
for good i by households, government 

and firms

Foreign imports from 
country c’ ≠ c for good 

i by households, 
government and firms

Foreign imports from 
country C ≠ c for good 

i by households, 
government and firms

Total demand in country c for good i by 
households, government and firms

Foreign imports from 
country 1 ≠ c for good 

i by households, 
government and firms

Fig. 1 GTAP standard CES demand structure

∑

r

(
Qr,s

QIMPs

)dr,s Dr,s

dr,s
� κs (15)

In this equation Qr,s is the trade flow between region r and s and QIMP is total
amount of imports in regions s, d is a parameter with a value less than 1 but not
equal to zero, each D parameter associated with a particular good is positive, and
the values of D and κ are normalized. In the special case when di = d for all i the
CRESH function collapses to a CES function.

Each agent (household, government and firm) minimizes the expenditure subject
to (15). The first order conditions become:

Qr,s �
(
Pr,s
Ps

)oIMP
r,s

QIMPs (16)
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CES ARMσ

CRESH IMP
sr,σ

Domestic demand in sub-national region
s ∈EU for good i by households, 

government and firms

Aggregate foreign imports in sub-
national region s ∈EU for good i by 
households, government and firms

Imports from sub-national 
country r ∉EU for good i 

by households, government 
and firms

Total demand in sub-national region s which 
belongs to EU for good i by households, 

government and firms

Imports from sub-national 
region r ∈EU for good i 

by households, 
government and firms

Fig. 2 CRESH sub-national demand structure

where

σIMP
r,s � 1

1 − dr,s
, Ps �

∑

r

σIMP
r,s Sr,sPr,s, Sr,s � Pr,sQr,s∑

r
Pr,sQr,s

The good point of the CRESH approach is that compared to the standard CES
Armington elasticities in the second nest, σIMP, the CRESH Armington elasticities,
σIMP
r,s have two geographical indexes specifying the origin and the destination of the

trade flow. This means that we can set different values for each pair of sub-national
regions and/or countries with the maximum level of flexibility.



A Sub-national CGE Model for the European Mediterranean Countries 293

4 Testing the Model

This section tests the performance of our sub-national model first for a uniform
productivity climate shock across the sub-national regions and then for an asymmetric
one. In the first case our aim is to verify the robustness of the economic effects for
different assumptions on primary factors and goods mobility within the EU. In the
second case we want to measure and understand the distributional economic impacts
following an asymmetric climate shock.

4.1 Symmetric Shock

In this section, we conduct a sensitivity analysis on the Armington elasticities for
trade and the CET elasticities for labour and capital mobility at the sub-national
level. These two parameters are fundamental drivers of the model results. Moreover,
there is limited quantitative support to their econometric estimation. This is a further
motivation to justify a sensitivity test.

Our aggregation scheme is the 70 sub-national regions already cited in Table 1
plus rest of the EU and rest of the world. We keep the sectoral aggregation as simple
as possible to make easier the computation of the economic general equilibrium.
Three sectors are considered:

(1) agriculture, forestry and fishing
(2) manufactures and extraction
(3) services.

The shock is a uniform 20% decrease in the primary factors productivity of all
regions: capital, labour, land and natural resources.

We start with the Armington elasticities. Factor mobility is kept at the reference
case (σFAC = 0) which corresponds to the case of capital and labour immobility at the
sub-national level. Then we progressively increase the substitution across products
(i.e., the Armington elasticities σIMP

r,s ) within the European Union. The top graph
of Fig. 3 represents GDP % changes of EU under three different assumptions on
products mobility, implemented varying the elasticity of substitution σIMP of Eq. 16.
The formulas below represent, respectively, low, medium and high mobility in the
goods market):

arm_1→σIMP
r,s � σIMP ∀r,s

arm_2→σIMP
r,s � 2σIMP ∀r,s ∈ EU

arm_3→σIMP
r,s � 3σIMP ∀r,s ∈ EU

They are depicted on the horizontal axis.
In the central part of Fig. 3 we modify the value of σL, σH and σK for the primary

factors supply (Eqs. 9–14). For sake of simplicity we assume that σL � σH � σK �
σFAC. Armington elasticity is kept at the reference case, σIMP

r,s � σIMP∀r,s. Factor
mobility is increased according to the following scheme:

https://doi.org/10.1007/978-3-319-58533-8_1
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Fig. 3 EU real GDP %
changes wrt the database:
Armington (top), primary
factors (center) and both
components (bottom)

fac_1→σFAC =0
fac_2→σFAC =−5
fac_3→σFAC =−20

where fac_1 represents no factor mobility case and fac_3 the highest level of
factors mobility.

Finally, we look at the interaction between the two components:
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Fig. 4 Segments
representing the lowest and
highest GDP % Ch. across
the sub-national regions
(Armington elasticities,
primary factors and both
components)

armfac_1→ fac_1, arm_1
armfac_2→ fac_2, arm_2
armfac_3→ fac_3, arm_3

Figure 3 clearly shows that results of EU GDP are very stable for all the scenarios
considered. Increasing the economic integration in the goods market, labour market
and both does not change substantially the results for EU. The regionalized structure
of the model is thus robust to productivity shocks at the aggregate level.

From Fig. 4 we can understand the sub-national economic dynamics. Results for
all the sub-national regions are reported in the Table 5 of the Appendix. A greater
substitutability of sub-national products has almost no effect on the GDP of the 70
sub-national regions while a bigger mobility of primary factors (labour and capital)
causes a divergence process across the sub-national regions in a range of less than
±2%. Interestingly the flexibility in the goodsmarket slightly reduces this range. The
fact that the assumptions on primary factors mobility have deeper consequences than
assumptions on goods market integration is not very surprising. In fact Armington
elasticities can change the distribution of trade across sectors and regions but they
cannot affect the stock of capital and labour in the region. Introducing primary factors
mobility across the regions makes this possible and has a more direct and stronger
impact on the regional GDP.

