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Explanatory notes
The following symbols are used in tables in the Review:
Three dots indicate that data are not available or are not separately reported.
(-) A dash indicates that the amount is nil or negligible.
A blank space in a table means that the item in question is not applicable.
(-) A minus sign indicates a deficit or decrease, unless otherwise specified.
(.) A point is used to indicate decimals.
(/) A slash indicates a crop year or fiscal year; e.g., 2006/2007.
(-) Use of a hyphen between years (e.g., 2006-2007) indicates reference to the complete period considered, including the beginning
and end years.
The word “tons” means metric tons and the word “dollars” means United States dollars, unless otherwise stated. References to annual
rates of growth or variation signify compound annual rates. Individual figures and percentages in tables do not necessarily add up to
the corresponding totals because of rounding.
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Commercial bank financing for
micro-enterprises and SMEs in Mexico

Ramon Padilla-Pérez and Rodrigo Fenton Ontarion

ABSTRACT

This article examines commercial bank lending strategies for micro-enterprises and
small and medium-sized businesses (SMEs) in Mexico, and the factors that promote
or hinder lending in this segment. With this in mind, in 2011 a detailed survey was
conducted of commercial banks operating in Mexico. Although credit to micro-
enterprises and SMEs still represents a small share of the loan portfolio, the survey
results point to growing interest in broadening it. Three different business models
were identified, with major differences in strategies for offering financial services to
this segment of enterprises. The greatest barriers to increasing the credit supply
are lack of information, creditor protection failures, informality, and the changes and

disruptions that commercial banking has experienced over the past three decades.
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I

Introduction

The economic literature of the past few decades has
abounded with discussion of the financial sector’s role
in economic growth. The great majority of authors agree
that the sector plays a key part in growth because it
provides services that are essential in today’s economy:
among other functions, it facilitates trade and production
specialization, promotes saving and capital accumulation,
makes resource use more efficient and diversifies risk.

As a facilitator of industrial growth, the financial
system plays a central role in establishing and strengthening
firms. Production schemes, especially long-term, large-
scale projects, need a system capable of capturing and
allocating the resources of multiple savers (Bencivenga
and Smith, 1991). Micro-enterprises and small firms
usually have limited resources of their own and look
to the financial system for the means to set up or grow
their business.

The evidence available in the large body of literature
on access to financing in Mexico supports consensus that
the lending portfolio to the production sector is limited
—especially in the case of micro-enterprises and small
and medium-sized businesses (SMEs) (see, for example,
Garrido and Prior, 2006; Lecuona, 2009). Although it
has grown steadily in real terms since 2004, the total
portfolio in this sector remains modest in relation to the
size of the Mexican economy (banks’ lending portfolio
to private business represents around 7% of GDP).

[ The authors are grateful to Pablo Pefia, Saidé Salazar, Willy Zapata
and Juan Carlos Moreno-Brid for their comments on preliminary
versions of this article, and to Dario Luna, Rail Hernandez Coss, Luis
Trevifio, Sirenia Vazquez and Yearim Valles for their contributions
in designing and planning the research. Support was also gratefully
received at different stages of the project from Althea Spinozzi, Jests
Davila, Jestis Santamaria and Verénica Vega. Lastly, the authors
express their thanks to the Association of Banks of Mexico and the
banks which took part in the study.

[J The opinions expressed in this document are those of the authors
and may not coincide with those of the organizations in which
they work.

This article analyses a particular aspect of the
Mexican financial system’s contribution to economic
development —commercial banks’ small business lending
strategies— and examines the factors that stimulate or
obstruct this lending. To this end, it summarizes the
results of a technical collaboration project conducted
by the National Banking and Securities Commission
(cNBV) of Mexico and the Economic Commission for
Latin America and the Caribbean (EcLAc).! The analysis
is based on the results of a questionnaire designed
by CNBV and ECLAC to examine the business strategy
adopted by commercial banks in their dealings with
micro-enterprises and SMEs and to obtain information
that would refute or validate the importance of a series
of previously identified factors.

A vast body of literature exists on Mexico’s financial
system,? addressing a broad range of subjects from its
historical development to the functioning of specific
aspects such as the system of guarantees. Yet none was
found on the factors facilitating or hindering credit to
firms on the basis of a survey of commercial banks.

This article has six sections including this
introduction. Section II reviews the theoretical and
empirical literature on the relationship between financial
system development and economic growth, and identifies
eight factors that could potentially be related to the supply
of credit to the production sector. Section III sets forth
the methodology used to collect empirical evidence.
Section IV analyses the first part of the questionnaire
results (the business model), and section V examines the
importance of obstacles to credit in Mexico. Section VI
concludes and suggest future lines of research.

' The full report on the project is available in Fenton and Padilla-
Pérez (2012).

2 See, for example, Tovilla (2002); Garrido (2005); Avalos and
Herndndez (2006); Castaneda and Ruiz (2006); Lecuona (2009);
Suarez Davila (2010), and Pavén (2010).
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Financing for production development:

importance and potential obstacles

The economic literature on the relationship between
financial system development and economic growth is
abundant and wide-ranging. The theoretical literature
and the empirical evidence largely agree that the two are
positively correlated, because the financial system plays a
crucial role in reducing transaction and information costs,
and facilitates efficient resource allocation. Nevertheless,
some authors argue that the financial system’s importance
for economic growth has been overstated (Lucas, 1988;
Chandavarkar, 1992).

The financial system has five main functions as an
engine of industrial development. The first is to reduce
risk through coverage, commerce and diversification
(Bencivenga and Smith, 1991). This function is essential
for technological innovation, which is typically a long,
slow process (Audretsch, Werner and Mahagaonkar, 2009).

The second function is to compile information and
allocate resources. By reducing information asymmetries
between lenders and borrowers, the financial system
channels resources to the most productive sectors,
encouraging economic efficiency and social well-being
(Greenwood and Jovanovic, 1990; Habibullah and
Eng, 20006).

The third function is to mobilize individual and
grouped savers looking to invest their resources. The
financial system brings together the resources of numerous
savers for allocation to large and productive projects
(Sirri and Tufano, 1995).

The fourth function is to reduce the costs of compiling
the information needed to enforce contracts and oversee
the behaviour of borrower firms. This function promotes
capital accumulation and efficient resource allocation
and, consequently, long-term growth (Levine, 1997;
Rajan and Zingales, 1998).

The fifth and final function is to facilitate
specialization by reducing transaction costs. Specialization
allows firms to concentrate on production activity, by
giving them the space to improve their processes and
products and thus increase their productivity (Stiglitz,
1989; Greenwood and Smith, 1997; Cooley and
Smith, 1998).

3 This systematization is based on the work of Levine (1997).

A broad literature exists on how the degree of
development of a country’s financial system affects its
economic growth and the relationship between the two
has been analysed minutely using various econometric
techniques. Most empirical studies offer evidence that
the two variables are positively correlated.*

The factors encouraging or hindering financing
for small businesses may be grouped by supply side
and demand side. On the supply side are formal and
informal mechanisms of financing for firms and, on the
demand side, the individuals and companies seeking
financial resources to begin, operate or strengthen their
production activities.

This study concentrates on factors that could
limit the supply of commercial bank credit to micro-
enterprises and sMEs. A comprehensive review of the
literature identified eight such factors (see table 1).
Several studies show that a multidimensional analysis is
needed, because there is no single cause to explain the
supply or absence of credit to the business sector. The
list is to be construed as a set of hypotheses that are to
be refuted or validated by the results of a questionnaire
of commercial banks in Mexico, as explained in greater
detail in the following section. The eight factors are
described below.

TABLE 1
Mexico: factors potentially linked to credit
supply to SMEs and micro-enterprises

Macroeconomic conditions
Transaction costs

Information asymmetries
Guarantee system

Origin of capital

Creditor protection

Cultural and regulatory factors
Historical factors

Source: prepared by the authors.

4 See, for example, Arestis, Demetriades and Luintel (2001); Benhabib
and Spiegel (2000); Leitao (2010); Rajan and Zingales (1998); Saci,
Giorgioni and Holden (2009); Bittencourt (2010); Blanco (2010);
Habibullah and Eng (2006); Caporale and others (2009).

COMMERCIAL BANK FINANCING FOR MICRO-ENTERPRISES AND SMEs IN MEXICO °
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Business cycles heavily influence the availability
of funds for credit (Garrido, 2005). The supply of
financing tends to dwindle under very tight monetary
policy, because banks themselves have less financing
and financial resources are in shorter supply in the
market in general (Barajas and Steiner, 2002). Monetary
policy not only affects short-term interest rates, but also
brings about changes in bank reserves and deposits and
thereby the availability and cost of credit. Banks tend to
reduce their credit supply in times of macroeconomic
instability because risk is greater. In countries that suffer
lengthy periods of instability or that are very vulnerable
to economic shocks, credit to the business sector tends
to be more limited and interest rates tend to be higher.

From the creditor’s point of view, lending carries
a variety of costs associated with evaluation, oversight
and collections. Transaction costs may be divided into
overheads, which exist regardless of the value of the
transaction, and costs arising from lack of adequate
information. For SMEs and micro-enterprises, overheads
tend to be high in relation to the amount lent because
firms in this segment usually apply for quite small
loans. The cost rises further if there are no credit rating
instruments to provide rapid, reliable information on the
firm. Banks may therefore change high rates of interest
to secure an attractive return from this segment, which
makes financing more difficult for small businesses
(Garmendia, 2006).

Lack-of-information costs have to do with the
excessive administrative work involved in finding
adequate documentation, and they affect a bank’s decision
on whether to assess the loan application at all. If the
requesting firm has not compiled all the documents
needed to obtain financing, the loan application review
process drags on and increases the bank’s costs in terms
of the human resources monitoring and evaluating the
project (Lecuona, 2009).

Information asymmetries arise when the borrower
has more information than the lender. When the value
and quality of a firm or project cannot be accurately
calculated, banks have no guarantee of their future success.
This problem is especially acute in the case of small
businesses and reflects the general lack of information
about them. Without solid data, the bank cannot evaluate
a firm objectively, making it very difficult to establish
the firm’s future ability to generate returns (Audretsch,
Werner and Mahagaonkar, 2009). The main information
asymmetries facing private banks in lending to micro-
enterprises and SMEs are: (i) the high cost of obtaining
credit information, (ii) inconsistent financial information,
and (iii) lack of access to third-party information

(Malhotra and others, 2006). These asymmetries can
lead to adverse selection or moral hazard (Stiglitz and
Weiss, 1981; Lecuona, 2009).

Information asymmetry can lead to excess demand
for credit, even where credit supply and demand are in
equilibrium. This is known as “credit rationing” (Stiglitz
and Weiss, 1981).

From the credit supply perspective, a number of
obstacles can arise in relation to the system of guarantees.
If a firm has no collateral to offer, the financial institution
has less incentive to extend credit. It also has less incentive
where the value of the collateral cannot be established. In
addition, an ineffective public sector, weak institutions
and failings in the legal system can make it very hard
for financial institutions to realize guarantees in the case
of default (World Bank, 2007).

Guarantees reduce borrowers’ incentives to default,
increase their motivation to succeed at a project and
lower the costs of bankruptcy for the lender. Guarantees
also address information asymmetry and uncertainty
issues, and reduce the risk for the lender (Garmendia,
2006). However, micro-enterprises and SMEs often lack
guarantees for loan application.

The literature on the implications of the origin of
capital and the involvement of foreign banks in lending
to SMEs is inconclusive, with studies coming down both
in favour and against. Some authors assert that the entry
of foreign banks can increase the supply of credit to
SMEs and micro-enterprises because they tend to have
comparative advantages in small business financing
in terms of technologies and organizational structure
(Berger and Udell, 2006).

Other authors argue that foreign banks are prejudicial
to SMEs and micro-enterprises, because they tend to
have a hierarchical organizational structure and treat
collateral (which SMEs and micro-enterprises usually
lack) as one of the most important factors in the lending
decision. They also tend to be at a disadvantage vis-a-vis
local banks when it comes to obtaining information
(Beck, Demirgiic-Kunt and Martinez, 2010).

The existence of a guarantee system does not, in
itself, expedite lending to the SME and micro-enterprise
segment if there is no legal framework to enable creditors
to recover the guarantees agreed should be borrower
default. This is the case in countries with legal systems
which tend to protect the borrower and where legal
processes are lengthy and inefficient (Beck and de la
Torre, 2007).

Haber (2005) mentions that in developing economies,
even where the banking system has been freed up and
banks behave in a prudent manner, in a context of weak

COMMERCIAL BANK FINANCING FOR MICRO-ENTERPRISES AND SMEs IN MEXICO °
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contractual rights often they will simply not lend to
small businesses.

Cultural factors can affect lending if borrowers
lack good payment behaviour or if firms are highly
informal, which increases risk for the lender. The culture
of informality in firms also affects credit supply, because
banks and financial institutions are not willing to lend
to firms lacking the proper documentation (tax receipts,
audited financial statements, and so forth). In an informal
culture, firms may leave assets undeclared to avoid taxes,
and therefore cannot use them as collateral for banking
purposes (World Bank, 2007).

Regulatory factors can also hinder the supply of
credit to micro-enterprises and SMEs, if they create
conditions or procedures that obstruct bank lending or
make it less profitable. Financial repression can also
affect the credit supply. McKinnon (1973) found that

111

Methodology

This research project was undertaken in an effort to
gain a fuller understanding of the strategies used by the
commercial banking system in Mexico in its lending
operations with micro-enterprises and SMEs. A number
of surveys and studies on firms’ access to bank credit
in the country have been conducted, but they vary in
terms of their coverage and the level of detail of the
data compiled.5 These studies have all, however, used
a demand-side approach, in that their authors have
canvassed different firms in order to determine whether
or not they have bank loans.

This study departs from that approach in that it takes
a look at the supply side of the picture by asking banks
about their corporate lending practices. To the authors’
knowledge, this is the first study in which credit supply
is analysed on the basis of a representative survey of
commercial banks in Mexico.® In determining what type

5 Examples include: the National Microbusiness Survey; the
National Survey on Corporate Competitiveness, Funding Sources and
Use of Financial Services; the evaluation of the credit-market cycle
conducted by the Banco de México; and the Enterprise Surveys of the
World Bank.

6 Studies on the supply of credit available to small and medium-
sized enterprises (SMEs) in Mexico, such as the study prepared by the
Latin American Banking Association (FELABAN, 2007), have been
conducted on the basis of a survey of Latin American banks, but they
have not been as detailed, and their national samples have not been

many countries have historically restricted financial
sector operations through government intervention
or regulation.

Long-term relations between bankers and businesses
are important for lending, because they complement the
numerical information —which banks use to evaluate
firms— with qualitative information, including prestige
and reputation, and help to reduce information asymmetry
problems. Relations between bankers and businesses
facilitate lending even in times of credit squeeze, as
in financial crises (De la Torre, Martinez Peria and
Schmukler, 2008).

A last factor that affects credit supply is political
and economic stability. Generally speaking, banks lend
more to business in countries that are politically very
stable, where there is no risk of nationalization and their
assets are more secure.

of information would be useful and how to go about
gathering it, the fact that there would be a relatively small
number of observations (banks) was taken into account.

The National Banking and Securities Commission
(cNBV) and the Mexican Banking Association (ABM)
jointly identified the banks that lend to micro-enterprises
and SMEs on the basis of regulatory reports and the two
organizations’ in-depth knowledge of the market. This
target universe was made up of 17 out of the 40 banks
operating in the country. According to ABM and CNBV,
these 17 banks are the only ones that extend credit to
micro-enterprises and sMEs. Those that do not engage
in such lending operations were not included in the
target universe.

ECLAC and cNBV designed and used two tools for
gathering information on commercial banks that lend
to micro-enterprises and SMEs: a questionnaire and an
in-depth interview. In the end, information was obtained
from 15 of the 17 banks that were contacted. Those
15 banks account for 97% of the commercial banking
system’s portfolio of loans to micro-enterprises and
SMEs in Mexico.

representative. There are also studies based on secondary data, such
as that of Lecuona (2009).

COMMERCIAL BANK FINANCING FOR MICRO-ENTERPRISES AND SMEs IN MEXICO °
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The questionnaire contained 77 queries (a mixture
of numeric and open-ended questions) designed to
elicit information on bank managers’ views on various
matters.” The queries were grouped into three sections.
One focused on the strategy used in dealing with micro-
enterprises and SMEs, another on the banks’ business
models for this clientele, and the third on operational
aspects of their loans to micro-enterprises and sMEs.®

7 The questionnaire may be found in the complete report, which is
cited in the first footnote of this article.

8 A preliminary version of the questionnaire was shown to ABM, and
the feedback that it provided was used to adjust some of the questions
in the interests of clarity.

IV

Business model

One basic fact that must be borne in mind when seeking
to gain an understanding of the business models used
by commercial banks in Mexico is that they are highly
heterogeneous. These banks differ from one another not
only in terms of clearly observable attributes (the scale
of their operations or their sources of capital) but also in
terms of comparative advantages and their overall business
approaches. These differences determine whether or not
they lend to micro-enterprises and SMEs and, if so, what
approach they will take to that segment of the market.

