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Abstract

This thesis studies three different issues in the field of General Equilibrium theory:

Computable General Equilibrium modelling, Input-Output Analysis and Consumer the-

ory.

Computable General Equilibrium modelling is addressed by implementing a SAM-

based CGE model for the Indirect Transportations Costs present in the border crossing

for the U.S.-Mexico bilateral trade. Here, an “iceberg-type” transportation function is

assumed to determine the amount of loss that must be faced as a result of border crossing

process through the ports of entry existing between the two countries. The study period

covers annual data from 1995 to 2009 allowing the analysis of the trend of these costs

considering the trade liberalisation that is experienced. Results show that the ITC have

experienced a decrease of 12% during the period.

Input-Output Analysis is applied through four different methodologies to assess the

Mexican productive structure: Chenery-Watanabe direct linkages method, Rasmussen’s

total linkages approach, Streit’s coefficients approach and the Non-Hypothetical Extrac-

tion Method. This is done aiming to capture distinct aspects of the economic intersectoral

relationships. The study period covers from 1995 to 2009 using Input-Output Tables, with

a level of disaggregation of 35 economic sectors. Thus, through the methodologies im-

plemented is possible to detect changes in the productive structure both excluding the

external sector and due to trade liberalisation that was experimented by the Mexican

economy. The overall conclusion is that the Mexican productive structure experienced

changes leading a substitution of domestic goods by foreign goods.

Finally, Consumer Theory is analysed by testing the Generalized Axiom of Revealed

Preference (GARP) in an empirical study with two different datasets. On the one hand,

the empirical application of this concept is explored using a Non-parametric test to U.S.

aggregate consumption per capita data from 1929-2009. This is done in order to deter-

mine consumption bundles and consumer behaviour altogether. On the other hand, a

microeconomic approach is applied using data on weekly household food grocery pur-

chases along two years. This analysis identifies the consumer behaviour over time and

determines how prone they are to comply or violate the GARP. Thereby, in both cases

leads to the general conclusion that the axiom violations occur as a result of significant

variations in the price level.
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Chapter 1

Introduction

General Equilibrium Theory constitutes the most elaborated contribution on the central

problem of economics that seeks to explain how through the interaction of various microe-

conomic markets the macroeconomic equilibrium is reached involving the whole economy

and thus solves the central problem of the allocation and distribution of resources. This

approach takes the form of an integrated set of models that is constructed in accordance

with specific rules. This is how has been developed the theory of perfect and imperfect

markets, macroeconomics with microeconomic foundations of growth theory and the mod-

els derived from welfare economics that seek to guide economic policy. Thereby, taking

the General Equilibrium Theory in a broad sense, this thesis aims to contribute from

an empirical perspective to the existing literature in the following areas: Computable

General Equilibrium modelling, Input-Output Analysis and Consumer Theory.

Computable General Equilibrium modelling is used to analyse the economic costs of

the border crossing process between the United States and Mexico. The starting point

is the Input-Output Table which through the Leontief’s Input-Output Model considers

the interrelationships within an economy. This model allows the calculation of indicators

of productive interdependence at a level of disaggregation of 35 economic sectors for the

period 1995-2009. Then continues with the construction of a Social Accounting Matrix

(SAM), which replicates the Mexican economy and, on that basis, a Computable General

Equilibrium Model (CGE) is calibrated from the SAM. In this way, the initial equilibrium

in the economy is reproduced. The CGE model is implemented following the formulation

developed by Johansen (1964) and incorporates the Armington’s assumption (1969). After

this, an iceberg transportation function is introduced into the model to estimate the

Indirect Transportation Cost (ITC). The ITC is defined as the unexpected extra cost

which is charged to the economic agents by the export process. This cost can come from

loss resulting from the physical conditions of the transport modes, the distance between

the producers and the markets, delays in the border crossing process, among other sources.

Samuelson (1954) proposed the iceberg idea since trade implies transaction costs and these

1



1. INTRODUCTION

can be considered as a fraction of the traded goods, which means that the iceberg melts

on the way and only a fraction of the exported goods reach its destination. Thus, once

the CGE model is modified in order to include this feature, we are able to estimate the

ITC for the economy. In this way, the simulations are performed under three different

scenarios according to the available information on average waiting times that must face

the transportation at the border.

Finally, the estimation of the CGE model shows that the economic losses from freight

movement are substantial and increased over the period; however a drop for 2009 is shown,

which is consistent with the fall of bilateral trade as a result of the 2008 crisis. The peak

of the total impact is reached in 2008 being about US$ 1.9 billion in the most conservative

scenario and US$ 3.8 billion in the simulation with higher costs. If the ITC is analysed

by share of the GDP, a decreasing trend can be found for the entire period, as the ITC

dropped around 12%.

Input-Output Analysis methodologies are used to analyse the Mexican productive

structure. This is done aiming to capture distinct aspects of the economic intersectoral

relationships. The study period covers from 1995 to 2009 using Input-Output Tables

with a level of disaggregation of 35 economic sectors. Thus, through the methodologies

implemented is possible to detect changes in the productive structure both excluding the

external sector and due to trade liberalisation that was experimented by the Mexican

economy. The Chenery-Watanabe method (1958) is selected as a starting point for the

analysis since its implementation requires the use of the interindustry transaction matrix

in order to estimate the backward and forward linkages that are the direct linkages. Here,

backward linkages are estimated by the sum of the column of the matrix of technical

coefficients, while forward linkages are the sum of the row of the matrix of allocation

coefficients. The following method implemented is proposed by Rasmussen (1956) which

uses the Leontief inverse to measure the total linkages. The output multiplier quantifies

the backward effects of each sector in the whole economy, as it measures the effect on

all sectors that will have a variation of one unit of final demand in a particular sector.

Moreover, through the supply multiplier is possible to calculate the overall forward effects

of altering the supply of inputs in a particular sector. In order to get better results for the

supply multiplier is incorporated the Jones (1976) approach which applies the concept of

forward linkage based on the Ghosh inverse. When analysing the results obtained from

Direct and Total linkages it is observed a sectoral specialisation being Textiles, Machinery,

Electrical and Optical Equipment and Transport Equipment the activities that show the

higher impact of the imported inputs in term of their classification as key sectors.

Looking to bridge the gap between supply and demand sides, that is the backward

and forward linkages, the methodology developed by Streit (1969) is also implemented.

This method constituted the first attempt to determine the sectors that produce greater

2



1. INTRODUCTION

drag effects of others by proposing the use of two types of indicators: specific linkages

calculated using the symmetric matrix which indicate that two production sectors are

linked if there is a relation between the two by which one uses products of the other

for intermediate consumption, or as intermediate input of its own production process,

and global linkages which measure the relationship of a given sector with the rest of

the economy. The result for specific linkages indicates that interindustrial transactions

tend to be more concentrated as consequence of the introduction of the external sector. In

addition, global linkage coefficients results show in general terms that external sector does

not seem to have a significant impact in the sectoral linkage. Nevertheless, in the case of

Textiles sector it is observed a negative impact in their integration once external sector is

included while the opposite case is presented in Electricity, Gas and Water supply sector.

Other proposal to quantify the relationship between economic sectors is based on the

following question: what would happen in the economic structure if a sector or group of

sectors disappear? The answer to this issue can be found in the Hypothetical Extraction

Method (HEM). From this idea proposed by Strassert (1968), the extraction methods

eliminate a sector hypothetically from an economic and analyse the influence that such

removal has on other sectors of the economy. We follow Non-complete Hypothetical

Extraction Method developed by Dietzenbacher and van der Linden (1997). Thus, in

order to measure the backward linkages the intermediate inputs should be equal to zero

and assume that the required inputs are imported, that is, the sector is hypothetically

extracted. In the same way, the forward linkage is calculated by assuming that the sector

extracted does not provide any inputs to the rest of the economy. Once the results

have been normalised is possible to detect key sectors in Mexican economy. These are

Wood, Pulp and paper, Coke and Petroleum, Chemicals, Rubber and Plastic, Other non-

metallic minerals, Basic and Fabricated metals, Electricity, Gas and Water supply and

Water transport.

The implemented methodologies to the case of the Mexican economy are chosen for

three reasons: first, to analyse the characteristics of intersectoral relations of the produc-

tive structure, to detect changes on the sectorial linkages given the trade openness linkages

and, third, to compare the differences in results between methods. With this in mind,

analysing the results as a whole, the overall conclusion is that the Mexican productive

structure experienced changes leading a substitution of domestic goods by foreign goods.

Consumer Theory is examined by testing two data sets in order find empirical evidence

of the fulfilment of the Generalized Axiom of Revealed Preference (GARP). The Revealed

Preference concept and was delivered by Samuelson (1938), who originally called ‘selected

over’ and later described as ‘revealed preference’. Thus, the Revealed Preference Theory

is devoted to explain the basic rules of choices that the individuals make on the basis of

the rationality assumption, which means that economic rationality implies the existence

3



1. INTRODUCTION

of congruous consumers.

Following the methodology developed by Varian (1982) the first data set tested consists

of the U.S. aggregate consumption per capita from 1929-2009 divided in nine categories.

This method offers the possibilities, first to test the consistency of the data, examining

whether the data satisfy GARP, second to extract the information contained in the data

set on the assumption of the representative consumer in order to obtain their preferences

and, third to assess the levels of welfare in the economy by constructing bounds of utility

functions via an index of living costs. After implementing the algorithms, the estimated

consumption bundles show as result a violation the axiom for the years 1929, 1948, 1953,

1957, 1960, 1990, 2007 and 2008, which seems to coincide with relevant events in eco-

nomic and political conditions around these years as source for the high price variations

exhibited. Thus, in terms of economic welfare is possible to conclude that the data show

a positive trend with experienced sharp declines in aforementioned years.

The second data set tested consist on household-level data containing time-series of

household-level food grocery purchases collected at checkout scanners in supermarkets.

By implementing the methodology developed by Echenique, Lee and Shum (2010), is

possible to test not only whether the data satisfy GARP, but also to determine the extent

of violation to the axiom and via an index called money pump cost, express the severity

of the violation in monetary terms. Thereby, the result shows that although all agents

violated GARP someone time, the severity of the violation is greater during the two-

period cycle reaching 2% of household expenditure, while for a three-period cycle the

severity decreases to 0.7% of their expenditure. The explanation to this can be traced to

the database where can be seen that some households vary significantly the amount of

expenditure from one period to another, whilst in the long run agents tend to consume

similar products and stabilise consumer expenditure.

This thesis is organised as follows. Chapter 2 provides the literature review on CGE

models and its International Trade applications. Chapter 3 describes the methodology

used by explaining the structure of Input-Output Tables, Social Accounting Matrices and

CGE models. Chapter 4 analyses by implementing a SAM-based CGE model the Indi-

rect Transportations Costs present in the border crossing for the U.S.-Mexico bilateral

trade. Chapter 5 presents the following methods of Input-Output analysis to evaluate the

Mexican productive structure: Chenery-Watanabe direct linkages method, Rasmussen’s

total linkages approach, Streit’s coefficients approach and the Non-Hypothetical Extrac-

tion Method. Chapter 6 conduct two tests on data sets to prove whether these satisfy the

GARP. Finally, Chapter 7 presents a summary of results, limitations and future research

issues.

4



Chapter 2

Literature review

2.1 Introduction

The theory of the determination of equilibrium quantities and prices in a system of com-

petitive markets is known as General Equilibrium theory. According to Arrow and Debreu

(1954), it was Léon Walras who first defined the state of the economic system at any point

of time as the solution of a system of simultaneous equations representing the demand

for goods by consumers, the supply of goods by producers, and the equilibrium condi-

tion that supply equals demand on every market. This is why it is often referred as the

Walrasian theory of markets. Walras (1874) formulated the first mathematical model of

general equilibrium theory with no empirical background. The basic theory of general

equilibrium rests upon two principles: Walrasian equilibrium and Walras’ law. Walras

also introduced the concept of excess demand function.

The topic of Computable General Equilibrium (CGE) is at once interesting and chal-

lenging. The CGE model literature is wide-ranging in what concerns alternative formula-

tions and full of subtle detail. These details have led to theoretical debates on the subject.

The development of models stems from the need for a particular application, preserving

the main framework of the CGE modelling with relatively minor changes.

Broadly speaking, a “CGE model works by simulating the interaction of various eco-

nomic actors across markets using the following components: 1) the actors or agents

whose behaviour is analysed (e.g. consumers and producers); 2) their behavioural rules,

reflecting their assumed motivation (e.g. producers decide their factor uses at given prices

in order to maximise profits); 3) the signals observed by the agents that affect their actual

behaviour (typically prices); 4) the rules of the game for the interaction of agents (e.g.

perfect competition); 5) the system constraints (e.g. markets for products and factors

clear)” (Robinson 1989, p.906).

Given its usefulness as analytical tool, CGE modelling has evolved considerably since

5



2. LITERATURE REVIEW

its beginnings in the pioneering work of Leif Johansen (1960). This evolution was closely

related to policy concerns in the international agenda: income distribution, trade policies,

and structural adjustments, among others.

This chapter reviews some of the applications of Computable General Equilibrium

models. Its specific concern is to set a background for the subsequent chapters of this

thesis. Section two provides the theoretical background for the empirical CGE models.

Section three deals with the development of CGE models. Section four reviews the lit-

erature on CGE applications for policy analysis with emphasis on issues of International

Trade as an introduction for the work developed in the following chapter.

2.2 Theoretical background

The seminal paper of Arrow and Debreu (1954) formalised and proved the existence of

equilibrium in the economy where agents take independent decisions. In the competitive

Arrow-Debreu equilibrium, demand and supply decisions depend only on the relative

prices.

An Arrow-Debreu economy is a decentralised market economy. The economy consid-

ers a finite set of states or given instants. Each state is characterised by commodities,

endowments, consumers and producers. Commodities are distinguished by their time

availability, the location where they are to be traded, and their physical specifications.

The price for each commodity is expressed in some arbitrary unit of account. Without

loss of generality, it is possible to consider only non-negative prices. The economy is

perfectly competitive, which means that no agent has the power to affect the prices with

his decisions. This is the theoretical foundation for the so-called “computable general

equilibrium”, or “applied general equilibrium” (CGE or AGE respectively).

The number of firms and consumers is finite and their plans for production and con-

sumption are accordingly represented by a vector Rl, where l designates different com-

modities. At any state, producers have a profit maximising behaviour, given the techno-

logical constraints and the prevailing prices. The consumers are characterised by their

preferences and endowments. According to their preferences, every consumer chooses a

consumption bundle, which satisfies his wealth constraints. Labour is supplied to the

firms by the consumers in exchange for goods and services.

A crucial assumption in proving the existence of general equilibrium is the convexity of

production and consumption sets. This assumption rules out the possibility of increasing

return to scale for the firms. In the case of consumers, the convexity allows free disposal

of commodities.

Total resources can be defined as the available quantities of commodities. They are

given a priori and are represented by a point ω of Rl. The resources are owned by the
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consumers who receive the revenues from the production.

Once the Arrow-Debreu economy has been described, it is necessary to find the price

vector p that clears all markets or, in other words, that which would bring the correspond-

ing excess demand to zero for every commodity. The solution was delivered by Arrow and

Debreu (1954) using Brouwer and Kakutani’s fixed point theorems. Subsequent research

began focusing on the issues of stability and uniqueness of the competitive equilibrium

and its dynamics.

The advances in computational aspects provide the opportunity to develop a method

to estimate the Arrow-Debreu General Equilibrium system empirically. This algorithm

was designed by Scarf (1967) and can be formulated as a problem in finding a fixed point

in a mapping of prices to prices through excess demand equations, producing a price

vector that clear the markets. Using a modified version of Scarf’s algorithm, Shoven and

Whalley (1972) proved the existence of the general equilibrium solution in the presence

of differential taxation of income. This meant a step forward towards the development of

empirical general equilibrium models.

2.3 The development of CGE models

Multisectoral models have long been used in economic analysis: Quesnay’s Tableau

Économique (1758) being one well-known example. Nonetheless, a modern empirical

multisectoral model has only been available since Leontief’s Input-Output Table (1936).

Wassily Leontief (1937) devised an accounting scheme that comprised the economy

as a whole. His goal was to build a theoretical model that “based on the combination

of the complexities of a general interdependent system with the simplifying assumptions

of static analysis” (Leontief 1937, p.109), would constitute an analytical framework for

I-O model. Thereby, these economy-wide planning models were antecedent to the current

CGE models. Blitzer, Clark, and Taylor (1975) offer a valuable review of economy-wide

planning models developed between 1950s and early 1970s.

Leif Johansen is credited as the pioneer of the CGE modelling. His “A Multi-Sectoral

Study of Economic Growth” (1960) is recognised as the first CGE model, whose aim was

to analyse “deviations from uniformity in the growth process”. (Johansen 1960, p.5)

The model begins with the basic assumptions: first, full employment of capital and

labour; second, perfect factor mobility across sector based on equalities between marginal

products and remuneration; third, prices and disposable income to explain the consumers

demand, allowing exogenous changes on demand; fourth, total investment, population

changes and productivity changes to be exogenously determined. The policy parameters

are managed by the government to ensure the full employment of the economic factors.

After setting the assumptions of the model, the next stage is to begin with a one
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sector model. The exposition of this basic model has the purpose of introducing the basis

to understand the implications of the macroeconomic model to be built below. In this

model, Johansen introduces the assumption of profit maximisation for the producers given

constant input and output prices. In addition, it assumes that depreciation is a constant

share of capital. The production function is a Cobb-Douglas type with neutral technical

progress. The material inputs enter with fixed coefficients à la Leontief.

The multisectoral model consists of 20 productive sectors that use factors of production

and raw materials, one sector devoted to investment accumulation and distribution, one

for non-competitive imports, and one for unallocated goods. The model does not have

lags or stochastic elements and it is expressed in terms of percentage rates of growth,

taking in to account the 86 exogenous and 46 endogenous variables. The database is

mainly taken from the Input-Output table for Norway in 1950 and, in the case of the

exogenous variables; these are estimated using data from 1948 to 1953.

On the production structure of the model, the coefficients for inputs, imports and

net taxes are obtained as shares of the total production. In the case of the production

function, Johansen supposes constant returns of scale except for the following sectors:

Agriculture, Mining, Fishing, and Electricity, where diminishing returns are assumed. On

the side of the demand, investment, government expenditure, and net foreign investment

are exogenously determined. The allocation of consumer demand between the sectors

depends on the total consumption, population (exogenous), and the relative prices. It is

assumed that utilities are independent.

Johansen defines the equilibrium equation as follows:

Xi =
22∑
j=1

Xij + Ci − Zi (i=1,...,19)

where Xi is the gross production in the sector i, Xij are the intermediate goods from

sector i to sector j, Ci is the consumption of goods produced by sector i and Zi is the net

exogenous demand for good i. The equation is described as a “book-keeping relationship”

that must hold (Johansen 1960, p. 48). This equation is defined for all the productive

sectors except the building and construction sector. Thus, the equilibrium in the model

is achieved by macro balancing equations, given by the national accounting framework,

where investment and exports are equal to savings and imports.

In terms of application, this model provides a study of economic change featuring

a disaggregated approach that can be suitably solved since it is a linear model. This

solution consists of an 86 by 46 table, in which each number represents the response of

a unit change in one of the exogenous variables on the endogenous variables. That is,

the impact of a change in the total investment, population, labour, consumers’ demand,

technological shifts on sectoral investment, employment, production, and prices. The next
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step is to compare the model results with the observed data to test whether the outcome

is consistent with the real change in the economy since 1950. Once it is proved that the

model operates properly, the next step was to forecasts beyond the base year. A critique

to the Johansen’s model is the basic treatment of foreign trade. Imports and exports are

determined exogenously, splitting imports into competitive and non-competitive, which

are further divided into imports of consumption and production goods.

Armington (1969) provides a more comprehensive representation of the foreign trade

by proposing a theoretical framework in which products are distinguished by place of pro-

duction. The latter assumption is widely used on CGE models that work under constant

return to scale and supposedly homogeneous goods, to explain the trade across sectors

by assuming that goods differ depending on their country of origin. This is known as

Armington’s assumption and it makes reference to the imperfect substitution between

imports and domestic goods. The degree of substitutability is measured by a parameter,

such as the elasticity of substitution in Constant Elasticity of Substitution (CES) func-

tions, where the higher difference between the goods is, the more inelastic the demand

function becomes.

Following Johansen’s approach, Taylor and Black (1974) used a similar model to de-

termine the response of the economy to changes in the commercial policy, that is, an

application to a different problem. Their analysis focuses on the impact on resource allo-

cation to changes in the tariff rates. This model assumes that the balance of payments is

in deficit, thus this model is in disequilibrium by definition. However, the model includes

a set number of macro equalities —the sum of investment, government expenditures and

exports must be equal to the sum of savings, taxes and imports— which provides a

reference to the model against which it can be adjusted.

Robinson (1976) opened a new branch in the CGE modelling with the so-called Wage

and Price Endogenous general equilibrium models (WPE). Models of this type were based

on the previous work of Taylor and Black (1974) but feature some characteristics that

differentiate them. First, the main focus is on the income distribution, taking in to account

variables as education or migration. The second point is theoretical: WPE models do not

include the assumption of prices being reflected as wages, as Johansen’s model did.

A major contribution to the CGE models was delivered by Shoven and Whalley (1974),

who provided a proof of existence of a competitive equilibrium in presence of international

trade and tariffs. In their model, commodities are differentiated by their physical char-

acteristics, as well as their country of origin. Tariffs are paid by the consumers and

correspond to the difference between the price paid by the purchaser and the producer

price of a commodity. In this formulation, the government only has a redistributive func-

tion. The endowments are measured in physical unit, which does not exclude the fact

that the consumers can initially own assets in other countries. The equilibrium is achieved
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when the value of net imports is equal to the value of net ownership of resources. Scarf’s

algorithm is used to obtain the competitive equilibrium solution.

Shoven (1974) extended Arrow-Debreu’s model by introducing taxes and government.

The role of the government is limited to levying taxes and distributing revenues. An

important feature of this work is the fact that consumer demands and incomes depend

not only upon prices, but also on decisions taken by other consumers and the producers

in the economy.

Adelman et al. (1976) was one of the first to build a framework to examine devel-

oping countries empirically and delivered the Adelman-Robinson model for the Korean

economy. This model has five distinctive characteristics: first, it solves for income and

prices endogenously in both factor and product markets; second, its solution is based on

achieving a measure of consistency among the results of individual optimising behaviour

by a large number of actors; third, the model includes variables for income distribution,

inflation, and international trade; fourth, it is a dynamic model that incorporates imper-

fect temporal consistency; and fifth, it allows for varying principles of market clearing and

institutional behaviour. Thus, the Adelman-Robinson model focuses on the response of

economic agents to changes in policy variables such as tax and interest rates, inflation and

tariffs. The main contribution of this model is that it treats a CGE model as a collection

set of non-linear algebraic equations, solving them with numerical solution techniques.