4.2 Asymmetric Shock

The above-mentioned dynamics depends also on the type of shock analysed. Affect-
ing uniformly all the primary factors for all the European regions, as we did, is not
very realistic for climate change impacts and risk to underestimate the economic
potential of labour and capital mobility to re-distribute production and consumption
across the sub-country regions.
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To test this we impose an asymmetric shock on primary factors productivity. In
order to simplify the presentation of the results we take only Portugal (PT) as example
for the experiment. A 10% productivity reduction of all primary factors is assumed
in the Portuguese Norte region while the other four regions (Algarve, Centro, Lisboa
and Alentejo) are not affected. Four scenarios are considered:

(1) in the first one labour and capital are immobile at the sub-national level
(σFAC = 0) and Armington elasticities are kept at the reference case (σIMP

r,s �
σIMP∀r,s).

(2) in the second scenario labour and capital are immobile at the sub-national level
(σFAC = 0) and Armington elasticities are doubled compared to the reference
case (σIMP

r,s � 2σIMP∀r,s ∈ PT).
(3) in the third one labour and capital are mobile within Portugal (σFAC = −5) and

Armington elasticities are kept at the reference case (σIMP
r,s � σIMP∀r,s).

(4) in the last scenario labour and capital are mobile within Portugal (σFAC = −5)
and Armington elasticities are doubled compared to the reference case (σIMP

r,s �
2σIMP∀r,s ∈ PT).

This also confirms the flexibility of the model in the choice of the regional aggre-
gation and experiment. Results are displayed in Table 4.

Also in the case of an asymmetric shock, varying the Armington elasticities does
not affect substantially the results (comparison between second and third column in
Table 4). However when capital and labour mobility is introduced within Portugal
we observe a huge re-allocation of these primary factors across the Portuguese sub-
national regions and large GDP changes (fourth column). Mobility of labour and
capital improves the GDP performance for Portugal. This is because the negative
productivity shock in the Norte region triggers a substitution process reducing the
demand of goods produced in the Norte and consequently the demand for labour and
capital in this region. This means that remunerations of capital and labour go down
and these two factors move towards not negatively affected regions where remu-
nerations are higher. This in turn determines the exacerbation of the looser/winner
economic dynamics but also a GDP gain at the aggregate level for Portugal because
primary factors aremoving towardmore productive regions.Differently from the pre-
vious symmetric shock the Armington component amplifies the GDP divergences
across regions (fifth column).

5 Conclusions and Further Research

This chapter describes and applies a methodology to develop a sub-national CGE
model starting from a global model and database. Eventually a CGE model is built
for 70 sub-national regions in the Mediterranean European area. Empirical and the-
oretical issues are discussed through the paper. The model allows for intra-national
trade and factor mobility within each country or EU.
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We run a number of simulations to test the robustness of our regionalized struc-
ture and understand the potential economic mechanisms behind climate impacts in
the context of different levels of market integration. In the case of a symmetric
shock on productivity, results for GDP are very stable at the aggregate level for
the EU. Diverging patterns of GDP can be observed at the sub-national level when
interregional mobility is introduced in the factors market, while different degrees of
substitutability in consumption of goods from different sub-national regions play a
minor role.

When the shock is asymmetric GDP divergences strongly amplify, exacerbating
the winner/looser economic dynamics but we also notice a GDP gain at the aggregate
level. Inter-regional factor mobility is crucial in explaining this outcome.

Further research involves the extension of this first version to the sub-national
regions of some African and Asian Mediterranean countries. In particular ongoing
work is focusing on three countries: Morocco, Turkey and Egypt. Not surprisingly
data constraints become more stringent for countries in the Southern Mediterranean
coast.

The model should be tested to evaluate economic consequences and policies to
cope with climate change impacts in the Euro-Mediterranean area at the sub-national
level: sea level rise, water management, change in the agriculture yields, mitigation
and adaptation policies.
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A Regional Dynamic General
Equilibrium Model with Historical
Calibration: A Counterfactual Exercise

Stefania Lovo, Riccardo Magnani and Federico Perali

Abstract This chapter develops a regional dynamic general equilibrium model
calibrated using two regional SAMs for the Italian region Valle D’Aosta for the
years 1963 and 2002. A historical calibration procedure is performed over the
40 years period and ensures that the modelled tendencies perfectly reproduce the
actual observed growth patterns of the main regional macroeconomic variables. The
dynamic general equilibriummodel provides an original and powerful tool for histor-
ical counterfactual analysis not available using standard dynamic general equilibrium
models. The model is used to compare the growth path followed by the region dur-
ing the period of interest with a counterfactual scenario intended to evaluate how the
region would have performed in the case of a contraction of the transfers from the
national government to the regional government and the families.

Keywords Regional dynamic general equilibrium model · Historical calibration
Historical counterfactual analysis

JEL Classification C68 · R13

1 Introduction

Understanding the historical paths of institutional and economic development is
of central importance in understanding the current differences in economic per-
formances across regions and countries (Engerman and Sokoloff 2000; Acemoglu
and Robinson 2000, 2012; Acemoglu et al. 2001, 2005). The choice of a specific
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development and institutional path, in a certain point in time, in fact, can trigger
alternative growth trajectories and lead to different levels of efficiency. The use of
economic theory and statistical technique to analyse economic history is becoming a
popular exercise. This historical approach, which has been mainly carried out using
econometric techniques, is here extended in a general equilibrium context.

In this study, we reproduce the economic development path undertaken by Valle
D’Aosta during the last 4 decades using a regional dynamic general equilibrium
model built on two regional Social Accounting Matrices (SAMs) constructed for the
years 1963and2002.The availability of two regional SAMs, equal in the structure and
referred to two different periods in time, offers an extraordinary opportunity to per-
formadynamic calibration procedure based on the knowledge of the initial conditions
and of the current economic circumstances. In particular, the calibration procedure
adopted in this paper permits to perfectly reproduce the two SAMs and, thus, ensures
that the modelled tendencies closely approximate the actual observed growth pat-
terns of the main regional macroeconomic variables. The calibrated dynamic model
provides an original and powerful tool for counterfactual analysis in which the path
actually followed by the regional economy can be compared to alternative policy
scenarios to draw lessons for future policy recommendations.