As noted earlier, there are more than 40 different
banks in Mexico, but fewer than half of them (17)
lend to micro-enterprises and SMEs, according to the
information provided by ABM and cNBv.? Several foreign
banks extend credit to this segment of the market in
other countries but not in their Mexican branches. In
conversations with executives from these banks, no
one mentioned any specific restriction in that regard.
Instead, the executives simply mentioned that their
business activities in Mexico did not, for the time being,
include that type of loan product, partly because they
were concentrating on more profitable lines of business,
such as investment banking.

Of the 15 banks that responded, 11 have a specialized
business unit to handle operations with micro-enterprises

9 This universe does not include all banks that offer microcredits,
which constitute a segment that has differing characteristics
and strategies.

ABM helped the interviewers to contact the most
suitable executives in each bank, who were, for the
most part, the managers in charge of the section of the
bank responsible for business with micro-enterprises
and SME:s or, in banks where no such section exists, the
executives who deal with that segment of the market.
Once the questionnaire had been sent, respondents took
an average of four weeks to return it.

The in-depth interviews were conducted after the
completed questionnaires had been received. Between
June and August 2011, the authors visited the banks
in order to delve more deeply into the responses given
to the open-ended questions. These interviews lasted
between 90 and 120 minutes.

and sMEs and a specific strategy for its dealings with
them. These units are generally in charge of setting
targets and benchmarks, identifying banking products,
prospecting potential clients, and granting and monitoring
loans in this segment. These banks usually also have a
specialized sales force.

Commercial banks do not all define micro-enterprises
and SMEs in the same way, since this depends on the
operational criteria and business strategy used by each
institution. Some use a firm’s sales volume, while others
base their definition on the amount of credit involved.
For the purposes of this study, an attempt has been made
to consolidate the classifications used by the banks in
the sample.

At the time of the interviews, the banks reported
that their total portfolio of micro-enterprise and SME
loans amounted to 119 billion pesos distributed among
200,000 different loans. Their micro-enterprise and SME
portfolios represented 19.4%, on average, of their total
commercial loan portfolio, but for the individual banks,
this percentage ranged from 2.5% to 75.6%.

In most cases, the bank executives emphasized
that the first step in competing for new clients was to
offer deposit-taking products such as current or savings
accounts or salary payment accounts. The representatives
of banks that do not have a special unit for micro-enterprise
and SME loans were the only ones who openly admitted
that the intention was not to provide the full range of
services to those clients. None of the interviewees said

COMMERCIAL BANK FINANCING FOR MICRO-ENTERPRISES AND SMEs IN MEXICO °
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that credit was their main or only product. In fact, 11 of
these 15 banks offer more than five different products to
their clients in the micro-enterprise and SME segment,
such as current accounts, lines of credit, salary payment
accounts and special business credit cards. Lines of
credit and lines of working capital are the most common
loan products.

On the basis of the survey results, the approaches

taken by these banks in offering credit to the micro-
enterprise and SME segment can be classified as
corresponding to one of three business models. It
should be emphasized, however, that these models do
not necessarily represent a rigid, fixed classification of
all their different lines of business.
(i) Large banks. Their strategy consists of serving
as many clients as they can attract through their
network of branch offices or specialized promotional
personnel. They are able to benefit from economies
of scale and are the biggest small-business lenders.
Banks with close ties to micro-enterprises and
sMEs. These are niche banks devoted to promoting
entrepreneurship and the production sector of the
economy or regional banks that specialize in certain
market segments. They use relationship lending to
attract clients.

(ii)

FIGURE 1

(iii) Banks that do not have specialized micro-enterprise/
SME units. This category includes banks that offer
loans to this segment only as an extension of their
traditional lines of business in order to provide their
existing clients with an additional service.
Figure 1 shows the range of clients served by

the banks in these three categories. The large banks’

clients include smaller firms, with some of them even
beginning to deal with companies that have annual sales
of less than 100,000 pesos. Banks that maintain ties with
micro-enterprises and SMEs serve larger firms, while
those without specialized units for this segment work
only with firms having annual sales of over 4,000,000
pesos. This leads to the conclusion that the commercial
banking system primarily lends to small and medium-
sized firms in this segment, while it provides financing
to no more than a small group of micro-enterprises.
Annual interest rates on loans to micro-enterprises
and SMEs vary according to the size of the firm, the sector
in which it operates and the type of business concerned.
On average, the rates reported in the interviews are
as follows:
Microenterprises:
Small enterprises:
Medium-sized enterprises:

16.3% — 26.8%.
11.1% — 17.3%.
8.8% — 13.2%.

Mexico: segments of micro-enterprises and SMEs served by banking institutions

(Mexican pesos)

N ==
N AN
> 100000 Large banks 100 million
7/
P
I}
k]
<]
E 1.4 million Regional or niche banks 250 million
%
M
4 million Banks with no micro- 250 million
enterprise/SME strategy
less than 100 000 100 000 to 4 million 4 million to 250 million

Source: prepared by the authors.
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v

Analysis of obstacles

This section aims to validate or refute the significance
of each of the previously identified factors that are
potentially linked to credit supply in Mexico, on the
basis of the information obtained from the bank survey
conducted for this study.

1. Macroeconomic conditions

The questionnaire included queries to identify how
banks incorporate macroeconomic conditions into their
decisions on lending to micro-enterprises and SMEs and
to establish whether these conditions have encouraged
or hindered lending. Seventy-one per cent of the banks
surveyed (accounting for 82.9% of the micro-enterprise
and sME lending portfolio) considered the performance
of macroeconomic variables in setting targets and
in the extension of loans to this business segment.
Macroeconomic variables were generally used to set
lending and deposit-taking targets, and to assess risk
and allocate portfolios by sector and region.

The different variables are commonly used to estimate
the macroeconomic risk associated with the portfolio
of loans to micro-enterprises and SMEs and to establish
total portfolio and lending amounts. For large firms,
assessment and inclusion of macroeconomic variables
in credit assessment is done on an individual, case-by-
case basis. The executives of the banks canvassed also
said that small businesses tend to be more vulnerable
to macroeconomic shocks, and that this is taken into
account in lending decisions.

When requested to describe an occasion on which
macroeconomic variables had prevented lending, 53%
of the banks interviewed (78.2% of the portfolio) cited
the economic crisis of 2008-2009 and the public health
emergency arising from the HIN1 influenza outbreak.

Sixty-nine per cent of the banks interviewed
(90.3% of the portfolio) stated that poor macroeconomic
performance dampened incentives to lend to micro-
enterprises and SMEs. High volatility, uncertainty and
slowing economic activity do affect the credit supply,
and did so during recent economic crisis (1995 and
2008-2009). At the time of the interviews, however,
(June-August 2011), economic conditions were brighter
and were not constraining credit supply. Macroeconomic
factors affect lending to micro-enterprises and SMEs

and to large firms, but in the former case credit is more
vulnerable to adverse economic conditions.

2. Transaction costs

Fifty-three per cent of the banks interviewed (73%
of the portfolio) were able to estimate transaction
costs as a proportion of the loans extended to micro-
enterprises and SMEs. The remaining banks argued that
this information was not available, because it was not a
routinely performed calculation. Transaction costs are
defined as the expenses the bank incurs to bring about
aloan contract, not including funding costs!? or default
losses. The main components of transaction costs are:
marketing and loan origination; loan underwriting,
approval and extension; loan performance supervision
and collection; and litigation for recovery of arrears.

On average, the transaction cost was 2.8% of the
sum lent (2.9% in weighted average for the portfolio).
However, that cost varied significantly (from 1% to 7%)
among the banks interviewed. The largest component was
marketing and loan origination, which —on average—
make up 50% of the total transaction costs (51% in
the weighted average), followed by loan underwriting,
approval and extension (30% in the simple average and
27% in the weighted average), and loan performance
supervision and collection (10% in the simple average
and 12% in the weighted average) (see table 2). Only
three banks gave an estimate of transaction costs for
large firms as well. In all three cases, the costs were
lower than for small businesses.

The minimum level below which is it not profitable
to lend to micro-enterprises and SMEs varied among the
banks interviewed, depending on their business model
and size. The average cut-off point was 420,000 pesos
(310,000 pesos in the weighted average for the portfolio),
but ranging from 18,000 to 3 million pesos. Banks with
smaller portfolios and fewer loans to micro-enterprises
and SMEs tended to stipulate higher minimum loans than
banks with large, numerous portfolios. 75% of the banks
interviewed (76.5% of the portfolio) considered lending

10 The funding cost is the financial cost the bank pays to its own
creditors for the resources it lends.
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to a micro-enterprise or SME more risky than lending to
a large firm, but 58% (46.5% of the portfolio) estimated
that it was also more profitable.

Executives in 57% of the banks (24.8% of the
portfolio) stated that higher transaction costs represented
abarrier to lending to small businesses. Among the banks
interviewed there was a general opinion that lending

TABLE 2

to micro-enterprises and SMEs is a business of scale,
inasmuch as a bank needs to have a large network of
branches and executives trained to cater to this segment
to reach worthwhile figures. Accordingly, transaction
costs are not a barrier for banks with large and numerous
micro-enterprise and SME portfolios, but they can be for
banks with smaller portfolios.

Mexico: composition of transaction costs in lending to micro-enterprises
and SMEs, average for the firms interviewed

(Percentages)

Simple average Weighted average

Marketing and loan origination

Loan underwriting, approval and extension

Loan performance supervision and credit collection
Collection of credit arrears

Litigation for collection of defaulted loans

50 51
30 27
10 12
7 7
3 2

Source: prepared by the authors.

3. Information asymmetries

Three steps are generally taken to counter information
asymmetries:

(i) All the banks interviewed offer other products to
micro-enterprises and SMEs, as well as lines of credit.
As noted earlier, 73% offer more than five different
products. As well as leveraging the relationship with
the firm, this strategy enables the bank to build up
information about the firm’s business performance
and owners, or both, by tracking its checking, credit
card and payroll transactions, for example.

All the banks interviewed ask micro-enterprises and
SMEs to give evidence of having been in operation
for at least two years in order to qualify for credit.
This is premised on the general idea that 80% of
small businesses disappear within the first two years.
A firm over two years old is therefore deemed to
be more likely to survive and, therefore, to be able
to repay a loan.!!

None of the banks interviewed lend to start-ups,
because it is very difficult to assess the project’s
chances of success. Exceptionally, loans may be
extended to businesspeople trying to start up a new
business, with a jointly liable signatory who has

(i)

(iii)

11" Refers to payments made by the borrower to the bank to reimburse
the capital lent.

good relations with the bank.!? Four large banks

participate in a scheme run by the Ministry of the

Economy to extend financing to entrpreneurs,'?

but at the time of the interviews very few loans

had actually been extended.'*

Ninety-three per cent of the banks interviewed
(98.9% of the portfolio) consult a credit bureau' to
obtain background information on micro-enterprises
and SMEs, their owners, or both. Almost three quarters
(73%) of the banks interviewed (82% of the portfolio)
said that the information from private credit and debtor
information registries was reliable or very reliable
(a rating of 4 or 5, on a scale of 1 to 5). 54% of the
banks interviewed (58.1% of the portfolio) considered
that the credit bureaux databases provided enough
information on a micro-enterprise or SME to determine
its risk profile, whereas the other banks considered
this information insufficient and complemented it with
another source of data.

12" A guarantor from whom the bank is entitled to demand resources
on the same terms and conditions as from the borrower, or who can
be legally obliged to cover payment of capital and interest.

13 The Entrepreneur Financing Programme aims to encourage and
promote commercial bank lending to entrepreneurs with technically,
commercially and financially viable schemes. See www.economia.
gob.mx for more information about this programme.

14 See Tovilla (2002) and Pino (2002).

15 Credit bureaus are defined in Mexican law as “credit information
agencies” or Sociedad de Informacion Crediticia (SIC).
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Eighty-seven per cent of the banks interviewed
(94% of the portfolio) use credit score models for micro-
enterprises and sMEs. The weight of the model’s results
in the lending decision varies from one bank to another
and depends, among other things, on the amount of the
loan and the size of the firm. Generally speaking, the
larger the loan, the more other criteria are needed in
addition to the credit score model.

In 64% of the interviews (87.1% of the portfolio) the
bank stated that insufficient or poor quality information
was a barrier to lending to micro-enterprises and SMEs.
Information asymmetry is an obstacle for a small
business with less than two years in operation, and
for entrepreneurs. For older firms, there are sources of
information and evaluation mechanisms that counter
asymmetries. Private registries of information on credit
and borrowers are considered a reliable source for
assessing a firm and its owner.

4. Guarantee system

Sixty-four per cent of the banks interviewed (66% of
the portfolio) stated that the collateral offered by a
micro-enterprise or SME was very important (4 or 5,
on a scale of 1 to 5) in securing loan approval. Some
banks do not ask for collateral for certain types of firm
or below certain amounts of loan, but they do assess
the business in detail. The percentage of the portfolio
of small businesses which have put up collateral varies
greatly depending on the size of the bank, its business
strategy and the length of time for which it has been
lending to this segment.

In the midsize and small banks interviewed, 70%
of the commercial small business portfolio was backed
by a pledge on physical assets, but the amount varied
from 25% to 100%. In large banks, these pledges are
less significant (between 0% and 5% of the commercial
portfolio, with an average of 1%).

By contrast, the percentage of the portfolio with
government guarantees in large banks averages 74%,
varying from 60% to 98%. Some of these banks even stated
that, in recent years, all new loans to micro-enterprises
and sMEs have been backed by government guarantees,
mainly provided by Nacional Financiera, S.N.C. (NAFIN). 16
Among the smaller banks, the percentage of the portfolio
secured by government guarantees is generally lower,
averaging 40%. Among the banks interviewed, 67.2% of
the portfolio total is backed by government guarantees.

16 NAFIN is a Mexican development bank focused on promoting credit
to the private sector.

For some of the banks interviewed, NAFIN guarantees
do not replace physical collateral, which they require
in addition to the government guarantee.

In 40% of the interviews (45.2% of the portfolio),
banks stated that collateral requirements are greater for
micro-enterprises and SMEs than for large firms, because
they are usually less stable, more informal and harder
to assess.

Eighty per cent of the banks interviewed (75.4% of
the portfolio) considered federal government guarantees
more appropriate for micro-enterprises and SMEs than for
large firms, because of the loan ceilings and because many
SMEs would be unable to secure a loan at all without them.

In 90% of the banks interviewed (88.2% of the
portfolio) federal government guarantees were preferred
to other collateral; the rest considered the two equally
useful. The general preference reflects the fact that
small businesses often have collateral of poor quality at
their disposal. In addition, the government guarantees
function as liquid collateral, whereas a pledge on
physical assets can require lengthy legal processes, and
recovering government guarantees is thus quicker and
more expedite. The government guarantees also show
a positive impact on reserves.

In the case of default, 60% of the banks interviewed
(50.5% of the portfolio) said that it was difficult or very
difficult (rating of 1 or 2, on a scale of 1 to 5, where
5 is very easy and 1 is very difficult) to seize physical
collateral in case of default. Banks argued that the
process was slow and costly and collateral guarantees
hard to dispose of.

Fifty-seven per cent of the banks interviewed
(57.3% of the portfolio) stated that the collateral and
government guarantee systems were sufficient to cover
the risks of the small business portfolio. Opinions were
more favourable among the large banks, which make
more use of government guarantees. Banks which have
less access to government guarantees generally stated
less satisfaction with the guarantee system overall.

In addition to the questionnaire, other studies on
credit guarantees in Mexico have found serious rule-of-law
issues, which make it difficult to recover the guarantees
written into loan contracts. It may be concluded that
these issues directly affect banking activity and hinder
credit expansion.

5. Origin of capital

Foreign-owned banks are responsible for most of the small
business lending in Mexico owing to their predominance
in commercial banking in general. Two thirds of the
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foreign-owned banks interviewed said their business
model for micro-enterprises and SMEs in Mexico was
different to the one they used in other countries. This is
because they have different programmes and instruments
and use other channels to reach clients (for example,
more electronic media).

Ninety-two per cent of the banks interviewed
(87.3% of the portfolio) stated that the nationality of
the capital does not affect their willingness to lend to
micro-enterprises and SMEs. The origin of capital is not
a barrier to credit supply, insofar as the strategies used
by Mexican and foreign banks do not differ.

At least three elements must be considered in
comparing Mexican- and foreign-owned banks to establish
whether the origin of capital plays a role in small business
lending strategies. First, whether multinational banks
behave differently in different countries, including in
their home market. Second, any comparison must take
into consideration other observable characteristics that
lead to different business models, such as bank size. By
and large, the foreign-owned banks are the largest ones.
Third, the behaviour of Mexican-owned banks varies in
a manner comparable to that of foreign-owned banks.
Accordingly, distinguishing the origin of the capital may
not be as informative as other characteristics.