Lysy and Taylor (1980) developed a CGE model for Brazil, focused on income distri-

bution. In their model, Lysy and Taylor established that the main determinant of the

income distribution lies in the way in which savings and investment are balanced. Also,

they proposed the incorporation of ‘structural’ variables according to the country specific

economic structure.

Using an approach that consisted first in linearising all the equations and then solv-

ing the linear approximation by simple matrix inversion, Dixon et al. (1982) extended

Johansen’s model by including Armington’s assumption. They built a large CGE model

(ORANI) that comprises 230 commodities, 113 types of capital, 70 types of labour, and 6

regions. A basic feature of ORANI model is its capability to be used for policy evaluation

and economic forecasting. In addition to the model, a specific software (GEMPACK) was

developed to solve it.

The standard theoretical structure of the current generation of CGE models is de-

scribed in Dervis, de Melo, and Robinson (1982). This book discusses, in particular,

issues on international trade and income distribution, developing an extensive model for

the Turkish economy. The authors developed an eight sector model for three kinds of

economies: a primary exporter, a manufacturing exporter, and a closed economy. Thereby,

it is possible to characterise an economy based on the initial structural rigidities.

Kehoe (1984) developed a search procedure to find all of the equilibria of an economy
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using an Input-Output table and two factors of production as dataset.

Adelman and Robinson (1988) investigated the issues of macro closure rules and the

way in which they affect the results of the model. They constructed a CGE model focused

on income distribution and found that, despite the insensitivity of the size of distribution,

the functional and socioeconomic distribution is strongly sensitive to the choice of closure

rules.

Thus, according to Robinson (1989) “Computable general equilibrium (CGE) models

can be seen as a natural outgrowth of Input-Output and linear programming models,

adding neoclassical substitutability in production and demand, as well as an explicit

system of market prices and a complete specification of the income flows in the economy”

(Robinson 1989, p.888).

2.4 CGE applications on policy analysis

For the past three decades, CGE models have been a primary tool for the formulation

and evaluation of economic policies for developing as well as developed countries. Several

models have been built and performed to deal with a variety of economic policy issues.

The literature on the applications of CGE models has been surveyed extensively. Shoven

and Whalley (1984), for instance, reviewed the literature focused on taxation and in-

ternational trade. Pereira and Shoven (1988) reviewed studies related to dynamic CGE

modelling of tax issues. De Melo (1988) focused on the contributions to trade policy anal-

ysis in developing countries. Decaluwe and Martens (1988) analysed works on the specific

structure of production, private consumption, trade blocks, and closure rules. Majocchi

(1996) evaluates the results from green tax reforms and how it relates with the employ-

ment creation policies. Partridge and Rickman (1998) look at regional CGE modelling to

assess regional economies and regional policy issues.

As can be noticed the application of general equilibrium analysis cover a wide range

of topics. Bourguignon, De Melo and Suwa (1991) analysed the effects of the adjustment

policies on income distribution by implementing a model that contains both macro and

microeconomic elements. A relevant point of this model is that allow the interactions

between the financial and real side of the economy in a general framework. Perroni

(1995) developed a partial equilibrium life-cycle framework in which the human capital is

endogenous and the leisure is variable. Then, a general equilibrium growth model with a

single sector, overlapping generation and perfect foresight is developed in order to simulate

dynamic equal-yield tax changes from an income tax to a consumption tax.

The Global Trade Analysis Project (GTAP) developed by Hertel (1997) aims to help

conduct quantitative analysis of international trade issues in an economy-wide framework.

This model is a global CGE model the database of which describes bilateral trade patterns,
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production, consumption and intermediate use of commodities and services. Thus, the

GTAP allows performing multiregional analysis about the economic integration and trade

liberalisation.

Abrego and Whalley (2000) developed a structural general equilibrium model in order

to decompose wage changes caused by trade and technology shocks. They use a Heckscher-

Ohlin type trade model and two types of labour (skilled and unskilled) looking for the

equilibria by computing a model calibrated to allow only one kind of shocks.

Tarp Jensen and Tarp (2006) integrated a SAM-based model in which CGE features

are incorporated into a macroeconomic modelling framework. Using the analytical frame-

work developed by World Bank and the Interrnational Monetary Fund, they analysed

poverty and income distribution issues and performed an application for Mozambique.

As database, a real and a financial SAM are combined in order to estimate a dynamic

financial CGE model.

Maldonado, Tourinho and Valli (2007) included endogenous determination of the for-

eign capital flow into a CGE model that analyses a trade agreement. The framework

estimates the impacts to the Brazilian economy of join into a trade agreement with the

Americas (ALCA) and with the European Union. The result of this model show that

the supply of foreign capital depends on the expected rate of decrease of foreign reserves.

Larch (2007) incorporated the transport sector in a trade theory model. Using a sam-

ple of European countries and different measures of the Foreign Direct Investment. Larch

analyses the effects of a multinational transports sector in the volume of trade, the income

and the specialisation patterns of countries. An interesting conclusion given the interest

of the following chapters is the importance of the road transport, being this mode the one

with the largest increase in terms of growth.

Jacobs, De Mooij and Folmer (2010) developed an applied general equilibrium model

for the Dutch economy looking to estimate the effects of a flat rate tax on the income

redistribution and the labour market. The model comprises the possibility to asses effects

on labour supply, human capital formation and equilibrium unemployment and includes

a disaggregated household model.

2.4.1 The NAFTA in the context of CGE modelling

Since the Uruguay Round of the GATT negotiations, the patterns of trade have shifted to

free-market approach, as opposed to autarky models. Therefore, the importance of trade

liberalisation on economic growth has increased. This is analysed by Hertel (1993), who

emphasised that, over the past decade, there has been increasing demand for quantitative

analysis of trade. Lloyd and MacLaren (2002) derived a group of measures of trade

openness by using a CGE model of the world economy. They calculated the measures for
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14 regions based on the GTAP model. The estimated measure were of two types: the first

are based on the Uniform Tariff Equivalent while the seconds are an alternative measure,

that is, the ratio of the volume of trade in a restricted trade situation to that under the

free trade situation.

Andriamananjara et al. (2004) offer a comprehensive study of impact of non-tariff

barriers in a CGE model by including 14 product groups and 18 regions. This work used

global ad valorem equivalents and non-tariff barriers coverage as a dataset in order to

estimate in a GTAP framework the effects of a removal of the non-tariff barrier. Pier-

martini and Teh (2005) provide a survey on the CGE models of the Uruguay and Doha

Rounds, where most of the studies performed used the GTAP database. Fugazza and

Maur (2008) provided an estimation of impact of the non-tariff barriers for the world

trade. They worked with a CGE models under the GTAP specifications and simulate a

complete removal of non-tariff barriers.

Considering the complexity of CGE models, the gains from trade arise from exactly

the same sources as those described by economic theory. Since economies are not identical

in terms of structure, prices of factors and goods will not be identical across countries in

autarky. Thereby, these price differentials create the basis for exchange: opening to trade

allows consumers and producers to reallocate their resources in a more efficient way by

accessing foreign markets. These gains can be increased or diminished by means of trade

changes, which is a standard feature of CGE models, due to Armington’s assumption.

Because of this, Computable General Equilibrium models have become increasingly

popular for assessing the impact of changes in trade policy, mainly in the evaluation of

free trade agreements. The North American Free Trade Agreement (NAFTA) has been,

and still is, one of the most studied commercial agreements. The NAFTA is an agreement

signed by Canada, Mexico, and the United States, whose negotiations date back to 1986

and came into force in 1994. A variety of models and analyses were performed at vari-

ous levels of aggregation using single and multi-country computable general equilibrium

models.

Cox and Harris (1985) developed a model of the Canadian economy to assess the

impact of trade liberalisation with the U.S. in the presence of economies of scale and

imperfectly competitive market structures. Brown and Stern (1989) provided a model

that analyses the influence of product differentiation and the market structure under the

U.S-Canada free trade agreement. Both of these works were subsequently extended to

include the Mexican economy, in order to analyse the whole NAFTA area (Cox 1995;

Brown et al. 1995). Sobarzo (1991) delivered a CGE model to evaluate the effects of a

NAFTA on the Mexican economy. These works were the first to be conducted in order

to analyse the NAFTA in the context of a CGE model.

Given that the models differ in their database, the comparison of results is difficult.
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Brown et al. (1995) use a 1976 Input-Output matrix for Canada, a 1980 I-O matrix for

Mexico, and a 1977 I-O matrix for the United States; while the calibration was done using

1989 macroeconomic aggregate data. Cox’s (1995) calibration model uses a 1981 data set.

The Sobarzo model was calibrated to a 1985 Social Accounting Matrix for the Mexican

economy. As a consequence, many of the data used to perform the simulations does not

correspond to the conditions prevailing at the time NAFTA was put into effect, which

renders the results less accurate.

Kehoe and Kehoe (1994) discussed the results of four CGE models analysing the effects

of NAFTA. The results of these models agreed in suggesting that, because the Mexican

economy is smaller, it will see the biggest NAFTA-produced increase in economic welfare.

The impact on the welfare for Canada and the U.S. will be barely noticeable. Thereby, it

was expected that the U.S.- Mexico trade would rise significantly, while the relationship

between U.S.-Canada will remain without relevant changes.

Following a structuralist approach, Hinojosa-Ojeda, et al.(1999) analysed the impact

of regional integration on trade, welfare and development, addressing issues such as mi-

gration, remittance flows, and trade barriers needed for optimal regional arrangements.

The model data base consists of SAMs for each countries and it is calibrated for the base

year of 1988. Their results were consistent with the previous work, even with de inclusion

of socio-economic variables. A relevant feature of this work is the importance given to

the trade barriers such as tariffs, quotas, and non-tariff barriers prevailing even after the

NAFTA.

Kehoe (2003) evaluates three CGE models (Sobarzo 1991; Cox 1995; Brown et al.

1998) in order to confront the predictions with the actual data. All three models reviewed

underestimated the effect of NAFTA on trade. Kehoe concludes that the main reason

for these results is that rely on a model structure of imperfect competition and product

differentiation. These models failed to consider Mexico’s specific economic circumstances

and merely extended the previous works. In addition, He suggests that the models need to

be able to deal with changes in productivity in order to capture changes in macroeconomic

variables.

The effects of NAFTA have been analysed using CGE models from different perspec-

tives and with different levels of aggregation. Burfisher et al. (2001) surveyed extensively

the impact of NAFTA in several topics as the labour market migration, the Peso crisis,

agriculture, automotive industry, textiles, among others.

However, one aspect that has been little studied is the trade facilitation. The economic

relevance of the time and space is important given the cost that implies to deal with the

transactions around the whole economy, however, multi-region CGE models rarely makes

explicit the modelling for a geographical space. Due to the explosive increase in trade

between the United States and Mexico, without considering the expansion of physical
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infrastructure (border crossings) to process the flow of goods, bottlenecks have arisen,

which become a trade barrier (Lakshmanan et al. 2001).

Time constraints act as a trade barrier: lengthy delivery times impose inventory-

holding and depreciation costs on carriers. This has effects on the patterns of trade and

the organisation of production (Hummels 1999). Thus, the Indirect Transportations Costs

(ITC) (being understood that these costs are an unexpected contingency for the external

sector) will be the subject of study in the following chapters.
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Chapter 3

Materials and Methods

3.1 Introduction

The aim of this chapter is to explain the use and implementation of a CGE model. In

order to achieve this objective, the first step is to provide a deep view about the relevance

of the Input-Output (I-O) table as tool for the economic analysis. The second step is to

get the basic understanding on how to build a Social Accounting Matrix. The third step,

describes the core CGE model utilised and its underlying equations. The last step is to

describe the database and its components.

First, regarding Input-Output analysis, this issue has importance given that the

database is derived from this approach. The literature reviewed will cover major work

from Leontief and subsequent developments due to Stone with the Social Accounting Ma-

trix. Second, Leontief’s work stimulated the research of a wide range of structural analysis

methodologies, which at the same time, extends from the Input-Output model towards

the Social Accounting. This made possible the widespread use of these measurement and

analysis techniques within the economic policy planning. Third, concerning the revision

on the Johansen’s approach, this section expects to deliver the insights to conceptualise

and build a CGE model, discussing the technical issues on the core model.

3.2 Input-Output model

The first attempt to explain economic interdependence were provided by François Ques-

nay’s Tableau Économique, published in 1758. This work set the foundations for the

structural analysis of the economy. The so-called Tableau describes the economy in an

ideal state providing a benchmark in order to analyse the sources and consequences of

deviate from this steady state. To illustrate this, Quesnay depicts the circular flow of

commodities and money in the economy.
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Leontief’s approach (1936) visualises the structure of economic systems as a whole.

The way the component parts of an economy fit together and influences one another.

The Input-Output model is above all an analysis tool, and as such, it can be used in the

analysis of a wide variety of economic problems, and for guidance in the implementation

of different economic policies. The data of the intersectoral transactions are grouped into

a 42 x 42 I-O chart for 1919 that comprises the activities of production, distribution,

transportation and consumption. Figure 3.1 provides a schematic outline of the Input-

Output table.

Figure 3.1: Input-Output table

The Input-Output table as a tool of economic analysis allows knowing the cost struc-

ture of a country or specific geographic region in a simple way. On the one hand, allows

us to identify the sectors or economic branches that use a higher proportion of certain

types of inputs. On the other hand, enables in a simple way to compare the participation

of every sector of the economy in the production devoted for domestic consumption or for

the external sector. Finally, the I-O table provides information about income distribution

among the factors of production (capital and labour).

This seminal work is split into two parts: first, the theoretical scheme that explains

the fundamental concept, and second, the statistical applications in which presents the

main empirical results. The fundamental concepts part consists in a broad explanation

of the huge double entry table for the different industries. This matrix present a cross-

classification: the output of any industry is distributed over a row of forty-four industries

which used the production, households and exports each representing one of these indus-

tries. Moreover, the inputs for the production are displayed in the columns, along with

the labour and capital. That is, records the income and expenditure account. On the

one hand, there is the flow of goods and services of the industry or household (sales and

income), and on the other hand, the acquisition of goods or services from the industry or

household (total expenditures).

17



3. MATERIALS AND METHODS

As an example, Figure 3.2 presents a 3 by 3 sectors Input-Output table for the Mexican

economy for the year 1995, values are in US$ millions.

Figure 3.2: Mexican Input-Output table for 1995

In the above figure is possible to observe the sales and purchases both inputs and

goods. Here, it is easy to analyse the economic activities that have the high value added

as share of their total output, in this case the primary sector. Also, it is easy to detect

which sector is more important in term of exports or which sector requires imported inputs

in a higher degree.

The economic sectoral classification in this example is the following:

• Primary sector that involves the production of raw materials (Agriculture, Fishing,

Forestry and Mining).

• Secondary sector that transforms raw materials into finished or semi-finished prod-

ucts (Manufacturing, Energy and Construction).

• Tertiary sector that is also considered as a service sector, producing no goods but

services (Transportation, Communications, Trade, Banking among others activi-

ties).

Continuing with the development of his research project, Leontief (1937), according to

the author, this theoretical approach has its foundations in a general equilibrium system

assuming a static analysis. This approach allows taking into account the interrelation-

ships among different economic agents. To explain the model of general interdependence

proposes three equation systems.

The first system display how the total output of each industry is absorbed between its

consumers, that is, the sum of its production must be equal to the sum of the consumption

by other industries. The second system refers to the pricing equations and claims that in

equilibrium, the output of each industry equals the value of all goods and services used
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as inputs by it, which means that the value of the production (price by quantity) is equal

to the value of its components.

The third system comprises the equations of production, making reference to the

technical relation between inputs and output. This set of equations assumes that the

amount of input of each factor of production is proportional to the output; this is known

as fixed coefficients of production. To obtain the information about the parameters for

the shape of the equations, this can be obtained from the I-O table of a single year in

a very easy way. An interesting point is that, in the three systems, exists no distinction

between factors of production, viz. labour and capital.

Leontief (1941) attempt to verify empirically the theoretical scheme presented in his

previous works. The aim of this verification is to understand the behaviour of economic

activity, prices, wages and consumption to changes in technology, which means that when

changing labour productivity or efficiency in the use of inputs, assuming that changes

in productivity affect all factors employed by an industry in equal proportions. Leontief

computes the changes in the parameters of productivity and the propensity to save and

invest and put the results into the model, then compares these observed results with the

I-O tables.

3.2.1 Structure of Input-Output tables

In order to build the I-O table it is necessary to impose a number of simplifying as-

sumptions to facilitate the quantification of cross flows. However, at the same time these

assumptions become the limitations inherent to the model. First, it is assumed that each

sector of the economy produces a homogeneous good. Second, the proportion of inputs

from various sectors that are used in the production of goods (so-called technical coeffi-

cients) is fixed. Third, the valuation of interindustry flows through their market prices is

used.

The formal expression of the I-O model indicates that the total sectoral output is

equal to the sum of the intermediate consumption —national (Z) and imported (M)—

and the added value (VA). In turn, this can be analysed as total production sold between

economic sectors to meet intermediate demand, and by adding the volumes destined for

final demand (Y) is obtained the total distributed in the economy that, therefore, match

with the offer for each of the economic sectors.

Algebraically, can be expressed as follows:

X = Z + V A+M (3.1)

the sum of columns describes the necessary purchases carried out by the economy in order

to produce goods. Moreover, the sum of the rows indicates the production sales both to
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be used as inputs and those that will be for final consumption, so:

X = Z + Y (3.2)

Since this is a linear system of equations and assuming that the value of final demand can

be determined exogenously, is possible to get the production volumes needed to satisfy

this final demand. At the same time, inputs requirements of the economic sectors are

produced to satisfy the intermediate demand generated by the production process. Also,

it is assumed that the relationship between these components and the final product is

determined in fixed proportions, so that the volume of intermediate transactions can be

expressed as the multiplication of the technical coefficient matrix (A) by the production

volume (X). This solution is expressed in the following way:

X = AX + Y (3.3)

or, alternatively:

X = (I − A)−1Y (3.4)

In economic terms, the matrix (I − A)−1 represents the total requirements and is

commonly known as Leontief inverse, this indicates the necessary production which must

be undertaken by each sector to meet the increased final demand for each one of the

different sectors.

3.2.2 Analytical use of Input-Output coefficients

For the purpose of facilitate the interpretation of the information contained in the I-O

matrix can be split in three basic tables:

a) Matrix of interindustry transactions. It is a two-way table where each branch or

productive sector is contained in the rows and columns. In rows include sales made both

sectors for intermediate consumption and for final demand. Goods and services for inter-

mediate consumption are those consumed in the process of manufacture of other goods,

while goods assigned to final demand are those without further processing during the per-

formance period. Final goods include household consumption, government consumption,

gross domestic investment and exports. The sum of the two uses (intermediate and final)

of goods and services in each sector represents the gross value of production.

b) The matrix of direct requirements coefficients (or technical coefficients). This ma-

trix is obtained by dividing the components of intermediate consumption of each sector by

its corresponding output value. Thus, expresses the direct input requirements or industry

added value contained in the column head. Figure 3.3 display the technical coefficients
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for the Mexican economy estimated from Figure 3.2.

Figure 3.3: Mexican Technical Coefficients for 1995

c) The matrix of total requirements coefficient. This matrix links the production

of each sector with the domestic final demand. Each element of the Leontief matrix

represents the amount of production that should make the sector to meet the domestic

final demand This is done by subtracting the identity matrix (I) to the matrix of technical

coefficients (A), (I - A), and inverting the resulting matrix, which will be denoted as the

Leontief inverse (I − A)−1 .

Thus, the technical coefficients express in terms of columns, the proportion of interme-

diate products —from itself and from other branches— as well as factors of production

required for a unit of production of each of the sectors that integrate the matrix, meaning

the direct requirements of production.

One basic feature of the I-O table is that allows select key industries based on the

importance of interdependencies that can be quantified through interindustry linkages.

This is done by quantifying the relationships between the various branches of activity

as mutual supplier or purchaser of intermediate inputs. The importance of the linkages

studies lies on the fact that not all economic activities have equal capacity to induce

effects of “drag” or “push” and industry.

A backward linkage (BL) can be defined as activities that generate the development

of materials for intermediate use, which means that induce the development of other

activities they would provide inputs. The forward linkages (FL) correspond to activities

that respond more to the definition of intermediates or final products, first requiring

inputs and can be both intermediate inputs for other activities, or are final products.

To analyse the importance of each productive sector according to their interindustry

linkages we have used the concept of “multiplier” that within the I-O methodology relates

to the linkages developed between different sectors of the economy. This is, drag effects

that each sector has on the overall economy in terms of output, employment, domestic

inputs, and imports, among others.

The multiplier concept refers to the effects that a change in final demand for a partic-

ular sector has over itself and over the rest of the economic sectors. An increase in final
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demand for the products of a particular industry generates an increase in its production,

but in the process also demand inputs from other industries. This new demand for inputs

has impact on other industries, which means has multiplier effect.

Thus, an increase in final demand for a particular sector, generates direct multiplier

effects on the industry itself (own multipliers) as well as indirect multiplier effects on all

sectors of the economy that provide inputs (transfer multipliers). The total sum of the

direct and indirect multiplier effects that an increase in final demand on the economy

generates is called output multiplier.

3.3 The Social Accounting Matrix

A Social Accounting Matrix (SAM) is an analytical framework that provides a conceptual

basis to analyse economic activities, which are the transactions involving goods and fac-

tors, and the concurrent flows of funds between agents in an economy. A SAM presents

in a matrix form the interactions between production, consumption, income and capital.

As database, a SAM includes both socio and economic data, providing a broader detail

than a I-O table about of the economic interrelationships within an economy by including

data sources as the National Accounts System and household income and expenditures

statistics, for example, a SAM displays the distribution of the income of the factors of

production for different sectors, or shows the expenditures on consumption, investment

and savings made by the economics agents. Thus, a SAM records all the economic ac-

tivities and flows of funds among agents in a base year, and it is used as a database for

estimation of coefficients and exogenous variables of CGE models.

3.3.1 Structure of Social Accounting Matrix

Stone and Meade (1944) integrated the national accounting framework that is today

broadly used. The aim of this work is to provide a clear definition of the term national

income or the other elements that arise from it. Four definitions are highlighted: the

total of personal incomes, the total of private incomes (personal and impersonal), net

national income (at factor cost and at market prices), and gross national income at market

prices. In addition, explain the official estimates of the national income, and analyses the

response of consumption, taxes, government expenditure, investment and savings in face

of changes in private, personal and national income. This work set the foundations of the

Social Accounting.

Stone and Brown (1960) describes a SAM for the British economy in 1960, the basic

data required to build a SAM are the National Income Accounts and the Input-Output

Table. The fully disaggregated SAM is a matrix that contains information of 253 accounts,
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however, given the structure of this work, the concepts and data are presented step by

step in order to provide a clear understanding of the general layout. One point that

makes easy the analysis of this matrix is the fact most of their cells are empty and this

characteristics allows the use of submatrices.