Computable general equilibrium (CGE) models are widespread tools for policy
analysis in spite of criticisms because of weak validation and inferential power. Con-
ducting a validation exercise can help assessing the model limitation and predictive
capacity. Validation, which consists in verifying the matching between modelled
and historical tendencies over a chosen period, is a major concern for all simulation
and operations research models (Gass 1983; Kleijnen 1999). None of these studies
exploit the comprehensive range of information that can be obtained from the use of
two SAMs constructed for two different points in time. Thurlow (2004) presents a
dynamic general equilibrium model for South Africa which involves the use of two
SAMs for the years 1993 and 2000, although themodel accounts for a between period
component, no explicit attention is given to whether the model replicates 2000 actual
figures. In this paper, we develop a regional dynamic general equilibrium model cal-
ibrated on historical data capable to reproduce the regional economic structure at the
final 2002 year starting from the regional SAM for the year 1963.

The model represents a unique experimental setting for a historical counterfactual
analysis of alternative policy scenarios which is not available using standard dynamic
CGE models. This exercise is backward looking and compares the model generated
outcomes with alternative scenarios obtained by introducing shocks throughout the
observed period. By comparing the modelled trend for the period 1963 to 2002 with
alternative tendencies obtained by shocking the model throughout the period, we can
implement a historical counterfactual exercise that cannot be applied using standard
dynamic general equilibrium techniques.

The paper proceeds as follows. Section 2 describes some of the salient economic
features of the region during the post-war period of interest. Section 3 describes the
structure of the regional dynamic general equilibriummodel, while Sect. 4 describes
the historical calibration procedures. In Sect. 5 the results of the historical counter-
factual analysis are discussed. Section 6 concludes.
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2 Some Distinctive Features of the Valle D’Aosta Economy
in Retrospect

Valle D’Aosta is one of the Italian regions along with the Trentino Alto Adige,
Friuli-Venezia Giulia in the North, and Sardinia and Sicily regions in the South
enjoying a high level of governing, financial and legislative autonomy which have
been fully implemented since 1981. These regions keep for local use almost all
state taxes. The northern regions with a special statute do not have to contribute
resources to the state solidarity fund for the less developed regions of Italy. The per
capita level of public expenditure in these regions is more than twice as large as
the expenditure in regions with ordinary autonomy. These regions enjoy freedom
to spend and waste. Institutions are transformed into jobs and consensus creating
factories. Unemployment rates are in the northern autonomous regions very low as
compared even to the other ordinary northern regions. At the beginning of the 21st
century the unemployment rate in Valle d’Aosta was about 3% mainly thanks to the
abnormal growth of the public administration sector and associated activities (Noto
and Meneghelli 2008). Further, in the post-war period, Valle d’Aosta has been the
target of a steady migration flow from the Southern region of Calabria. Nowadays,
residents of Calabria origin are about one fifth of the population. This aspect may
also have contributed to sustain the pro-public sector growth.

Table 1 shows the geography of public employment in Italy. In Valle d’Aosta there
are about 79 public workers per 1000 inhabitant, 23 more than in the Lazio region
where the central government resides. The Valle d’Aosta region clearly outperforms
when compared to the other autonomous regions of Trentino Alto Adige, Sicily and
Sardinia (79 vs. 55, 50 and 48 respectively). Veneto and Lombardy are the most
parsimonious regions with 32 and 31 public workers to be compared with an Italian
average of 41 workers.

Table 2 reports the distributionof regional value added at factor costs across sectors
and reflects the level of sector disaggregation used later in the model. In general, we
observe a large reduction in the contribution of the secondary sector, including the
manufacturing industries and construction, to the formation of the gross domestic
product. While in 1963 the manufacturing, construction and service sectors were
equally contributing to the regional GDP, in 2002 there is an evident overtaking by
the private and public services showing a shift out of themanufacturing to the services
of the regional economy. The construction sector appeared to be very vital during
the first decade of the analysis mainly due to the large demand for infrastructures
and public works. In the 70s and 80s the vigour of the sector was ensured by the
demand for tourism construction. This positive tendency is, however, interrupted by
a downfall in the second half of the 90s caused mainly by the introduction of new
European regulation on public procurement rules and themore severe limits imposed
on national government public expenditure.

The regional administration has notably increased the contribution to the for-
mation of regional domestic product (Table 3). During the period of interest, pub-
lic services almost doubled in terms of percentage of value added. In 2002, the
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Table 1 List of sectors in the CGE model

1 Agriculture

2 Extractive industry

3 Metallurgic industry

4 Mechanic industry

5 Chemical industry

6 Agri-food and textile

7 Other manufacturing industries

8 Construction

9 Electricity

10 Wholesale trade

11 Hotels

12 Transports and communication

13 Credit and insurance

14 Public administration

public services account for 23% of GDP in comparison to 8.8% of the manufactur-
ing sector. The comparison with national figures and with the nearby north-western
Italian regions reveals the abnormal size of the public administration. The compari-
son with another mountainous and autonomous region in the North of Italy, Trentino
Alto Adige,1 where the contribution to value added of the public sector is around
15% (Istat 2004a, b), reinforces the relevant role played by the public sector in Valle
D’Aosta. Public services generate 35% of total labour income and employs about
30% of the labour forces. They acted as a social damper during the slowdown of the
regional economy to alleviate unemployment.

The composition of the regional gross domestic product reported in Table 4 shows
a significant change in the overall structure of GDP during the considered 4 decades.
The largest components of GDP in 1963 are exports and imports. This is an aspect
that typically characterises small regions such as Valle D’Aosta that is the smallest
region in Italy with a population of 125,000. In 2002 the economy is much less
export oriented. Imports almost tripled to become about 1.4 times exports. There is
a notable increase in the role of private domestic consumption. This may reflect a
loss of competitiveness with respect to the nearby territories. On the other side, the
share of imports as a percentage of GDP has fallen by only 9 percentage points. The
share of fixed investment and the tax burden have slightly increased.