6. Creditor protection

The banks gave very varied responses to questions on
creditor protection. The simple average figure for loans
to micro-enterprises and SMEs entering default (the
arrears portfolio) is 6%, but this ranges widely between
banks, from 1.4% to 20%. The average weighted by size
of defaulting loan portfolio is 4.7%. As noted earlier,
the rate of successfully recovered guarantees attached
to these loans is 76% on average, with differences
ranging from 30% to 99% and a weighted average of
82%. The banks with the highest ratios of successfully
recovered guarantees are those which make most use
of government guarantees.

The average amount recovered from a defaulted
loan to a micro-enterprise or SME is 49% of the unpaid
balance, but ranges from 2% to 100% among the banks
interviewed. Weighted by size of portfolio recovered,
the average is 51.4%.

It takes 21 months, on average, to recover a defaulted
loan to a micro-enterprise or SME (18.3 months when
weighted by portfolio size), varying from 1 to 60 months
among the banks interviewed. The simple average cost of
recovery is 17% of the defaulted loan (10.2% weighted
by portfolio size), varying from 0.5% to 60%.

Only 16% of the banks interviewed (13% of the
portfolio) considered the laws or regulations applicable
to recovery of loans from a micro-enterprise or SME
useful or very useful (4 or 5, on a scale of 1 to 5). The
weaknesses of the legal system included: the length of
time it takes to enforce a guarantee; distant dates for
seizure proceedings; difficulty in delivering notifications;
obstacles to conducting seizures; and complex, slow and
costly legal actions.

Seventy-one per cent of the banks interviewed (92.4%
of the portfolio) maintained that a weak legal system for
recovering defaulted loans represented a barrier to the
supply of credit to micro-enterprises and SMEs. In sum,
processes were slow and complicated, recovery times
were long, and the legal route was very costly. These
factors are not exclusive to the small business segment,
however, but affect lending to large firms as well.

7.  Cultural and regulatory factors

Informality affects the supply of credit to micro-enterprises
and sMEs. Executives in 94% of the banks interviewed
(74% of the portfolio) said that informality strongly
influenced the lending decision (a rating of 4 or 5, on a
scale of 1 to 5). Informality refers to firms that are not
legally constituted or registered with the Ministry of
Finance and Public Credit, have weak or unsystematic
accounting practices or lack updated tax reports and
financial statements.

Only 36% of the banks interviewed (57.1% of
the portfolio) thought it important or very important
(a rating of 4 or 5, on a scale of 1 to 5) to do away
with the requirement for tax reports to boost small
business lending. The percentage is low because
several banks still ask for tax reports as evidence that
a firm is legally established, even though this is not an
official requirement.

Other cultural and regulatory factors which banks
mentioned as affecting the credit include:

(i) The new methodology proposed by the authorities
for parametric estimation of reserves to business
loans contains variables that would increase the
cost of lending to micro-enterprises and SMEs.
The highly complex tax legislation.

Insecurity, especially in the north of Mexico, limits
some banks’ credit supply or forced them to change
their business assessment criteria.

The “won’t pay” culture which characterizes many
businesses and businesspersons.

Lack of financial culture and professionalization
on the part of micro-enterprises and SMEs.

(ii)
(iii)

@iv)
)
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Ninety-three per cent of the banks interviewed
(96.8% of the portfolio) replied that cultural and
regulatory factors, such as fiscal informality, lack of
financial culture, or the “won’t pay” culture prevailing
in smaller firms formed obstacles to lending.

8. Historical factors

There is a high turnover among the staff and branches
dealing with micro-enterprises and SMEs, with an average
of 3.5 years on the job. Senior and middle managers tend
to have been in place longer.

Departments for lending to micro-enterprises and
SMEs, where they exist, are relatively new, even where
this line of business is older the department itself. This
is because of the changes in this area of business during
the various deep transformations in Mexico’s banking
industry. Some banks have closed down and reopened
their small business lending department in the past
decade. Economic crises or problems with the business
model have often led to lending being suspended and
the strategy rethought.

Although 59% of the banks interviewed (82.3%
of the portfolio) stated that staff stability in the lending

VI

Conclusions

The research described herein offers detailed information
on commercial bank strategies for lending to micro-
enterprises and SMEs, on the basis of an in-depth,
representative survey of commercial banks in Mexico.
This empirical work, the first of its type in Mexico, serves
to validate or refute the hypotheses regarding barriers
to lending in this segment. This analysis represents the
supply-side view (commercial banks) and should be
complemented with the demand-side perspective (firms).

In this regard, cNBV and the Inter-American
Development Bank (1pB) recently conducted a survey of
firms to ascertain in more detail how financial services,
including bank credit, are used. The results of this
demand-side study coincide in some respects with the
supply-side research. For example, the firms canvassed
said that credit lines were the most used product and
that informality largely limited access to bank credit.
Conversely, firms perceive that the greatest obstacle
to securing bank credit is lack of sufficient guarantees
(cNBV/IDB, 2012).

segment was important or very important (4 or 5, on a
scale of 1 to 5), thereby confirming the importance of
relationship lending, the continual and deep-reaching
changes in Mexican banking have not always permitted it.

Commercial banks in Mexico have undergone major
transformations in the past three decades. Expropriation
in 1982 was followed by a process of privatization in
1994 and 1995. Then in 1998 most of the restrictions
of foreign investment were lifted, and by the start of
the 2000s the main banks were being bought by foreign
financial institutions (Cardenas, 2010).

It may be concluded that the thoroughgoing
transformations in Mexican banking in the past three
decades, which have led to changes in the business
model and in the staff dealing with firms, seem to
militate against close relations between the banking
and production sectors and, therefore the credit supply
to micro-enterprises and SMEs.

In addition to the findings of the questionnaire,
Brown and Dominguez (2010) argue that the banking
crisis of 1994-1995 laid bare the need for change in the
way financial institutions operated, which led to the
creation of new government schemes and instruments to
facilitate access to credit for micro-enterprises and SMEs.

The first group of results produced by the present
research work offers accurate and detailed information
on the business strategy of commercial banks in Mexico
as regards lending to micro-enterprises and sMEs. For
example, 11 of the 15 banks interviewed have a line of
business for micro-enterprises and SMEs and a specialized
strategy for them. 73% of the institutions surveyed
offer micro-enterprises and SMEs five or more different
products, aiming to provide comprehensive solutions and
reduce information asymmetries. There is a widespread
practice of extending credit only to firms that can show
at least two years of operations, which precludes loans
to entrepreneurs. Lines of working capital are the most
common loan product.!” There are major differences
in the strategies followed by commercial banks in their
dealings with micro-enterprises and SMEs, however, with

17 This product gives the client access at any time to a contingency
loan up to a pre-authorized amount, to cover short-term needs.
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diverse business models and strategies. In this regard,
banks may be grouped into three types: (i) large banks,
(i) niche banks devoted to promoting entrepreneurship
and the production sector, or regional banks, and
(ii1) banks that do not have specialized micro-enterprise/
SME units.

This study’s second contribution is to validate
or refute eight factors that could hinder commercial
bank lending to micro-enterprises and SMEs in Mexico,
on the basis of the information provided by the banks
themselves. Economic crises, especially the crisis of
1994-1995, have had a significant, long-term effect on
the credit supply for small businesses. Macroeconomic
variables are taken into account in setting total lending
targets, and in lending to specific sectors or types
of firm.

Because lending to micro-enterprises and SMEs is
a large-scale business, transaction costs are a barrier
for banks with smaller small business loan portfolios,
but not for those with larger portfolios. Insufficient or
poor quality information limits credit supply for micro-
enterprises and sMEs. This barrier is greater in the case of
informal firms and those whose operations are relatively
new (less than two years old) and for entrepreneurs. For
older, more formal or more professional firms, there are
reliable sources of information, including credit bureaux.

The guarantee system in Mexico is not an obstacle for
most of the banks interviewed, especially for those with
larger portfolios and those with access to the government
guarantee scheme. The difficulty and complexity of
recovering collateral not backed by the government is
a matter of concern, however.

The study found no evidence that the origin of
capital, in particular the predominance of foreign-owned
institutions in commercial banking, affects the credit
supply to micro-enterprises and SMEs. None of the banks
interviewed, regardless of where their capital came
from, mentioned a differentiated strategy for dealing
with small businesses.

The banks interviewed had a poor opinion of the
creditor protection system. Slow processes, high costs
and long, complicated recoveries represented a barrier
to lending to micro-enterprises and sMEs. With respect
to cultural factors, fiscal informality, lack of financial
know-how and the “won’t pay” culture form obstacles
to lending to this business segment.

Lastly, the historical transformations in commercial
banking in Mexico in recent decades, with changes in
the business model and the staff dealing with firms at all
levels, appear to work against close relations between
commercial banks and the production sector.

The third contribution of this investigation has been
to open avenues of future research. The implications
of particular regulations —such as bank reserve
requirements or the documentation firms must present to
apply for a loan— need to be analysed for the different
levels of business lending. In this regard, the impact of
implementing Basel III must be studied.

The evidence and conclusions on the importance
of certain factors could be strengthened by means of
international comparison studies. For example, how do
the average 2.8% transaction costs for banks in Mexico
compare with those in other countries? And, although
there is no evidence of a strategy differentiated by origin
of capital, how do practices, loan amounts and lending
approaches to micro-enterprises and sMEs differ from
those in other countries where international banks operate?

Another area of interest is the effect of government
lending schemes in terms of generating lending in addition
to credit that would have been extended without them.
In other words, although these guarantees have been
important in reactivating business lending, at what point
might they begin to substitute or crowd out commercial
bank efforts?

A final avenue for future work is a detailed
analysis of the differences and similarities found by
supply- and demand-side surveys of commercial bank
lending practices.
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has been created to assess the economic consequences of climate change in the
Caribbean. The model can be freely accessed, downloaded and even modified.
The version available is a full-fledged model which can readily be used to conduct
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I

Introduction

Climate change is a very complex phenomenon. Large-
scale computer models are run to simulate future climate
conditions under different scenarios and assumptions.
Socioeconomic models are used to assess climate
change impacts and the costs and benefits of mitigation
and adaptation policies. Physical and social models are
often integrated into complex integrated assessment
models (1AMs).

A consistent finding among the many and diverse
impact analyses is that the negative consequences of
climate change will be felt primarily in the developing
countries of Latin America and the Caribbean, Africa
and Asia. This poses a problem of equity in international
negotiations, like those of the United Nations Framework
Convention on Climate Change, as developing countries
are historically responsible for only a negligible share of
global greenhouse gas emissions. Quantitative models
can greatly help in identifying the burdens and benefits
of global climate policies.

Unfortunately, the most vulnerable regions are also
those where a rigorous assessment analysis is rendered
difficult by lack of data and expertise. In the Caribbean,
for example, no tool for assessing the social impacts of
climate change has been available for a long time. More
generally, there is a lack of quantitative socioeconomic
models focusing on the Caribbean subregion. The use of
simulation, optimization, econometric and forecasting
models is not widespread in the area, even in institutions
like the national central banks (with only a few notable
exceptions, e.g., Jamaica). Not surprisingly, the databases
necessary to support and implement applied models are
lacking or inadequate. Policymakers are usually unaware
of the existence of quantitative economic models and
decision support systems.

This issue has been recently tackled by the EcLAC
subregional headquarters for the Caribbean, with financial
support from the Australian Agency for International
Development (AusAid). ECLAC has commissioned a study
to either develop a prototype model or modify an existing
framework that will address climate change impacts in
the Caribbean in a modelling framework. This paper
provides a general description of the model created for
this purpose, the EcLac-Climate Impacts Assessment
Model (c1am), and an illustrative simulation exercise.

ECLAC-CIAM has been designed and developed on
the basis of some fundamental concepts. First, a systemic

approach has been followed. A systemic approach to
modelling climate impacts is essential because climate
change is a global phenomenon and the world economy
is globalized. The economic effects of climate change
in the Caribbean may be driven by physical impacts
occurring in the United States, say, much more than
by direct physical impacts in the Caribbean. However,
most existing sectoral studies fail to capture these
systemic relationships.

Second, we needed the model to be able to consider
multiple impact effects simultaneously. This is necessary
because climate change generates economic consequences
in a variety of sectors and in different ways. In addition
to sea-level rise, mention could be made of the effects on
agricultural productivity (due to changing precipitation,
increased evapotranspiration and carbon fertilization), on
tourism demand (changing incomes, prices and tourism
attractiveness), on energy demand (increased demand
for cooling, decreased demand for heating), on human
health and labour productivity (variations in mortality
and morbidity), and so on. From a policy perspective,
the simultaneous assessment of multiple impacts is
necessary because: (1) there is often a need to evaluate
the overall effect of climate change on a particular country
or region; (2) knowing the contribution of each sectoral
effect to the total may help in determining priorities for
adaptation policies, and (3) different impacts may have
counteracting effects.

Third, the model has been designed with a modular
structure that can easily be accessed and understood by
other researchers. In order to keep up with progress in
the field of climate science, new elements can be easily
inserted in the future, possibly by Caribbean researchers.
Indeed, we hope to generate a “multiplier effect”, with
ECLAC-CIAM acting as a seedbed for further research and
model development.

A major difficulty of simulating with complex
mathematical models is that it can require specific,
expensive software that scientists from developing
countries may be unable to afford. We tried to
circumvent this obstacle by basing ECLAC-CIAM only
on auxiliary programs that can be downloaded and
used free of charge. The program codes, all data and
parameters, documentation and links to auxiliary
software can be found and downloaded for free at:
http://venus.unive.it/roson/ciam.html.
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This paper is organized as follows. Section II provides
a concise state-of-the-art review of the numerical models
available for assessing the socioeconomic impacts of
climate change. Section III describes the structure and

11

operational functioning of ECLAC-ciAM. Section IV
illustrates a simulation exercise which analyses the
economic impacts of climate change in the year 2050.
Section V concludes.

The state of the art

1.  Applied economic models for climate
change assessment

Several applied numerical models have been developed
to assess the economic impact of climate change and
related policies. These models differ in their scope,
methodology, level of aggregation, treatment of
technology and uncertainty, and degree of integration
with climate models.

A first distinction can be drawn between simulation
(positive) and optimization (normative) models. Simulation
models are used to conduct “what if”” experiments, by
considering variations in climate or policy (or both).
Almost all models with a computable general equilibrium
(cGE) core, including ECLAC-CIAM presented here,
are simulation models. Other models in this class are
DART (Springer, 1998), ENVISAGE (Roson and van der
Mensbrugghe, 2012), eppA (Paltsev and others, 2005),
GEMINI-E3 (Bernard and Vielle, 2008), GREEN (Burniaux
and others, 1992; Lee and others, 1994), GTAP-E (Burniaux
and Troung, 2002), GTEM (Pant, 2007) and 1CEs (Eboli,
Parrado and Roson, 2010). Optimization models instead
take a target, in the form of a function to be maximized
or minimized. All models based on intertemporal utility
maximization “ala Ramsey” fall into this class. Perhaps
the most popular group of models of this kind is the
Dice/Rice family, developed by William Nordhaus
(Nordhaus, 1994; Nordhaus and Yang, 1996). Other
models are EDGE (Jensen and Thelle, 2001), ENTICE
(Popp, 2003), FunD (Anthoff and Tol, 2008), MERGE
(Manne, Mendelsohn and Richels, 1995), PAGE (Hope
and others, 1993), wiaGeM (Kemfert, 2001) and wiTCcH
(Bosetti and others, 2006).

Simulation models are usually large-scale,
regionally and industrially detailed models. From
a mathematical point of view, they are large non-
linear systems of equations, to be solved with general
mathematical packages or specialized software
(e.g., GEMPACK, PATH/GAMS). Optimization models,

on the other hand, are typically very aggregated
models, solved by means of non-linear programming
algorithms (e.g., MINOS/GAMS, CONOPT/GAMS). The
Rice/Dice models, for example, simply consider one
aggregate good that can be used for either consumption
or investment. Climate change impacts are also
modelled in a rather crude way, using a single damage
function, with the level of potential income falling as
temperatures increase.

The various approaches differ in terms of integration
with climate models. Some approaches are “soft-linked”
with climate models. This means that a climate model
(e.g., a global circulation model) is first used to generate
a climate scenario, which is taken as given within the
economic model. Results from the latter can then be fed
into the climate scenario, in an iterative process. Other
models are “hard-linked”, meaning that they possess a
climate module which is fully integrated into the system.
Most optimization models have this feature, but so do
some large-scale simulation models, like EpPA and
ENVISAGE. The advantage of having mutually consistent
economic and climate blocks inside the same model
should be balanced against the loss of complexity in
the climate component, which is usually a reduced-
form general circulation model including only a limited
number of equations.

‘When models consider the distant future, changes in
available technology should be taken into account. Again,
investment in green technologies could be fostered by
economic incentives, possibly as part of a climate policy
package. A few models (e.g., WITCH, ENTICE) explicitly
address the issue of “endogenous technical change”.
However, estimation of model parameters is very difficult,
being somewhat arbitrary and subjective. Other models
consider the existence of “backstop technologies”. These
are technologies which are available today but are too
costly to be viable under present economic conditions.
Nonetheless, they may put an upper bound on the cost
of more traditional technologies, like those based on
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fossil fuels, which could become much more expensive
in the future.