Following this approach, the work of Pyatt and Thorbecke (1976) delivers a detailed

overview of the use and empirical application in economic planning of SAMs. This effort is

part of their research project devoted to development policies, in particular, redistributive

and growth elements. In the methodological aspect, this work provides a comprehensive

planning framework as well as a database, in which can be appreciated the different levels

of economic development. Concerning the empirical application, the aim is to demonstrate

that, given the information available in developing countries, it is possible to build a SAM

and use it as a factual basis for planning.

The SAM is written in a matrix-form table. The agents specified above are used

as both row labels and column labels. The entries in a SAM indicate flows of goods

and services from the agents listed in the rows to the counterpart agents listed in the

columns. The corresponding payments are made in the opposite direction. Concerning

the composition of a SAM, the order of row and column entries can be freely arranged,

and row/column entries can be added depending on the purpose of analysis and data

availability.

The components of the SAM comprises five basic types of accounts: factors of produc-

tion account, final demand, institutional accounts, production activities and an account

for rest of the world. The first account is for the factors of production (Capital and

Labour), which receive income from the production activities, giving as result the value

added. Second, the institutional accounts include the household, investment and gov-

ernment accounts. Third, the indirect taxes account levied by the government and the

transfers. Next, is the final demand account containing the final consumption done by

the households, the investment requirements and the government expenditures. Finally,

the fifth account records the transactions with the rest of the world, both imports and

exports.

3.3.2 Construction of Social Accounting Matrix

With the objective of constructing the matrix is necessary to gather data from different

sources. Almost all the data included in the SAM are provided in the I-O tables, the

shadowed cells can be obtained from the I-O tables. Therefore, the core issue of SAM

construction is how to fill the cells that cannot be derived from the I-O tables (Figure

3.4).

Let us consider the cells that can be filled immediately by applying the row-sum and
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column-sum equality rule.

Figure 3.4: Social Accounting Matrix

First, as we know the row sums of capital and labour, the corresponding blank cells of

‘HOH’–‘CAP’ and ‘HOH’–‘LAB’ indicating the factor income (red cells). In the same way,

we can determine the total production tax and import tariff revenues transferred from

the tax and customs agent to the government (blue cells). Total production tax revenues

appear in the row sum of ‘IDT’, which is transferred only to the government; thus, this

receipt of production tax revenues should be put in the ‘GOV’–‘IDT’ cell. Similarly, total

import tariff revenues appear in the row sum of ‘TRF’, which is transferred only to the

government; thus, should be put in the ‘GOV’–‘TRF’ cell.

In the same manner, we can compute the current account deficit (green cell) by sub-

tracting total exports (shown by the sum of the shadowed cells in the ‘EXT’ column) from

total imports (shown by the sum of the shadowed cells in the ‘EXT’ rows). The current

account deficit equals foreign savings, which are put in the ‘INV’–‘EXT’ cell.

There are three accounts that show imbalances between their receipts and payments

of funds: the household, the government and the investment (yellow cells). The flows of

funds involving these agents are typically supposed to appear in the following three cells:

direct tax payments by the household to the government (’GOV’–‘HOH’) and transfers

of funds by the household and the government to the investment (’INV’–‘HOH’ and

‘INV’–‘GOV’). However, the filling of these cells presents a difficulty; we cannot use only

the row-sum and column-sum equality rule.

Then, it is necessary to use an additional technique: if one of these three unknown cells

can be filled by some means, the other two cells are filled by applying the same technique

employed so far. Here, by seeking data sources other than the I-O tables, we may be able

to determine direct tax revenues. If that value can be determined, it is entered into the

‘GOV’–‘HOH’ cell. (In addition to the value of direct taxes, values for one of the other

two cells may be available. In such a case, the selection of the first datum to be filled
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should be made in consideration of the reliability of the data sources).

Figure 3.5 displays the Mexican Social Accounting Matrix for 1995, values are in US$

millions. In the case of the current account balance a minus sign is a surplus.

Figure 3.5: Mexican Social Accounting Matrix for 1995

In this way, the Mexican SAM for 1995 allows for a more disaggregated analysis that

was done previously with the Input-Output table presented in Figure 3.2. Now, it is

possible to define which sector is labour-intensive or capital-intensive. Also, it is possible

to know how is distributed the final demand among the economic agents. Thereby, by

analysing the data contained in the above figure we can formulate policy recommendation,

for example regards employment, taxes, imports tariffs among others.

3.4 Computable General Equilibrium models

3.4.1 Overview

A Computable General Equilibrium (CGE) model is a system of mathematical equations

that describes an economy as a whole, and the interactions among its parts. A CGE

model is a general equilibrium model that calculates the effect of changes in a particular

exogenous variable when it is introduced to the model.

CGE models are an important tool of empirical analysis for the policy-makers towards

simulating the effects of economic policies. One of the main features of the CGE models is

its capacity to allow the analysis for all the linkages between sectors of an economy. Hence,

these could be inter-linkages between industries, or between household expenditures and

incomes, imposing endowments and resource constraints.

The structure of the CGE model is contained in the circular flow of economic activity

that describes the reciprocal payments between households and firms. This structure can

be described as follows:
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• Market structure. Most of the CGE models assume that product and factor markets

are perfectly competitive.

• Production and firm behaviour. The production is performed by profit-maximising

firms.

• Households. A representative household with a utility-maximising behaviour.

• Equilibrium conditions.

• Model closure. A closure determines how equilibrium is reached after a shock.

A model is completely closed since supply and demand are equal for all markets.

However, the choice of the closure will depend on the nature of the problem. The last

stage in the implementation of a CGE model is to choose its structure. This choice

of variables inside and outside the model is called closure. The model structure

depends on the goal that is expecting to achieve. Thus, in order to analyse the

specific economic policy, models differ in their closures On the implementation, the

role of the closure lies in that the given the way that is achieved the solution of

the CGE model, the equations utilised in the SAM must have both exogenous and

endogenous variables. Because of this, the closure sets the direction of causality in

the model.

To develop a basic CGE model we must take in account the following:

• Database. This can be presented in the form of a Social Account Matrix (SAM)

that depicts flows of all economic transactions taking place within an economy.

• Functional forms and parameters. The basic CGE framework utilises a CES-form

to model the production and a Cobb-Douglas for the consumer utility. Given this,

there are at least two (often more) types of parameters which are needed. First, the

elasticities of substitution those allow the substitutability of factors of production.

Second, we need to know the demand and income elasticities for consumers.

• Calibration. The aim of this calibration procedure is determine the value of the

parameters and exogenous variables in such a way that the CGE model will be able

to replicate exactly the data of a reference year – the baseline.

• Simulation. The aim of this simulation is to know how responds the economy if a

shock had occurred. The difference in values in the baseline and the simulation is

the effect of the shock.
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3.4.2 A stylised CGE model

This model —with one household, two firms, two goods and two factors— is basic to

understand how is constructed a CGE. The model is based in two assumptions: a static

(without investment and savings) and closed economy (autarky). Hence, is assumed that

two goods are produced using the existing factors. Also, a representative household exists

and consumes two types of goods in order to maximise its utility. The goods are produced

by two representative firms, each of which produces one commodity. The factors represent

the household endowment and provide them to the firms in return for an income. The

factors are employed by the firms for their production. The demands for goods and factors

are equilibrated by flexible price adjustments inside the market. In addition, is assumed

that the markets are perfectly competitive.

The utility maximisation problem for the household is given by:

max
i
UU = Π

i
Xαi
i (3.5)

subject to its budget constraint∑
i

pxiXi =
∑
h

pfhFFh (3.6)

where:

i, j: goods

h, k: factors of production

UU : utility

Xi: consumption of the i-th good

FFh: endowments of the h-th factor for the household (exogenous)

pxi : demand price of the i-th good

pfh: price of the h-th factor

αi: share parameter in the utility function (exogenous) (0 ≤ αi ≤ 1, Σiαi = 1)

It is possible to solve this problem by using the Lagrange multiplier method. The

Lagrangian can be defined as follows:

L(Xi;ϕ) = Π
i
Xαi
i + ϕ(

∑
h

pfhFFh −
∑
i

pxiXi) (3.7)

where ϕ is the Lagrangian multiplier. Thus, the first-order conditions are:

∂L

∂Xi

= αi
ΠjX

αj
j

Xi

− ϕpxi = 0 ∀i (3.8)
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∂L

∂ϕ
=
∑
h

pfhFFh −
∑
i

pxiXi = 0 (3.9)

and by solving this problem for the demand Xi, the result is the following equation:

Xi =
αi
pxi

∑
h

pfhFFh ∀i (3.10)

is the demand function for the i-th good.

In the case of the profit maximisation of the firm under given output and input prices

max
Zj ,Fh,j

πj = pjzZj −
∑
h

pfhFh,j (3.11)

subject to its production technology constraint which is the production function of

the j-th good

Zj = bjΠ
h
F
βh,j
h,j ∀j (3.12)

where:

i, j: firms

h, k: factor of production

πj: profit of the j-th firm

Zj: output of the j-th firm

Fh,j: the h-th factor used by the j-th firm

pzj : supply price of the j-th good

pfh: price of the h-th factor

βh,j: share coefficient in the production function (exogenous) (0 ≤ βh,j ≤ 1, Σhβh,j =

1)

bj: scaling coefficient in the production function (exogenous)

As was done previously, Lagrange multiplier method is used to solve this maximisation

problem as follows:

L(Zj, Fh,j;ωj) = pjzZj −
∑
h

pfhFh,j + ωj(bjΠ
h
F
βh,j
h,j − Zj) (3.13)

where ωj is the Lagrangian multiplier.

Thus, the first-order conditions are:

∂Lj
∂Zj

= pjz − ωj = 0 ∀j (3.14)
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∂Lj
∂Fh,j

= ωjβh,j
bjΠkF

βk,j
k,j

Fh,j
− pfh = 0 ∀h, j (3.15)

∂Lj
∂ωj

= bjΠ
h
F
βh,j
h,j − Zj = 0 ∀j (3.16)

an by solving the profit maximisation problem, we get the demand function for the

h-th factor by the j-th firm

Fh,j =
βh,j p

z
j

pfh
Zj ∀h, j (3.17)

Finally, the following three equations are the market-clearing conditions (goods, factors

and prices)

Xi = Zi ∀i (3.18)

∑
j

Fh,j = FFh ∀h (3.19)

pxi = pzi ∀i (3.20)

and the zero-profit condition: ∑
h

pfhFh,j = pzjZj ∀j (3.21)

3.4.3 Standard CGE model

The simple CGE model that has been introduced above only contains the most basic

features of an economy-wide model. Since a CGE model in the sense of Johansen (1960)

utilises a version of the SAM as database, the first step is to incorporate the intermediate

goods and the composite good as part of the analysis. The composite good is obtained

by aggregating the capital and labour through the production function of the composite

good, which is a Cobb-Douglas form function (3.23). Thus, this problem is related with

the production of the composite good that will be used as input for the gross domestic

output. This can be realised as follows:

max
Yj ,Fh,j

πyj = pyjYj −
∑
h

pfhFh,j (3.22)

subject to

Yj = bjΠhF
βh,j
h,j ∀j (3.23)

that is, the profit-maximisation problems for the j-th firm subject to the composite
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goods, where:

πyj : profit of the j-th firm producing composite factor Yj

πyz : profit of the j-th firm producing gross domestic output Zj

Yj: composite factor used by the j-th firm

Fh,j: the h-th factor used by the j-th firm

Zj: gross domestic output of the j-th firm

Xi,j: intermediate input of the i-th good used by the j-th firm

pyj : price of the j-th composite factor

pfh: price of the h-th factor

pzj : price of the j-th gross domestic output

pqi : price of the i-th composite good

βh,j: share coefficient in the composite factor production function (exogenous)

bj: scaling coefficient in the composite factor production function (exogenous)

axi,j: input requirement coefficient of the i-th intermediate input for a unit output of

the j-th good (exogenous)

ayj: input requirement coefficient of the j-th composite good for a unit output of the

j-th good (exogenous)

And we have in addition the factor requirements of the firm,

Fh,j =
βh,j p

y
j

pfh
Yj ∀h, j (3.24)

the intermediate inputs requirements, which depend directly on the volume of produc-

tion Zj,

Xi,j = axi,jZj ∀i, j (3.25)

the composite factor used by the j-th firm as function of the output,

Yj = ayjZj ∀j (3.26)

and finally, the price of the j-th gross domestic output or unitary cost of production

pzj = ayjp
y
j +

∑
axi,jp

q
i ∀j (3.27)

In the second place, it is necessary introduce the Government into the model. The

public sector is important by the following reasons: first, the influence through the taxes

on income and prices; second, the government expenditure plays a crucial role in the

economy consumption; and finally, the trade tariffs are considered.

The next equations are the taxes system, in which, is assumed that the government

levied the household income at a fixed tax rate (3.28), an ad valorem tax on output (3.29)
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and an ad valorem import tariff on international trade (3.30):

T d = τ d
∑
h

pfhFFh (3.28)

T zj = τ zj p
z
jZj ∀j (3.29)

Tmi = τmi p
m
i Mi ∀i (3.30)

The following equation is the Government expenditure equation which assumes that

all the taxes revenues are spent in consumption, which means that there is no public

deficit. This expenditure is realised in fixed ratios between each of the goods:

Xg
i =

µi
pqi

(T d +
∑
j

T zj +
∑
j

Tmj ) ∀i (3.31)

where:

T d: direct tax

T zj : production tax on the j-th good

Tmi : import tariff on the i-th good

τ d: direct tax rate (exogenous)

τ zj : production tax rate on the j-th good (exogenous)

τmi : import tariff rate on the i-th good (exogenous)

FFh: endowments of the h-th factor for the household (exogenous)

Zj: gross domestic output of the j-th firm

Mi: imports of the i-th good

Xg
i : government consumption of the i-th good

pzj : price of the j-th gross domestic output

pfh: price of the h-th factor

pmi : price of the i-th imported good

pqi : price of the i-th composite good

µi: share of the i-th good in government expenditure (exogenous)

The investment and saving are considered as follow. The household savings and

the government fiscal balance can be defined in terms of its average propensities to save:

Sp = ssp(
∑
h

pfhFFh) (3.32)

Sg = ssg(T d +
∑
j

T zj +
∑
j

Tmj ) (3.33)
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where:

Sp: household savings

Sg : government savings

ssp: average propensity for savings by the household (exogenous)

ssg : average propensity for savings by the government (exogenous)

The relation between investment and savings is defined by the economic identity I=S,

thus the investment derives from the savings of households and government plus the

current account balance,

Xv
i =

λi
pqi

(Sp + Sg + εSf ) ∀i (3.34)

where:

Xv
i : demand for the i-th investment good

Sf : current account deficits in foreign currency terms (exogenous) (exogenous)

ε: foreign exchange rate

pqi : price of the i-th composite good

λi: expenditure share of the i-th good in total investment (exogenous)

Since the recent addition of the government and investment and savings inside the

model, some previous equations need to be modified. Thus, the new household and

government demands functions are:

Xp
i =

αi
pqi

(
∑
h

pfhFFh − S
p − T d) ∀i (3.35)

Xg
i =

µi
pqi

(T d +
∑
j

T zj +
∑
j

Tmj − Sg) ∀i (3.36)

The last important characteristic of this standard CGE model is the presence of the

external sector, this extension makes possible to switch from a closed model to an open

one. Therefore, is assumed that the export and import prices quoted in foreign currency

terms are exogenous, that is, a small country without enough market shares to be able to

influence in the world prices:

pei = εpWe
i ∀i (3.37)

pmi = εpWm
i ∀i (3.38)

where:

pWe
i : export price in terms of foreign currency (exogenous)

pWm
i : import price in terms of foreign currency (exogenous)

pmi : import price in terms of domestic currency

pei : export price in terms of domestic currency
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Additionally, the Balance of Payments is assumed in equilibrium,

BOP =
∑
i

pWe
i Ei + Sf −

∑
i

pWm
i Mi (3.39)

Ei: exports of the i-th good

Mi: imports of the i-th good,

Since the standard CGE model includes the consumption both domestic and imported

goods, we have to assume that exist difference between good produced in the domestic

economy and the ones that are imported. At this point, we use Armington’s assumption.

The Armington composite goods have a nested consumption structure, since assumes that

the imported goods are not consumed or used directly. Instead of this, the composite

good comprises imports and the corresponding domestic goods, whose proportions are

determined by the elasticity of substitution. The Armington composite good is defined

as follow:

Qi = γi(δmiM
ηi
i + δdiD

ηi
i )

1
ηi ∀i (3.40)

where:

pmi : price of the i-th imported good in terms of domestic currency

pdi : price of the i-th domestic good

Qi: the i-th Armington composite good

Mi: the i-th imported good

Di: the i-th domestic good

τmi : import tariff rate on the i-th good (exogenous)

γi: scaling coefficient in the Armington composite good production function (exoge-

nous)

δmi, δdi: input share coefficients in the Armington composite good production function

(exogenous)

ηi: parameter defined by the elasticity of substitution (exogenous)

σi: elasticity of substitution in the Armington composite good production function

(exogenous)

Again, it is possible to solve this problem by using the Lagrange multiplier method.

The Lagrangian can be defined as follows:

Li(Qi,Mi, Di; θi) = pqiQi− [(1+τmi )pmi Mi+pdiDi]+θi[γi(δmiM
ηi
i +δdiD

ηi
i )

1
ηi −Qi] (3.41)

where θi is the Lagrangian multiplier. Thus, the first-order conditions are:
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∂Li
∂Qi

= pqi − θi = 0 (3.42)

∂Li
∂Mi

= θi
1

ηi
γi(δmiM

ηi
i + δdiD

ηi
i )

1
ηi
−1
ηiδmiM

ηi−1
i − (1 + τmi )pmi = 0 (3.43)

∂Li
∂Di

= θi
1

ηi
γi(δmiM

ηi
i + δdiD

ηi
i )

1
ηi
−1
ηiδdiD

ηi−1
i − pdi = 0 (3.44)

∂Li
∂θi

= γi(δmiM
ηi
i + δdiD

ηi
i )

1
ηi −Qi = 0 (3.45)

By substituting into is possible to obtain the demand functions for imports and the

domestic good

Mi = [
γηii δmip

q
i

(1 + τmi )pmi
]

1
1−ηi Qi ∀i (3.46)

Di = [
γηii δdip

q
i

pdi
]

1
1−ηi Qi ∀i (3.47)

The last point on international trade is to split the production process between im-

ported and domestic goods. This production is described by a constant elasticity of

transformation (CET) function, where, according on the relative price between exports

and domestic goods, the supply for each of these markets changes.

Zi = θi(ξeiE
φi
i + ξdiD

φi
i )

1
φi ∀i (3.48)

where:

pei : price of the i-th exported good in terms of domestic currency

pdi : price of the i-th domestic good

pzi : price of the i-th domestic good

Ei: exports of the i-th good

Di: supply of the i-th domestic good

Zi: gross domestic output of the i-th good

τ zi : production tax on the i-th gross domestic output (exogenous)

θi : scaling coefficient of the i-th transformation (exogenous)

ξei, ξdi : share coefficients for the i-th good transformation (exogenous)

φi: parameter defined by the elasticity of transformation (exogenous)

ψi: elasticity of transformation of the i-th good transformation (exogenous)
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and the supply functions for exports and for domestic goods

Ei = [
θφii ξei(1 + τ zi )pzi

pei
]

1
1−φi Zi ∀i (3.49)

Di = [
θφii ξdi(1 + τ zi )pzi

pdi
]

1
1−φi Zi ∀i (3.50)

Finally, impose the market-clearing conditions to assure the equilibrium in all the

markets. The first equation is for the Armington composite goods and the second one is

the factor market-clearing condition:

Qi = Xp
i +Xg

i +Xv
i +

∑
j

Xi,j ∀i (3.51)

FMCC =
∑
j

Fh,j − FFh ∀h (3.52)

Equation 3.52 is the factor market-clearing condition, that is, total demand for h-th

factor by firms must be equal to total endowments of h-th factor, assumed to be given in

the economy.

3.4.4 Calibration

Calibration is the method of estimation of coefficients and exogenous variables in a CGE

model. This procedure is based on the information provided by the SAM. The purpose of

the calibration is testing the parameters in order to know if the values of the parameters

are consistent with the base year.

Figure 3.6: SAM for the CGE model

The process of calibration was developed by Johansen (1960) and consists of setting

the base year —1950— of the economy in the past, and after that, simulates real changes
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in the exogenous variables for the years to date to determine if the endogenous variables

are similar to the historical observations available for the years around 1950. In order to

calibrate the model is necessary to extract parameters directly from the SAM as shown

in Figure 3.6.

Leontief-type function

The next equations are derived from the requirements for the intermediate inputs

(3.26) and the composite factor (3.27) equations and can be extracted directly from the

SAM, given that initial values are already determined, in order to calibrate the coefficients

for the Leontief-type production function.

axi,j =
X0
i,j

Z0
j

∀i, j (3.53)

ayj =
Y 0
j

Z0
j

∀j (3.54)

CES function

The following coefficients to be calibrated are those associated with the Armington’s

assumption. The equation 3.40 includes four unknown coefficients δmi, δdi, γi and ηi.

These unknown coefficients appear in the equations 3.40, 3.46 and 3.47 while the rest of

the variables can be obtained through the SAM. Since there are four unknown coefficients

and three equations, it is not possible to solve via calibration. Thus, the alternative is to

assume a value for the elasticity of substitution σi and solving for ηi.

ηi = (σi − 1)/σi (3.55)

and then

δmi =
(1 + τmi )pm0

i M
0(1−ηi)
i

(1 + τmi )pm0
i M

0(1−ηi)
i + pd0i D

0(1−ηi)
i

∀i (3.56)

δdi =
pd0i D

0(1−ηi)
i

(1 + τmi )pm0
i M

0(1−ηi)
i + pd0i D

0(1−ηi)
i

∀i (3.57)

After calibrating δmi and δdi the following is calibrate γi, what is done just inverting

the equation 3.40.

γi =
Q0
i

(δmiM
0ηi
i + δdiD

0ηi
i )1/ηi

∀i (3.58)
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CET function

The calibration process for the CET function follows the same path the described

above for the CES function. The equation 3.48 includes four unknown coefficients ξei,

ξei, θi and φi. These unknown coefficients appear in the equations 3.48, 3.49 and 3.50

while the rest of the variables can be obtained through the SAM. Since there are four

unknown coefficients and three equations, it is not possible to solve via calibration. Thus,

the alternative is to assume a value for the elasticity of transformation ψi and solving for

φi.