The traditional dynamic general equilibrium analysis reproduces an initial eco-
nomic situation, as recent as data availability permits, and forecast the future develop-
ment path of the economy. In this study, using a novel dynamic calibration technique,
we are interested to reproduce the main features of the economy at both the initial
and final economic situation in order to implement a what if analysis to learn whether

1In Trentino Alto Adige, the composition of value added is the following: manufacturing 13.8%,
construction 10.3%, private services 55.9% and public services 14.6%.
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Table 4 Value added by sector in 1963 and 2002

1963 2002

Value In % Value In %

Agriculture 36.1 2.8 38.1 1.3

Extractive
industry

39.4 3.0 11.9 0.4

Metallurgic
industry

275.1 21.3 77.0 2.6

Mechanic
industry

10.4 0.8 18.9 0.6

Chemical
industry

11.6 0.9 5.5 0.2

Agri-food and
textile

20.2 1.6 69.0 2.3

Other
manufacturing
industries

18.8 1.5 96.1 3.2

Construction 269.6 20.9 136.0 4.5

Electricity 124.7 9.7 156.8 5.2

Wholesale trade 76.5 5.9 255.5 8.5

Hotels 58.3 4.5 255.7 8.5

Transport and
communication

36.6 2.8 290.5 9.6

Credit and
insurance

152.0 11.8 905.6 30.0

Public
administration

161.3 12.5 701.4 23.2

Total 1290.6 100.0 3018.1 100.0

the economy could have improved its performance given different policy scenarios
by comparing the actual final situation with the counterfactual final situation. The
next section describes the main characteristics of the regional dynamic model.

3 A Dynamic Regional General Equilibrium Model

The model is recursive dynamic which means that agents’ behaviour depends on
current and past states of the economy and do not form expectations about future
events.
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3.1 Data

The regional dynamicmodel is calibrated using two regional social accountingmatri-
ces for the regionValleD’Aosta constructed for the years 1963 and 2002. The original
matrix accounts have been aggregated to obtain a reduced SAM as required by the
structure of the applied dynamic model. The original matrices are reported in Lovo
et al. (2008) together with the description of their content and of the procedures and
sources adopted in the construction.

The aggregated SAMs are reported in Tables 2 and 3. The matrices include 14
sectors, 4 factors of production (high-skill labour, medium-skill labour, low-skill
labour and capital), one private institution account incorporating households and
enterprises, the regional government and the rest of the world. The rest of the world
sector is a simplified account that includes three main trading partners: the rest of
Italy (including the national government), the European Union and the others non-
European countries. The 1963 SAMhas been converted to constant prices 2002 using
the price index reported by the national institute of statistics, Istat (2005).

The two regional SAMs adopt the same structure and are therefore fully compara-
ble. The rest of this section is devoted to the presentation of the main characteristics
of the regional dynamic CGE model.

3.2 The Static Specification

In our model, we consider 14 sectors noted by i and j listed in Table 1, one repre-
sentative household, the regional government (which is supposed to be completely
independentwith respect to the national government), and the rest of theworld (which
includes the rest of Italy, other European countries having adopted the euro, and the
other countries which have a different currency).

Producers maximize profits under perfect competition given the technological
constraint. Following a standard procedure (Löfgren et al. 2001), production is related
to intermediate inputs and primary factors according to a nested constant elasticity
of substitution (CES) function.

Interregional trade is modelled in an aggregated way, namely, considering a single
trade partner that includes the three main trading regions: the rest of Italy, the rest
of Europe and non-European countries. Output is sold domestically and outside the
region subject to imperfect substitutability between exports and domestic sales rep-
resented by a constant elasticity of transformation (CET) function. Domestic demand
matches the supply of a composite commodity obtained by an Armington aggrega-
tion of imports and domestic sales which reproduces the imperfect substitutability
between the two.

The peculiar characteristics of the region help to add few simplifications to the
modelling of the government account. Under the current constitution, Valle D’Aosta
is one of the five Italian regions enjoying a high level of governing and financial
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autonomy. This confers to the region, for analytical purposes, the condition of a
“small country” within the country. Given the financial independence, government
revenues and expenditures can be seen as occurring within the regional borders. The
regional government obtains revenues from production and income taxes which are
imposedon the regional sectors and institutions.Thegovernment budget includes also
the net transfers from the national government. Total public expenditure is assumed
to be a fixed percentage of the regional GDP and is allocated according to a CES
function.

Households, enterprises and the regional government earn factor incomes in pro-
portion to the owned share of factor stocks. Government and non-government insti-
tutions receive transfers from the rest of the economy and from the other institutions.
Households use their income, net of direct taxes, to consume and save. Household
consumption is allocated according to a CES utility function.

Capital and the three types of labour are assumed to be mobile across sectors.
However, only capital is assumed to be fully employed. In our model, we consider
a non-standard macroeconomic closure (Magnani 2015) which permits to endoge-
nize unemployment by introducing a particular investment function. In this way, the
unemployment rate depends on the level of the aggregate demand.

3.2.1 Firms

For each sector i, we use amulti-level production function. In the first stage, the quan-
tity produced Xst,i depends, according to a Leontief technology, on two aggregates:
the value added V At,i and the total intermediate good I nt tott,i . The optimal quantities
are chosen by each sector i in order to maximize its profit given the technological
constraint. The first order conditions for profit maximization are:

V At,i � αV A
t,i · Xst,i

I nt tott,i � α I nt
t,i · Xst,i

Pt,i · (
1 − τ Xs

t,i

) · Xst,i � PV A
t,i · V At,i + P Int

t,i · I nt tott,i

where αV A
t,i and α I nt

t,i are parameters to be calibrated, Pt,i is the gross producer price,
τ Xs
t,i is the tax rate on production, PV A

t,i is the aggregate price of the value added and
P Int
t,i is the aggregate price of intermediate goods.
In the second stage, each sector i chooses, on the one hand, the optimal demand

for labour Lt,i,s (expressed in efficiency units) for each skill type s (high skilled,
medium skilled and low skilled) and capital Kt,i which constitute the value added
V At,i according to a CES technology, and, on the other hand, the optimal demand
for intermediate goods produced by sector j I ntt, j,i which constitute the total inter-
mediate good I nt tott,i according to a CES technology. The first order conditions for
cost minimization are:
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Lt,i,s � αL
t,i,s ·