A special problem is associated with intertemporal
optimization models, like Rice/Dice and PAGE. These
models require the use of discount factors, which
cannot be easily estimated from current interest rates
when the optimization horizon is far into the future and
investment returns are affected by several uncertainties.
Especially since the publication of The Economics of
Climate Change: The Stern Review (Stern, 2007), there
has been a vigorous debate stressing how sensitive
results from these models are to assumptions about
discount factors. Furthermore, there is no single, correct
scientific methodology that should be followed in the
estimation process, because assumptions about discount
factors are affected by (sometimes hidden) subjective
value judgments.

2. Advantages and limitations of CGE models for
climate change impact assessment

ECLAC-CIAM i8S a CGE model based on the GTAP formulation
and extended to include a set of sectoral damage functions.
As such, it shares all the advantages and disadvantages
of other general equilibrium models in the field, which
are associated with the key characteristics briefly
summarized above.

On the positive side, the high level of disaggregation
makes it possible to understand the complex structural
interdependencies of globalized economic systems, and
furthermore opens the way to a precise delineation of
climate change impacts on a finely detailed industrial
and geographical scale. Since CGE models are general-
purpose tools not originally designed for climate change
analysis, it is easy to assess how non-climate policies
may affect the climate, and vice versa. The rich output
of the simulation exercises can be further processed (as
itis, indeed, in ECLAC-CIAM). For example, the exchange
of “virtual carbon” can be estimated from the origin/
destination matrices of trade flows (Atkinson and others,
2010), which is very useful information in the context
of international climate negotiations.

On the negative side, CGE models are highly
data-demanding, having been originally conceived
for short-run policy analysis. Their use over a much
longer time horizon may be problematic if significant
changes in technology or consumer preferences
substantially alter the economic structure from its
current state. For this reason alone, they should not be
regarded as forecasting tools or used to construct future
economic scenarios.

3. Climate change assessment in the Caribbean

Basically, all recent studies on climate change effects in
the Caribbean have been conducted with support from
and under the auspices of ECLAC, often in association with
other international bodies. The most recent publication
is The Economics of Climate Change in the Caribbean.
Summary Report 2011 (ECLAC, 2011). Further research
findings have been presented at international workshops,
but not published as yet.

The 2011 summary report presents the results of
climate change scenarios for the Caribbean, obtained
with the use of a regional circulation model driven by
two general circulation models (ECHAM4 and HADCM3).
The model predicts an increase in average temperature
by 2050, relative to the 1960-1990 baseline, of 1.78°C
for the region as a whole under scenario A2 of the
Intergovernmental Panel for Climate Change (1pcc)
Special Report Emissions Scenarios (SRES) (1pcc, 2000)
and 1.84°C under scenario B2 of the SREs. The picture for
precipitation is mixed, with increases in some countries
and decreases in others. It was also found that some
increase in tropical cyclone intensity would be likely if
the climate continued to warm.

The report includes a number of sectoral impact
studies, namely those for agriculture, the coastal
and marine environment, human health, tourism,
transportation, water resources, and energy. These studies
are hardly comparable, but nonetheless have the merit of
focusing on the Caribbean, highlighting difficulties and
challenges in the estimation of physical climate change
impacts for the region.
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Model structure

1.  Overview

ECLAC-CIAM includes three modules, operating sequentially,
as shown in figure 1.

The first module is used to translate values for
climate variables into changes in economic parameters
for the global macroeconomic component. The CGE
module is then used to conduct a comparative static
simulation, contrasting the state of the world economy
before and after the change in the climate-related
parameters. The following subregions and countries
are considered in the cGE: North America, South
America, Central America, the Caribbean, Guyana and
Suriname (considered together), Belize, Europe,
Africa, Asia, and Oceania. To obtain more geographical
detail for the Caribbean subregion, the results from
the cGE module are post-processed to produce
approximate values for some macroeconomic variables
(changes in real national income in particular) for
individual States in the Caribbean aggregate. In the
following, the functioning of each module is more
specifically described.

FIGURE 1

2. Sectoral damage functions

The first module in ECLAC-CIAM is used to generate
exogenous shocks to a number of economic parameters
and variables in the core CGE model, on the basis of a given
climate scenario. This is done through the application
of sectoral “damage functions”.

A damage function is a relationship between some
variable describing the climate state (in this case, the
absolute global surface temperature change from its
value in degrees Celsius in the year 2000) and certain
parameters of the economic model (usually expressed
as a percentage change from the baseline level). The
type of sectoral impact determines which parameters
are considered. For example, estimated changes in
agricultural productivity translate into percentage
changes for the multi-factor productivity parameter
of “agriculture” in the cGE model. Effects on human
health are interpreted as changes in labour endowment
or productivity, and so forth.

In figure 2, for example, three damage functions
for the agriculture sector are plotted, corresponding in

The modular structure of ECLAC-CIAM

Climate scenario

l

Input
module

Shocks to economic
parameters

.

Simulation results
of the global model

Source: prepared by the author.

CGE: computable general equilibrium.

Results for the
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—_—

Output
module

Results for selected
Caribbean States
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FIGURE 2

Latin America and the Caribbean (selected countries and subregions):
five damage functions (agriculture)
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Source: prepared by the author.

the cGE model to the subregions of Central America,
the Caribbean and South America, and the countries
of Suriname and Guyana (considered together)
and Belize.

The horizontal axis measures the change in
temperature (in degrees Celsius) from the year 2000. The
vertical axis measures the estimated percentage change
in total agricultural productivity in the three countries.
It should be noted that the estimates refer to the whole
agriculture sector, not to a specific crop, and do not
consider changes in the water supply or extreme events.
The relationship between temperature and productivity
in agriculture is a non-linear one: moderate increases
in temperature (and in carbon dioxide concentration)
are beneficial, higher temperature levels reduce
agricultural productivity.

Other damage functions in ECLAC-CIAM are simple
linear relationships, often because there is not enough
information to estimate the various parameters of non-
linear functions. For example, figure 3 plots the five
damage functions for the sea-level-rise effect. In this
case, the vertical axis measures the percentage loss in
endowments of capital and land stocks in each country.

It is clear that the small island States of the Caribbean

are highly vulnerable to sea-level rise.

ECLAC-CIAM considers seven sectoral impacts,
and each impact is associated with a specific damage
function. In addition to agriculture and sea-level rise,
the following impacts are taken into account:

e Water availability. This is a second source of variation
for agricultural productivity, which is assumed to
depend on estimated changes in runoff. According
to current parameter values, an increase of 1°C in
temperature would reduce agricultural productivity
in the Caribbean by 0.21% because of lower
water availability.

e Tourism. Changes in temperature are associated
with changes in net receipts from foreign tourists,
corresponding to foreign income transfers in
the cGE model. A 1°C increase in temperature
would reduce tourism receipts by US$ 8.6 billion
in Central America, US$ 10 million in Belize,
US$ 5.5 billion in the Caribbean and US$ 204
million in Suriname and Guyana, but would
increase tourism receipts by US$ 26.8 billion in
South America.
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FIGURE 3

Latin America and the Caribbean (selected countries and subregions):
five damage functions (sea-level rise)

-—-— Central America —— Belize

Source: prepared by the author.

*  Energy demand. This refers to changes in energy
consumption by households, considering both cooling
and heating needs. In the CGE model, any variation
in energy consumption is accommodated through
changes in all other expenses, so that the budget
constraint for each household in each country holds.
A 1°C increase in temperature would increase energy
consumption by 0.21% in Belize and 0.24% in the
Caribbean. It would reduce energy consumption
by 0.23% in Central America, 0.25% in Suriname
and Guyana and 0.02% in South America.

*  Human health: additional cases (mortality and
morbidity) of cold-related, heat-related and
vector-borne diseases are translated into labour
productivity changes in each region. A 1°C increase
in temperature would reduce labour productivity
by 0.58% in Central America, 0.57% in Belize,
0.13% in the Caribbean and 0.11% in Suriname
and Guyana and the rest of South America.

*  On-the-job productivity: this refers to labour
productivity in open-air activities, which may be
directly dependent on temperature and humidity. A
1°C increase in temperature would reduce (average)
labour productivity by 0.43% in all five regions,
except South America, where it would fall by 0.38%.

The Caribbean —— Suriname and Guyana

AT

South America

All figures are indicative and should be treated with
caution. The parameters of the damage functions can be
changed whenever more reliable information becomes
available. At present, parameter values are estimated
on the basis of a wide range of sectoral studies, and
correspond to values used in the ENVISAGE integrated
assessment model (Roson and Van der Mensbrugghe,
2012) developed at the World Bank.

Most of the sectoral studies used for this purpose
make no explicit reference to the Caribbean or other
tropical regions. For example, the parameters of the
damage functions for agricultural productivity (figure 2)
are obtained by weighted averaging of some crop
response functions. Three crops have been considered:
wheat, rice and maize. Although these are the three most
widely grown crops in the world, they are certainly not
representative of tropical agriculture. It is hoped that
better data and more reliable parameter estimates will
be made available in future versions of ECLAC-CIAM.

3. The core CGE model
The core of ECLAC-CIAM is a standard GTAP computable

general equilibrium (cGE) model. This is a large
macroeconomic model that includes thousands of
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equations grouped into 213 categories. A complete
formal description of the model is beyond the scope of
this paper, but it can be easily found in Hertel and Tsigas
(1997). The cGE model, which is not specifically designed
for climate change analysis, provides a representation
of the world economy and its interdependencies across
regions, industries and markets.

Most parameters in the CGE model are calibrated.
This means that their values are set in such a way that
the model baseline replicates observed statistical data,
such as consumption levels and trade patterns. Simulation
exercises are performed by varying exogenous variables
(e.g., tax rates, productivity factors and factor endowments)
and by computing a counterfactual general equilibrium
for the world economy in which product and primary
factor markets alike invariably balance each other out.
Therefore, a CGE model is primarily designed to study
structural adjustment processes triggered by changes
in some parameters rather than to forecast future
economic scenarios.

Production in each regional industry is carried out by
employing intermediate and primary factors. Intermediate
factors are produced by other industries, domestic or
foreign. The role of each factor in the production process
is determined when the model is calibrated, i.e., when
parameter values are set in accordance with observed
industrial cost structures. Demand for production factors
may change in simulation exercises because of variations
in production levels and relative prices. Expensive
factors are (partially) substituted by less expensive
ones, on the basis of the assumed industrial production
functions and “elasticity of substitution” parameters
(determining how sensitive factor patterns may be to
relative prices).

Because regional industries are large heterogeneous
aggregates, goods produced in the same industry but in
different regions are treated as distinct goods. Intermediate
and final demand for any product is split within a nesting
structure: first, relative prices determine how much is
imported and how high domestic demand is; second,
imports are allocated between different foreign sources,
again on the basis of relative prices and elasticities of
substitution (which may vary by region and sector). The
prices of imported goods include international transport
and trade margins, tariffs and non-tariff trade barriers.

In equilibrium, production volumes in each regional
industry must match total demand, encompassing
intermediate demand from other domestic and foreign
industries, domestic and foreign household consumption,
public expenditure, and domestic and foreign demand
for (physical) investment. Equilibrium conditions are

achieved by setting appropriate product and primary
factor prices.

Primary resource endowments are normally
given, although it is possible to change the partition
between endogenous and exogenous variables in the
model. Primary factors are internationally immobile
but fully or partially mobile between industries in the
domestic economy. In equilibrium, factor endowments
must match the demand generated by the various
domestic industries.

National income is the value of all domestically
owned primary resources. This includes wages,
capital returns, land and resource rents, and tax
revenue. National income is allocated between private
household consumption, public expenditure and savings.
Consumption patterns are determined on the basis
of utility function maximization subject to a budget
constraint. Therefore, final consumption demand is
sensitive to relative prices.

Regional savings are hypothetically pooled by a
virtual international bank, which then distributes them
to regional investments on the basis of expected future
returns (linked to current returns). Therefore, regional
savings and investments do not necessarily match.
National accounting identities imply that any excess
saving mirrors a foreign trade surplus, and vice versa.
However, equilibrium conditions require the balance
of payments, possibly including foreign transfers and
remittances, to be zero. This condition is satisfied by
adjusting international exchange rates.

When the model is calibrated, parameter values
are set so that it endogenously computes production,
consumption and investment levels in a way that is fully
consistent with national accounts statistics. Counterfactual
equilibria are obtained by changing the calibration values
for exogenous parameters and variables.

This is exactly what happens when a simulation
exercise is run with ECLAC-C1aM. Climate change damage
functions are first used to estimate how variations in
climate conditions (changes in the average surface
temperature) affect a number of exogenous variables
in the cGE model, such as labour productivity, total
agricultural productivity, land and capital endowments,
and so on. All changes in exogenous variables are
simultaneously inserted into the CGE model, which is
then used to compute consistent levels for variables
such as relative prices, income and utility levels,
investments, international trade patterns, production
volumes, tax revenues, and so on. This rich array
of results provides a global picture of the economic
consequences of climate change.
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4. Downscaling

Although the output of a CGE simulation may be quite
sizeable, it may not provide results at the desired level
of detail in some circumstances. For example, it would
be interesting to know the effects of climate change on
individual States within the Caribbean aggregate region.
This is not directly possible, because calibration of the
CGE model requires very detailed national accounting
data, which are not available for individual States in
the Caribbean.

Nonetheless, some results may be indirectly obtained
through the application of microsimulation techniques.
In ECLAC-C1AM, microsimulation techniques are used to
obtain indirect estimates of changes in real income, i.e.,
gross domestic product (GDP), for the following small
island States of the Caribbean that have been selected
for analysis:

e Antigua and Barbuda

e Barbados

*  Bermuda

e Caribbean small island States
e Cuba

e Dominica

e Dominican Republic

e Grenada

e Jamaica

e Saint Kitts and Nevis

e Saint Lucia

e Saint Vincent and the Grenadines
e Trinidad and Tobago

This is made possible by the fact that GDP is
just the sum of the value added produced by all
industries in a country. The cGE model provides, in
addition to estimates of GDP (real and nominal) for
all subregions in the set, estimates of changes in
industrial value added for all subregions, including the
Caribbean. From the World Development Indicators
(wbI1) database of the World Bank, meanwhile, it
is possible to obtain the sectoral composition of
national income for all the above countries and for
the six industries of the CGE model. A reasonable
approximation to the change in national income
can therefore be obtained by calculating a weighted
average of changes in industrial value added, where the
weights are given by sectoral shares of national GDP.
This operation is performed by the output module of
ECLAC-CIAM.

5. Data requirements

Deployment of ECLAC-CIAM requires data to implement
the CGE model, together with information to estimate
parameters for the damage functions and to conduct
the post-processing analysis. Parameters for damage
functions have been obtained from a number of different
studies covering various climate change impacts. The
downscaling procedure is based on data for the value
added composition of national GDP in the Caribbean States.

Many of the parameters of the core CGE models
are calibrated, although elasticities of substitution are
an exception, as they are taken from the literature or
from conventional reference values. Calibrating a CGE
model entails a choice of parameter values such that the
model endogenously computes trade flows, consumption
and production volumes that are fully consistent with
available input-output or social accounting matrices. The
calibration process may be long and cumbersome (and
dependent on data availability), but global, standardized
data resources are now available, which makes matters
much easier. ECLAC-CIAM has been calibrated using the
GTAP 8 Data Base.

Since 1992, the Global Trade Analysis Project
(GTap) consortium, headed by Purdue University in
the United States, has been collecting national accounts
with a view to building and maintaining a global social
accounting matrix (SAM) database. The GTap 8 Data Base
is the eighth major public release of the GTap Data Base
since the project began. A Grap Data Base is created
on the basis of domestic databases or input-output (I-O)
tables, which are combined with international datasets
on macroeconomic aggregates, bilateral trade, energy,
agricultural input-output and trade protection for the
new reference years. Interim releases of the database
are constructed as significant updated datasets become
available. Improvements are also made in data sourcing,
scope and construction procedures. In GTAP 8, the data
come from a variety of sources, including the World
Bank, national statistical agencies, the International Trade
Centre (1Tc)/Centre for International Prospective Studies
and Information (CepIr), the United Nations Commodity
Trade Statistics Database (COMTRADE), the International
Energy Agency (IEA), the Organization for International
Co-operation and Development (OECD) and many others,
and are reconciled within a consistent framework. The
whole process of construction is quite complex and is
fully documented at www.gtap.org.
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IV

An illustrative simulation exercise

To illustrate how EcLAC-c1AM works and what kind of

results it can produce, this section presents an example

of a simulation exercise.! Let us consider IPCC SRES
scenario A2 for the year 2050, which involves an average

temperature increase of 1.2°C relative to the year 2000.

The damage functions express this scenario in terms of

changes in economic variables, namely:

*  Anincrease in land productivity of 3.38% in Central
America, 1.03% in Belize, 0.68% in the Caribbean,
0.41% in Suriname and Guyana and 4.64% in
South America.