φi = (ψi + 1)/ψi (3.59)

and then

ξei =
pe0i E

0(1−φi)
i

pe0i E
0(1−φi)
i + pd0i D

0(1−φi)
i

∀i (3.60)

ξdi =
pd0i D

0(1−φi)
i

pe0i E
0(1−φi)
i + pd0i D

0(1−φi)
i

∀i (3.61)

After calibrating ξei and ξei is easy to calibrate θi just by inverting the equation 3.48.

θi =
Z0
i

(ξeiE
0φi
i + ξdiD

0φi
i )1/φi

∀i (3.62)

Savings and Taxes

In order to calibrate the saving rates and the tax rate, there are three unknown

coefficients ssp, ssg and τ d but all the initial values can be retrieved from the SAM.

The first two (savings rates for households and government) can be directly derived from

equations 3.32 and 3.33.

ssp =
Sp0∑

h

pf0h FFh
(3.63)

ssg =
Sg0

T d0 +
∑
j

T z0j +
∑
j

Tm0
j

(3.64)

The tax rate is derived from equation 3.28

τ d =
T d0∑

h

pf0h FFh
(3.65)
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3.5 The Database

3.5.1 World Input Output Database

A crucial point in the Input-Output analysis is the availability of the tables. At this

regard, in 2012 were released the World Input Output Database (WIOD). The WIOD is

a project is funded by the European Commission, and the participants are:

• University of Groningen, Netherlands;

• Institute for Prospective Technological Studies, Spain;

• Wiener Institut für Internationale Wirtschaftsvergleiche, Austria;

• Zentrum fr Europäische Wirtschaftsforschung, Germany;

• Österreichisches Institut für Wirtschaftsforschung, Austria;

• Hochschule Konstanz, Germany;

• The Conference Board Europe, Belgium;

• Organisation for Economic Co-operation and Development, France;

• CPB Netherlands Bureau for Economic Policy Analysis, Netherlands;

• Institute of Communication and Computer Systems, Greece;

• Central Recherche SA, France

The core of the database is a set of supply and use tables, alongside with data on

international trade in goods and services. These two sets of data will be integrated into

sets of inter-country I-O tables. The database covers 27 EU countries and 13 other major

countries in the world for the period from 1995 to 2009.

The World Input-Output Database (WIOD) consists of time series of four sections:

• World tables

• National tables

• Socio-economic accounts

• Environmental accounts

The World Tables section provides the following information:
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• International Supply and Use table at current and previous year prices, with use

split into domestic and import by country (35 industries by 59 products).

• World I-O table at current prices and at previous year prices (35 industries by

35 industries) Interregional Input-Output table for 6 regions (35 industries by 35

industries).

The National Tables section provides the following information:

• National supply and use tables at current and previous year prices (35 industries by

59 products).

• National Input-Output tables in current prices (35 industries by 35 industries).

The Socio-Economic Accounts section contains the following information for 35 indus-

tries:

• Industry output, intermediate output, value added, at current and constant price.

• Capital stock and investment.

• Labour and capital Compensation.

• Wages and hours worked by skill type (low, medium and high-skilled).

The Environmental accounts section:

• Gross energy use by sector and energy commodity.

• Emission relevant energy use by sector and energy commodity.

• CO2 Emissions modelled by sector and energy commodity.

• Emissions to air by sector and pollutant.

• Land use, Materials use and Water use by type and sector.

3.5.2 Other sources of information

In order to obtain the data required to construct a Social Accounting Matrix is necessary

to seek data sources other than the Input-Output tables. Here, direct tax revenues are

derived from information collected from different Mexican government agencies as the

National Institute of Statistics and Geography, the Bank of Mexico and the Centre for

Study of Public Finance - Chamber of Deputies.
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Chapter 4

Indirect Transportation Costs

4.1 Introduction

Extensive literature highlights the important role that trade openness can have in promot-

ing economic performance and growth rates (Dornbusch, 1992; Edwards, 1993; Krueger,

1998; Frankel and Romer, 1999). Thus, trade facilitation policy can improve the economic

flows through borders. Transportation cost is also an important aspect of trade flow.

Economic costs and benefits of trade facilitation have been studied extensively by

intergovernmental organisations. In particular, OECD has provided an important insight

through its research on the welfare gains of multilateral reduction of tariffs (OECD, 2003),

by assessing the economic impact of the facilitation (OECD, 2009).

The present chapter focuses on the Indirect Transportation Costs (ITC) that are

present in trade between the United States and Mexico. Since the creation of the North

American Free Trade Agreement (NAFTA), an important aspect has been the way in

which this treaty can facilitate the flow of goods and services. The trilateral trade among

NAFTA partners has more than tripled since the agreement took effect, reaching the US$1

trillion threshold. Trade between the United States and Mexico contributed for 49% of

the increase in intra-NAFTA trade. Between 1993 and 2012, total U.S. trade with Mexico

increased by 506%. In comparison, U.S. trade with Canada increased by 192%.

The assessment of the ITC is an economically relevant issue given the fact that 80 per

cent of this U.S.- Mexico trade is done via ground transportation, which implies friction

in itself, mainly due to the bureaucracy at the border which delays freight movement and

to the physical constraints of the ports of entry.

The ITC is defined as the average extra cost spent throughout the export process

when trading goods and services. This cost can come from loss resulting from the physical

conditions of the transport modes, the distance between the point where production is

realised and the market where it will be consumed, the failures on the loading/unloading
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of production, delays due to bureaucratic requirements in the border crossing process.

These indirect costs impact the economy in different ways, for example by changing the

real cost of moving goods within modes of transport. Thus, this impact may be change

the mode of transport among the producers. Finally, the overall effect of the ITC may be

quantified in the ratio of goods exported to GDP.

With this in mind, the following issues will be considered. First, the average extra

cost spent in the export process, in addition to the transportation cost registered by the

economic agents. Second, these amounts will be put into a SAM framework that will

present a CGE, as this issue will increase the size of the resulting matrix providing more

information about the sectoral impacts.

The iceberg transportation function is a form to model the ITC that has been consid-

ered in international trade and is assumed to be a standard issue in the New Economic

Geography literature. Samuelson (1954) proposed the basic idea that trade implies trans-

action costs and that these can be considered of as a fraction of the traded goods, which

means that the iceberg melts on the way and only a fraction of the exported goods reach

its destination.

The aim of the chapter is to introduce indirect transportation costs under the iceberg-

form proposed by Samuelson within the framework of SAM and to calibrate a CGE

model, using the available data, that simulates the behaviour of bilateral trade under

certain parameters.

The next section presents the treatment that has been given to the transportations

costs in the framework of CGE models. The rest of this chapter is organised as follows:

section 3 shows the situation of trade between the U.S. and Mexico in the last twenty

years; section 4 provides a description of the iceberg transportation function; section 5

describes the data used to calibrate the model; and section 6 presents the results and

concludes the chapter.

4.2 Transportation inside the CGE model

Transportation is implicit inside the Input-Output model, and is made explicit when

identified as a branch in the economy. Leontief (1936) recognised transportation (steam

rail road) as an industry and determined how much is purchased by other industries in

order to produce. However, the available data does not allow one to calculate the share of

the final price that can be attributable to the transportation cost. Hence, the empirical

solution proposed by Leontief is to distribute the transportation costs in an equal ratio

for all the products of a branch. This is done under the assumption that transportation

costs are a fixed proportion of the final price paid by the consumer.

The external sector is “adjusted” using the same technique. In the case of imports
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and exports, the value of these is added to a proportional amount to the domestic trans-

portation costs. This addition is different to the transportation costs that the industries

paid directly to the transportation services needed for production. In the I-O table for

1939, approximately one sixth of the total transportation costs remain unaccounted for.

The above lines are the first attempt to include the issue of transportation costs

within the I-O analysis. However this explanation is not entirely satisfactory since the

requirements of transport vary according to the location of the production and target

markets. Additionally, there exists lost information about transportation costs since these

are accounted for as part of the traded goods.

Isard (1951) established a link between the I-O model and the spatial economy by

including the transport cost as a relevant element in making decisions about the location

of industries. In order to analyse these relationships in a more efficient way, Isard extended

the I-O model toward a less aggregated level by developing interregional I-O tables. Isard

and Peck (1954) introduced the distance and the transportations into an I-O table that

records the international and interregional trade flows.

The best I-O table is one that best describes and records the economic transactions at

the industry level. However, now the problem is that as it grows, the level of description

of the tables also increases its size. Thus, a specific I-O table and SAM can be modelled

according to the objectives and needs of the study: of course this implies a massive

amount of information and resources. From then the CGE models the tendency was to

build regional databases that however barely take in account the transportation cost.

A SAM is designed to display a detailed matrix of internal transactions. This includes

an external sector that contains information about the uses of the exported goods. Despite

the massive amount of information that is contained into the SAM, all CGE models

face a common issue regarding the base data. These models use I-O tables that may

well represent a transportation sector. However, in practice the model relies on national

accounts that do not include the additional costs of goods

With the developments of CGE models based on Scarf’s algorithm and its posterior

standard implementation by Shoven and Whalley, the spatial models tend to take into

account the transportation cost between regions but not within region. These works

relied mainly on the cost-benefit analysis to measure the impact of new infrastructure or

economic reforms on consumers and producers.

In this regard, the recent developments in economic geography have incorporated the

issues related to transport costs by using Krugman’s (1980) adaptation of Samuelson’s

iceberg form (1954), this allows for the modelling of the spatial allocation without need

to model transportation related issues. In these kinds of models (Krugman 1990, 1991a,

1991b) the distance is not displayed separately. Thus, transportation costs and all such

costs are introduced via the iceberg model in a simple way: greater distances imply a
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larger value that melts away. The basic assumption of the function implies assuming that

the technology to produce the goods is the same used for the transportation of them.

This formulation allows for the representing of transportation costs without the need for

expressing them in an explicit way through a transport sector.

The economic relevance of the space is important given the cost implied to deal with the

transactions around the whole economy; however, multi-region CGE models rarely make

the modelling for a geographical space explicit. Since the establishment of the free trade

agreements giving rise to commercial regions with different characteristics, some studies

are responsible for analysing the differences between international transport margins, both

between the regions as well as within regions. This is done using information from I-O

tables and other sources as GTAP.

Following this line of analysis, several studies have been conducted to assess the ben-

efits from trade facilitation either on a regional or worldwide level. Hummels (1999)

provides insight about the time delays on international trade by estimating the economic

cost of using the maritime shipping instead air cargo. This work uses a multi-sector model

of trade that allows isolating channels through which trade barriers affect trade volumes.

Laskhmanan et al. (2001) describe the relevance of transportation in the trade facilitation

process. They point out the use of non-tariff barriers as regulation on truck loads as a

main constraint for the intra-NAFTA trade. They also highlight the role of the border as

a barrier, since border crossing may be subject to long delays.

Hummels (2001) emphasises the importance of time as a trade barrier by estimating

the time costs. The results show that each additional day spent in transport reduces the

probability that the U.S. will source from that country by 1-1.5 percent. By contrast, each

day saved in shipping time is equivalent to a 0.8 percent ad-valorem tariff for manufactured

goods. The literature survey on trade facilitation provided by the OECD (2002) shows

that trade costs may vary by a wide range. According to the survey, the estimation for

the trade costs is between 2 to 15 percent of the goods value. This variation is attributed

to efficiency issues on the logistics, the size and type of the business, kind of goods and

the year of the study.

Fox et al. (2003) describe the situation of the U.S.-Mexican border by using the results

from Hummels (2001) and the database obtained by Haralambides and Londoño-Kent

(2002) to estimate the border crossing costs. Walkenhorst and Yasui (2003) performed

research into the cost of border barriers. They divide the trade transaction costs into two

categories: direct and indirect. The first are those derived from the logistics required to

move goods across the border, like the efficiency of the administrative process of customs

services. The second, indirect costs, relates to the border waiting times and delays in

freight movement.

Löfgren and Robinson (2002) introduced an explicit formulation of the spatial variable
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into a SAM-based model. The aim of this exercise was to determine the impact of changes

in world prices and transportations costs. They proposed the use of a restructured SAM

to include the space into the model; this is done looking to preserve the multiregional

values. However, the SAM aggregates the payments to the transport sector and assumes

that these pays are distributed according to shares in traded values. The transportation

costs are treated as endogenous.

Therefore, given the lack of literature on this regard, there is further research necessary

to provide a different approach by using a SAM-based CGE model. Thereby, in this

manner achieve results through the simulation of different scenarios taking advantage of

the data availability to perform such analysis.

4.3 Mexico - U.S. economic relation

The bilateral economic relationship between Mexico and the United States is of key in-

terest for both countries because the strong ties between them that not only results from

the economics aspects, also because the wide border shared (2000 miles in length) that

implies strong cultural and demographic links.

Mexican trade with the U.S. has increased quickly since NAFTA came into effect in

January 1994. In the first year of the treaty, trade increased by 20% in both directions.

As of 2012 Mexico increased exports from US$51.6 billion in 1994 to US$287.4 billion in

2012, an increase of 457%. Imports from the U.S. increased from US$54.8 billion in 1994

to US$185.1 billion in 2012, an increase of 238%. The trade balance with the U.S went

from a deficit of US$3.2 billion in 1994 to a surplus of US$102.7 billion in 2012 (Figure

4.1).

Figure 4.1: Mexico’s trade with the United States (U.S. dollars in billions)

The overall effect of NAFTA on the U.S. economy has been relatively small, due to
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the fact that the two-way trade with Mexico amounts to less than 3% of the U.S. GDP.

However, in the case of the Mexican economy, the amount traded represents 40% of the

GDP in 2012. Along the United States-Mexico border there are found 54 crossings and

international bridges (of which, 26 ports of entry allow trucks and 8 are rail crossings)

where the trade between the two countries takes place. Thus, to transport this large

amount of goods from Mexico to the U.S. about 70% of the value of trade is carried

via road transport, 8.4% via rail, 16.4% via ship and the remaining by other means of

transport. Therefore, the road transport plays a main role for the bilateral trade.

The massive amount of merchandise that crosses the border every day in both di-

rections entails waiting times for inspection and processing all the necessary paperwork.

Delays at this time are common due to an insufficient number of checkpoints relative to

the growing number of border crossings made due to the increase in bilateral trade over

the last two decades. Thus, a bottleneck is formed when the economy gains speed and

demand grows but the customs service cannot keep up with the flow.

Given this close business relationship, in recent years the capacity of the ports of

entry have been studied in order to identify possible bottlenecks that may cause borders

delays and thus assess the economic impact of such time-outs. This cost-benefit analysis

focuses its attention on the delays experienced by commercial vehicles, passenger vehicles

and pedestrians, and by calculating the economic costs of such long waiting times at the

border, to measure its impact on the economy.

The greatest difficulty in carrying out such studies lies in the fact that they are based

with data obtained from surveys conducted in border ports of entry. This is because,

although the U.S. Customs and Border Protection (CBP) provides data on waiting times,

it only shows the estimated wait times for reaching the primary inspection booth, the

first point of contact with the CBP when crossing the U.S.-Mexico border. Therefore,

official data does not take into account the waiting time due to paperwork and inspections

that are performed after that point. However, these studies are focus on a specific border

crossing or in the best of the cases, in a group of them that concentrate most of the

trade flow. Despite this, these works provide a perspective of how to measure the indirect

transportations cost associated to freight movement.

Since the signing of the NAFTA, several studies have been conducted in order to track

the behaviour of border crossings between the U.S. and Mexico, the San Diego/Tijuana

Metropolitan Area being the most studied border region, having a combined population

around 5 million in 2010. These works put emphasis on border queuing times and their

impact on the economy (San Diego Dialogue, 1994; SANDAG, 2000, 2003, 2006, 2010).

In this line of research the work by COLEF (2007) stands out as one of the most compre-

hensive analyses on this topic by including a compilation of waiting times in the 4 major

ports of entry in terms of trade flows, since they represent nearly a half of the two-way
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trade. Based on the realisation of a broad survey, this document provides information on

border crossing average wait times and attempts to estimate their economic impacts.

“U.S.-Mexico ports of entry: a capacity analysis and recommendations for increased

efficiency” (COLEF 2007) provides a comprehensive look at the nature and characteristics

of land ports of entry in order to develop action plans to facilitate border crossing. The

study undertook a comprehensive and significant sample of about 17000 people cross-

ing the border in both ways. Data from this survey are compared with respect to data

provided by the U.S.CBP. Thus, are estimated the economic impact associated with the

movement of people and goods and finally calculated the annual loss in terms of pro-

duction, jobs and salaries due the bottlenecks. The relevance of the COLEF study for

this chapter is that provides an estimate of the total cost per truck for each hour spent

waiting to pass through to the U.S. border which together with the total number of trucks

crossing, could give us an idea about the indirect transportation costs that are originated

due to border delays.

4.4 The model

Once the SAM is ready to be used as a database for the CGE as described in the pre-

ceding chapter, the following stage is to perform a numerical specification of the model.

In this stage is necessary to specify the functional forms and parameters. Since the SAM

described previously depicts the economy as a whole, is possible to decompose the infor-

mation contained in the matrix into a system of equations.

Since the model is a static SAM-based model, is necessary to introduce the assumptions

about fixed coefficients and cost prices that are inherent to the Input-Output model. Thus,

this model dos not intent to capture policy effects that work through price incentives.

The specification of the model implemented in this chapter covers the equations con-

tained in Subsection 3.4.3. In the case of the calibration of the parameters, this is realized

following the equations included in Subsection 3.4.4.

After this, the next step will be to work on the issue of Indirect Transportation Costs.

This will be assuming the indirect transportation cost is an “iceberg-type”, in the same

sense that is described by Krugman (1980).

The logic that follows the model can be explained as follows. Since it was formulated

as a model for international trade it involves the existence of two markets, domestic H and

foreign F . If the domestic market produces a good x with a value of VXH and a portion of

this good is consumed in the shipping process, the value of the good that would arrive to

the foreign market be τXVXH . Where 1− τX is the part of the good that was consumed

during transport from one market to another. With the aim of determining the relative

prices in the domestic market PXH and foreign market PXF , it must be noted that the
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value VXH is the price PXH multiplied by the amount of good that is shipped from the

domestic market MXH . However, due to the fact of transit of goods from one country

to another, the total amount received in the foreign market MXF will be only τXMXH .

Thus, the foreign price PXF really paid by the foreign market is given by PXF = PXH/τX .

A feature of this formulation is that transportation cost per good has no variation in

respect the amount of good delivered.

Thus, the export price quoted in foreign currency terms

pei = εpWe
i ∀i (3.26′)

is modified to include the ITC,

pei = (εpWe
i )(1− τe) ∀i (4.1)

where τe is the indirect transportation costs that, following the iceberg concept, will

be the fraction of the original unit that melts away on route. By modifying this equation,

the result implies a multiplier effect in the external sector.

This approach could provide a size of the ITC involved in trade process. The direct

way to do that will be to estimate the amount of the cost parameter by defining the share

of GDP used on deliver goods. This is in addition to the share of GDP involved in the

transportation industry.

4.5 Data

In addition to the time series of SAMs previously described, it is necessary to find a good

data set for model calibration: the value for τe. In this regard, various studies conducted

show wide variations in their results. Hummels (2001) provides insight about the time

delays on international trade by estimating the economic cost of using the maritime

shipping instead air cargo. The data used are the U.S. imports of manufactured goods,

finding that an additional day in the transportation time is equivalent to a 0.8% tariff.

Fox et al. (2003) describe the situation of the U.S.-Mexico border by estimating the

border crossing costs. Such costs are for the case of the southbound trade in a range from

1.8 to 6 percent and for the northbound trade between 1 to 1.5 per cent. To estimate

the model, they supposed a reduction in trade value of 1% for the southbound and 5%

in the opposite way. Thus, they calculate the economic benefits of the removal of those

barriers would be around US$3.2 billion with an increase in the bilateral trade flows of

about US$7 billion.

Walkenhorst and Yasui (2003) conducted a study about the cost of border barriers.
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The authors supposed a trade facilitation that leads to a reduction in costs by 1% of the

value of world trade, giving as result a welfare gain of US$ 40 billion worldwide.

Using the data collected by COLEF (2007) in order to determine the value of τe, the

survey estimate a total cost of US$62.5 per truck for each hour spent waiting to pass

through to the U.S. border. Table 4.1 shows the cost due to waiting times in the U.S.

border, the exports and annual costs are in US$ millions. The average wait times are in

hours. A quick look at the table allow us to see that the border waiting time does not

seem to be directly related to the amount of exports or the number of trucks crossing

through it.

Table 4.1: Transportation costs due to border delays

Source: COLEF 2007

Thus, the next step is to estimate the share of the costs of delay on the total exports

in percentage using the eq.4.2. The results are displayed in Table 4.2.

delay costs =
annual costs

exports by truck
(4.2)

Table 4.2: Border delay costs as a share of exports

Since we only have one point in the time representing a half of the two-way trade

remaining to be determined the rest of the volume of trade, and given the huge variation

that exists from one port of entry to another, the calibration of T e will be carried out using

three different values: 0.5, 0.75 and 1%. With these values capturing not only the costs

due to delays at the border crossing but also the losses attributable to the distance covered

by the product until the final destination, that is the whole “iceberg” is attempted.
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4.6 Simulation and Results

After running the CGE model, including the ITC variable, a summary of the economic

impact of the results of this experiment is provided by table 4.3.

Table 4.3: Indirect Transportation Costs

The losses from freight movement are substantial and increased over the period, the

total impact for 2008 reached about US$ 1.9 billion in the most conservative scenario and

reaches US$ 3.8 billion in the simulation with higher costs. The trend that the ITC exhibit

is similar to costs of bilateral trade flows, growing over the entire period and displaying a

drop for 2009.

Moreover, if the ITC is analysed by share of the GDP, the results presented in Figure

4.2 show a decreasing trend for the entire period, as the ITC dropped around 12%.

Figure 4.2: ITC as share of GDP
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Dividing the whole period into two samples, we have that for 1995 to 2000 the ITC

raised in 9%, after this year, the ITC the exhibits a downward trend, dropping by around

20%. These findings are consistent with the expected trade facilitation after the entry

into force of a trade agreement due to removal of tariff and non-tariff barriers

4.7 Conclusions

Trade facilitation and trade flows are related in a direct way: trade increases as trade

facilitation is improved. At this point, trade facilitation implies a reduction both in tariff

and non-tariff barriers. However, despite that transportation costs play an important role

in international trade, its participation in the trade facilitation has been little studied.

While there are other sources of inefficiencies that can act as trade barriers, the dis-

tance and the border crossing delays are a major contributor to the price differential

existent between the United States and Mexico. These constraints lengthen delivery

times, thus generating additional costs both the exporter and transport sector.

This chapter provides insight into the economic implications of the indirect transporta-

tion costs arising from the movements of goods between the United States and Mexico.

Using the information collected regarding to waiting times at the most important land

ports of entry for bilateral trade, indirect transportation costs of transport are estimated

under the iceberg-form.