(
PV A
t,i

Wt,s

)σ V A
i

· V At,i

Kt,i � αK
t,i ·

(
PV A
t,i

Rt

)σ V A
i

· V At,i

PV A
t,i · V At,i �

∑

s

Wt,s · Lt,i,s + Rt · Kt,i

I ntt, j,i � α I nt
t, j,i ·

(
P Int
t,i

P X
t, j

)σ I nt
i

· I nt tott,i

P Int
t,i · I nt tott,i �

∑

j

P X
t, j · I ntt, j,i

where αL
t,i,s, αK

t,i and α I nt
t, j,i are parameters to be calibrated, σ V A

i and σ I nt
i are the

elasticities of substitution whose values come from the literature, Wt,s is the remu-
neration per unit of efficient labour with skills s, Rt is the remuneration rate of capital,
and PX

t,i is the sales price of commodity i.

3.2.2 Households

The revenue earned by the representative household is given by the remuneration
of primary factors, the exogenous transfers from the government of Valle d’Aosta
Trans f Gt and the exogenous transfers from the rest of the world Trans f RoWt (in
particular from the Italian government).

Yt � (1 − τt ) ·
[
∑

s

Wt,s · At,s · NH
t,s · (

1 − ut,s
)
+ Rt · K H

t

]

+ Trans f Gt + Trans f RoWt

In particular, labour incomes for each skill level s depend on the wage per unit of
effective labour Wt,s , on productivity At,s , on the quantity of labour supplied NH

t,s ,
and on the (endogenous) unemployment rate ut,s . Capital incomes depend on the
remuneration rate of capital Rt and on the quantity of capital supplied K H

t .
The representative household pays income taxes on the basis of a tax rate τt and

he saves a fraction st of his disposable income. Thus, the budget constraint is:

PC
t · Ct � (1 − st ) · Yt

where Ct is aggregate consumption and PC
t is the consumer price index.
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Then, the representative household chooses the optimal demand Xdt,i for each
commodity i in order to maximize his well-being (described by CES preferences),
given the previous budget constraint. The first order conditions are:

Xdt,i � αC
t,i ·

(
PC
t

PX
t,i · (

1 + τC
t,i

)

)σC

· Ct

PC
t · Ct,i �

∑

i

P X
t,i · (

1 + τC
t,i

) · Xdt,i

where αC
t,i is a parameter to be calibrated, σC is the elasticity of substitution whose

value comes from the literature, τC
t,i is the VAT tax rate and PX

t,i ·
(
1 + τC

t,i

)
is the price

paid by households to buy one unit of commodity i.

3.2.3 Regional Government

We assume that the regional government has a complete autonomy with respect to
the national government in the sense that it collects all taxes on the incomes produced
in Valle d’Aosta.

The public surplus is given by the difference between public revenues and public
expenditures:

SGt �
∑

i

τ Xs
t,i · Pt,i · Xst,i +

∑

i

τC
t,i · PX

t,i · Xdt,i

+ τt ·
[
∑

s

Wt,s · At,s · NH
t,s · (

1 − ut,s
)
+ Rt · K H

t

]

+ Rt · KG
t + Tax RoW

t

− (
Gtot

t + Trans f Gt
)

In particular, public revenues are given by indirect taxes on production and con-
sumption, direct taxes on incomes, capital revenues (where KG

t is the capital owned
by the regional government) and transfers Tax RoW

t perceived from the rest of the
world (in particular, from the national government). Public expenditures are given by
the expenditures to buy goods and services Gtot

t and transfers to families trans f Gt .
We assume that an exogenous fraction αGtot

t of GDP is devoted to public expendi-
tures where GDP is defined as the total value added created by the economic sectors.
Thus:

Gtot
t � αGtot

t · GDPt

GDPt �
∑

i

PV A
t,i · V At,i
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Finally, we assume that the regional government chooses the optimal demand
Gt,i for each commodity i in order to maximize his well-being (described by Cobb-
Douglas preferences), given its budget constraint. The first order conditions are:

PX
t,i · Gt,i � αG

t,i · Gtot
t

whereαG
t,i is a parameter to be calibrated andGtot

t represents total public expenditures
which are supposed to be equal to an exogenous fraction of GDP.

3.2.4 Investments and Savings

Commodities can also be used as investment goods. Total invtment I tott is decom-
posed into the elements It,i according to a CES technology in order to minimize the
total cost. The first order conditions are:

It,i � α I
t,i ·

(
P I
t

P X
t,i

)σ I

· I tott

P I
t · I tott �

∑

i

P X
t,i · It,i

where α I
t,i is a parameter to be calibrated and P I

t is the aggregate investment price.
The macroeconomic equilibrium condition states that aggregate investment must

be equal to aggregate savings given by private savings, public savings and savings
with respect to the rest of the world:

P I
t · I tott � st · Yt + SGt + SRoW

t

3.2.5 International Trade

In our paper, imports are modelled using the Armington hypothesis according to
which domestic products and foreign products are perceived as imperfect substi-
tutable (implying that their prices will be different) because of the different origin.
We use a CES technology to model this imperfect substitutability. The first order
conditions for cost minimization are:

Dt,i � αD
t,i ·

(
PX
t,i

PD
t,i

)σ M
i

· Xt,i

Mt,i � αM
t,i ·

(
PX
t,i

P RoW
t,i · et

)σ M
i

· Xt,i
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PX
t,i · Xt,i � PD

t,i · Dt,i + PRoW
t,i · et · Mt,i

where αD
t,i and αM

t,i are parameters to be calibrated and σ M
i is the elasticity of substi-

tution between domestic and foreign products. Dt,i represents the domestic demand
for domestic products, Mt,i represents imports, and Xt,i represents the composite
good (given by a CES function of domestic sales and imports). PD

t,i is the price of
domestic sales, PRoW

t,i · et is the price of imported goods where et is the exchange
rate, and PX

t,i is the weighted average between the two previous prices. The composite
good Xt,i is sold in the market to firms as intermediate good, to households, to the
government or used as investment good. Thus:

Xt,i �
∑

j

I ntt, j,i + Xdt,i + It,i + Gt,i

Domestic output Xst,i can be sold in the domestic market or exported. We assume
that domestic sales DDt,i and exports Et,i are not perfectly substitutable, i.e. the
quality of goods that are sold in the domestic market is different with respect to the
quality of goods that are exported. We use a CET function to model this imperfect
substitutability. The first order conditions for profit maximization are:

Et,i � αE
t,i ·

(
PRoW
t,i · et
Pt,i

)σ E
i

· Xst,i

DDt,i � αDD
t,i ·

(
PD
t,i

Pt,i

)σ E
i

· Xst,i

Pt,i · Xst,i � PD
t,i · DDt,i + PRoW

t,i · et · Et,i

where αE
t,i and αDD

t,i are parameters to be calibrated and σ E
i is the elasticity of trans-

formation between domestic sales and exports. PD
t,i is the price of domestic sales,

PRoW
t,i · et is the price of exports, and Pt,i is the average sales price.
The equilibrium of the balance of payments states that net capital inflows are

equal to the difference between income outflows and income inflows.

SRoW
t �

(
∑

i

P RoW
t,i · et · Mt,i +

∑

s

Wt,s · At,s · N RoW
t,s + Rt · K RoW

t

)

−
(

∑

i

P RoW
t,i · et · Et,i + Tax RoW

t + Trans f RoWt

)

In particular, income outflows are given by imports and labour and capital incomes
perceived in Valle d’Aosta by the non-residents, while income inflows are given by
exports, transfers perceived by the regional government from the rest of the world
Tax RoW

t (in particular, from the national government), and transfers perceived by
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the representative household from the rest of the world Trans f RoWt (in particular
from the Italian government). The exchange rate is considered as exogenous while
net capital inflows adjust in order to guarantee the equilibrium of the balance of
payments.

3.2.6 Equilibrium Conditions

In the labour market, for each skill type s, the total demand of labour (in efficiency
units) must be equal to the quantity supplied by the representative household and the
non-residents.

∑

i

Lt,i,s � At,s · NH
t,s · (

1 − ut,s
)
+ At,s · N RoW

t,s

This equation determines the equilibrium wage per unit of effective labour Wt,s

for each skill type.
In the capital market, the total demand by firms must be equal to the quantity

supplied by the representative household, the regional government and the non-
residents:

∑

i

Kt,i � K H
t,K + KG

t + K RoW
t

This equation determines the equilibrium remuneration rate of capital Rt .
In the market of goods and services, for each commodity i, domestic sales DDt,i

(i.e. the quantity of output that is not exported) must be equal to the domestic demand
for the domestic good Dt,i :

DDt,i � Dt,i

This equation determines the equilibrium domestic price for each commodity PD
t,i .

The numeraire of the model is the consumer price index PC
t .

3.3 The Dynamic Specification

Themodel is solved forward in a dynamically recursive fashion, inwhich the solution
depends only on current and past variables.

The evolution of capital, owned by the representative household, the regional
government and the non-residents, depends on capital depreciation according to
a depreciation rate δ and savings expressed in real terms, i.e. deflated using the
aggregate investment price:
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K H
t+1 � K H

t · (1 − δ) +
st · Yt
P I
t

K G
t+1 � KG

t · (1 − δ) +
SGt
P I
t

K RoW
t+1 � K RoW

t · (1 − δ) +
SRoW
t

P I
t

The quantity of labour supplied for each skill type s by the representative house-
hold and by the non-residents varies over time according to an exogenous growth
rate differentiated by skill type:

NH
t+1,s � NH

t,s · (
1 + nH

t+1,s

)

N RoW
t+1,s � N RoW

t,s · (
1 + nRoW

t+1,s

)

The productivity At,s for each skill type s increases over time according to an
exogenous rate differentiated by skill type:

At+1,s � At,s · (
1 + gt+1,s

)
.

3.4 Macro Closure and Unemployment

In this study, we do not use the standard neoclassical closure according to which
investments are savings-driven. This macro closure implies that if one element of
the aggregate demand increases because of a shock or an economic policy, the level
of investments reduces by the same amount. Thus, real GDP remains unaffected2

when the shock is produced and the long-term effect is negative because of the lower
capital accumulation.Moreover, we do not consider the Keynesian closure according
to which investments are fixed at an exogenous level. In fact, in this case, a shock
that stimulates aggregate demand produces an implausible increase in real GDP and
reduction in unemployment. Instead, as described in Magnani (2015), we introduce
the following investment function which permits to create a class of intermediate
models between the neoclassical model and the Keynesian model:

I tott � I
tot
t + β ·

[

I tott ·
(
1 − ūt
1 − ut

)1−αL

− I
tot
t

]

where I
tot
t represents the pre-shock level of total investments, ūt the pre-shock level

of the regional unemployment rate, αL is the ratio between the wage bill and the
regional GDP and β is an exogenous parameter that lies between zero and one and

2Real GDP can be affected because of the reallocation of the production factors across sectors.
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that measures the crowding-in/crowding-out effect on investments. If the parameter
β is equal to one the model coincides with the neoclassical model, while if it is equal
to zero the model reduces to the Keynesian model. This parameter is set to 0.8 in
line with estimates presented by Magnani (2015) on seven OECD countries.

The investment function determines the level of aggregate investments while the
equilibrium condition between savings and investments determines the equilibrium
regional unemployment rate.

In order to determine the unemployment rate differentiated by skill level s, we
consider that the unemployment rate is equal to a weighted average between the
unemployment rate differentiated by skill level ut,s and we assume that the ratio
between the number of unemployed for each skill level and the total number of
unemployed is exogenous:

ut �
∑

s ut,s · NH
t,s∑

s N
H
t,s

αU
t,s � ut,s · NH

t,s

ut · ∑
s N

H
t,s

.

4 Historical Calibration

This section describes the procedure followed in the historical calibration of the
regional dynamic general equilibrium model.