* A decrease in capital stock of 0.25% in Central
America, 0.40% in Belize, 2.69% in the Caribbean,
0.22% in Suriname and Guyana and 0.08% in
South America.

* A decrease in labour productivity of 1.10% in
Central America, 1.20% in Belize, 0.67% in the

I This exercise can be easily replicated by interested readers.

TABLE 1

Caribbean, 0.64% in Suriname and Guyana and
0.58% in South America.

¢ Adecrease in demand for tourism services of 1.38%
in Central America, 1.43% in Belize, 3.34% in the
Caribbean and 7.52% in Suriname and Guyana,
and an increase of 2.22% in South America.

e Adecrease in energy production of 0.05% in Belize,
Suriname and Guyana, 0.06% in the Caribbean and
Central America and 0.04% in South America.
These (like the corresponding values for all other

regions) constitute exogenous shocks for the general

equilibrium model. Once the cGE model has been run,
estimates for several economic variables become available.

For example, table 1 reports the estimated changes in

production volumes in the agriculture, energy, light

manufacturing, heavy manufacturing, market services
and non-market services sectors in three subregions
and three countries of Latin America and the Caribbean

(results are available for all regions and industries in the

model, however).

Latin America and the Caribbean (selected countries and subregions):
variations in industrial production volumes

(Percentages)
Central America Belize The Caribbean Suriname and Guyana South America
Agriculture -0.13 -1.83 0.39 -0.6 -1.84
Energy 1.21 0.09 4.1 0.79 -2.75
Light manufacturing 0.61 0.26 2.0 3.29 -1.24
Heavy manufacturing 1.72 -0.27 3.71 6.57 -2.51
Market services -1.64 -1.38 -4.22 -7.33 1.67
Non-market services -0.95 -1.1 -1.82 -0.99 -0.69

Source: prepared by the author.

It should be noted that the exogenous change in
land productivity does not match the estimated change in
agricultural production by volume. A similar reasoning
applies to energy production and market services.
This is because the model accounts for changes in
relative competitiveness and in the terms of trade. In
the Caribbean, for example, falling demand for market
services (a consequence of the reduced attractiveness
of Caribbean tourist destinations) leads to lower
production volumes in agriculture (a supplier to the
tourism industry). It also implies a real devaluation

of the local currency, lowering production costs and
fostering international competitiveness in the energy and
manufacturing sectors.

Table 2 shows percentage changes in household
consumption levels by industry. Lower consumption
levels indicate reduced well-being. Changes in relative
prices also result in shifting consumption patterns.

Simulation results show that climate change effects
might bring about a quite sizable reduction in consumption
levels, especially in the Caribbean. ECLAC-CIAM can also
provide a more detailed welfare analysis, for instance by
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TABLE 2

Latin America and the Caribbean (selected countries and subregions):

variations in household consumption volumes

(Percentages)

Central America Belize The Caribbean Suriname and Guyana South America

Agriculture 0.21 -0.23 -1.1 -0.64 0.6
Energy -0.87 -1.55 -4.12 -1.95 0.17
Light manufacturing -0.38 -1.16 -2.55 -1.29 0.22
Heavy manufacturing -0.89 -1.8 -4.13 -2.16 -0.05
Market services -0.72 -1.71 -3.37 -1.91 -0.26
Non-market services -0.86 -1.91 -3.05 -1.77 -0.35

Source: prepared by the author.

computing the “equivalent variation” (Ev) for each region,
which is a money-metric index of welfare impacts. The
EV is the change in income that would have produced
the same variation in utility levels, at constant prices.
The finding is that climate change by the year 2050 will
generate economic consequences equivalent to a loss
of about US$ 7.5 billion a year in Central America. EV
losses for the other subregions and reference countries
are: US$ 17 million in Belize, US$ 6.7 billion in the
Caribbean, US$ 84 million in Suriname and Guyana
and US$ 4.2 billion in South America.

Clearly, the magnitude of the loss depends on
the size of the regional economy. To better appreciate
the effects on welfare, table 3 displays the Ev relative
to national income, which amounts to the percentage
change in real GDP. In addition to results for the aggregate

TABLE 3

subregions and countries, we present the estimated
variation for individual countries within the Caribbean,
obtained from the output module of ECLAC-CIAM, as
well as other estimates, whose meaning is explained in
what follows.

The “Overall” column shows the estimated change
in regional GDP. We can see that the impact on Caribbean
GDP is quite large: by 2050, because of climate change,
national income is forecast to be about 3% lower than its
hypothetical level in the absence of climate change. The
corresponding results for Belize, Guyana and Suriname
are also quite significant, whereas the impact on Central
and South America is significantly smaller.

The “Upper” and “Lower” columns refer to
a sensitivity analysis on the simulation results. In
this example, we informed the model software that

Latin America and the Caribbean (selected countries and subregions):
variations in real national income

(Percentages)
Overall Lower Upper Land Labour Capital Tourism
Central America -0.73 -0.84 -0.63 0.03 -0.43 -0.18 -0.16
Belize -1.46 -1.69 -1.24 -0.33 -0.75 -0.17 -0.22
The Caribbean -2.92 -3.47 -2.37 0.04 -0.43 -1.49 -1.05
Antigua and Barbuda -3.20 -3.72 -2.74 -0.09 -0.43 -1.51 -1.24
Barbados -3.11 -3.64 -2.61 -0.06 -0.43 -1.50 -1.18
Bermuda -3.76 -4.17 -3.51 -0.11 -0.46 -1.54 -1.55
Caribbean small island States -2.71 -3.31 -2.06 -0.03 -0.42 -1.48 -0.96
Cuba -3.22 -3.71 -2.77 0.03 -0.44 -1.51 -1.21
Dominica -3.20 -3.67 -2.80 0.25 -0.45 -1.50 -1.13
Dominican Republic -2.68 -3.28 -2.04 0.05 -0.42 -1.48 -0.92
Grenada -3.15 -3.66 -2.67 -0.02 -0.43 -1.51 -1.19
Jamaica -2.97 -3.52 -2.43 0.01 -0.43 -1.49 -1.09
Saint Kitts and Nevis -3.17 -3.69 -2.68 -0.10 -0.43 -1.51 -1.23
Saint Lucia -3.29 -3.78 -2.87 -0.04 -0.44 -1.51 -1.27
Saint Vincent and the Grenadines -3.14 -3.65 -2.67 0.05 -0.44 -1.50 -1.16
Trinidad and Tobago -1.61 -2.45 -0.52 -0.17 -0.37 -1.42 -0.42
Suriname and Guyana -1.66 -2.05 -1.27 -0.08 -0.40 -0.12 -1.06
South America -0.19 -0.30 -0.08 -0.01 -0.36 -0.04 0.22

Source: prepared by the author.
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uncertainty existed about the correct values for some
shocked parameters. More specifically, we assumed
that changes in labour productivity and demand for
market services could take any value in the range
+/-50% of the baseline estimate. In other words, we
replaced a single value for the variation in specific
parameters with a (rectangular) probability distribution.
The model could then infer the probability distribution
of output variables associated with the distribution
of input shocks. This was obtained by running the
simulation several times with alternative input values,
using Stroud’s statistical quadrature technique (Stroud,
1957; DeVuyst and Preckel, 1997). Consequently,
information is produced not only about central values
for all output variables, but also about other statistical
moments, like the standard deviation. In table 3, the
“Lower” column shows the estimated change in real
GDP minus its estimated standard variation, whereas in
the “Upper” column the standard variation is added.

v

Conclusions

ECLAC-CIAM is a modelling platform which has been
produced to assess the economic consequences of climate
change in the Caribbean. The model is aimed at filling
a knowledge gap by making it possible to produce a
quantitative assessment of the economic effects of
climate change.

It is clear that the model can be improved in several
different ways: better quality of economic data, more
reliable estimates of the direct physical effects of climate
change, improved climate scenarios, finer industrial and
regional disaggregation, etc.

Nonetheless, the current version of ECLAC-CIAM,
which can be freely accessed, downloaded and even
modified, is already a fully working, state-of-the-art
model. As such, it can be readily used to conduct
simulation exercises like the one presented in this paper.
From this simple illustrative simulation, a number of
key findings can be obtained. Our results confirm that
the Caribbean is a highly vulnerable region in which
climate change is expected to generate sizeable and
negative economic consequences. Sea-level rise, bringing

Therefore, the two values represent the bounds of
a likelihood interval for the estimated change in
regional GDP.

The remaining four columns on the right present
results for some other simulation exercises in which
only one class of climate change effects is taken into
account at a time. In the “Labour” column, for example,
estimates of variations in real GDP are obtained by
varying only labour productivity parameters, while
keeping all other parameters (e.g., land productivity)
unchanged. In this way, it is possible to single out the
contribution of a specific climate change effect to the
overall result. We can see that variations in labour
productivity are indeed the most important economic
effect of climate change in Belize and Central and
South America. Losses of capital stock associated
with sea-level rise are the most important impact in
the Caribbean, whereas a drop in tourism demand is
the most important factor in Suriname and Guyana.

about losses of land and capital infrastructure stocks,
and a decline in the tourism industry are the two most
significant factors. These results can inform mitigation
and adaptation policies at both the regional and the
international level.

The model is very flexible and other simulation
exercises could easily be designed, with changes to the
time horizon, climate scenario or sectoral impacts, for
example. All other exogenous parameters in the CGE
model can be modified as well, which is especially
helpful when it comes to exploring the interactions
between climate and other policies (e.g., fiscal reforms,
trade liberalization, productivity growth).

It is also possible to “swap” endogenous and
exogenous variables in the model. For example, in
the standard closure the model computes equilibrium
wages to ensure full employment of the given labour
stock. If, instead, (actual) wages are specified ex ante,
labour demand may become endogenous. The difference
between the total labour supply and estimated demand
is readily interpreted as involuntary unemployment.
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ABSTRACT

This article presents the main results of the Programme for International Student
Assessment (PISA) for Costa Rica in 2009 and then goes on to analyse the gap
between the scores of students attending private schools and those attending public
schools. However, the estimation of an education production function using these
data shows that this gap is not entirely attributable to whether schools are public
or private, but that instead the students’ family environment, personal traits and, in
particular, the student’s grade level at the time that the PISA test was taken are all
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I

Introduction

For the first time ever, Costa Rica took part in the
Programme for International Student Assessment
(p1sA) in 2010 under the pisa 2009 pLUS Project, which
administered the test to a sample of Costa Rican 15-year-
olds from various schools in the country. In December
2011, the test results were published. The results showed
that Costa Rica had the second-highest score in Latin
America in reading and sciences and the fifth-highest
in mathematics, although it still ranked far below the
member countries of the Organization for Economic
Cooperation and Development (OECD).

Apart from the overall results, the data obtained
from the PISA assessment, together with the information
supplied by the questionnaires to which students and
school administrators responded, provide some idea
of the quality of the Costa Rican educational system
and provide an opportunity for gauging not only
how well or poorly its system measures up against
those of other countries, but also for determining
what kinds of educational differences exist within
Costa Rica itself.

While it is true that the gap in scores separating
Costa Rica from developed countries is quite wide and

[ The authors are grateful to Ronulfo Jiménez Rodriguez, Professor
of Economics at the University of Costa Rica, for his comments and
insights regarding the pisa results and to Pablo Zoido, a pisa Analyst,
for the guidance he provided regarding the processing of the data.
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merits a more detailed examination, an analysis of the
educational gaps existing within a country can yield
more relevant findings for the formulation of educational
policies designed to narrow the quality gap and offer
the same educational opportunities to all young people
in that country.

The objective of this article is to undertake a detailed
analysis of young Costa Ricans’ performance on the 2009
PISA test, the main factors influencing that performance
and the differences between the scholastic achievement
levels of students in public and private schools.

Following this introduction, section II offers an
overview of the educational system in Costa Rica.
Section III provides an explanation of what the PISA
assessment entails and details the scores obtained by
Costa Rican students on that test. Since this was the first
time that these data have been compiled, and the results
of the assessment have not been widely publicized, a
comparison of the overall results for Costa Rica with
those of other countries in the region is presented in
section IV.

In section V, we construct an education production
function for use in analysing the determinants of students’
performance on the PISA test. In section VI, we present the
results obtained at the national level and then use Fields’
decomposition technique to analyse the determinants of
students’ performance differentials. Our findings are
presented in section VII.

Education in Costa Rica

1. The Costa Rican education system

In Costa Rica, the school system is divided into preschool,
a basic general education (primary and lower-secondary)
level, upper-secondary school and higher education.
Preschool and the basic general education level are
both compulsory, and they, as well as upper-secondary
school, are free and are funded by the State.

The basic general education level is composed of
three compulsory cycles. Cycle I (first, second and third

grades) and cycle II (fourth, fifth and sixth grades) are
included in primary school. Upon completion of cycle
I1, students receive a primary school diploma. Cycle III
(seventh, eighth and ninth grades) is the last compulsory
cycle. A secondary education is composed of cycle III
and cycle I'V (known as “diversified education”). Cycle
IV lasts from two to three years and is subdivided into
three streams: the academic stream and the arts stream
each take two years (tenth and eleventh grades) to
complete, while the technical stream (which is given
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in vocational schools) is three years in length (tenth,
eleventh and twelfth grades). Students in this last stream
can choose to specialize in industrial, commercial or
agricultural courses. Students complete the academic
stream upon successfully sitting the final baccalaureate
examination, whereupon they earn a secondary school
diploma. Students in the arts and technical streams can
also earn a secondary school diploma if they pass the
final baccalaureate examination. Students in the technical
stream are awarded a technical school diploma upon
their successful completion of their studies.!

2. Costa Rica and international assessments

The pIsA test is not the first international assessment in
which Costa Rica has participated. Third- and fourth-
grade Costa Rican students took part in the Latin
American Laboratory for Assessment of the Quality of
Education (LLECE), which was administered by what
is now the UNEsco Regional Bureau for Education in
Latin America and the Caribbean in 1997, and third-
and sixth-graders took part in the Second Regional
Comparative and Explanatory Study (SERCE) between
2004 and 2008.

I Tn addition to traditional schools, there are a number of other

programmes that are open to young people and adults who, for
whatever reason, were unable to follow a formal course of study.
These mechanisms include night schools and special programmes
such as remedial primary and secondary school courses for adults,
distance learning programmes, open classrooms, the New Opportunities
Programme and the Comprehensive Education Centre for Young People
and Adults (CINDEA).

111

In the first assessment, the results for Costa Rica
were not included in the score reports or in the statistical
parameters for the various studies that were prepared
because the data which the country provided did not
meet the required technical standards of LLECE. In the
second assessment, Costa Rica was one of the highest-
ranking countries in the region (students in 16 countries
were evaluated), with its third- and sixth-grade students
scoring in third place in mathematics and in second place
in reading (UNEscO, 2008).

3. Studies on the quality of education in Costa Rica

The first effort to estimate the effect of different factors
on scholastic achievement in Costa Rica dates back to
1980 (Diaz and Jiménez, 1980). Based on their estimate
of an education production function using data at the
cantonal level, the authors of that study concluded that
both school inputs and socioeconomic factors influence
scholastic achievement. Moreira (2009) has analysed
how various factors influenced the scores obtained on
the national baccalaureate mathematics test in 2004
by eleventh-grade students attending academic day
schools. Using a multilevel analysis, the author finds that
endogenous factors such as students’ academic records
and, more specifically, the fact that students have or have
not repeated a grade and the educational level of their
parents, correlate with their scores.

No studies that have drawn on the databases of
international assessments for Costa Rica have been
conducted, however, and this research effort is therefore
one of the first to contribute to the debate concerning
educational quality and inequality.

The Programme for International Student

Assessment (PISA)

1. What is PISA?

The Programme for International Student Assessment
(p1sA) is a joint initiative of the OECD member countries
aimed at measuring how prepared 15-year-old students
(who are about to complete their compulsory education)
are to cope with the challenges involved in living in
today’s society.

The assessment is forward-looking: rather than trying
to measure specific areas of knowledge based on each
school’s curricula or programmes of study, it focuses
on evaluating students’ ability to use their knowledge
and skills to meet life challenges.

PISA surveys and assessments are conducted every
three years. They all measure skills and knowledge in
the areas of reading, sciences and mathematics, but each
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time emphasis is placed on one of these three subject
domains, with nearly 60% of the assessment being
devoted to that subject. The first assessment, in 2000,
focused on reading; the second, in 2003, concentrated
on mathematics; and the third, in 2006, placed greater
weight on the sciences. These three tests made up the
first full cycle of PISA assessments.

The second cycle of assessment tests started off in
2009; the focus of this round was on reading. This was
the first time that Costa Rica had taken part in PISA. The
last test was conducted in 2012.

In addition to using a written test to measure
students’ abilities and knowledge, pisa also sends out
questionnaires to students and school administrators in
order to gather information that it can then use to analyse
the test results and place them in their proper context.

2. The PISA 2009 results: Costa Rica’s ranking

Originally, 64 countries (9 of them in Latin America)
participated in the 2009 assessment. In 2010, another
10 countries took part in the pisa 2009 pLUS project;
students in these countries took the same tests that their
counterparts had in 2009. Costa Rica was the only Latin
American country to join the pIsA 2009 pLUS project.