From the methodological point of view, this chapter is differentiated from existing

literature by using a Computable General Equilibrium model based on Social Accounting

Matrices. Thus, this type of approach is used considering the advantages with respect

to its level of disaggregation and its capacity analysis. In terms of implementation, this

chapter provides the advantage of the amplitude of the study period by using Input-

Output Tables for a 15 years period as main source of information. Also, an extensive

analysis on different ports of entry to determine iceberg size within the model is used.

Thus, it can be observed that the existing literature on this topic agree with the results

obtained. Since the Indirect Transportation Costs declined over the time this can lead to

two conclusions. First, this can result from the entry into force of the NAFTA with which

bilateral trade restrictions are reduced. The treaty implied that within a maximum period

of 15 years most sectors would be tax free. In the specific case of the transport industry,

the full opening would be reached by year 2000. Is in this year when it can be observed

that initiates a downward trend in costs, which is consistent with the trade agreement

signed. Second, it may be a result of the decline that has had international transport

costs according to some studies. Here, it is worth to notice the important role that trade

facilitation efforts by various international organisations to minimise these border crossing

frictions.
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Chapter 5

Analysis of the production structure

5.1 Introduction

In broad terms, as a tool for economic analysis of a country, the Input-Output Table

provides information about its cost structure. This means that for each sector as well as

for the whole economy, the data recorded vertically, that is in columns, show the number

of purchases or inputs which each sector requires to produce what will turn into partial

or total supply. These inputs can be physical, human or capital (agricultural, industrial,

services, wages, taxes and depreciation) which allows us to determine quickly the sectors

that use a higher proportion of certain types of inputs.

Furthermore, the I-O table allows us to observe the structure of demand, that is, the

part of production that is sold as inputs, for final consumers and foreign markets. These

are the data listed horizontally and they represent the supply or sales to other sectors

of the economy, allowing us to compare quickly and easily what sectors of the economy

contribute to a greater or lesser extent for domestic and/or foreign consumption. Finally,

it provides information about the income distribution among the factors of production.

Considering the above, from the point of view of planning, the matrix allows us to

answer, for example, questions such as: what are the expected impacts in the production

of all sectors of the economy as a result of increased demand in a particular industry?

what are the requirements for imports and exports of an industry or a sector expand?

By quantifying the relationships between the various industries as supplier or purchaser

of intermediate inputs, the input-output matrix allows to detect key industries based on

the importance of interdependencies or interindustry linkages. The central idea of this

type of study is that not all economic activities are equally capable of inducing effects

of “drag” or “push” over the whole economy. Identification of the key sectors plays an

important analytical role, since they act as leaders in the process of creating demand for

the rest of the sectors. Therefore, it is interesting to focus in enhancing those sectors with
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5. ANALYSIS OF THE PRODUCTION STRUCTURE

higher effects on their environment to accelerate the pace of growth in the region as a

whole.

In order to answer the above questions, we will use well-established techniques into

the Input-Output Analysis framework. Seminal studies in sectoral interdependence are

the works of Hirschman (1958), Chenery-Watanabe (1958), Rasmussen (1956) and Streit

(1969) who have provided widely used tools in empirical analysis of development theory.

Thus, when is feasible, these techniques can be adjusted to address some criticisms that

they may have and so obtain robust results. Within these criticisms, one of the main is

the use only of the matrix of technical coefficients as source of information. Therefore,

is used the matrix of distribution coefficient in cases where it is possible. However, the

development of new methodology at this regard is not pursued in this chapter, since it is

considered that the existing fulfil the requirements for this research as can be seen in the

subsequent sections.

The aim of this chapter is to analyse intersectoral relations of the Mexican economy to

examine the interdependence of the productive structure. To this end, the World Input

Output Database (WIOD) containing observations for the period 1995 to 2009 is used to

make a full analysis of the evolution of intersectoral relationships in the economy. Taking

advantage of the database, it is possible to obtain both coefficients taking into account

only the national output as those in which imports are included, taking in this case those

from the United States. The disaggregation level comprises thirty five production sectors.

Section 2 below analyses the direct linkages between sectors according to the Chenery-

Watanabe method. In section 3 the Rasmussen approach is applied to measure the total

linkages that exist in the economy. Section 4 contains the approach proposed by Streit,

in which both supply and demand linkages are calculated in a single measure. Section 5

applies the Hypothetical Extraction Method to determine the impact of a sector in the

economy. Finally, section 6 summarises and discusses the results.

5.2 Direct Linkages

The basis of the input-output analysis is to comprehend the relationship among all sectors

of an economy. Every industry uses the output from other sectors as intermediate inputs

and its production is used as intermediate consumption for other activities. Thus, the

immediate intersectoral relationship is expressed by means of the matrix of technical

coefficients, which is the core for the study of direct and multiplier effects of a specific

sector over the rest of the economy.

The aim of this section is to implement one of the instruments traditionally used in

the input-output analysis to measure direct intersectoral linkages, based on the approach

proposed by Hirschman (1958). For this purpose, the methodology used is that developed
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by Chenery-Watanabe (1958) to estimate the direct linkages (unweighted and weighted).

The starting point for the analysis is the matrix of direct requirements coefficients (or

technical coefficients). This matrix is obtained by dividing the components of intermediate

consumption of each sector by its corresponding output value. Thus, it expresses the direct

input requirements or industry value added contained in the column head:

ai,j =
xi,j
Xj

∀i, j (5.1)

where ai,j is the so-called technical coefficient describing the intermediate input of sector

i to sector j; xi,j is the intermediate input of sector i to sector j; and Xj is the total input

for sector j.

Thus, technical coefficients expressed in terms of columns has two components: the

proportion of intermediate products —both intrinsic and from other sectors— as well as

the factors of production required for a unit of output of each of the sectors that integrate

the matrix, that is the direct requirements of production.

Keeping in mind that for each sector i the value of total output Xi is the sum of the

intermediate demand xij and its final demand Yi, this relationship can be represented as:

Xi =
n∑
j=1

xij + Yi (5.2)

Alternatively, using the same data, Ghosh (1958) proposes a supply-driven input-output

model. This approach refers to the sum of rows from the input-output table, that is,

the total sales delivered by each sector. These are the so-called supply or allocation

coefficients, which give as results the direct supply matrix:

bi,j =
xi,j
Xi

∀i, j (5.3)

where bi,j is the supply coefficient. In the Ghosh model, the total output for the sector i

is defined as follows:

Xi =
n∑
i=1

xij + Vi (5.4)

where
∑
i

xij is the amount that sector i supplies as inputs for all sectors, and Vi are the

primary inputs, that is, value added terms plus imports.

A combination of both approaches, therefore, allows us to have a complete picture of

cost structure in the case of the direct requirements coefficients, and the sales distribution

in the case of the supply coefficients.

Hence, from the point of view of economic policy, the utility of the information ob-

tained from the technical and allocation coefficients is the design of industrial complexes
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that are formed when a considerable part of the output of an industry is used as interme-

diate goods from other. This will be also useful in detecting this type of basic or strategic

sectors of the economy.

After calculating the matrices of technical and allocation coefficients, a table has been

built, featuring the column and row sums respectively, of each of the 35 economic sectors.

The intensity of “drag” effects or backward linkages (BL) that a sector j has is calculated

as follows:

BLCWj =

n∑
i=1

xij

Xj

(5.5)

where the superscript CW stands for Chenery-Wanatabe version of linkages. Similarly,

the forward linkages (FL) can be defined as follows:

FLCWi =

n∑
i=1

xij

Xi

(5.6)

A high index BLCWj , that is, higher than the average of all the sectors means that in

the value of industry output j the weight of intermediate inputs is very high or that it is

a very demanding industry in terms of inputs per unit of output. A sector with a high

index FLCWi indicates that its orientation to sell products to be used by other sectors for

intermediate consumption is high.

Through the calculation of these indicators, the economic sectors can be classified

according to the way they are integrated in the economy, either as purchasers of inter-

mediate inputs or as suppliers of intermediate goods to other productive activities. The

sector classification proposed by Chenery and Watanabe is depicted in Figure 5.1, where

the sectors with low forward linkages devoted their production to final demand, while

the sectors with low backward linkages are those with high value added. Thereby, the

activities are grouped into four types:

Figure 5.1: Chenery-Watanabe Sector classification
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5.2.1 Unweighted Direct Linkages

By using the Chenery-Watanabe methodology the backward and forward linkages for

economy have been estimated. It is important to emphasise that the database contains

a series of data from 1995 to 2009, so some sectors do not exhibit the same behaviour

throughout the period. For this reason, they are classified as unstable (UNS) and only

the years in which the results were significant are registered.

Table 5.1 shows the values of the unweighted forward and backward linkages of thirty

five sectors for the Mexican economy without external sector.

Table 5.1: Non Imports Unweighted Direct linkages

The first result obtained using this methodology is the sum of the technical coefficients

of production and distribution of each of the sectors. In this case, it is shown the average

obtained during the period covered by the database. Reading data “backwards”, only one
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sector is considered to have shown a high dependence (with a value close to unity) on the

other branches through their purchases: Coke and Petroleum (8). Next, in descending

order, Chemicals (9), Air and Water transport (25-24) and Food, Beverages and Tobacco

(3), and from these values most of the productive activity of the region is located mainly

in the range between 0.5 and 0.3. Now, analysing what proportion of production of sector

i is allocated as intermediate inputs for the rest of the economy, the result is as follows:

Renting of Machinery and Equipment (30), Wood (6), Pulp and Paper (7), Financial

Intermediation (28) and Electricity, Gas and Water supply (17). Unlike in the previous

case, there is a greater number of branches that are located with values between 0.6 and

0.2 being the last positions in those activities that produce goods and services directly

oriented to final demand.

Table 5.2: U.S. Imports Unweighted Direct linkages
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To facilitate the interpretation of these results and to determine the category in which

each sector can be classified according to the Chenery-Watanabe method, there were

eleven potential key sectors. However, only nine exhibited consistent behaviour through-

out the period: Wood (6), Pulp and paper (7), Coke and Petroleum (8), Chemicals (9),

Rubber and Plastic (10), Other non-metallic minerals (11), Basic and Fabricated metals

(12), Electricity, Gas and Water supply (17) and Water transport (24). It is important to

notice that the primary sector of the economy, acting as expected, shows forward linkages

due to its role as a provider of raw materials.

In order to analyse changes in the productive structure as consequence of bilateral

trade between Mexico and the United States, are included the imports from the U.S. to

Mexico. The results are presented in Table 5.2. As we can observe, the main difference

between Tables 5.1 and 5.2 lies in three sectors. Agriculture, hunting, forestry and fishing

(1) now shows a more consistent behaviour and is classified as a key sector thanks to the

impulse received by the external trade. Sectors 13, 14 and 15 exhibit a huge impact both

technical coefficients and sectoral classification since they play a key role in the bilateral

trade.

5.2.2 Weighted Direct Linkages

Until now we have calculated the technical coefficients that reflect the direct linkages

regardless of the weight that each sector occupies in the total output produced in the

economy. Thus, it is necessary to introduce a weighting factor in order to analyse the

economic reality in a better way. In the first place, we have the direct linkages weighted

by the share in the total output. Secondly, the backward linkages are weighted by the

share in the total final demand, while the forward linkages are weighted by the share in

the value added.

The results of Non imports direct linkages weighted by output are presented in Ta-

ble 5.3 (see Appendix to Chapter 5 at the end of the text). With these new data the

classification of sectors changes with regards to previous results, being the most notable

those from Textiles (4), Leather and Footwear (5), Wood (6), Pulp and paper (7), Rub-

ber and Plastic (10), Other non-metallic minerals (11), Water transport (24) and Post

and Telecommunications (24), which moved from being strategic sectors to being placed

in the category of sectors with low linkages. Conversely, given their share in the total

output, the sectors of Inland Transport (24) and Food, Beverages and Tobacco (3) are

now classified as key sectors.

In a similar way to the previous section, Table 5.4 (see Appendix to Chapter 5)

shows the results for the inclusion of the U.S. imports. Sectors 14 and 15 devoted to

manufacture of Machinery and Transport equipment shows the relative importance of the
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external sector in the output of these industries, which are now classified as key sectors.

Conversely, Financial Intermediation (28) is reclassified as a sector with strong forward

linkages.

Once again some changes in the classification of the industrial activities when the

direct linkages are weighted in a different way. Now, the weighting will take into account

the characteristics of the backward and forward linkages. For the backward linkages, these

are weighted by their share in the final demand, since this is an exogenous variable in the

demand-drive model, while in the case of the forward linkages the value added acts as

weighting factor. The results are displayed in Table 5.5 (see Appendix to Chapter 5). In

reviewing the results of the table above, we can observe that sectors previously classified

as strategic like Coke and Petroleum (8) and Chemicals (9) are now sectors with strong

backward linkages. Furthermore, the sector of Electricity, Gas and Water supply (17) is

reclassified as a low linkage sector.

In the case of the U.S. Imports results displayed in Table 5.6 (see Appendix to Chapter

5) when compared with Table 5.5 the only discrepancy is on Sector 9 (Chemicals) that

now is a key sector given its the value added.

In conclusion and to summarise the information presented in this section, taking into

account all direct linkages calculated (unweighted and weighted), we can split the eco-

nomic sectors based on the fact that they maintain their position in at least two of the

previous classifications. So, the key sectors are the following: Coke and Petroleum (8),

Chemicals (9), Basic and Fabricated metals (12), Electricity, Gas and Water supply (17),

Wholesale and Commission trade (20), Retail Trade (21), Inland transport (23) and Fi-

nancial Intermediation (28). The sectors that have been identified with strong backward

linkages are: Food, Beverages and Tobacco (3), Electrical and Optical Equipment (14),

Transport Equipment (15) and Construction (18). While those sectors with strong for-

ward linkages are: Agriculture, hunting, forestry and fishing (1), Mining and Quarrying

(2), Real Estate Activities (29) and Renting of Machinery and Equipment (30). All other

activities are considered “non-strategic” sectors, given that they do not present oppor-

tunities of “drag” or “push” for the rest of the economy. When including the external

sector the position of the sectors within the classification varies in the following cases:

Agriculture, hunting, forestry and fishing (1) and Electrical and Optical Equipment (14)

which now are classified as key sectors. Thus, in terms of the sectoral classification, a

high level of agreements is shown between the calculations made considering only national

interindustrial transactions and those in which inputs from United States are included.
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5.3 Total Linkages

Following this first insight into the analytical use of the I-O table, the next step will be to

explore the input and output multipliers by using Leontief and Ghosh’s inverse matrices

respectively in order to calculate the total linkages. The main difference between these

approaches is found in the exogenous variable. Leontief’s model is a demand-driven

model, where final demand is taken as exogenous. Ghosh’s model is a supply-driven

model, using the value added as exogenous variables. However, despite this difference,

they are complementary when analysing the same reality. The output multiplier quantifies

the backward effects of each sector in the whole economy, as it measures the effect on

all sectors that will have a variation of one unit of final demand in a particular sector.

Moreover, through the supply multiplier, it is possible to calculate the overall forward

effects of altering the supply of inputs in a particular sector.

The Leontief inverse can be calculated relatively easily. By substituting the equation

?? into 4.2, we obtain the following equation:

Xi =
n∑
j=1

aijXj + Yi (5.7)

which can be expressed in a matrix form

X = AX + Y

and rearranging the terms

X = (I − A)−1Y (5.8)

where I is the identity matrix and (I − A)−1 is the Leontief inverse. The column-sum

elements of the Leontief inverse matrix contain the so-called output multiplier.

It is possible to derive the Ghosh inverse in a similar manner. By replacing the

equation ?? into ??, we obtain the following equation:

Xj =
n∑
i=1

bijXi + Vj (5.9)

which can be expressed in matrix form as:

X ′ = X ′B + V ′

or written as:

X ′ = (I −B)−1V ′ (5.10)
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where (I −B)−1 is called Ghosh inverse, in which row-sum elements contain the forward

linkages (FL) of a sector.

5.3.1 The multiplier of supply and demand

Rasmussen (1956) uses the Leontief inverse coefficients to calculate the total effects (direct

and indirect) of an industry over the rest of the economy. This is because of the inter-

dependence of the productive system, which means that each sector relates to the others

not only directly but also indirectly. Thus, a sector j cannot use inputs from another

sector i directly, but by using inputs of a third sector k, in whose production inputs from

sector i are used, sector j indirectly uses inputs from sector i. The column-sum of the

Leontief inverse matrix quantifies the total increase in production needed to deal with an

increase in final demand for the products of sector j. These are the demand multipliers

that measure the total drag effects or backward linkages (BL), which identify the major

intersectoral purchasers. The demand multipliers are estimated by the following equation:

BLRj =
n∑
i=1

aij (5.11)

where the superscript R stands for Rasmussen version of linkages.

The row-sum of the Leontief inverse matrix quantifies increases in the output of sector

i derived from a unit increase in the final demand of all sectors. In this case, the supply

multipliers quantify the push effect or forward linkages, helping detect major suppliers of

the production system, and it is calculated as follows:

FLRi =
n∑
j=1

aij (5.12)

However, in the case of the forward linkage some criticism emerged. Jones (1976) argued

that it measures only the effects on the supply side, and not the demand side. To deal

with this issue, Jones applies the concept of forward linkage based on the Ghosh inverse.

Thus, Ghosh forward linkages can be written as:

FLRgi =
n∑
j=1

bij (5.13)

It can be interpreted as the response in terms of production of sector i to a unit change

in the value added in the economy.

Table 5.7 shows the results for backward and forward linkages based on Rasmussen

method, also including the results for the Jones multiplier. It is important to highlight

60



5. ANALYSIS OF THE PRODUCTION STRUCTURE

the “drag” effect of sector 8 given that with an increase in one unit of its final demand the

whole economy must increase their production in almost two units. Similarly, reading the

Rasmussen supply multipliers, to generate an increase of the final demand for the products

of each sector, Mining and Quarrying (2) and Renting of Machinery and Equipment (30)

should increase their production by 3.15 and 2.86 units respectively. Overall, the results

differ from those obtained using the Rasmussen method in only nine cases, and two of

them [Inland transport (23) and Real Estate activities (29)] are underestimated.

Table 5.7: Non Imports Unweighted Multipliers

As was performed in previous section, the imports from the U.S. to Mexico are included

in the analysis. The results are presented in Table 5.8. The impact of the external sector

on the unweighted multipliers differs across sectors. In the case of backward multipliers,

Sectors 4, 10, 13, 14, 15 and 16 have an increase between 20 and 40 per cent. The impact
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of the external sector on the unweighted multipliers differs across sectors. In the case

of backward multipliers, Sectors 4, 10, 13, 14, 15 and 16 have an increase between 20

and 40 per cent. For the forward multipliers, Jones Method tend to underestimate the

results regarding the Rasmussen method: sectors 9, 12 and 15 show an increase above

30%, reaching 60% for Electrical and Optical Equipment (14), while only sectors 13 and

14 increases above 20% when used the Ghosh Inverse.

Table 5.8: U.S. Imports Unweighted Multipliers

To complement the preceding analysis, with the aim of bringing out the relative

strength of each sector, a weighting factor is needed. Therefore, Tables 5.9 and 5.10

(see Appendix to Chapter 5 at the end of the text) firstly shows the estimations when

the weighting factor is the output. From these results, Food, Beverages and Tobacco

(3), Transport Equipment (15) and Construction (18) stand out as sectors with higher
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multipliers.

Secondly, in order to use the advantages of analysis of each of the approaches, differen-

tiated weighting will be made for them as was done in the case of the Chenery-Watanabe

method (Tables 5.11 and 5.12) (see Appendix to Chapter 5). For the Rasmussen method,

the weighting factor will be now the final demand, while for the Jones multipliers are

weighted by the value added.

Among the results presented in Tables 5.11 and Tables 5.12, it is worth mentioning,

again, the role of the sectors Food, Beverages and Tobacco (3) and Construction (18),

given that their drag effect is more than five times higher. On the side of the “push”

effects, Mining and Quarrying (2), Wholesale, commission and retail trade (20-21) and

Real Estate activities (29) exhibit the higher forward linkages.

5.3.2 The Rasmussen Dispersion Indices

The total linkages provide information in absolute values; however they are unable as a

tool to classify sectors by relative importance and to allow subsequent comparisons. To

fill this gap, Rasmussen developed the dispersion indices. First, it can be detected the

needed increase of production by any industry given the increase in a unit in final demand

for products of a particular industry j. This is the Power of Dispersion Index (PDI) and

is defined as follows:

PDIj =

1
n

n∑
i=1

aij

1
n2

n∑
i=1

n∑
j=1

aij

(5.14)

Second, the Sensitivity of Dispersion Index (SDI) measures the extent to which the indus-

try i is affected by expansion in the economy, and it is calculated according to following

formula:

SDIi =

1
n

n∑
j=1

aij

1
n2

n∑
i=1

n∑
j=1

aij

(5.15)

The resulting value of the calculation of these indices allows us to appreciate the relative

importance of every sector of the economy. The Dispersion Indices classify the relevance

in four categories according to Figure 5.2.

Table 5.13 shows the calculations of the Dispersion Indices. Reading the results for

the unweighted case, from the inverse output matrix, Pulp and Paper (7), Coke and

Petroleum (8), Chemicals (9), Basic and Fabricated Metal (12) and Electricity, Gas and

Water supply (17) stand out as key sectors. In the case of the Ghosh-based Sensitivity of

Dispersion Index, in addition to the previously detected key sectors, Wood (6), Rubber
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Figure 5.2: Dispersion Indices classification

and Plastic (10), Other non-metallic minerals (11), and Water transport (24) are also

included among the strategic sectors. Thus, regardless of the absolute impact and only

considering the aspect of detection of key sectors, both approaches show good agreement.

Table 5.13: Non Imports Unweighted Dispersion Indices

64



5. ANALYSIS OF THE PRODUCTION STRUCTURE

Considering the external sector, Table 5.14 presents the results for the Unweighted

Dispersion Indices. In general, comparing Tables 5.13 and 5.14 are similar. However,

three sectors show totally different results: Textiles (4) Electrical and Optical Equipment

(14) and Transport Equipment (15) are key sectors when external inputs are included.

Table 5.14: U.S. Imports Unweighted Dispersion Indices

As was done before, weighting elements are incorporated. Tables 5.15 and 5.16 (see

Appendix to Chapter 5) show the results for estimation of the dispersion indices weighted

by output both Non and U.S. imports. These results do not present a relevant difference

in detection of key sectors between the two methods when the output as weighting factor

is introduced. However, the relevance of the sectors changes because it now takes into

account the relative size of each industry in total production. Within the strategic sectors

are these characterised by their high multiplier capacity, either backwardly [Food, Bev-
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erages and Tobacco (3) and Construction (18)] or forwardly [Mining and Quarrying (2),

Wholesale, commission and retail trade (20-21) and Renting of Machinery and Equipment

(30)].