In the economic literature, few studies have attempted to carry out an histor-
ical calibration procedure for dynamic general equilibrium models. For instance,
Dixon and Rimmer (1999) employ a historical closure in which some of the vari-
ables normally not explained by CGE models, for example tax rates, technology and
preferences, are considered endogenous to reproduce the observed movements in the
main endogenous variables. More recently Arndt et al. (2002) suggested a maximum
entropy approach to estimate the behavioural parameters of a static CGEmodel. This
method, besides making use of historical records provides also statistical tests for
the estimates. The historical targets considered include GDP, sales, imports, exports,
investment, consumption by commodities and household types.

The peculiar experimental design of this study allows us to use a calibration
procedure which differs from the standard dynamic calibration methods because
we do not impose exogenous growth rates, normally borrowed from external data
sources, on key variables, such as total factor productivity (Marrocu et al. 2000;
Leonida et al. 2004). The new calibration approach introduced in this study exploits
the available historical information contained in the initial and final input/output
matrices that allows us to perfectly match model generated outcomes, such as sector
value added, with actual data in two specific points in time. The calibration of the
dynamic CGE model is carried out in four steps.
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In the first step, we calibrate two static CGE models in order to reproduce the
1963 SAM and the 2002 SAM. The static models are calibrated following a standard
procedure commonly used in computable general equilibrium models. We assume
that the economy is in equilibrium and calibrate the value of all parameters and
exogenous variables, while initializing all endogenous variables, so that we can
perfectly reproduce the initial and final SAMs. In the calibration process, we make
use of external information for the value of the elasticities adopted in the production
and trade functional specifications and for the stock of endowments. When times
series or cross section data are not available, elasticities cannot be estimated and
are commonly taken from external sources. For instance, from similar contexts or
as a sort of average tendency of estimates in the general equilibrium literature. In
this paper, we adopted the elasticities used in Finizia et al. (2005) where a general
equilibrium model employing similar functional forms for production, investment
and foreign trade is applied to the whole Italian economy.

In the second step, we run the model for all periods between 1963 and 2002,
where the value of all parameters and exogenous variables is determined by a linear
interpolation between the beginning and end of the period. It is important to bear in
mind that in this step we do not introduce the dynamics of productivity, capital and
labour described in Sect. 3.3. Both SAMs are still perfectly reproduced.

In the third step, we introduce the dynamics as described in Sect. 3.3 that produces
dynamic effects on relative prices and optimal quantities. Consequently, the 1963
SAM is still perfectly reproduced becausewemaintain the parameters and exogenous
variables determined using the linear interpolation, while the final 2002 SAM is the
outcome of the dynamic rules.

In the last step, we endogenize most of the parameters of the model in order to
perfectly reproduce both SAMsby setting the newvalue of the parameters equal to the
previous levelmultiplied by an adjustment parameter as if the regional economywere
partially adapting to the endogenous dynamic changes. In the historical calibration,
while elasticities are kept constant, the structural parameters are updated assuming
a constant change over time to match 2002 structural relations and policy changes
as explained above.

This procedure allows us to reproduce the two SAMs in a consistent way that is
coherent with the general equilibrium evolution of all endogenous variables, includ-
ing the equilibrium relative prices.

Figures 1, 2, 3, 4, 5, 6, 7 and 8 describe the evolution of the Val d’Aosta Region as
reconstructed using the historical calibration procedure starting from the economic
situation captured by the initial and final SAMs. Figure 1 shows the sharp decline
of the metallurgic and construction industries. The value added from these sectors
accounted for about 20% of regional value added at the beginning of the period.
In 2002, the economic weight of these two sectors was less than 5%. The public
administration and credit and insurance services were initially contributing about
25% of the regional value added and then escalated to about 55% at the end of the
period.

Figure 2 describes the evolution of the components of consumption, investments,
government expenditure and net trade regional GDP. In line with expectations, the
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Fig. 1 Evolution (generated by the CGE model) of the value added of four sectors
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Fig. 2 Evolution (generated by the CGE model) of the components of the regional GDP

growth of the public and service sector was accompanied by a sharp increase in the
level of household consumption that passed from a share of about 40% at the begin-
ning of the period to a peak of about 80% in the mid-90s to decrease to about 70% at
the end of the period. The growth in consumption also spurred the growth of imports
from an initial value of 60% to reach a maximum by the end of the 1980s of about
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Fig. 3 Evolution (generated by the CGE model) of the growth rate of the regional GDP
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Fig. 4 Evolution (generated by the CGE model) of capital

80% when the balance of regional trade approached zero and become increasingly
negative by the end of the period. The level of government expenditures and private
investments remained more or less constant throughout the period. This configura-
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Fig. 5 Evolution (generated by the CGE model) of savings
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Fig. 6 Evolution (generated by the CGE model) of the number of workers by skill level (in % of
the total workers)

tion of the budget balance equation, along with the changing sectorial structure of
the regional economy, explains the evolution of regional GDP growth presented in
Fig. 3. The rate of regional growth initially decreased from 2 to 1 percentage points
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Fig. 7 Evolution (generated by the CGE model) of the unemployment rate by skill level
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Fig. 8 Evolution (generated by the CGE model) of the transfers from the rest of the world to the
regional government (TaxRoW) and to families (TransfRow)

until the beginning of the ‘80s when the economy rebounded to steadily grow up
to a 6% growth rate at the end of the period. The GDP growth was sustained by
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a fourfold increase in the levels of household capital accumulation (Fig. 4) and a
twofold increase in household savings (Fig. 5).

As shown in Figs. 6 and 7, the workers endowed with low skills were especially
exposed to the risk of unemployment. Because of the large contraction of mainly
the mining, manufacturing, and construction sectors traditionally employing low
skilled people and the increasing general adoption of labour-saving technologies,
the composition of the labour force passed from a 50-40-10% share of low, medium
and high skill workers at the beginning of the period to a composition of 5-63-32%
at the end of the period. Among the low skilled workers, the unemployment rate
increased from 6% in the 60s to about 15% around the change of the millennium.
The rate of unemployment for the medium and high skilled workers remained stable
throughout the period around a physiological rate of 2% thanks also to the parallel
increase of the private and public services.