The values attached to the students’ performance
on the test are called “plausible values™ and are regarded
as continuous latent variables, which means that they
are dealt with as measureable quantities for which no
measuring instrument exists:2 in the PISA assessment,
the items are not evaluated as specific scores but
instead using comparative scales. In order to facilitate
the interpretation of the students’ scores, the scales for
reading, mathematics and science have been designed
so that the average score will be 500 points for OECD
member countries, with a standard deviation of 100
points. This means that two thirds of students in OECD
member countries obtain between 400 and 600 points
(oECD, 2009, p. 136).

2 In this type of educational assessment, which is based on the
Rasch statistical model, students do not earn additional points for
each correct answer; instead, points are awarded on the basis of the
type of answer given. The Rasch model is used to create scales for
measuring the possible answers that students might give based on the
level of difficulty of the question or item.

In the reading assessment, the Latin American
countries were all in the bottom half of the ranking,
with all of them obtaining average scores below the
mean for OECD member countries (see table A.1 of the
annex). Chile had the highest ranking among the Latin
American countries, with 449 points, followed by Costa
Rica with 443 points.

In the mathematics assessment, Uruguay was the
highest-ranking Latin American country, with 427 points.
Costa Rica, with just 409 points, ranked fifth among
the Latin American countries and 55th overall; this was
its lowest ranking of all. In science, the situation was
similar to the results for the reading assessment: Chile
was in first place, with 447 points, and Costa Rica was
in second with 430 points.

— Proficiency scales

In addition to reporting the students’ overall
score, the PISA assessment also provides information
on competencies by placing students on a scale that
describes what they know and what they can do.

These scales are called “proficiency scales” rather
than “performance scales” or “achievement scales’ because
they provide information on what the students know and
what they can do at certain levels rather than on how they
performed on the (one-time) assessment. This approach
is used because the objective of the PISA assessment is
to gauge students’ overall level of competence rather
than their performance on a specific test.

pIsA defines seven levels of reading proficiency,
ranging from level 1b (ability to perform elementary
tasks that require very basic reading skills) to level 6,
which involves sophisticated tasks that can generally be
completed only by highly proficient readers. The pisa
programme classifies level 2 as the baseline level of
competency at which students are beginning to exhibit
reading skills that will enable them to play an effective
role in real-life situations.

In Chile and Costa Rica, nearly one third of the
students display levels of proficiency that are below the
baseline (level 2), and that another third are at that level.
This means that one out of every three students does
not have the basic cognitive tools in the area of reading
needed to cope with future life challenges and another
third has just barely reached that skill level.
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IV

Analysis of the PISA results for Costa Rica

1. Construction of the sample used in the
PISA assessment

The pIsA sample is drawn from a target population of
students ranging from 15 years and three months to 16
years and two months of age who attend established
schools and are in seventh grade or above. For the sake
of convenience, reference will be made to this target
population as being made up of 15-year-old students.

The sample for education studies is generally
not based on a simple random sampling of the target
population. Instead, the sample is constructed in two
stages. In the first stage, a sample of schools is selected
from a complete list of all the schools attended by
the target population of students. For the PIsA test, all
the schools have a probability of being selected that
is proportional to their size. In addition, a standard
minimum participation rate at the school level of 85%
is used in order to reduce the non-response bias. In the
case of Costa Rica, the effective school participation
rate was 99.43%.

In the second stage, the sample of students in
the selected schools is chosen at random. PISA studies
indicate that a minimum of 35 students of 15 years of
age are chosen in each participating school. In Costa
Rica, 4,578 students were assessed, which amounts to
a participation rate at the student level of 94.45% (the
minimum standard established by pisa is 80%).

Selected data concerning this sample group of
students are provided in table A.2 of the annex. In this
and all other tables included in this article, the standard
deviation is given in brackets.*

3 The coverage index for the population of 15-year-olds was 0.53
points. This is a limitation shared by studies that use these databases,
since they exclude the population of 15-year-olds who are not attending
established schools, who have dropped out, who never attended school
or who were otherwise excluded from the education system. This could
generate a selection bias. This study is therefore representative only of
students attending established rural or urban academic or vocational
day schools.

4 All the averages cited in this article are weighted averages computed
using the final student weightings (W_FSTUWT) of the pisA databases.
In order to calculate the standard deviation, the balanced repeated
replication (BRR) method recommended by pisa was employed with
80 other replicates (W_FSTR1, W_FSTR2...,W_FSTR80) as specified
in chapters 7 and 8 of the PISA Data Analysis Manual (OECD, 2009).

In all, 53% of the students who were assessed were
female, and 85% of the students were enrolled in public
schools. Although the usual grade level of a 15-year-old
in Costa Rica is ninth grade, students in almost all grade
levels were assessed, although the great majority were
in the ninth or tenth grades (75%). Most of the students
who were in seventh grade were there because they had
had to repeat one or more grades.

2. Analysis of education gaps

Various types of gaps in education may exist. Some
of the most common are gender gaps, gaps that can be
categorized on the basis of the area or sector in which
a school is located and gaps between different types
of schools.

Table 1 outlines the PIsA test performance
differentials, disaggregated by gender and by type of
school, for each of the knowledge domains that were
assessed. Differentials corresponding to school locations
are not provided because the PISA programme does not
compile information on students’ area of residence.

— Gender gaps

In the 2009 assessment, females outperformed males
on the reading test in all of the participating countries.
As shown in table 1, the gender gap in reading skills in
Costa Rica amounts to 14 points. Costa Rica is one of
the countries in which this gap is the narrowest, however.

In contrast, males outperformed females in
mathematics and science, with women scoring, on
average, 26 points below males in mathematics and
17 points below them in science.

— Gaps by type of school

The widest gaps appear when students’ scores are
disaggregated by the type of school that they attend. In
all three domains, students attending private schools
outperformed, on average, those attending public schools.
In reading, the differential was 86 points; in mathematics,
it was 79 points; and, in science, it was 84 points.

Only 5%, 16% and 8% of the students attending
private schools scored below the baseline proficiency
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TABLE 1
Costa Rica: average scores on the 2009 PISA test and education gaps, by domain
Reading Mathematics Science
Category
Score Gap Score Gap Score Gap
General 443 409 430
(3.2) (3.0) (2.8)
Gender
Female 449 14 397 -26 423 -17
(3.0 3.1 (2.8)
Male 435 (2.3) 423 (2.1) 440 2.4)
3.7) (3.4) (3.3)
Type of school
Public 429 -87 397 -79 418 -84
(3.1) (2.8) 2.7
Private 516 (6.5) 476 (6.3) 502 (6.2)
(5.7 (5.8) (5.7)

Source: prepared by the authors on the basis of the 2009 pisa assessment database.

Note: the standard deviation is shown in brackets.

levels for reading, mathematics and science, respectively,
whereas the corresponding percentages for public-school
students were 38% in reading, 61% in mathematics and
45% in science.

Thus, 73% of private-school student scored in one
of the top four proficiency levels for reading (versus
25% of public-school students), 50% of private-school
students did so for mathematics (versus 11% of public-
school students) and 61% of private-school students did
so for science (versus 16% of public-school students).

3. Public-school/private-school differentials

The survey form includes questions about the presence
in the home of certain items that may facilitate learning.
For example, respondents are asked whether the
students have a room of their own or a desk where they
can study. In both cases, nearly 90% of private-school
students had these two items, where the figure was
below 70% for public-school students (see table A.3 of
the annex).

Another factor identified in the literature as
influencing scholastic achievement is access to information
and communications technologies (1CTs). In this case,
the gap between public- and private-school students is
even wider: nearly 100% of Costa Rican students who
attend private schools have computers that they can use
for their studies, and 91% have Internet connections in
their homes, whereas just slightly more than half of their

counterparts who attend public schools have computers
(56%), and less than one third of them (31%) have
Internet hook-ups in their homes.

An analysis of the employment status of the students’
parents indicates that more of the fathers of private-school
students are employed full-time (83%, compared to 70%
of the fathers of public-schools students); the same is
true of their mothers (45% versus 25%). In addition,
more of the mothers of public-school students do not
work outside the home (62% versus 41% of the mothers
of private-school students) (see table A.4 of the annex).

The percentage of fathers of private-school students
who have no more than a primary education is around
12%, whereas the percentage of fathers of public-school
students in that category is over 50%, and 13% of that
group has not completed any level of education at all.
At the other end of the spectrum, approximately 15%
of the fathers of public-school students have at least
some higher education, whereas this figure is about
60% in the case of parents who send their children to
private schools.

Two of the factors that differ the most between
public and private schools are the percentage of teachers
who have a postgraduate degree of some sort (37% in
public schools versus 50% for private schools) and the
availability of computers in the schools; in public schools,
there is an average of 1 computer for every 5 students
of 15 years of age, whereas, in private schools, the ratio
is 4 computers for every 5 students in that age group.
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v

The education production function

1. Basic considerations

The education production function (EPF) is the tool that
most researchers use to measure the quality of education
and its determinants. Todd and Wolpin (2003) outline a
number of fundamental considerations relating to this
function that will be summarized here.

Theories about the quality of education and its
determinants are based on an analogy between the process
by which human beings acquire knowledge and skills and
the production process of a business, and they therefore
focus on the mix of production factors or inputs that are
used in conjunction with a given production technology
to generate a product or output. In the case of education
production functions, these factors are used to produce a
given cognitive output which is then measured by means
of a given test or assessment.

In order to measure the quality of education using
an EPF, a range of information is needed on the factors to
which each individual has been exposed since birth that
could influence that individual’s cognitive achievement
at a given point in time. In other words, past and present
information on family- and school-related factors is
needed, as well as information on the individual’s initial
endowments, in order to evaluate the effects of those
factors on his or her cognitive performance.

The databases used to conduct EPF analyses usually
contain information on school- and family-related factors,
but only data provided by one-time measurements; in
addition, and especially in the case of family-related
factors, the information is contemporary, that is, data
on those factors at times prior to the assessment are not
available. This is why many studies that use EPF analyses
treat education-related factors at earlier stages of a person’s
life as unobservable values and make assumptions that
allow them to be disregarded or set aside.

2. General model

The general model used to analyse cognitive achievement
assumes that an individual’s performance, as measured
by a specific assessment at a given age, is the result of a
cumulative process of knowledge acquisition.

Let T;;, be the measurement of the performance

ija
of individual “/”, who lives in home *j”” and is “a”

[Tt
l

years old. Fy, is the vector of family-related factors
at a given age, and S;;, is the vector of school-related
factors. The vectors that represent the cumulative
data on each of the factors at age “a” are F;(a)
and Sij (). The individual’s initial endowment of
abilities or skills is represented by u;;o. Taking into
account the error measurement for the test results
(€4j4), the education production function is expressed
as follows:
T,:/'g =T, [Fij(a), S,:/'(a), Ujjos €,:,'a] (D
The empirical application of this method runs up
against two problems, however:

(i) the genetic endowment of an individual is not
measurable and is therefore an unobservable variable;
(i) the data on the various factors are incomplete,

either because a full range of data is unavailable

or because the data on certain factors are missing.

In order to deal with these problems, three
approaches for specifying the model, each based on
differing variants and assumptions, are discussed in the
literature on production functions (Todd and Wolpin,
2003, pp. F16, F27).

The specification used in this study is a contemporary
one based on the assumption that the ultimate assessment
of cognitive achievement as measured using a test or other
form of evaluation is related solely to the contemporary
status of family- and school-related factors.

Bearing this assumption in mind when the time
comes to analyse the results, the education production
function can be expressed using the following equation:

Tjo=T,(F, )

ija>

Sija) * €'ija

where €';;, is an additive error term. In this
specification, the error term includes all omitted factors
(the past history of such factors, the initial endowment
of capacities and the error measurement).

While it is true that this specification is subject to
certain limitations, this does not nullify the function’s
explanatory power inasmuch as, to date, very little
research has been done on the quality of education in
Costa Rica. It is therefore hoped that this study can offer
some practical guidelines for future research.
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3. Determinants of the quality of education

Studies that use education production functions usually
group all the different factors that could influence a
student’s learning process into three main categories:
family-related and student-specific factors; school-related
factors; and institutional and educational policy-related
factors. A description of some of these factors, based
on the compilation prepared by Vegas and Petrow
(2007), follows.

— Family-related and student-specific factors

These factors have to do with traits of students and
their families that are present before the students enter
the school system. The age at which students begin their
primary education and the preparation they receive before
they do so have come to be seen as highly influential
factors (Urzda and Veramendi, 2011).

Recent research has evaluated the effect that
a student’s interaction with peers has on his or her
performance (the peer effect).> Family-related factors and
the support given to a child in the home are usually the
most influential factors in terms of cognitive achievement,
however. A family’s socioeconomic status and household
income are the most commonly used proxy variables
for these factors.

These variables, in and of themselves, cannot fully
capture the unobservable dynamics that take place within
the household or what is really going on within its confines
in terms of parents’ involvement in their children’s
education and the support they provide. It is important
to attempt to avoid underestimating the influence exerted
by parents on their children’s achievements (Urztda and
Veramendi, 2011, p. 83).

— School-related factors

These factors have to do with schools’ endowments
and resources, which ultimately influence students’
achievement levels. They can be divided into two
categories: the characteristics of the schools, and the
characteristics of the teachers.

The variables that are most commonly used to
capture the effect of schools’ characteristics are the
number of books that they possess, their libraries, and
other types of infrastructure, such s study halls, the
size of classrooms and the equipment that they contain,

technological facilities, etc. However, some studies have
shown that the influence exerted by the availability of
ICTs on scholastic achievement is limited or virtually
nil (Cristia, Czerwonko and Garofalo, 2010; Cristia
and others, 2012).

Teachers, on the other hand, can have a strong
influence on their students’ performance, since they
are directly involved on an ongoing basis in their
students’ learning process. Teachers who do not have
the necessary skills or who use ineffective teaching
methods can therefore have a negative impact on their
students’ performance, and the opposite is equally true.

— Institutional factors and education policy

The organizational structure of a school system
has a significant impact on how and what students
learn. Institutional factors that can influence students’
performance include the distribution of decision-makers’
responsibilities in such areas as finance, expenditure and
staff movements (hiring and dismissal of teachers) and
how much independence schools have in the selection
of teaching methods.

Another institutional factor that has gained in
importance is the practise of tracking (i.e., the assignment
of students to different schools based on their academic
level).6 Tracking is not used in Costa Rica, however.

4. Literature on the education production function

The Coleman study (Coleman, 1966) was one of the first
explorations of this subject, and it still has a significant
influence on research dealing with academic achievement.
It suggests that differences in school-related factors have
very little to do with differences in achievement and that
family-related factors have a greater influence.

Other studies have reached much the same kinds
of conclusions. In his review of the studies that had
been conducted up to the mid-1980s, Hanushek (1986)
found that evidence of the effect which expenditure
per student or other school-related factors have on
educational achievement is extremely weak and that
this effect disappears altogether when differences in
family-related factors are taken into account. More
recently, Lee and Barro (2001), who analysed the
assessment of the results obtained on the third Trends
in International Mathematics and Science Study (TIMSS)
in a large number of countries, show that family-related

5 Epple and Romano (1998); Mizala and Romaguera (2002).

6 Hanushek and Woessmann (2005 and 2010).
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variables (income, parents’ level of education) exert a
strong effect on academic achievement. In a study for
the Economic Commission for Latin America and the
Caribbean (EcLAC), Formichella (2011) examined data
on Argentine students’ scores on the 2006 PISA test
and found that students who live in homes with a more
conducive learning environment and more education-
related resources do better in school.

Thus, in contrast to findings regarding the importance
of family-related factors, the evidence on how much
influence is exerted by school-related factors is mixed
and often inconclusive (Greenwald, Hedges and Laine,
1996; Kremer, 1995; Card and Krueger, 1996).

5. Fields’ decomposition technique

The literature on inequality, and especially on income
inequality, has traced the development of a range of
different decomposition methods (Shorrocks 1980,
1982 and 1984; Fields, 2003; Morduch and Sicular
2002). Inequality can be decomposed by subgroups,
income sources, causal factors and sociodemographic
characteristics; it can also be decomposed at different
levels of aggregation. Heshmati (2004) provides an
overview of the various methods. In this study, we have
opted for Fields’ decomposition technique.

This technique, which was developed by Gary S.
Fields (2003), is used to decompose the contribution of
each explanatory variable to the overall inequality of each
dependent variable. It is usually based on the Mincer
wage equation and applied in order to determine different
variables’ roles in accounting for income inequality. In
the case of students’ performance as measured by the
PISA test, the equation (3) is constructed as follows in
order to yield the Fields decomposition:

n n
Z_izl Cia " Xigj + €jg = zj:l Cia *Ziyy (3)

where: In(7,) is the natural logarithm of the
plausible value;

Xiqj are the variables j linked to person i at age a
(in years);

C,, are the coefficients for each variable; and

&;, 1s the portion of the variation in students’
performances that cannot be explained by the variation
among the variables included in the equation.