Additionally, Table 5.17 (see Appendix to Chapter 5) displays the results using the

final demand and value added as weighting factors when is not included the external

sector. Comparing these results with unweighted indices (Table 5.13), changes in the

positions of some sectors call for attention. Pulp and Paper (7), Coke and Petroleum (8)

and Electricity, Gas and Water supply (17) move from being strategic sectors, to being

sectors with low capacity to induce multiplier effects on the economy. This is contrary

to the one presented in the sector of Electrical and Optical Equipment (14), where due

to the size of the industry it is now classified as a key sector. Table 5.18 (see Appendix

to Chapter 5) shows the results when the external sector is included, where the only

discrepancy is on Electrical and Optical Equipment (14) sector that now is classified as a

key sector.

Also, another important aspect are the sectors Basic and Fabricated Metal (12) and

Financial Intermediation (28) whose output size makes them strategic, although they

exhibit a low level of influence in the final demand. This case is opposite to that found

in the sectors Public Admin and Defence (30) and Education (31) whose participation in

the production is low, but nevertheless they have a huge impact on the final demand of

the economy.

Figure 5.3: Total Linkages Sectoral Classification

In order to finish this section it is worth to recapitulate the results achieved applying

the Rasmussen methodology to the WIOD database. Figure 5.3 shows a sectoral classi-

fication based on the estimation of the dispersion indices both unweighted and weighted

as well as both Non and U.S. imports. In a similar way as was done this classification

above, the economic sectors are split based on the fact that they maintain their position

in at least two of the previous classifications. From these results, Electrical and Optical

Equipment (14) and Transport Equipment (15) are the sectors where the inclusion of the

U.S. imports have more effect, being classified as key sectors by their imported inputs

shares
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5.4 Specific Linkages and Symmetric Coefficients

Streit (1969) constituted the first attempt to determine the sectors that produce greater

“drag” effects of others. This paper bridges the gap between supply and demand, that is,

the backward and forward linkages, developing a single measure for the link between two

sectors or between a sector and all others. Thus, Streit (1969) proposes the use of two

types of indicators: specific linkages calculated using the symmetric matrix, and global

linkages which measure the relationship of a given sector with the rest of the economy.

5.4.1 Specific Linkages

The specific linkages for the supply (SSL) and demand (SDL) that two production sectors

i, j are linked if there is a relation between the two by which one uses products of

the other for intermediate consumption, or as intermediate input of its own production

process (SSLij and SDLij respectively). The Specific Supply Linkages (SSL) indicate

the percentage that the intermediate consumption undergone by the sector j is in respect

to the total intermediate outputs produced by sector i, and can be defined as follows:

SSLij =
xij
n∑
i=1

ICi

(5.16)

where ICi is the total intermediate consumption produced by the sector i.

Similarly, the Specific Demand Linkage (SDL) is defined as the ratio between the value

of purchases of intermediate inputs from sector j to sector i and the total intermediate

inputs demanded by sector j, and is calculated as follows:

SDLij =
xij
n∑
j=1

IIj

(5.17)

where IIj is the total intermediate inputs demanded by the sector j.

Tables 5.19 and 5.20 (see Appendix to Chapter 5 at the end of the text) indicate

the number of specific supply and demand linkages relating to each of the 35 productive

sectors with the others, according to different thresholds of significance.

After determining the specific linkages, it is possible to select sectors that are identified

as relevant, which means that they exert some influence demanding products of certain

sector or as suppliers of intermediate inputs required by other branches to produce. A

sector is considered relevant if it has at least 3 significant links with other branches, with

a value higher than 0.1. The results of such classification are displayed in Table 5.21.

Following this methodology, the result is a selection of sectors which could be considered
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as nodes of the production network. Interpreting these coefficients, it is worth remarking

the strong linkage between sector 1 and 3 (Agriculture, hunting, forestry and fishing and

Food, Beverages and Tobacco, respectively) in both ways with a combined value of 0.5.

Table 5.21: Non Imports Relevant Specific Linkages

This is important because in the Mexican economy sector 1 traditionally does not have

access to the financial intermediation sector and depends mainly on government programs

to obtain resources for their development, which is confirmed in this case. Also, a sector

which is considered an indicator of the economy as Construction (8), does not seems to

have significant linkages with sectors that could complement the supply side as could be

Financial Intermediation (28) and Real Estate (29), so that its role as a key sector is
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limited. Despite the previous examples, it can be considered that the economy is widely

interconnected containing only few sectors that can be considered irrelevant.

Table 5.22 shows the results when is included the external sector with the purpose to

observe how is affected the linkages between sector. Comparing results from Tables 5.21

and 5.22 we can observe that the results for the supply linkages (SSL) seem to be less

affected by the external sector.

Table 5.22: U.S. Imports Relevant Specific Linkages

On the contrary, demand linkages (SDL) present important changes in their structure.

Mining (2) loses two demand linkages, being interesting the case of Construction (8).

Chemicals (9) have new linkages with Mining (2) and itself. Rubber and plastics (10)
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changes their linkages from Wholesale Trade (20) and Renting of M&Eq (30) to Chemicals

(9). Machinery (13) remains with three SDL, however shift from sectors 20, 21 and 30

to sectors 12, 13 and 14.

In addition to the analysis of specific linkages, the calculation of the Streit Symmet-

ric Coefficients (SSCij) is performed, which is the average of the four existing linkages

between any two sectors i and j (two supply and two demand). Mathematically:

SSCij =
1

4
(SSLij + SSLji + SDLij + SDLji) (5.18)

The result of the above is a square matrix of 35 rows by 35 columns. These symmetric

coefficients are used to distinguish which sectors have a greater link between them. To

select the relevant sectoral linkages two different approaches are often used, one is based

on the average of the coefficients for each sector and is calculated as follows:

ASSCi =

n∑
i=1

SSCi

n
(5.19)

The second approach is based on the use of a threshold upper relevance 0.1, selecting the

sectoral linkages above the threshold of 0.1. These estimations are displayed in Tables

5.23 and 5.24 (see Appendix to Chapter 5). As can be seen, this new group of productive

activities which exhibit at least three intersectoral relationships above the chosen values

include Agriculture, hunting, forestry and fishing (1), Chemicals (9), Construction (18),

Financial Intermediation (28) and Renting of Machinery and Equipment (30). For the

case of Non Imports, Public Admon and Defence (31) is also included in this group.

5.4.2 Global Linkages

With the aim of studying the relationship of a specific production sector with the rest

of the economy, Streit proposes the use of Global Linkage Coefficients. These can be

calculated from the formula below:

SGLCi =
∑
i

∑
j

SSCij (5.20)

This global coefficient indicates which sectors are highlighted due to their strong integra-

tion within the production system through interindustrial transactions. Most interrelated

sectors will be those overall coefficients that exceed their average, which is obtained in

the following way:

ASGLCij =

n∑
i=1

n∑
j=1

SSCij

n
(5.21)
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As in previous sections, this classification is a first approximation to the production net-

work in as much as it gives equal weight to each of the sectors. Therefore, it is necessary

to introduce a weighting element that allows getting better information. In this case, the

Value Added contribution of each of the sectors was used. In this way we obtain the

weighted global coefficient as follows:

WSGLCij =
∑
i

∑
j

SSCij
V Ai
V AT

(5.22)

and its respective average:

AWSGLCij =

n∑
i=1

n∑
j=1

SSCij
V Ai
V AT

n
(5.23)

After calculating the Global Linkage Coefficients for each branch (both weighted and

unweighted), Table 5.25 (see Appendix to Chapter 5) has been built showing those sectors

that have relevant coefficients higher than the Average Global Linkage Coefficient. These

relevant sectors stand out given its high level of integration with the production system

through interindustrial transactions. In the case of the unweighted coefficients, a group

of 16 sectors is obtained, in which it is worth noting the Real Estate activities (30) with

a gap in the relevance between 2007 y 2008, the years previous to the economic crisis.

For the weighted coefficients, the group is reduced to eleven sectors, in which sector

31 (Public Admon and Defence) deserves special attention since is relevant just for the

Non Import coefficients, a result also observed in the symmetric coefficients.

5.5 Hypothetical extraction methods

Other proposal to quantify the relationship between economic sectors is based on the

following question: what would happen in the economic structure if a sector or group of

sectors disappear? The answer to this issue can be found in the Hypothetical Extraction

Method (HEM). From this idea proposed by Strassert (1968), the extraction methods

eliminate a sector hypothetically from an economic and analyse the influence that such

removal has on other sectors of the economy.

To describe the Hypothetical Extraction Method let us start with the Leontief model

(eq. 5.8): X = (I − A)−1Y , if we decide to “extract” a sector, in this case the k–th, by

deleting their column and row. Thus, eq. 5.8 can be rewritten as:

X̃(k) = (I − Ã(k))−1Ỹ (k) (5.24)
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where Ã(k) is the technical coefficient matrix with dimension (n− 1)x(n− 1); X̃(k) and

Ỹ (k) are the output and final demand vectors with dimension (n−1). Given Y and Ỹ (k),

must be satisfied: X̃i ≤ Xi ∀ i = 1, ..., k−1, k+1, ..., n. Then, the sum of the differences:

L(k) =
n∑

i=1,i 6=k

(Xi − X̃(k)) (5.25)

could be interpreted as the linkage indicator of sector k.

However, this method has two drawbacks. First, it is not possible to distinguish be-

tween backward and forward linkages, since it measures the total linkage (Cella 1984).

Second, the assumption of extracting an entire sector is overly simplistic and excessive

(Dietzenbacher and van der Linder, 1997). To overcome these shortcomings, Dietzen-

bacher and van der Linden (1997) developed the Non-complete Hypothetical Extraction

Method. They measure the backward and forward linkages separately using two different

coefficients: Leontief and Ghosh matrices respectively.

Thus, in order to measure the backward linkages the intermediate inputs should be

equal to zero and assume that the required inputs are imported, that is, the sector is

hypothetically extracted. In the same way, the forward linkage is calculated by assuming

that the sector extracted does not provide any inputs to the rest of the economy.

The backward linkages of sector k can be calculated by setting their corresponding

column of the technical coefficients matrix equal to zero. By substituting A(k0) into

equation 5.8 and solving for X, we obtain the following equation:

X(k0) = (I − A(k0))−1Y (5.26)

where X(k0) is the total output after extracting sector k. So, the backward linkage

between sector k and sector i can be denoted as Xi−Xi(k
0). Then, we can calculate the

backward linkage in the following way:

BLDLk =

n∑
i=1

[Xi −Xi(k
0)]

Xk

(5.27)

where
n∑
i=1

[Xi − Xi(k
0)] is the absolute backward linkage of sector k and Xk the value

of sectoral output. The superscript DL stands for Dietzenbacher-van der Linden version

of linkages. Therefore, this coefficient quantifies the change that occurs in the Leontief

inverse when are removed the purchases of the corresponding sector. Such amount is

normalised by dividing the absolute linkage by the value of the sectoral output.

In a similar way, forward linkages of sector k can be estimated from the Ghosh matrix.
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For this, all the elements of the row k of the allocation coefficients matrix are set equal to

zero. By substituting B(k0) into equation 5.10 and solving for X ′, we obtain the following

equation:

X ′(k0) = (I −B(k0))−1V ′ (5.28)

where X ′(k0) is the output vector after the hypothetical extraction of sector k. Hence,

the forward linkage is obtained in the following way:

FLDLk =

n∑
i=1

[X ′i −X ′i(k0)]

Xk

(5.29)

where absolute forward linkages are given by
n∑
i=1

[X ′i −X ′i(k0)].

Table 5.27: Non-complete Hypothetical Extraction Method Index

73



5. ANALYSIS OF THE PRODUCTION STRUCTURE

Table 5.26 (see Appendix to Chapter 5) shows the results produced using Non-complete

Hypothetical Extraction Method in terms of the output share for each sector. By exam-

ining these results is also possible to determine which sectors exhibit higher volatility

during the period under study.

In order to find key sectors, the results are normalised allowing an easy reading.

Table 5.27 displays the normalised results for the Non-Complete Hypothetical Extraction

Linkages. Note that this method shows that there were nine key sectors in Mexican

economy. These are Wood (6), Pulp and paper (7), Coke and Petroleum (8), Chemicals

(9), Rubber and Plastic (10), Other non-metallic minerals (11), Basic and Fabricated

metals (12), Electricity, Gas and Water supply (17) and Water transport (24), while

seven sectors are classified as independent or with low impact in the economic activity.

5.6 Policy Implications

The main characteristic of Input-Output analysis is to allow a disaggregated economic

policy analysis. The four approaches presented are suitable instruments to estimate the

effects of a determined policy on the productive structure, inasmuch it is formulated based

on the relations displayed in the Input-Output table, that are considered the interdepen-

dencies among economic agents.

In this context, through the analysis of different methodologies developed in this chap-

ter can be determined on the one hand, the behaviour of the productive sector considering

its intersectoral transactions only. On the other hand it is possible to estimate the impact

of trade liberalization, in specific, bilateral trade with the United States. This is done

for the period between 1995 and 2009 which allows to analyse the situation in the period

after to the entry into force of the NAFTA. As was mentioned in Section 4.3, in general

terms the impact of NAFTA on the Mexican economy has been positive, however these

results are not distributed equally across sectors.

With this in mind, it is possible to establish the implications for public policy. Among

the sectors that were considered relevant due to socio-economic disparities existing be-

tween the two countries in trade negotiations should be mentioned the Agriculture, Au-

tomotive and Textiles (Burfisher et al., 2001).

Agriculture, hunting, forestry and fishing (1) is one of the most important sectors in

terms of employment and share of the GDP (24% and 7% respectively). Analysing the

characteristic of their productive structure, the relevance of this sector is confirmed. First,

when observed the Direct Linkages is easy to classify as a key sector given the output that

produces. In addition, when the Direct Linkages are weighted by Value Added, the high

labour requirements implies that the forward linkages are quite strong. These results are

also confirmed by the Total Linkages, where the sectoral classification indicates that this
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is a basic sector. Second, given the interaction of the sector with the rest of the economy,

forward linkages are relevant using both Streit’s approach and Extraction Method. The

Streit’s approach shows that Agriculture has strong ties with itself and Food, Beverages

and Tobacco (3) and in a lesser degree with Wood (6), since Agriculture act as an input

producer. Thus, Agriculture sector show a consistent behaviour for the period of study

and exhibits small changes when the U.S. trade is included. In terms of policy, this is a

consequence of the support to corn and other grain farmers in the form of a guaranteed

price that exceeded the market price as well as trade barriers to protect the domestic

production.

The above analysis serves as a starting point to determine the impact of the economic

policies implemented so as to define new strategies to enhance the development of each of

the sectors. In the specific case of Agriculture sector, the Mexican government take the

decision to protect the sector using the needed policies in order to minimise the impact

of the NAFTA given the productivity differences among the trade partners. Here, the

best strategies will be those aimed at increasing productivity and not just the size of the

production in absolute terms.

Automotive industry is another sector that is worth mentioning. The relevance of

this sector is due to the high level of foreign direct investment that brings to the Mexican

economy. The NAFTA debate on this sector was lead by the U.S. worker unions, since the

differences in wages across the border would endangered their jobs in case of relocation

of the factories. Analysing the productive structure of Transport Equipment sector (15)

can be observed that the behaviour taking into account U.S. imports does not change

the results regards the Non-U.S. imports estimates. However, if the production and

distribution coefficients are analysed can be observed that the imported inputs counts for

40% of the total while the external demand is around 50%. In the same sense, by analysing

the Rasmussen multipliers can be noted an increase of 30% when the U.S. imports are

included.This sector is considered as a strategic sector given the capacity to “drag” the

economy since is a massive input purchaser. This characteristic made this sector one of

the most attractive in terms of chains value due to the clusters that generates. Because

of this, since 90’s the governmental strategy has been to grant fiscal incentives among

others benefits in order to be more attractive for the investors.

Other sector that should be mentioned given the importance for the bilateral trade

is Inland Transport (23). This sector is studied in Chapter 4 in order to determine the

Indirect Transportation Costs that are present in the border crossing process. When

Direct and Total linkages are analysed for this sector, the first thing that draws attention

is the fact that the U.S. trade seems does not have a significant impact in terms of the

technical and distribution coefficients as well as the multipliers. Other relevant results

is that while unweighted estimates classified the sector as independent given the low
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linkages when a weighted factor is introduced (Output, Final Demand or Value Added)

Inland transport is now classified as a key sector. This reflects the importance of this

sector to the rest of the economy.

Inland Transport (23) also show a good degree on interrelations whit the rest of the

sector according to the Streit’s approach. On the demand side, this sector exhibit relevant

linkages with Coke and Petroleum (8), Financial Intermediation(28) and Renting of M&

Eq. (30), that is fuel, loans and leasing. On the supply side, the relevant linkages are with

Food, Beverages and Tobacco (3) and Construction (18) as this sector is a distributor of

inputs and final goods to markets where they will be consumed.

However, a important aspect of this sector is the one that refers to the political im-

plications. Under the NAFTA the U.S. and Mexico agreed to allow each others trucks to

carry goods across the border to make deliveries anywhere inside their respective countries.

However, both the U.S. and Mexico imposed limitations that act as non-tariff barriers. Af-

ter several negotiations he first Mexican truck with long-haul operating authority crossed

the U.S. border in October 2011.

In this way, the Input-Output analysis methodologies performed are a powerful tool to

formulate and evaluate economic policies. However, must be keep in mind that together

with the estimation of coefficients and linkages is necessary to incorporate other kind of

information as the political environment, the socio-economic characteristic of every sector,

etc.

5.7 Conclusions

This chapter contributes empirically, by presenting four approaches that offer us the

possibility to analyse the production structure as well as knowing about the evolution over

time of the intersectoral relations and their intensity. The results obtained in the present

study are important because it is possible to detect changes in the Mexican economic

structure that took place between 1995 and 2009.

The purpose of the analysis of the production structure is to serve as a basis for the

economic development strategy. Thus, the optimal strategy should be to incentive sectors

with higher backward linkages to maximise the growth rate of the economy. In accordance

with the above, both key and basic sectors should be stimulated since activities classified

in these groups would have a greater ability to induce multiplier effects to other sectors

of the economy given the intermediate inputs requirements they have. Additionally, key

sectors contribute with its production to meet intermediate demand, which is relevant

since the increase in the availability of intermediate inputs is the necessary condition for

the growth of sectors that use them.

While the methods used allow us to identify key sectors, given the scope of the results,
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it is also important to perform an analysis of the production structure based on the impact

of the external sector. If we compare the results of Chenery- Watanabe method displayed

in Tables 5.1 and 5.2, we can notice the positive impact in Agriculture, hunting, forestry

and fishing (1) Machinery (13) and Electrical and Optical Equipment (14). These sectors

are classified as key when is incorporated the external sector, given the share of imported

inputs within their production process, which is more evident in sector 14, one of the

most dynamic industries in the bilateral trade between the U.S. and Mexico.

For the results of the Rasmussen Method contained in Tables 5.7, 5.8, 5.13 and 5.14

that make reference to the unweighted multipliers we can see the high level of agreement

regarding sectoral classification. However, three sectors show the impact of the imported

inputs: Textiles (4), Electrical and Optical Equipment (14) and Transport Equipment

(15). Here it is worth noting the case of sector 15 (Automotive industry) since it is the

basis for the formation of significant clusters for the Mexican economy during the study

period.

When the Direct and Total linkages are weighted by output some disagreements re-

gards the sectoral classification arise. While the Chenery-Watanabe method classifies the

sector 14, 15 and 18 as basics, the multipliers define them as key sectors. Also, for the

sectors 8 and 17, these are underestimated by the multipliers regarding the results ob-

tained by other methods. Here, Financial Intermediation (28) changes its classification

from being a key sector to a basic one in the presence of the external sector.

To conclude this overview of the similarities and differences in results between the

Direct and Total linkages, we have the case of weighting by final demand and value

added. The results that deserve special attention are those that appear when there are

discrepancies between the multipliers calculated using Leontief inverse and Ghosh inverse.

The Direct linkages and the Jones multipliers tend to be closest to what is observed with

Rasmussen multipliers.

The Streit coefficients give us information regarding the interrelation of sectors in a

more accurately way by determining which sectors are better integrated with the economy.

Hence, a sector may be key in terms of its overall impact on the rest of the productive

sectors without being necessarily linked in a relevant manner with any specific sector.

When results of the Specific Linkages presented in Tables 5.21 and 5.22 are analysed, an

important aspect is the change in the relevant demand linkages (SDL). Interindustrial

transactions tend to be more concentrated as consequence of the introduction of the

external sector. This can be exemplified by sectors 11 and 34.

Also, in order to analyse changes in the relationship between a sector and the rest of

the economic environment, it is important to notice that the Global Linkage Coefficients

displayed in Table 5.25 exhibit similar results both Non and the U.S. imports case. In

general terms, external sector does not seem to have a significant impact in the sectoral
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linkage. However, some specific sectors show a different behaviour. For the unweighted

results, Textiles (4) show a negative impact in their integration once the imports are

included. Opposite case is presented in sector 17.

The Hypothetical Extraction Method was the last analysis performed in this chapter.

This approach allows us to define the effects on the economy of remove the domestic

inputs provided by a sector. Besides detecting key sectors as shown in Table 5.27, it is

noteworthy the results presented in Table 5.26 where can be seen the volatility in terms

of the output share for each sector. Thus, the backward linkages appear to be more stable

throughout the study period being Electricity, Gas and Water supply (17) the only key

sector with a high standard deviation. The key sectors that exhibit a high volatility on

their forward linkages are Chemicals (9) and Rubber and Plastics (10), while six basic

sectors have the same results.

We have chosen and applied these methods to the case of the Mexican economy for two

reasons: first, to examine the characteristics of sectoral interdependence of the productive

structure and, second, to compare the differences between methods using empirical data.

Thus, the results indicate us that the Mexican productive structure has undergone a

profound change due to a substitution of domestic goods by foreign goods and also it

is observed an specialisation to export induced by the momentum of the ‘maquiladora’

industry.
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Chapter 6

Empirical evidence of Consumer

Theory

6.1 Introduction

The purpose of this chapter is to test data sets from the U.S. aggregate consumption

(Varian 1982) and supermarket sales (Echenique et al. 2010) to prove whether these

satisfy the Generalized Axiom of Revealed Preference (GARP).

This chapter is divided into four sections; the first contains a literature review that

surveys the basic works of the Revealed Preference Theory. The second section provides a

brief summary of “The non-parametric approach to demand analysis” by Varian (1982),

followed by an update of the empirical work done in this paper. The third section gives a

brief outline of the paper “Revealed preference test using supermarket data: the money

pump” by Echenique, Lee and Shum (2010), with a reproduction of the programming

process for the data set. The last section includes the final conclusions of both compu-

tational applications and considerations of possible extensions and the use of other data

sets to prove this GARP.

6.2 Literature on Revealed Preference Theory

The purpose of this literature review is to provide a chronological survey of the semi-

nal works on Revealed Preference Theory, providing the basic definitions of the axioms

of revealed preference. The analysis of consumer behaviour has been part of the eco-

nomic theory for several years. However, this discussion seemed to be restricted to utility

concepts.