Inspection of Fig. 8 reveals the degree of insulation of the regional economy. The
economic importance of transfers from the State3 to the regional government levelled
around 10% throughout the period. As a result of the special statute, the Val d’Aosta
region is granted an almost complete financial autonomybased on the control of about
90% of the taxes levied within the region and full jurisdiction over the redistribution
of the tributes across regional activities and institutions. The economic choices of
the regional government can therefore be considered the main determinants of the
evolution of the regional economy.Despite the relatively higher resources available to
the 120,000 inhabitants of the region as compared to people living in non-autonomous
Italian regions, Val d’Aosta families received an increasing amount of resources from
the rest of the world4 reaching almost 10% of the regional budget by the end of the
period. These transfers were meant to help the Val d’Aosta families coping with the
social costs associated with the major industrial restructuring taking place in both
the Valley and the Piedmont region in the second half of the twentieth century.

It is then sensible to ask how the Val d’Aosta economy and its labour market
would have performed if the region had to face a contraction of the transfers to
both the regional government and the families, mainly unemployed, needing greater
social protection. This is indeed the path that we chose to alter in the counterfactual
exercise.

3The transfers from the State come, for example, through non-State taxed earnings derived from
the public management of integrated multifunctional (commercial and service) areas such as “Les
Halles D’Aoste,” also called “carport,” that is visited by more than two million people of visitors
every year or from the management of the Saint Vincent Casino (Noto and Meneghelli 2008).
4When we mention the rest of the world, we generally refer to the Italian State, for example, in
relation to the shock on the transfers from the central government. On the other hand, when we
examine, for example, the impact on capital we refer to any economic agent not resident in the Val
d’Aosta region.
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5 Counterfactual Analysis

We now discuss the results of the simulation producing a historical counterfactual
growth path generated by a restrictive behaviour of the Italian government regarding
the flow of transfers from the State to the region. We use our dynamic CGE model
to evaluate what would have happened if, from 1992 to 2002, the Italian government
had reduced by 20% the transfers both to families and the regional government
as described in Table 5. This shock would have represented a feasible government
intervention because this intervention would have not touched the highly politically
sensitive vested right of the regional autonomy. The shock implies that in 1992 the
level of transfers to the representative consumer would have decreased from 13.3
to 11% of the regional GDP while transfers to the regional government would have
decreased from 10.4 to 8.5% of the regional GDP.

The direct effect of such a shock concerns the level of savings of all three eco-
nomic actors: the representative consumer, the regional government and the rest of
the world. As shown in Table 6, the shock produces a simultaneous increase in net
capital inflows and a reduction in revenues perceived by the representative household
and the regional government. Given that private consumption is equal to a fraction
of the disposable income, the reduction of private and public savings is lower than
the increase in the savings with respect to the rest of the world. In the presence
of a neoclassical macro closure, the shock would have produced a strongly posi-
tive (crowding-in) effect on investments and, thus, on capital accumulation and the
economic growth. In contrast, given that our model considers an intermediate macro
closure, the effect on investments, even if it is still positive, is lower. Consequently, the
macroeconomic equilibrium between aggregate savings and investments is achieved
through an increase in the unemployment rate. In particular, as shown in Table 8,
investments would have increased (with respect to the situation without the shock)
by 9% in 1992 and by 19% in 2002.5 The reduction in national transfers would have
produced a negative impact on employment. In particular, in 1992, the unemploy-
ment rate would have increased by 6.7 p.p. for high skilled individuals, by 2.9 p.p.
for medium skilled individuals and by 21.8 p.p. for low skilled individuals. This is
crucial policy information that would have not been available if we had adopted a
neoclassical closure that would have redistributed, if feasible, all excess supply of
labour across sectors through a reduction in equilibrium wages.

The effect on savings produces an effect on the accumulation of capital. As shown
in Table 7, the capital stock owned by the representative agent slightly decreases,
while the regional government accumulates an important public debt and the foreign
capital increases considerably. The impact on the regional GDP is negative. In 1992,
given that the capital stock is a predetermined variable, the increase in the unem-
ployment rate would produce a reduction in real GDP (−2.7%). The effect remains
negative even if both investments and the capital stock available in the economy
increase (Tables 8, 9 and 10).

5In contrast, using the standard neoclassical macro closure they would have increased by 12% in
1992 and by 158% in 2002.
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Concerning the representative consumer, the effect of the shockwould be negative
in terms of disposable income and consumption (−4.4% in 1992 and−8.9% in 2002).
At the sectoral level, the effect is negative except for those sectors where investments
represent an important component of the total demand, i.e. the mechanic industry,
other manufacturing industries and, more importantly, the construction sector.

6 Conclusions

In this chapter, we developed a regional dynamic general equilibrium model for the
Italian region Valle D’Aosta. The model is based on two SAMs (for 1963 and 2002)
and is calibrated using a novel technique which consists in determining the dynamic
path of most of the parameters of the model in order to perfectly reproduce both the
initial and the final SAM.Thus, the dynamicmodel covers a 40 years period capturing
the historical development path followed by regional sectors and institutions which is
of central importance in understanding the nature of the current economic conditions
(Engerman and Sokoloff 2000; Acemoglu andRobinson 2000, 2012; Acemoglu et al.
2001, 2005).

The historical calibration gives us the opportunity to implement a counterfactual
analysis (by comparing the path actually followed by the regional economy with
alternative policy scenarios)which cannot be applied using standard dynamic general
equilibrium techniques.

In particular, we analyse the effects of a reduction, from 1992 to 2002, of the
transfers from the Italian government both to families and the regional government.
We find that this kind of shock would have had a negative effect on regional GDP
and unemployment (especially for low skilled workers) even though investments
increase thanks to a positive crowding-in effect.

The results of our counterfactual simulations clearly show that the parachute
provided by the Italian government’s generous transfer policy, especially in the ‘70s
and ‘80s, was critical in helping the Val d’Aosta transition from an industrial to a
mainly public service economy without incurring in major social costs. The open
question is asking whether this transition, that led to an obese public administration
also because not sufficiently accompanied by active policies especially in tourism,
land saving, human capital and technology intensive sectors, was the most efficient
path to development.
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