After applying the variance to each side of the
above equation and performing a few mathematical
calculations, we have:

Z,- Cov[C;Z,in(T))

o~ , 4)
Varln ( T) i

where each S; is the “relative weight of the factor
in the variation” and is given by:

C0v<C<Z ln(T))

iy

% Var(ln(T))

o)

The previous equation (5) can be interpreted as
the measurement of the proportion of the variance of
the logarithm of the plausible value that is explained
by each regressor variable j. It should be noted that, if
the Sj of the residual is excluded, then the sum of the
relative weights is exactly equal to the measure of the
goodness of fit of the regression (R2).

This equation can thus be used to estimate the relative
weight of each variable in the model in the explanation
of students’ cognitive performance.

6. Limitations of the model

Fields’ decomposition technique, like other parametric
decomposition techniques, has the disadvantage
of imposing a functional form upon the knowledge
acquisition process, whereas non-parametric or semi-
parametric approaches avoid doing so (although the
calculations may be extremely complex) (Contreras and
Gallegos, 2011, p. 29).

One limitation of the functional form used here
is that it does not incorporate a consideration of
the dependence of the observations in each group,
given the presence of a multi-level structure. A linear
model may not be the best way of measuring the
relationship between performance on the PIsA test and the
selected variables.

Nonetheless, the main reason why we have chosen
this decomposition technique is that we can use it to
quantify the effect of each of the regressors on inequality
in education, since it allows us to include dichotomous
variables that can then be used to decompose the isolated
effect of each explanatory variable.
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VI

The results at the national level

The students’ scores on the PIsA text were used as the
dependent variable.” The education production function
was estimated both for the entire model, which includes
all the students in the sample, and for two subsamples:
students attending public schools and students attending
private schools. Because of space limitations, only the
coefficients for the entire model are given in table A.5
of the annex.®

The first point that should be made clear is that 41%
of the differentials in students’ cognitive performances
is explained by the variables included in the model for
the reading test, which means that 59% correspond to
the equation’s error term and thus refer to variables that
are not in the model. The model’s fit for the mathematics
and science tests was 43% and 37%, respectively.

A number of variables proved not to be significant
in explaining differences in performance. These included
the higher occupational status of some parents, the
availability of an Internet connection in the home and
the number of computers available in the schools.

When Fields’ decomposition technique was applied
to the model that included all the students, the following
results were obtained (see table A.6 of the annex).

In all three domains, differences in the educational
achievements of the students who took the PIsA test
were mainly accounted for by family- and student-
related factors.

Although females scored higher than males on the
reading test, this cannot be attributed to their gender,
since the weight of the variable “female” in the education
production function for reading skills is less than 1%.
On the other hand, there does seem to be more evidence

7 The dependent variable corresponds to the natural logarithm of
the plausible value. For each domain, 405 weighted least squares
regressions were run using the weightings of the PISA programme
database. The regression was also estimated using the plausible value
as a dependent variable without applying the natural logarithm. This
made it possible to corroborate the fact that the model’s fit and the
significance of the variables did not change when the natural logarithm
was applied to the plausible value.

8 The full sample of 4,578 students was reduced to 4,351 observations
owing to data loss. (In all, 227 observations (5% of the total) were lost,
with most of this loss corresponding to family-related and personal
variables.) Some variables were not included in the final model in
order to avoid a greater loss of data.

that gender had an impact on the test results in the areas
of science and, in particular, mathematics (4.3%).

The model indicates that the grade level of the
student is the factor that has the greatest effect in terms
of differences in educational achievement. Table 2 shows
the average scores by grade level:

TABLE 2
Costa Rica: averages scores on the 2009
PISA test of 15-year-old students, by grade
level, 2009
Year Reading Mathematics Science
Seventh 344 (5.3) 330 (4.5) 346  (4.6)
Eighth 392 (4.1) 367 (3.5) 387 (3.5
Ninth 442 (2.6) 409 2.9 433 (2.7)
Tenth 483 (3.7) 443 (3.6) 462 (3.1)
Eleventh 498 (15.9) 453  (19.0) 487  (19.7)

Source: prepared by the authors on the basis of the 2009 pIsa
assessment database.

Note: the standard deviation is shown in brackets.

As may be seen from the table, the average scores
rise steadily by grade level. The ages of the students were
not included as a variable in the model because the age
range covered by the PISA programme is so short that
it would be unlikely to capture the desired effect. Five
variables were included, however, that classify each
student on the basis of the student’s grade level at the
time and he or she took the test. This is a better way of
capturing the expected average scholastic performance
of each student, since it is more likely that those who
are in ninth or tenth grade when they are 15 years of
age will not have not had to repeat a grade and will have
a sufficient knowledge base in the areas of reading,
science and mathematics to boost their skill levels and,
hence, their scholastic performance. On the other hand,
most students who were in seventh or eighth grade at
the time that they took the test had repeated at least
one grade and were less knowledgeable than students
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in higher grades, which puts them at a disadvantage in
terms of test scores.

The Pisa assessment is designed to measure capacities
and abilities rather than specific knowledge. However,
the results suggest that students in higher grades obtain
higher scores, and this is the most influential factor in
accounting for differences in scholastic performance
after controlling for the other factors (gender, nationality,
household possessions, public/private school, etc.). The
student’s grade level accounts for 20.9% of the inequality
in scores on the PIsA reading assessment.

The results also indicate that repeating a grade
does not resolve students’ shortcomings in terms of
capacities and abilities, which is what would be required
in order for them to score better on the assessment. In
addition, the knowledge acquired in each grade could
influence the students’ analyses and answers on the
test, which would also give an advantage to those in
higher grades.

‘When the school-related factors were measured, two
variables stood out from all the rest: the type of school
(public or private) and the educational resources present
in the schools. The first of these variables is the main
focus of this study, whose objective is to measure how a
student’s scholastic performance is affected by the fact
that he or she attends a public or private school owing
to differences in the quality of education that these two
types of schools offer. For the reading scores, 4.11% of
the variation in performance was accounted for by this
variable (see table A.6).

Therefore, the type of school is not a strong enough
determinant of inequality in students’ performances on
the PISA assessment to support the statement that the
gap between the scholastic performance of public- and
private-school students is primarily due to the fact that
private schools offer a better education. In the case of
the mathematics test, this variable accounted for 3.3%
of the variation in PISA scores; for the science test, it
accounted for 6% of the differential.

The quality of schools’ educational resources was
the second-most important of the school-related variables:
differences in the quality of these resources accounted
for nearly 4% of the variation in the three domains,
while institutional factors have barely any impact on
the students’ scores at all.

In sum, the overall model indicates that family-
related factors and the students’ own characteristics are
the variables that account for the largest percentage of
differences in students’ PISA test scores. This finding

is in line with the evidence provided by other studies
of this type.

Finally, Fields’ decomposition technique was
also applied to the public-school and private-school
samples (see table A.7 of the annex). For public-school
students, the variables included in the model account for
smaller percentages of the differences being analysed:
29% for reading, 34% for mathematics and 27% for
science. Family-related factors and the student’s own
characteristics (especially the student’s grade level)
continue to account for a larger portion of the variation
in scores (27%, 29% and 24% for reading, mathematics
and science, respectively). The role of school-related
factors in accounting for differing performances is
more limited.

The variables in the model are a better fit in the
case of differentials in the performance of students
attending private schools (54%, 52% and 51% in reading,
mathematics and science, respectively), especially
since, in this case, institutional factors do turn out to
be significant.

For the reading scores, the students’ gender did
not have an impact on the results (as is also true for the
general model), but for mathematics and science, this
variable was much more influential.

Differences in the kinds of possessions present in
the private-school students’ households also play a role
in accounting for differing scores (7%, 5% and 5% in
reading, mathematics and science, respectively), while for
the mathematics and science tests, grade-level differences
were less influential (9% and 11%, respectively) than
they were for the reading test (16%).

In the category of school-related factors, private
schools with more and better books, computers and
laboratories account for 7%, 9% and 5% of the differentials
in the students’ scores on the reading, mathematics and
science tests, respectively. This is because not all private
schools in Costa Rica have the same kinds of resources.
The variation seen in private schools in this respect is
much greater than it is in public schools, whose available
resources are much more uniform.

Institutional factors take on importance in private
schools for two reasons: first, these schools enjoy more
latitude in terms of the policies that they implement,
whereas institutional policies for public schools are
standardized; and, second, parent’s involvement in
the schools’ administration has a positive effect on
the students’ learning process. This could be because
parents of students who are attending private schools
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may tend to be more engaged in their children’s learning
process so that they can monitor the services for which
they are paying.

In all three assessment domains, the most
influential institutional factor is the availability of
extracurricular activities, such as bands and choruses,

VII

Conclusions

The Programme for International Student Assessment
(p1sa) has focused on gauging the quality of education
in different countries around the world. Its results allow
countries and their citizens to see how their education
systems measure up against those of other nations. Costa
Rica’s participation in this initiative represents a major
stride forward, since this will provide its policymakers
with a clear picture of the quality of the education
offered in the country and the main determinants in
that regard.

The pISA programme provides valuable information
for future studies on the quality of education in Costa
Rica. It is vital that the Ministry of Public Education
continues to take part in this programme so that the
progress made by the education system can be tracked
over time, which will then make it possible to determine
how effectively the resources allocated for the education
of young Costa Ricans are being used.

The data indicate that the gap between public- and
private-school students in Costa Rica is wide. The gap
is primarily a function of differences in family-related
factors, personal attributes or features of the students, or
both, and, among these, especially their grade levels at
the time that they take the test. The data obtained from
the questionnaires indicate that 26% of the public-school
students who participated in the pISA assessment have
repeated one or more grades in secondary school, whereas
only 10% of the private-school students has done so.

The results clearly indicate that a relationship
exists between students’ grade levels and their academic
performance. This underscores how enormously costly
it is for students to repeat one or more grades. Having
students repeat a grade denies them, to a certain extent,
access to knowledge about core subjects and the
opportunity to develop the skills that they will need to
improve their academic skills. Furthermore, repeating
a grade may not be the best approach for dealing with

sports teams, debate clubs, etc. (9.5%, 8.8% and 4.5%
for reading, mathematics and science, respectively),
followed by the methods used for evaluating students
and teachers, how much independence schools have in
deciding how to distribute the resources at their disposal
and the degree of academic selectivity.

students’ academic shortcomings and has, in addition,
a demotivating effect.

Resources to provide support for students who have
fallen behind in order to reduce repetition rates may
be a key tool for improving the quality of Costa Rica’s
education system. The implementation of changes in
the regulations on grade retention and promotion in the
public school system since 2009 may help to improve
student performance in the future. Before 2009, students
in secondary school who failed more than three subjects
had to repeat the entire school year, and the Costa Rican
education system was therefore highly exclusive. Now,
however, thanks to the changes in the regulations, students
need not repeat the entire school year. Instead, they
will repeat only those subjects that they failed, while
continuing on with their other classes in the next grade
(except for classes for which the subjects that they failed
were prerequisites).

The findings of this research project indicate that
these changes in the regulations governing the education
system may prove to be of key importance in improving
student performance; their actual effect could be measured
on the basis of future PISA assessments.

In addition, the difference between the education
offered by private schools (which have more and better
resources at their command) and the education offered
by public schools is not a very important factor when it
comes to accounting for the gap in performance between
public- and private-school students. In other words,
the results demonstrate that, when it comes to finding
explanations for differentials in educational performance,
socioeconomic conditions exert a much greater influence
than differences in the resources available to schools.

It would be advisable for pisa to send out
questionnaires to students’ parents, in addition to students
and school administrators, so that a more thorough analysis
could be made of how family-related factors influence
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students’ performance, since these factors have such
an enormous explanatory value in terms of scholastic
achievement. A questionnaire of this type could provide
valuable information about students’ homes, activities
that parents engage in with their children, discussions
about students’ progress at school, and even household
incomes and the distance that students have to travel to
20 to school.

Finally, it should be noted that the data gathered by
the pisa assessment are reliable enough to be useful in
designing policies to narrow the education gaps between
different sectors of Costa Rican youths, improve the
allocation of public funds and boost the quality of public

education. As stated by the Ministry of Public Education
in its institutional report for 2006-2010 (Ministry of Public
Education, 2010), the country’s objective in taking part
in international assessments is to use the information
that they provide as inputs for efforts to improve
teaching and learning experiences, whether by means of
curricular reforms, professional development strategies
and ongoing training opportunities, or the allocation of
resources to provide students with learning support and
the application of education policy in the classroom.
The information compiled by the PIsA assessment is an
invaluable input for efforts to improve public education in
Costa Rica.
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TABLEA.2
Costa Rica: descriptive statistics for the
2009 PISA assessment, by category
Category Percentage géi?ifgi
Gender
Female 53.0 (0.6)
Male 47.0 (0.6)
Type of school
Public 84.6 (1.4)
Private 15.4 (1.4)
Grade attended
Seventh 8.5 (0.8)
Eighth 16.0 (1.0)
Ninth 34.1 (1.2)
Tenth 40.9 (1.8)
Eleventh 0.4 (0.1)
Twelfth 0.0 (0.0)

Source: prepared by the authors on the basis of the 2009 pIsA
assessment database.

TABLEA.3
Costa Rica: descriptive statistics for the assessment, disaggregated by
public/private school, student traits and household characteristics, 2009
(Percentages) *
Characteristic Public Private
Student
Female 52 0.7) 51.8 (1.8)
Attended preschool 74.7 (1.3) 91.0 2.0)
Repeated a grade in school 18.0 (1.2) 4.0 (1.4)
Repeated a grade in lower secondary school (cycle III) 26.0 (1.3) 10.0 (1.5)
Family
Lives with both parents 68.6 (1.1) 78.5 (1.8)
Lives with mother only 21.2 0.8) 17.1 (1.3)
Lives with father only 2.1 (0.3) 2.0 0.7)
Does not live with parents 8.1 0.5) 2.4 (1.3)
Household assets
Room of student’s own 69.5 (1.0) 88.2 (1.3)
Desk 60.1 (1.3) 93.1 (1.5)
Computer 56.5 (1.4) 97.3 (0.6)
Internet 31.0 (1.3) 90.9 (1.4)
Art 39.0 (1.1) 81.1 (1.7)
Motor vehicle 45.5 (1.1) 86.7 (1.9)
Bathtub or shower 62.8 (1.6) 98.0 (0.6)

Source: prepared by the authors on the basis of the 2009 pisa assessment database.

Note: the standard deviation is shown in brackets.
2 These percentages denote the percentage of students who possess these characteristics, meet these requirements or have these objects in
their home.
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TABLE A5

Costa Rica: determinants of scholastic achievement.

Coefficients of the education production function, 2009

Dependent vaiable: natural logarithm of the plausible value Full model
of the 2009 pisa assessment * Reading Mathematics Science
Constant 5.732 (0.03) 5.805 (0.03) 5.802 (0.03)
Family-related factors and student traits
Female 0.019 (0.00) -0.074 (0.00) -0.054 (0.00)
Costa Rican nationality 0.007¢  (0.01) -0.001t  (0.01) -0.001t  (0.01)
Attended preschool 0.017 (0.01) 0.021 (0.01) 0.011 (0.01)
Eighth 0.097 (0.01) 0.077 (0.01) 0.088 (0.01)
Ninth 0.173 (0.01) 0.151 (0.01) 0.165 (0.01)
Tenth 0.248 (0.01) 0.223 (0.01) 0.222 (0.01)
Eleventh 0.299 (0.03) 0.269 (0.03) 0.294 (0.03)
Occupational status 0.000¢ (0.00) 0.000t (0.00) -0.000t  (0.00)
Mother’s level of education:
Completed primary 0.000t  (0.01) 0.016 (0.01) 0.015Y  (0.01)
Completed secondary 0.014*  (0.01) 0.037 (0.01) 0.014¢  (0.01)
University 0.018  (0.01) 0.041 (0.01) 0.025 (0.01)
Books in the home:
10 to 25 0.015 (0.01) -0.003! (0.01) 0.016 (0.01)
25 to 100 0.023 (0.01) 0.020 (0.01) 0.021 (0.01)
100 to 200 0.037 (0.01) 0.021¢ (0.01) 0.043 (0.01)
200 to 500 0.055 (0.01) 0.033 (0.01) 0.053 (0.01)
More than 500 0.067 (0.03) 0.033¢ (0.03) 0.071 (0.03)
Index of household possessions 0.009 (0.00) 0.010 (0.00) 0.002¢  (0.00)
Index of educational resources in the home -0.011 (0.00) -0.010 (0.00) -0.006t  (0.00)
Computer in the home 0.019 (0.01) 0.017 (0.01) 0.021 (0.01)
Internet connection in the home 0.005¢ (0.01) 0.009t (0.01) 0.017 (0.01)
Peer effect 0.003 (0.01) 0.004 (0.01) 0.003 (0.01)
School-related factors
Characteristics of the school
Public school -0.051 (0.01) -0.039 (0.01) -0.074¢  (0.01)
Only school in the area 0.004  (0.01) -0.006" (0.01) -0.002 (0.01)
Headmistress 0.011 (0.01) 0.015 (0.00) -0.001t  (0.01)
Index of educational resources in the school 0.017 (0.00) 0.018 (0.00) 0.018 (0.00)
Computers available for use in studying 0.000t  (0.00) 0.000t  (0.00) -0.000t  (0.00)
Learning process adversely influenced by lack
of insufficient supply of:
Books 0.002¢  (0.01) -0.008* (0.01) -0.013¢  (0.01)
Science laboratory -0.008¢  (0.01) -0.005t (0.01) 0.014¢  (0.01)
Computers 0.004  (0.01) -0.008* (0.01) 0.015¢  (0.01)
Characteristics of teachers
Learning process adversely influenced by unqualified
teachers of:
Reading 0.010*  (0.01) 0.010" (0.01) 0.003'  (0.01)
Mathematics -0.011Y  (0.01) -0.019 (0.01) -0.017¢  (0.01)
Science 0.003*  (0.01) 0.026 (0.01) 0.015¢  (0.01)
Institutional factors
Tracking 0.001 (0.01) 0.002 (0.01) 0.002¢  (0.01)
Index of school leadership -0.009 (0.00) -0.009 (0.00) -0.001t  (0.00)
Index of extracurricular activities 0.019 (0.00) 0.013 (0.00) 0.016 (0.00)
Index of school responsibility for:
Curriculum and evaluation 0.001t  (0.00) -0.002¢  (0.00) -0.001t  (0.00)
Distribution of resources -0.011 (0.01) -0.014 (0.01) -0.005¢  (0.01)
No. of observations 4 351 4 351 4 351
Adjusted R? 0.412 0.429 0.371

Source: prepared by the authors on the basis of the 2009 pisa assessment database.