Prior to Samuelson’s (1938) seminal paper, the utility-based approach depending on

the relative satisfaction provided by the consumption of goods was empirically quite dif-
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ficult, if not impossible, to measure. His work allows the possibility of measuring the

utility obtained through the consumption of goods given the observable prices in the

market directly, rather than the cardinal utility.

The Revealed Preference concept is usually related to the rationality definition of

consumer behaviour. The first description of this concept can be found in Samuelson

(1938), originally called ‘selected over’ and later described as ‘revealed preference’. Thus,

the Revealed Preference Theory is devoted to explain the basic rules of choices that the

individuals make on the basis of the rationality assumption.

In that sense, economic rationality implies the existence of congruous consumers.

These consumers, under ideal conditions, has to choose the amounts of n economic goods

which will be purchased per unit time given the prices of these goods and a total expendi-

ture, assuming that prices are taken as given parameters and that they will always choose

the same consumption bundle.

To this respect, Samuelson (1938), provides some postulates: the first states that

“confronted with a given set of prices and with a given income, our idealized individual

will always choose the same set of goods”; the second postulate sustains “... that consumer

behaviour is independent of the units in which prices are expressed. More specifically, if

we multiply all prices and income by the same positive quantity, the amounts taken will

remain the same”. This is known as homothetic preferences, that is, consumer behaviour

depends only on the ratio between the two bundles and not of the unit in which prices

are expressed. Finally, the third postulate is devoted to the formalisation of the axiom

of revealed preference, which constitutes in fact, the Weak Axiom of Revealed Preference

(WARP).

In order to establish this formalisation, Samuelson begins with an initial price and

income situation.

(p1, ..pn, I)

and a given set of consumption bundles.

(x1, ...xn)

a second set of prices and income.

(p′1, ..p
′
n, I

′)

and a second set of consumption bundles

(x′1, ...x
′
n)

Afterwards, he obtains the following sum multiplying the consumption bundles and

prices:

[xp] =x1p1+x2p2+...+xnpn=
n∑
i=1

xipi

or

[xp′] = x1p
′
1 + x2p

′
2 + ...+ xnp

′
n =

n∑
i=1

xip
′
i

or
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[x′p] =
n∑
i=1

x′ipi That is the cost of every possible consumption bundle.

Thus, Samuelson (1938, p.65) states that:

if this cost is less than or equal to the actual expenditure in the first period
when the first batch of goods was actually bought, then it means that the
individual could have purchased the second batch of goods with the price and
income of the first situation, but did not choose to do so. That is, the first
batch (x) was selected over (x′) ... In other words, this means that if an
individual selects batch one over batch two, he does not at the same time
select two over one.

Or symbolically

[x′p] 5 [xp]

implies

(x′) < (x)

and

(x) 5 (x′)

In the same way

[xp′] 5 [x′p′]

implies

(x) < (x′)

or no strictly revealed preferred

(x) ≯ (x′)

implies

[xp′] > [x′p′]

6.2.1 The Weak Axiom of Revealed Preference

Based on the Samuelson’s revealed preference approach, Little (1949) delivers a graphic

proof of the WARP (Figure 6.1). He points out that the utility approach and its rep-

resentation, the indifference curves, are not sufficient to model the consumer demand.

Nonetheless, he affirms that, based on a consistent behaviour by the consumer, it is pos-

sible to build a demand function.

In addition, Little (1949, p.90) describes the procedure to build indifference curves

using the information contained in the revealed preference relations. He provides two cri-

teria to determine the how the consumer can be ‘better off’. The first criterion corresponds

to the Weak Axiom of Revealed Preference. The second one implies being on a higher

indifference curve.

Assuming that the point a is on a higher curve, and a point b on a lower curve,

it could be supposed that point a is better than b. Nevertheless, the revealed preference
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criterion cannot observe a clear relation between both points in terms of ‘better than’ or

‘worse than’. This means a violation to the Weak Axiom of Revealed Preference.

Figure 6.1: WARP violation

To address this problem, Little (1949, p.91) proposes that it may be possible to

find another point between point a and b in order to obtain additional information from

it. Using this new point c, Little demonstrates that c could have been bought instead of

a, as well as if a had been bought in some different price-income. Assuming consistent

behaviour, the latter would show that a is always chosen rather than c, and c rather than

b. This follows because consistent behaviour, by definition, can be taken to mean: (i)

if an individual once chooses a rather than b, then he will always do so, (ii) choice is a

transitive relation, and (iii) the individual never chooses a smaller collection when a larger

is available. Likewise, Little proposes that “the indifference curve through some point can

be defined as the boundary of the area market out as ‘better than’ this point. The lines

marking these boundaries will, therefore, be called behaviour lines.”

Samuelson (1948) proposes an alternative approach to construct a set of indiffer-

ence curves. For the case of two commodities each observation is defined by (px/py, x, y).

Assuming that one and only one price ratio px/py can be associated with each combination

of x and y. This means, that consumption is a function of the price ratio:

px/py = f(x, y)

Samuelson (1948, p.244) establishes that:

through any observed equilibrium point, A, draw the budget-equation straight
line with arithmetical slope given by the observed price ratio. Then all com-
binations of goods on or within the budget line could have been bought in
preference to what was actually bought. But they weren’t. Hence, they are
all ‘revealed’ to be inferior to A. No other line of reasoning is needed ... and
identifying a little slope, dy/dx, with each price ratio, −px/py.
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Then, we have the simplest differential equation, the Marginal Rate of Substitu-

tion:

dy/dx = −f(x, y)

6.2.2 The Strong Axiom of Revealed Preference

Little (1948) and Samuelson (1949) developed the proof of the WARP only for two sets

of goods and prices, noting that it was necessary to prove the axiom in the general case

for many goods and prices. Later, Houthakker’s (1950) contribution was to extend the

WARP into the general case: the Strong Axiom of Revealed Preference (SARP). This

contribution opened the possibility of going from the directly revealed preference relation

to the indirectly revealed preference relation.

Houthakker (1950) provides the proof of the general case on the Revealed Prefer-

ence Theory, and states (1950, p.161) that:

the main object of our investigation is to find a proposition which, apart from
continuity assumptions, summarises the entire theory of the standard case of
consumer’s behaviour (no indivisible goods or choices between probabilities; all
income spent). Such a proposition should imply and be derivable from utility
analysis; in other words, it should be a necessary and sufficient condition for
the existence of ordinal utility. Samuelson’s hypothesis does not satisfy this
criterion, being only a necessary condition and not a sufficient one.

The Weak Axiom of Revealed Preference (WARP) states that Xb is revealed to be

inferior to Xa if P aXb 5 P aXa, and then P bXb < P bXa. Thus, the relation of revealed

preference is asymmetric. This is the main question developed by Houthakker (1950),

because this relation only allows two set of prices and two consumption bundles. Trying

to extend the WARP to a three set of prices and goods, we know that P aXb 5 P aXa

and that P bXc 5 P bXb, but we cannot determine whether P cXa Q P cXc. To solve

this problem Houthakker (1950, p.163) states the Strong Axiom of Revealed Preference

(SARP):

If X0 , X1 , X2 ... XT is a sequence of batches of goods such that each batch
is bought at prices P 0 , P 1 , P 2 ... PT respectively, and if at least two of these
batches are different, and if the cost P t−1X t of each batch X t at prices P t−1

is not greater than the cost P t−1X t−1 of the preceding batch in the sequence
X t−1 at the same prices, then the cost PTXT of the last batch XT at prices
PT is less than the cost P tXo of the first batch Xo at the same prices.

put it more concisely:

If for every finite t and T (t = 1, 2, ..., T ) the inequality P t−1X t 5 P t−1X t−1

holds, and if there are numbers i and j such that 0 5 i 5 j 5 T and
X i 6= X j then PTX T< PTX 0 .
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6.2.3 The Generalized Axiom of Revealed Preference

Afriat’s (1967) paper constituted a breakthrough in the Revealed Preference Theory. His

approach differs in how to conceive a utility function based on a finite set of choices and

prices. This enables to test empirically the WARP and SARP in a more suitable way.

Afriat offers an algorithm to calculate a consistent utility function with the data set,

called “cyclical consistency” or Generalized Axiom of Revealed Preference (GARP).

Afriat (1967) proposes a different approach beginning with a finite set of observed

prices and choices and with this information he builds a consistent utility function. In

considering the behaviour of the consumer, a market is assumed which offers some n

goods for purchase at certain prices and in whatever quantities. Given a column vectors

of quantities x = {x1,..., xn} and prices p = {p1, ..., pn}, the expenditure is determined

by the product e = p′x , where p′ is the vector price transposition. Under the classical

assumption, the consumer is able to measure the utility of any purchase φ(x). Thus, the

maximum utility condition is:

φ(x) = max{φ(y) : p′y 5 e}
or

φ(x) = max{φ(y) : u′y 5 1}
where u = p/e is called the balance vector.

Afriat (1967, p.67) states that “the fundamental property required for a utility

function φ(x) is that, given a balance it, any composition x which is determined by the

condition of maximum utility satisfies u′x = 1”, so that

u′y 5 1 =⇒ φ(y) 5 φ(x)

and

φ(y) = φ(x) =⇒ u′y = 1

Defining the k occasions of consumer’s purchase, and the corresponding expendi-

ture obtained r(r = 1, ..., k), such that (xr, pr) are the pair of vectors given the prices and

purchases. Therefore, er = p′rxr is the expenditure, given the balance vector ur = pr/er.

If the expenditure figure for occasion r is defined as Er = (xr | ur) and the

expenditure configuration as E = {Er | r = 1, ..., n}. Thus

the utility hypothesis applied to the configuration E asserts that there exists
a utility function ϕ such that

ϕ(x) = max{ϕ(y) : u′y 5 1} (r = 1, ..., n)
The data E can be said to have the property of utility consistency if the

utility hypothesis can be exhibited for it by some function, in other words if
it has a utility function (Afriat 1967, p.69).

then

u′rxs 5 1 =⇒ ϕ(xr) = ϕ(xs)
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and

u′rxs 5 1 ∧ ϕ(xr) = ϕ(xs) =⇒ u′rxs = 1

for all r, s = 1, ..., k.

Hence, for all r, s, ..., q = 1, ..., k

u′rxs 5 1 ∧ u′sxt 5 1 ∧ ... ∧ u′qxr 5 1

=⇒ ϕ(xr) = ϕ(xs) = ... = ϕ(xq) = ϕ(xr)

=⇒ ϕ(xr) = ϕ(xs) = ... = ϕ(xq)

Hence

u′rxs 5 1 ∧ u′sxt 5 1 ∧ ... ∧ u′qxr 5 1

u′rxs = u′sxt = ... = u′qxr = 1

Defining Drs = u′rxs − 1, called the cross coefficient, from Er to Es

Afriat (1967, p.70) states the cyclical consistency condition or Generalized Axiom

of Revealed Preference (GARP):

Drs 5 0, Dst 5 0, ..., Dqr 5 0 =⇒ Drs = Dst =, ...,= Dqr = 0

for all r, s, t, .., q = 1, ..., k. Since a multiple cycle is just a conjunction of simple
cycles, and since Drr = 0, there is no restriction in assuming r, s, t, .., q =
1, ..., k all distinct.

The papers outlined above contain the basic definitions regarding the Revealed

Preference Theory and its axioms. In the next two sections two empirical applications

are presented. The first is a paper from Varian (1982), who uses aggregate data on

consumption based on the assumption of the representative consumer in order to test the

GARP, followed by the construction of the bounds of utility functions. In the second

paper (Echenique et al. 2010), the authors use a supermarket database to test the GARP

and propose a measure of the severity of violation to this axiom.

6.3 Non-parametric test of consumer theory

Varian (1982) offers other possibilities for assessing the levels of welfare in the economy

and the impact of the implementation of economic policies on certain sectors. As will

be explained below, this paper is constituted by a test of the consistency of the data,

examining whether the data satisfy GARP. Next, he provides a method to extract the

information contained in a set of observations based on some consumers’ behaviour in

order to obtain their preferences. Finally, Varian presents an empirical application of his

theoretical development, in which he builds the upper and lower bounds of the utility

function via an index of living costs.

According to Varian (1982, p.945), the applied analysis of the demand tries to

answer the three different questions regarding the revealed preference hypothesis:
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(i) Consistency. When is observed behaviour consistent with the preference
maximisation model?

(ii) Recoverability. How can we recover preferences given observations on
consumer behaviour?

(iii) Extrapolation. Given consumer behaviour for some price configurations,
how can we forecast behaviour for other price configurations?

Varian proposes an alternative approach to address these questions, a non-parametric

approach, which does not assume any specifications of functional forms for demand equa-

tions. In the same way he uses this approach to test a data set for consistency, in order

to recover the preferences and to forecast the demand behaviour.

This consistency refers to the cyclical consistency, in Afriat’s sense, which means

testing whether the data set satisfies the Generalized Axiom of Revealed Preference

(GARP). Let (pi, xi), i = 1, ..., n, denote the n observations of prices and quantities.

According to Afriat’s theorem the data satisfies “cyclical consistency”; that is,

prxr = prxs, psxs = psxt, ..., pqxq = pqxr

implies

prxr = prxs, psxs = psxt, ..., pqxq = pqxr

Let us begin by the testing for consistency with the following definitions given an

observation xi and a bundle x:

(1) xi is directly revealed preferred to x, xiR0x, if pixi = pix.

(2) xi is strictly directly revealed preferred to x, xiP 0x, if pixi > pix.

(3) xi is revealed preferred to x, xiRx, if pixi = pixj, pjxj = pjxl, ...,

pmxm = pmx for some sequence of observations (xi, xj, ..., xm)

where the relation R is the transitive closure of the relation R0.

(4) xi is strictly revealed preferred to x, xiPx, if there exist observations xj and

xl such that xiRxj, xjP 0xl, xlRx.

The first step for testing the consistency is to construct an n by n matrix M whose

i− j entry is given by:

mij = {1 if pixi=pixj , that is, xiR0xj

0 otherwise

where M is constructed directly from the data. Then, the second step is to operate

Warshall’s algorithm to create a matrix MT from the matrix M , where

mtij = { 1 if xiRxj
0 otherwise

thus, MT can be used to check the consistency with GARP with the following

algorithm (Varian 1982, p.949)

Inputs: (pi, xi), i = 1, ..., n, and the matrix MT representing the relation R.

Outputs: whether the data satisfies GARP or not.
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1. Is mtij = 1 and pjxj > pjxi for some i and j? If so, we have a violation of
GARP.

The second question is about the possibility of recovering the preferences on the

consumer behaviour given a set of observations. Also, it is desirable to know by how

much a set consumption is preferred to another. This is possible using the so-called direct

income compensation function (Varian 1982, p.958) defined as follows:

m(p, x0) =inf px such that x is in P (x0),

where x0 is a new consumption bundle, P (x0) is the set of observations strictly

revealed preferred to x0 or,

m(p, x0) = e(p, u(x0)).

where e(p, u) is the expenditure function and u(x) is the associated utility function.

Defining the upper and lower bounds of the direct income compensation function

by:

m+(p, x0) = inf px such that x is in RP (x0), in the set of observations revealed

preferred to x0.

m−(p, x0) = inf px such that x is in NRW (x0), in the set of observations not

revealed worse than x0.

where m+(p, x0) is the overcompensation function and m−(p, x0) the under com-

pensation function. Then,

m+(p0, x) = m(p0, x) = m−(p0, x) for all p0, x.

Let us define the convex, monotonic hull of {x′ : xiRx0}:
CM(x0) = interior of convex hull of {x : x = xi, xiRx0}.
RP (x0) ⊃ CM(x0) for all x0.

Thus, defining the approximate overcompensation function by:

am+(p, x0) = inf px such that x is in CM(x0).

where this minimisation problem is defined by:

am+(p, x0) = min pxi, such that xiRx0.

Then,

am+(p, x) = m+(p, x) = m(p, x)

Defining the approximate under compensation function by:

am−(p0, x) = inf p0x

such that x is in NIRW (x̄), in the inner bound of the set of observations not

revealed worst than x̄.

where NIRW (x0) = {x : pix > pixi for some xi 6= x0 such that x0Rxi for all p0 in

S(x0)}
Then,

m(p, x) = m−(p, x) = am−(p, x)
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Varian applies the algorithms described in a package of FORTRAN subroutines.

The data set consists of the U.S. aggregate consumption from 1947-78 divided in nine

categories: motor vehicles, furniture, other durables, food, clothing, gasoline and oil,

housing, transportation, and other services. The result for the consistency test is that the

data set is consistent with the GARP.

Using the approximate over and under compensation functions it is possible to

construct the bounds on cost of living indices. Given (pi, yi) and (p0, y0), the year i and

base year budgets, the true cost of living index can be defined as:

i = µ(p0; pi,yi)
y0

The true cost of living index measures how much money one would need in
the base year to be as well off as one was in the comparison year expressed
as a fraction of base year expenditure. In order to calculate i one needs
the indirect income compensation function which is equivalent to requiring
complete knowledge of the individual preference ordering over some range.
(Varian 1982, p.965)

The results are contained in Table 6.1.

Table 6.1: Varian bounds on true cost living index

6.3.1 Implementation

This part of the document is devoted is to reproducing and updating the results obtained

by Varian (1982). The first step is to obtain the data. The data set consists of the U.S.
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aggregate consumption per capita from 1929-2009 divided into the same categories used

in the original paper.

Table 6.2: Upper and lower bounds on true cost living index

Once this is done, the next step is to see whether the data satisfies the GARP.

It can be done by constructing the matrices M and MT and then using the algorithm

proposed by Varian. The result of this consistency test is that the data set does not

satisfy the GARP. By examining the matrix MT it is easy to show how all the violations

are in the period prior to 1947. The possible source of these violations is that from 1929 to

1945 the U.S. aggregate production suffered different shocks, both negative and positive,
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along with changes in the population.

The second step consisted in computing the approximate over and under compen-

sation using the true cost of living index. The results are presented in Table 6.2 and

show intersections in the years 1929, 1948, 1953, 1957 1960, 1990, 2007 and 2008, and

the source should be changes in the prices or production levels compared to the previous

year.

6.4 Testing the Generalized Axiom of Revealed Pref-

erence (GARP)

Echenique’s et al. work takes as its starting point the methodological developments of

the previous works of Afriat and Varian, aiming to test not only whether the data satisfy

GARP, but also to determine the extent of violation to the axiom, achieving this through

the construction of an index that delivers such information.

This paper proposes a new measure of the severity of a violation of GARP. The

authors (Echenique et al. 2010, p.1) mention two problems in the context of revealed

preference analysis; first, the “all or nothing” nature and the lack of power as a test of

rationality. The “all or nothing” makes reference to the fact that a data set either satisfies

the Generalized Axiom of Revealed Preference (GARP) or it does not, regardless of the

severity of the violations to the axiom. The second problem is due to the fact that the

variations in prices are less frequent than in expenditure into the consumption data, which

makes it quite difficult to reject GARP.

The proposal to address the first problem is an approach to measure the severity

of a violation of revealed preference called the “money pump cost” and it is expressed in

monetary terms.

To address the second problem, the proposed solution is to use household-level

“scanner” data containing time-series of household-level food grocery purchases collected

at checkout scanners in supermarkets, this is because relative price changes occur fre-

quently in these kinds of data sets.

The definition of Money Pump according to Echenique et al. (2010, p.3) states:

Our measure of the severity of a GARP violation is motivated by the idea that
a violation of GARP exposes a consumer to being manipulated as a ‘money
pump’. For example, consider the situation in Figure 6.2. A consumer buys
bundle x at prices p and x′ at prices p′. Evidently, there is a violation of
GARP (actually of WARP, the weak axiom of revealed preference) because x
was purchased when x′ was affordable, and vice versa. Knowing these choices,
a devious ‘arbitrager’ who follows the opposite purchasing strategy (buying
bundle x at prices p′, and bundle x′ at prices p), could profitably resell x to
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the consumer at prices p, and x′ at prices p′. The total profit the arbitrager
would make equals

mp = p(x− x′) + p′(x′ − x);

where mp stands for ‘money pump cost’, which we use to measure the severity
of the violation of GARP.

Figure 6.2: (x, p) and (x′, p′) violate WARP

Suppose the purchases k(k = 1; :::;K) consist of a consumption bundle xk ∈ Rl+
given the prices pk ∈ Rl++. Thus, the set of observed consumption bundles will be X,

that is, X =
{
xk : k = 1; :::;K

}
.

The revealed preference relation R can be defined as xkRxl if pk · xk ≥ pk · xl.
The strict revealed preference relation P can be defined as xkPxl if pk ·xk > pk ·xl.
The weak axiom of revealed preference (WARP) is satisfied if whenever xkRxl it

is false that xkPxl.

The strong axiom of revealed preference (SARP) is satisfied when xi is revealed

preferred to x if pixi ≥ pixj, pjxj ≥ pjxl, ..., pmxm ≥ pmx.

The first difference between WARP and SARP is that the SARP implies revealed

preference in a chain of choices, not only between two available choices.

The Generalized Axiom of Revealed Preference (GARP) is satisfied if there is no

sequence xk1;xk2; :::;xkn such that xk1Rxk2R; :::;Rxkn while xknPxkl. If xk1 is revealed

preferred to xkn, then xkn cannot be strictly directly revealed preferred to xk1. The

GARP covers the case when, for some price level, there may be more than one level of

consumption that maximises utility.

Given xk1;xk2; :::;xkn , if this sequence satisfies the GARP, the money pump cost

associated can be computed as
n∑
l=1

pkl · (xkl − xkl+1)

where n+ 1 as 1.

and the relative money pump cost
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∑n
l=1 p

kl·(xkl−xkl+1)∑n
l=1 p

kl·xkl ,

where n+ 1 as 1.

This relative money pump cost is presented as a proportion of the expenditure.

To calculate the money pump cost for K = 26; so there are

26∑
k=2

(
26
k

)
(k − 1)! ≈ 4.39239× 1025

potential cycles.

In “Revealed preference testing using supermarket data: the money pump” by

Echenique et al. (2010), the data used is the so-called “Stanford Basket Dataset”, which

contains data for 494 households groceries expenditure between June 1991 and June 1993

(104 weeks), in four supermarkets. The document focuses on food expenditures, divided

into the following fourteen categories: bacon, barbecue, butter, cereal, coffee, cracker,

eggs, ice-cream, nuts, pills, pizza, snack, and sugar. The total of transactions is 103,345

transactions of 4,082 items; each transaction contains information about the consumer,

date, consumption, price and store. Also, the transactions are aggregated by brand,

category and sizes. The aggregate prices are an average of the size price and weighted by

amount consumed. Finally, the expenditures are aggregated in periods of four weeks.

However, not all the product or brands are consumed over all periods, because this

is required to test the GARP, this papers only uses brand and price data available for the

twenty-six periods, and drop 12,976 (or 12.5 %) of the purchases.

Table 6.3: Money Pump

The results presented in Table 6.3 only contemplate for violations of GARP in-

volving cycles of limited length: lengths 2, 3 and 4, it means 325, 5525 and 95255 possible

cycles. The severity of violations of GARP is about 6% of the expenditure.

On the other hand, this paper explores the possible demographic determinants

of consumption behaviour, using the following dummy variables in a panel data exper-

iment: family size, income, age and education. The results obtained from this exercise

are that violations to the money pump cost are higher for older, poorer and less educated

households. Other possible explanation why consumer may fail GARP is a change in the
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preferences. This is the argument used by this paper to explore the possibility of seasonal

trends in demand for certain types of products. The results in this case do not show

evidence of seasonality, that is,there does not exist a pattern between money pump costs

and the seasonal trends.

6.4.1 The Database

The main objective of this part of the document is to replicate the results obtained by

Echenique et al., (2010). The original paper used the money pump argument, in order

to measure deviations from the revealed preference axioms. Therefore, the money pump

could be defined as a severity measure of a violation of GARP.

The paper is based on the assumption that the “all or nothing” nature of GARP

is quite restrictive, suggesting an alternative, to gauge the severity of the consumers

violations to the axiom.

The data set used by Echenique et al., (2010) is described in Table 6.4

Table 6.4: Dataset

After a brief review of the Table 6.4, I found that there is no coincidence between

the numbers of brands in each sub data set. This means that in some cases, the brand

prices or units purchased are equal to zero. This difference will cause problems in the

next steps on this work, but for now, we will use the entire database.
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6.4.2 Implementation

After the initial revision of the data set, the next step is the encoding of the household,

brand and week variables for all the categories; the objective of this step is to simplify

the programming by having all the data in the same format.

The next step was programming in Matlab to obtain two matrices for each cate-

gory; one with information about purchases (household, week, units and brand) and the

other one with information about prices.

The first two matrices after some programming helped to obtain the final matrix,

whose main result gives the consumption bundles of all households, as well as the potential

cycles. These potential cycles make it possible to have different combinations between the

bundles. Hence, using a programming for a maximum cycle length of two periods offers

three hundred and twenty-five potential cycles, according with the following formula:

26∑
k=2

(
26
2

)
(2− 1)! = 26∗25

2
(1)! = 325

Once the final matrix was obtained, the results gave several infinite results. Hence,

a revision of the original data was done in order to search for a solution to this problem.

Then, this −Infinite outcome indicates that some households do not make any consump-

tion for at least one period, which explains these results.

The next step was to filter the data to allow only consumers with complete data

set of consumption and prices, which means “well behaved” in terms of the estimation

process.

After that, I proceeded to do the programming for a maximum cycle length of

three periods, to obtain two thousands and six hundred potential cycles, according with

the formula:
26∑
k=3

(
26
3

)
(3− 1)! = 26∗25∗24

6
(2)! = 5525

In this case the potential cycles will be all different combinations between the

bundles. Once that only the “well behaved” consumers were included in the estimation,

the results were the following:

Table 6.5: Calculated Money Pump
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The main results are presented in Table 6.5, in the first stage, only 138 of 494

households are considered as “well behaved”, and all the households violate the WARP

at some point The range is within 95 and 257 times, the average being 178 times. The

average severity of violations is bigger than in the original paper, this could be due to

some algorithms not explained. Regarding the first results, after exploring the data the

explanation could be that some consumers significantly change the expenditure amount

from one week to another.

In the second stage only 277 of the 494 households are considered as “well be-

haved”, and all the households violate the GARP at some point. The range is within 485

and 2398 times, averaging 1499 times.

6.5 Conclusions

As stated above, there were discrepancies between the results of Varian (1982) and the

replica done in this document. The possible source of these differences appears to be

in the data set used. Varian considers the year 1947 as the starting point of the data,

excluding the 1929 crisis and the Second World War period, which had devastating effects

on the world economy. Hence, in terms of consistency, all violations to the GARP appear

on this excluded period. This test includes this period and fails to support Varian’s paper

regarding the GARP.

The results of Echenique et al. (2010) were similar to those found in this paper,

however the method used in order to obtain these results does not provide a specific

technique, which is the main reason why the replica produces different results.

A possible extension to both papers might include the use of a more robust data

set and a thorough review of the method employed that satisfies the GARP.
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Chapter 7

Conclusions

7.1 Introduction

This thesis has investigated empirically three topics related to the General Equilibrium

Theory: Computable General Equilibrium Models, Input-Output Analysis and the Re-

vealed Preference Theory.

Firstly, the Indirect Transportation Costs existing in trade between Mexico and

the United States have been analysed through the implementation of a Computable Gen-

eral Equilibrium Model based on a Social Accounting Matrix. Here, an “iceberg-type”

transportation function is assumed to determine the amount of loss that must be faced

as a result of border crossing process through the ports of entry existing between the

two countries. The analysis covers annual data from 1995 to 2009 which coincides with

the entry into force of the NAFTA, this allows us to analyse the trend of these costs

considering the trade liberalisation that is experienced.

Secondly, an analysis of Mexico’s productive structure and its evolution over time

is performed with various Input-Output Analysis techniques that allowed a better analysis

of the characteristics of the Mexican economic structure. First, the Chenery-Watanabe

(1958) and Rasmussen (1956) methods are calculated to determine the direct and total

linkages existing within the economy. Second, the approach proposed by Streit (1969) is

implemented to estimate intersectoral coefficients that allow to quantify the interindustrial

relationships relationship of a given sector with the rest of the economy. Finally, the

Hypothetical Extraction Method as proposed by Dietzenbacher and Van der Linden (1997)

is utilised to determine the impact of suppress the industrial activity of a specific sector

over the rest of the economic. To perform the analysis, data from both excluding the

external sector and including trade with the United States is used. This is done in order

to determine changes that may have occurred in the economic structure as a result of

trade liberalisation.
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Thirdly, the aspect of consumer behaviour, specifically the Revealed Preference

Theory is studied because of the importance of the concept of rationality of economic

agents. This issue is approached from two perspectives as to the aggregation level of

the data. On the one hand, the empirical application of this concept is explored using

macroeconomic data. This is done in order to determine consumption bundles and con-

sumer behaviour altogether. On the other hand, a microeconomic approach is applied

using data on household purchases. This analysis identifies the consumer behaviour over

time and determines how prone they are to comply or violate the Generalized Axiom of

Revealed Preference.

Section two summarises the main findings of each chapter. Section three analy-

ses the limitations of the thesis and explores possible future directions for the research.

Finally, section four presents the concluding remarks of the thesis.

7.2 Summary of results

The study of transportation costs is relevant given the important role they play in inter-

national trade. In particular, the cost that implies the border crossing process because

of delays and bottlenecks that are formed due to the huge flow of goods is a topic that

has been little explored in the empirical literature on trade. While is important because

that affects not only the immediate costs of producing goods and services in the form of

price differentials between countries, However, the data available for this type of studies

is scarce and when there refer to case studies.

In this context, trade facilitation involves a reduction, if not complete removal of

tariff and non-tariff barriers. Thus, trade agreements can create conditions to accelerate

trade liberalisation seeking to eliminate commercial distortions.

In order to determine the costs involved in border crossings of goods in Chapter

Four a CGE model is used to estimate the indirect transportation costs generated by

trade between Mexico and the United States. The choice of a CGE model is due to its

ability to analyse economic relations as a whole using a Social Accounting Matrix as a

database. Furthermore, a comprehensive study on the costs generated by waiting times

at the border crossing is used to calibrate the value of economic losses that are assumed

in the process.

From the technical point of view, this chapter differs from the existing literature by

not using specialised software in this type of models such as GAMS, GEMPACK or GTAP.

This was done as well to allow freedom in programming the equations and better respond

to the changes that occurred in the database over time. Regarding implementation, the

model was calibrated following a Johansen’s approach. This makes a difference with the

existing literature for the post-NAFTA period, where studies make use of gravity models
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or incorporate structural features in their analysis.

Regarding the simulation results, the indirect costs related to the U.S. - Mexico

trade in terms of GDP are obtained. These costs behave as mentioned in the literature

as to the international declining of transportation costs. Also, the results are consistent

with expectations by international agencies when commercial agreements of this type

are presented. The first result obtained is the delay cost at the border crossing as a

percentage of exports. This estimation helps us to estimate both the initial costs of these

trade frictions, as to have a reference point of the iceberg size for the model calibration.

Here it is observed the disparity in results between the different ports of entry in the study,

the value being between .25% and .77%, with an average of .58%. Given the disparity of

these results, three different scenarios of the iceberg calibration for the simulations were

determined (.5%, .75% and 1%).

By implementing the calibrated model the results obtained indicate that as a

whole, the indirect transportation costs have experienced a decrease of 12% during the

study period. However, the results exhibits two different trends, first from 1995 to 2000,

the ITC grew 9%, while between 2001 and 2009 a decrease of 20% is observed. These

results could be seen as an effect of trade liberalisation experienced as the agreement

improves in their application.

Regarding its share in GDP, estimated costs (for the value of the iceberg scenario

of 1%) that peaked in 2000 with a 0.4% and a minimum of 0.33% by 2009 are obtained.

In terms of policy implications, these results are consistent with what is stipulated in

NAFTA. On NAFTA’s Chapters XI and XII (Investment and Cross-Border Trade in Ser-

vices respectively) both parties agreed to place the Transport Sector in the Reservations

and Exceptions annexes. Although a gradual process of integration of cross-border truck-

ing, would reach full opening in the year 2000 was also designed. Thus, this chapter

provides a new perspective on estimation the economic costs of waiting times in border

crossing.

After analysing the indirect costs of transportation and its evolution after the en-

try into force of NAFTA, the impact of trade openness on Mexico’s productive structure

is discussed in Chapter Five. Through the use of Input-Output Analysis the impact of

bilateral trade on economic sectors is estimated. To perform the analysis input-output

matrices for the period from 1995 to 2009 are used as database. To this end, two config-

urations were used, one takes in to account only domestic production and other includes

trade with the United States, seeking with this to assess the impact of the external sector.

The methods proposed by Chenery-Watanabe (1958) and Rasmussen (1956) were imple-

mented to quantify the interdependence between economic sectors by calculating inputs

coefficients (backward linkages) and output coefficients (forward linkages) of a specific

sector to others. To interpret the results in a simpler way, the sector classification system
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proposed by Chenery-Watanabe is used.

The results obtained from the direct linkages following the methodology of Chenery-

Watanabe indicates that for the case of unweighted linkages the overall impact of the

external sector is higher on technical coefficients, while distribution coefficients show sig-

nificant changes only in very specific sectors. The above shows us that while imports of

inputs play an important role in the production process, the greatest impact is recorded

in terms of the destination of production, the most important cases are Machinery and

Electrical and Optical Equipment. These sectors are classified as key given the impact

that bilateral trade has on them, while for the domestic economy are sectors with back-

ward and low linkages respectively. When weighting the previous results by sectoral share

in total output, it has focused once again the positive impact of imports on the sectors of

Electrical and Optical Equipment and Transport Equipment classified now as key sectors

instead of backward linkages. By contrast, the Financial Intermediation sector recorded

a negative change from being a key sector to be reclassified as a sector with forward

linkages.

In the same way we proceeded to weight the initial results by its share in final

demand in the case of backward linkages and by share in value added for the forward

linkages. This differential weighting is done because the backward and forward are cal-

culated from the Leontief and Ghosh matrices respectively. From these results, only the

Chemical sector shows a change in classification becoming a key sector rather than a

sector with low linkages when external sector is introduced. Thus, in general terms, both

in interindustrial transactions matrix as in sectoral classification the impact of bilateral

trade is focused on certain sectors. Should also be noted the relative stability of the results

over the study period for most sectors of the Mexican economy.

Following the analysis of direct linkages, Rasmussen method is used to estimate

the supply and demand multipliers. This aims to determine the ability that has a sec-

tor to induce expansion on the rest of the economy, which are the total linkages. It is

noteworthy that for the forward linkages the Jones multiplier is included. The analysis

of the multipliers is complemented with dispersion indices, which allow us to classify the

sectors, thus allowing a better comparison. This analysis begins with the unweighted

estimates, which show us that in the case of demand multiplier the Chemical sector is the

only one with a value close to two when not taken into consideration the external sector,

while when imports are incorporated various sectors reach this value, being Electrical and

Optical Equipment and Transport Equipment sectors which exhibit the higher growth.

In the case of supply multipliers, by analysing the results from the Leontief inverse

highlights Mining and Renting of M & EQ as sectors with values around three. For Jones

multipliers the results show that they do not show a clear trend regarding Rasmussen

multipliers to underestimate or overestimate the coefficients. In order to obtain a better
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comparison, Dispersion Indices are used to classify sectors according to their ability to

influence the economy. Observing the results of unweighted indices can be noticed that

both non-imports as U.S. imports estimations, the level of agreement between Rasmussen

and Jones methods is very high, tending the latter to overestimate the classification of

sectors. From these results, the change in sectoral classification for Textiles, Electrical

and Optical Equipment and Transport Equipment stand out, these are key sectors that

show the importance of the external sector in its activities. Special mention deserves the

change in the last two sectors mentioned, since according to Jones multiplier these sectors

are classified as backward linkages.

When the results are weighted by their sectoral contribution to output only a

change negatively presented in the Financial Intermediation sector classification similar

to that seen with direct linkages. The results weighted by its share in final demand

and value added do not reflect a significant impact of external sector on the productive

structure.

Thus, as a summary we can mention that if a sector experiences a huge impact both

its direct and total linkages due to bilateral trade is Electrical and Optical Equipment.

This sector accounts for much of the ‘maquila’ industry in Mexico so these results are

consistent with the observed in the economic reality.

After the analysis of linkages and multipliers, the method developed by Streit is

implemented. This method gives us an insight on the relationships they have the sectors

among themselves, which indicates where can be generated spatial relationships aimed at

the formation of industrial clusters. It begins with the study both supply and demand

relevant linkages, whose results indicates that generally exist a good degree of integration

among sectors, highlighting the role of sectors of Wood, Rubber and Plastics, Metals and

Machinery sector as input suppliers. In the case of input purchasers, Mining, Non-metallic

minerals, Transport equipment, Electricity, gas and water supply, and Education are the

activities with relevant backward linkages. When the external sector is included positions

of suppliers sectors do not seem to be affected to trade liberalisation. However for the

demanders sectors the results are different, Education sector is the only one unchanged,

while the rest of the sectors show a negative impact on their relevant demand linkages.

The Streit’s method also provides other measure of the relationship of a specific

sector with the rest of the economy, which is the Global Linkage Coefficient. In contrast

with the relevant linkages it is observed that the presence of the external sector has no

significant effects on the whole economy. However the Textile sector is negatively affected

by losing relevance given the entry of foreign goods, which may indicate a loss of compet-

itiveness in this sector compared to imported products. An opposite case is exemplified

by the Real Estate Activities sector showing a positive impact on their linkages with the

rest of the economy, which can be attributed to the investment made by U.S. industries to
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settle in Mexican territory. Hence, based on the findings of the implementation of Streit’s

method can be concluded that Mexican production structure do not shows significant

changes in the interrelations of the sectors with the rest of them.

The last method used to analyse the production structure is the hypothetical

extraction as proposed by Van der Linden and Dietzenbacher. This method is to suppress

both input purchases and output sales from a specific sector to determine the impact it

creates on the rest of the economy. This method allows to analyse both backward linkages

in which it is assumed that no domestic input purchases are made and are replaced by

imports, while forward linkages assumes that the sector will not supply any inputs to

the rest of the economy. In the results can be observed that as inputs purchaser Coke

and Petroleum is the most significant in relative terms, while for forward linkages stands

Renting of M & EQ sector as the most relevant. This is in addition to the sectors that are

classified as key among which are Wood, Pulp and Paper, Rubber and Plastics, Chemicals,

Non-metallic Minerals, Metals and Electricity, gas and water supply. This type of analysis

is important to determine the impact of the formation of bottlenecks in certain sectors of

the economy.

In Chapter Six we consider the empirical evidence on Consumer Theory, in partic-

ular on Revealed Preference Theory. In this aspect, the maximising behaviour of economic

agents is analysed by means of the implementation of two techniques aiming to identify

possible violations to the Generalized Axiom of Revealed Preference (GARP). The first

method is proposed by Varian (1982) and consists in extracting preferences from macroe-

conomic data in order to determine whether or not it satisfies the GARP. For this purpose

yearly data of U.S. aggregate consumption per capita for the period from 1929 to 2009

is used. After implementing the algorithms, the estimated consumption bundles show

as result a violation the axiom for the years 1929, 1948, 1953, 1957, 1960, 1990, 2007

and 2008. These violations are recorded when prices show big changes, which seems to

coincide with relevant events in economic and political conditions around these years. By

using this methodology to analyse economic welfare is possible to conclude that although

this has grown over the period of analysis has also experienced sharp declines due to high

price variations exhibited at certain points of time.

The second method is developed by Echenique, Lee and Shum (2010) aiming to de-

termine the temporal consistency of consumer behaviour. By using data on the purchases

of households disaggregated by brand, purchased quantities and consumption period, this

methodology allows us to determine the severity of violations to the GARP in monetary

terms. An aspect that differentiate the estimation carried out in this chapter regard-

ing the proposed by Echenique et al. is referred to the data set, using only data from

households that bought over the entire period, bypassing agents whose purchases showed

blanks during the period covered by the database. With this, is expected to better cap-
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ture the consumers’ behaviour by using only those who consistently made their purchases

in the same establishment. Based on the above, the results show that although all agents

violated GARP someone time, the severity of the violation is greater during the two-

period cycle reaching 2% of household expenditure. This could be explained because the

database can be seen that some households vary significantly the amount of expenditure

from one period to another. For a three-period cycle the severity decreases to 0.7% of

their expenditure, given that in the long run agents tend to consume similar products and

stabilise consumer expenditure.

7.3 Limitations and future research

There are a number of criticisms that several authors have made questioning the validity

of applied general equilibrium methodology and the input-output analysis as well as the

use of such techniques in order to analyse real aspects of the economy and its ability to

formulate economic policies. The criticisms on theoretical and methodological issues are

beyond the scope of this research. However, a description of our main limit

In general, the main limitation of this research is concerned with the data. In the

case of Input-Output Matrices, the periodicity of these in the best of cases is every five

years. Also,there is a lag between data collection and presentation of the results usually

from a similar period. Accordingly, this impose limits the use of these analysis tools with

a view to formulating policies pertinent to the current economic situation. However, this

should not be a reason to underestimate the usefulness of these matrices as they gather

and present information with a high degree of detail allowing us to see the intersectoral

relationships.

With respect to the CGE model presented in this work, a first limitation is to

assume transport services for different economic sectors as homogeneous over time. How-

ever, in practice there are no studies that contemplate to what extent the transport sector

have improved their services to foreign trade. This improvement could be measured in

terms of transportation times of goods between the two countries. For some sectors the

value of time is reflected on inventory-holding costs, while in the case of perishable goods

this implies a reduction in price or in the possibility to trade new goods. Thus, this

presents an opportunity given that if we dispose of more accurate data about this issue

the model could be calibrated in a better way. Furthermore, is possible to develop a model

extension that includes heterogeneous agents based on the characteristics of the different

goods in the economy if this kind of information is available.

Another possibility for future research is to develop a reduced-form model and use

econometric techniques to generate a dynamic search model. This includes the opportu-

nity to work with random shocks in different sectors of the economy to determine the way
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how the model reacts to this type of disturbance.

For the analysis of the production structure, although it has been use different

techniques in order to tackle the various criticisms presented in the literature, the main

limitation would again be on the side of the data. While the level of disaggregation is

appropriate to conduct a comprehensive analysis of the Mexican economy, the use of

regional matrices would add an important spatial aspect. At present, is possible to find

isolated research efforts building this type of matrices; however these are not uniform in

the base year which leaves an open research topic for the future.

For the chapter on empirical evidence for the Revealed Preference Theory, a limi-

tation will be the interpretation and use that can be given to Varian’s index in terms of

economic policy. Although it is conceptually simple to understand the extraction of these

preferences, finding a real application is one aspect to be treated better. As for the data

and the implementation remains to be seen if it can be carried with disaggregated data

and determine its performance in terms of economic welfare.

Regarding the money pump, although the database is extensive, this only makes

reference to a control group during a given period. This raises the possibility of a new

database and applies the proposed methodology to determine if the results are consistent

with the original findings.

Since in both cases the topic is the consumer preferences, other possible extension

for this chapter will be to work on the construction of utility functions. Here, the question

will be how to construct the utility function given the fact that the preferences are not in

a way consistent with the GARP.

7.4 Concluding remarks

This thesis has presented a number of contributions to the computational aspects of the

General Equilibrium Theory. Chapter Four contributes to the study of economic impacts

of Indirect Transportation Costs on International Trade by delivering a SAM-based CGE

model which uses an “iceberg-type” cost function. Chapter Five main contribution is

regards to the analysis of productive structure of the Mexican economy by using different

Input-Output Analysis methods and data including both Non and U.S. imports.Finally,

Chapter Six contributes to the literature of Revealed Preference Theory by testing two

data sets in order to prove whether these satisfy the Generalized Axiom of Revealed

Preference (GARP).

103



Appendix to Chapter 5

Table 5.3: Non Imports Weighted (By Output) Direct Linkages
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APPENDIX

Table 5.4: U.S. Imports Weighted (By Output) Direct Linkages
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APPENDIX

Table 5.5: Non Imports Weighted (By Final Demand and Value Added) Direct Linkages
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APPENDIX

Table 5.6: U.S. Imports Weighted (By Final Demand and Value Added) Direct Linkages
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Table 5.9: Non Imports Weighted (By Output) Multipliers
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Table 5.10: U.S. Imports Weighted (By Output) Multipliers
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Table 5.11: Non Imports Weighted (By Final Demand and Value Added) Multipliers
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Table 5.12: U.S. Imports Weighted (By Final Demand and Value Added) Multipliers
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Table 5.15: Non Imports Weighted (By Output) Dispersion Indices
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Table 5.16: U.S. Imports Weighted (By Output) Dispersion Indices
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APPENDIX

Table 5.17: Non Imports Weighted (By Final Demand and Value Added) Dispersion
Indices
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Table 5.18: U.S. Imports Weighted (By Final Demand and Value Added) Dispersion
Indices
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Table 5.19: Non Imports Specific Supply and Demand Linkages
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Table 5.20: U.S. Imports Specific Supply and Demand Linkages
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Table 5.23: Non Imports Streit Symmetric Coefficients
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Table 5.24: U.S. Imports Streit Symmetric Coefficients
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Table 5.25: Streit Global Linkage Coefficients
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Table 5.26: Non-complete Hypothetical Extraction Method Linkages
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