Note: the standard deviation is shown in brackets.
2 For each domain, 405 weighted least squares regressions were run.
Y Variable not significant at 5%.
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TABLE A.6
Costa Rica: decomposition of the effect of each EPF factor on scholastic
performance of 15-year-olds, 2009
(Percentages)
Reading Mathematics Science
Family-related factors and student traits 3091 31.84 27.04
Female 0.87 4.36 2.11
Attended preschool 0.74 1.02 0.39
Grade attended 20.90 17.54 16.61
Occupational status 0.22 0.19 0.00
Mother’s level of education 1.14 2.39 1.17
Books in the home 2.71 1.88 2.64
Possessions and educational resources in the home 2.41 3.13 2.41
Peer effect 1.92 1.33 1.71
School-related factors 9.40 10.23 9.35
Characteristics of the school 8.92 9.55 8.92
Public school 4.11 3.31 6.04
Only school in the area 0.03 0.00 0.01
Headmistress 0.16 0.20 0.00
Index of educational resources in the school 4.45 4.22 3.42
Computers available for use in studying 0.13 0.19 0.00
Lack of books, laboratory, computers 0.04 1.63 -0.55
Characteristics of teachers 0.48 0.68 0.43
Institutional factors 0.89 0.83 0.71
Total 41.2 429 37.1

Source: prepared by the authors on the basis of the 2009 pisA assessment database.

EPF: education production function.
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TABLE A.7

Costa Rica: decomposition of the effect of each EPF factor on scholastic

performance of 15-year-olds, disaggregated by type of school, 2009

(Percentages)
Reading Mathematics Science

Public Private Public Private Public Private

Family-related factors and student traits 27.41 34.71 29.96 29.02 24.58 29.83
Female 0.87 0.05 4.84 8.94 2.11 7.43
Costa Rican nationality 0.22 0.03 0.14 0.11 0.04 0.01
Attended preschool 0.61 4.75 0.81 1.41 0.31 0.05
Grade attended 20.01 16.50 18.05 8.72 17.32 11.42
Occupational status 0.33 0.27 -0.23 0.26 -0.20 -0.32
Mother’s level of education 0.91 0.01 2.08 0.72 1.00 0.09
Books in the home 1.78 3.83 1.54 1.14 1.87 3.80
Possessions and educational resources in the home 2.56 6.86 2.49 4.79 1.99 4.98
Peer effect 0.12 2.41 0.24 2.93 0.14 1.92
School-related factors 1.14 6.71 2.71 8.87 1.48 11.88
Characteristics of the school 0.81 6.34 2.2 7.49 1.13 7.31
Only school in the area 0.02 0.03 0.01 0.10 0.00 1.95
Headmistress 0.11 0.09 0.14 -0.17 0.00 0.48
Index of educational resources in the school 0.31 0.01 1.36 0.00 1.02 0.23
Computers available for use in studying 0.29 -0.68 0.06 -1.00 0.04 -0.07
Lack of books, laboratory, computers 0.08 6.89 0.63 8.56 0.07 4.72
Characteristics of teachers 0.33 0.37 0.51 1.38 0.35 4.57
Institutional factors 1.23 13.02 1.98 14.64 1.55 9.28
Total 29.78 54.44 34.65 52.53 27.61 50.99

Source: prepared by the authors on the basis of the 2009 PISA assessment database.

EPF: education production function.
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uses ordinary least square and quantile regression estimation strategies and deploys
Blinder-Oaxaca and Nopo decompositions to identify sources of wage differences.
The finding is that there is strong evidence of labour market segmentation and that
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I

Introduction

Rapid growth in women’s labour market participation
is one of the world’s major transformations of the past
half century (Goldin, 2006). Economic and social
relationships have changed dramatically in many spheres
of life, offering women much more power and control
over their lives, but certainly not without important
limitations and differences depending on the type of
jobs they secure and the family they come from and
help to create (Babcock and Laschever, 2003). Women
still face major challenges in securing gender equality,
and motherhood appears to be a “natural” explanation
for why working females could be in a disadvantaged
position (Budig and England, 2001). Thus, the extent
to which institutional factors such as laws, rules and
norms that protect mothers can shape wage outcomes
and labour market experiences for women is a question
of critical importance for policy everywhere.

This article is the first to examine motherhood
wage penalties in a Latin American context where labour
market segmentation could lead to distinct outcomes
across sectors as a result of differing institutional rules.
Specifically, it investigates whether segmentation of the
labour market into formal and informal sectors leads to
dissimilar experiences for Argentine mothers and non-
mothers by analysing their wage outcomes. During the
1990s, liberalization and structural adjustment policies
affected the dynamics of Argentine labour markets in
major ways, gave rise to increasing poverty and inequality,
and led to insecure and substandard employment
outcomes (De Pablo, 2005). A combination of increasing
unregistered employment and unemployment —driven
in part by a significant increase in women’s labour force
participation— and a decline in the purchasing power of
wages characterized this era, when formal employment
shrank and unregistered, or informal, employment
increased notably in scale (Faur, 2008a). In view of these
changes, it is useful to investigate whether the division
of the labour market into formal and informal sectors
gives rise to distinctive motherhood penalties. This is
done by examining formal- and informal-sector wages
for mothers and non-mothers in Argentina between 1995
and 2003, a period that spans the main liberalization
policies set in motion in the early 1990s (Pastor and
Wise, 1999).

The main empirical questions addressed are: (i) Do
women working in the informal sector earn significantly

lower wages than formal workers, as predicted by
traditional labour market segmentation theory? (ii) Is
there a motherhood wage penalty in either or both sectors?
(iii) If so, is the penalty distinct for formal and informal
workers? Our hypothesis is that the answers to all the
above questions are affirmative because of the ways in
which segmented labour markets differentially protect
mothers working in the formal and informal sectors.
Specifically, women are expected to fare better in the
formal sector, where legal and customary protections
may allow them to earn higher wages and sustain them
during motherhood.

To investigate these issues, Mincerian wage
estimations are undertaken with a series of different
specifications. In addition to ordinary least square
(oLs) wage estimations, quantile methods are used to
explore the potential for distinct motherhood penalties
in different segments of the wage distribution, as these
make it possible to focus specifically on identifying
“glass ceilings” at the higher end and “sticky floors”
at the lower end of the spectrum.! A Blinder-Oaxaca
(BO) decomposition is employed to examine wage
differentials in two parts, one that identifies the human
capital and other measurable factors that can drive wage
differences and a second that recovers an unexplained
component, which is associated with discrimination.
Finally, BO decomposition is complemented by a
non-parametric alternative decomposition developed
by Nopo (2008). This allows for a better explanation
of motherhood wage differentials, since it also shows
how much of the gap calculated is accounted for by
the outcomes of mothers and non-mothers outside the
common support.

The empirical results are consistent with traditional
labour market segmentation theory and the hypothesis that
women working in the informal sector earn significantly
less than their formal worker counterparts. Moreover,
women in the informal sector experience a statistically

1" The sticky floor hypothesis concerns potential barriers to the

advancement of women such as family commitments, attitudes,
stereotyping and organizational structures in groups with lower
education and wages. The glass ceiling hypothesis concerns the
discrimination that women and minorities in more educated groups often
face in trying to move up the hierarchy of an organization, especially
when they have more children, by comparison with men and with
childless women.
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significant motherhood wage penalty, while in the formal
sector most of the estimated coefficients associated
with motherhood and children are not significant. The
quantile regression (QR) results vary substantively
across the conditional wage distribution; the poorest
10% of the informal women sample are the ones who
suffer the largest motherhood wage penalties. These
results are largely consistent across this whole era of
liberalization reforms, though some notable differences
emerge in comparisons of wage penalties before and
after the collapse of the Argentine peso in the late 1990s.

11

Literature review

1. Labour market segmentation

Labour market segmentation theory challenges
neoclassical economic theory and its reflection in human
capital theory by arguing that workers and jobs are not
matched smoothly by a universal market mechanism
(Rosenzweig, 1988). Instead, jobs and labour differ
across markets. The traditional view highlights a dual
split between primary (or independent) and secondary (or
subordinate) segments and contends that the boundaries
between the segments substantively limit occupational
mobility (Bauder, 2001). One implication is that formal-
sector labour markets exhibit some form of wage rigidity
in which wages remain above the market clearing level.
In this conventional view from the literature, unregulated
wage employment and self-employment are treated as a
free-entry residual sector that is informal in character.
Given mobility and wage rigidities in the formal sector,
labour markets become inefficient, resulting in the
need for structural reforms. However, recent work has
questioned the traditional view and argued that duality
can also be present in the informal sector itself (Pagés
and Stampini, 2007; Fields, 2008).

The empirical evidence on labour market
segmentation is diverse, and not all researchers find
evidence of higher wages for formal-sector workers.
Given that worker mobility is usually correlated with
wage differences between sectors, the size of the wage gap
itself is also an indicator of labour market segmentation.
Maloney (1999), using data from Mexico, cannot prove
or disprove segmentation based on earnings differentials,
because movement into self-employment from every other

Overall, the formal and informal sectors have distinct
wage structures that are consistent with a different set
of institutions and rules shaping the labour market
experiences of women and mothers.

The remainder of the article is organized as
follows. Section II discusses the motherhood wage
penalty and labour market segmentation literatures.
Section III describes the empirical strategy and
methodology. Section I'V discusses the main features of
the data and Section V presents the results. Section VI
offers conclusions.

sector is associated with a substantial and significant rise
in per-hour after-tax remuneration. Gong and van Soest
(2002) show that in urban Mexico wage differentials
increase with educational level, especially in the formal
sector. For instance, other things being equal, a highly
educated man can earn approximately 150% more than a
man with the lowest education level in the formal sector,
while in the informal sector a man with a similar level of
education earns only 44% more. The pattern is similar
for women, although standard errors are much larger
given the small number of observed wages. Packard
(2007) offers a cross-sectional examination of wage
differentials in Chile, and the results of the correction
for sample selection bias highlight the finding that self-
employed workers earn up to twice as much as employees
on contracts (formal employees). However, interpreting
these results requires caution, since he finds a positive
sample selection bias towards self-employment and
employment without a contract.

Botelho and Ponczek (2011) measure the degree
of segmentation in the Brazilian labour market using a
genuine panel of individuals. They find the average wage
differential between formal and informal workers to be
7.8%, suggesting a small degree of segmentation in the
Brazilian labour market. They argue that the segmentation
phenomenon is closely related to Brazil’s labour laws,
which leave little room for direct negotiations between
firms and employees. Pagés and Stampini (2007) study
labour market segmentation using panel data from three
Eastern and Central European and three Latin American
countries. They find evidence of a wage premium in
the formal sector relative to the informal one only in
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Latin America, with no statistical difference across skill
levels and no significant wage premium in Eastern and
Central European countries. Thus, estimates of the wage
premium in Latin America range from 6% to 12% for
unskilled workers and from 9% to 20% for the skilled.
Finally, focusing on the case of Argentina, Pratap and
Quintin (2006) test the hypothesis that workers earn
higher wages in the formal than in the informal sector.
While the parametric models suggest there is a formal
premium, and it remains after controlling for individual
and firm characteristics, the semi-parametric tests used
in this article indicate either a negative or a small and
insignificant formal premium.

2. The motherhood wage penalty

The issue of gender wage gaps has constituted a much-
studied area of research, but far more so in developed
countries than in developing ones. Advances in women’s
educational attainments and increased opportunities for
women in the labour market have narrowed the wage
gap between men and women and improved women’s
representation in high-status occupations (Ridgeway
and Corell, 2004). Some researchers have argued that
the wage gap between men and single women is not
significant; nevertheless, the differences in earnings
between men and married women remain high (Gangl
and Ziefle, 2009). Given the traditional role of women
as caregivers, in addition to the traditional wage gap,
mothers seem to be the ones who experience most
disadvantages, and this “motherhood penalty” has been
identified in wage differentials between mothers and
non-mothers that control for other human capital factors
typically explaining wage differentials.

The great bulk of research on the motherhood
penalty focuses on the United States (Waldfogel,
1997 and 1998; Kennelly, 1999; Budig and England,
2001; Anderson, Binder and Krause, 2002 and 2003;
Correll, Benard and Paik, 2007), although evidence
of a motherhood penalty is also found in the United
Kingdom, Germany and Scandinavian countries
(Budig and England, 2001; Beblo, Bender and Wolf,
2009). Gangl and Ziefle (2009) have developed an
original approach to the motherhood wage penalty
that involves cross-country analysis using data from
the United States, Germany and Britain. Finally, Piras
and Ripani (2005) explore the effects of motherhood
on labour force participation and wages in Brazil,
Peru, the Plurinational State of Bolivia and Uruguay.
Although this was the first paper to focus on the
motherhood wage penalty in Latin America, it does

not distinguish between potential outcomes in formal
and informal markets, where distinct institutional
norms hold.

As summarized in Budig and England (2001)
and Correll, Benard and Paik (2007), there are several
possible explanations for the motherhood penalty. On the
one hand, worker explanations are based on differences
in endowments, behaviours and characteristics between
mothers and non-mothers. First, women who decide to
have children interrupt their work experience because
they have to spend time at home taking care of their
children. Second, motherhood and household duties may
leave women exhausted or distracted while working,
decreasing their productivity and work effort. Third,
women might forego higher-paying employment in
favour of family-friendly jobs that allow them to work
fewer hours and spend more time at home. On the other
hand, discrimination explanations are based on the notion
that even though mothers may be equally productive,
employers may (for strategic reasons) pay them less
than non-mothers and men of similar productivity in
the labour market.

Empirical studies offer evidence for both the worker
and discrimination explanations. Using longitudinal
surveys from the United States, Waldfogel (1997)
concludes that an unexplained motherhood wage
penalty persists after controlling for human capital,
unobserved heterogeneity and part-time employment,
with a 4% penalty for one child and a 12% penalty for
two or more children. Budig and England (2001) use
the same longitudinal surveys as Waldfogel. Studying a
different time period, they find a 7% wage penalty per
child. Approximately one third of the loss of earnings
is explained by job experience, while the remaining
two thirds are likely to arise from productivity or
employer discrimination issues, or a combination of
the two. Anderson, Binder and Krause (2002) find
that lower-skilled workers do not suffer a motherhood
penalty, while university-educated mothers of two or
more children experience a 15% wage penalty. Gangl
and Ziefle (2009) establish that the motherhood penalty
ranges from 9% to 18% per child across Germany,
the United Kingdom and the United States, with
Germany exhibiting the highest cost for maternity
compared to American and British mothers. Piras
and Ripani (2005) show that, without controlling for
segmentation, there is a motherhood wage penalty
in Peru for mothers of children aged under 7. In the
cases of Brazil and the Plurinational State of Bolivia,
they find evidence of wage premiums for mothers, and
there are no significant results for Ecuador. Finally,
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contrary to the previous finding, Amuedo-Dorantes
and Kimmel (2005) examine 19 rounds of the 1979
National Longitudinal Surveys (NLs) and find that
university-educated mothers in the United States, far
from experiencing a motherhood wage penalty, earn
a premium when compared to university-educated
childless women, and that fertility delay boosts their pay
even further.

M1

The literature reviewed above differs from our article
insofar as the evidence for motherhood wage premiums
could be explained by labour market segmentation if
formal-sector rules protect the rights of mothers and
informal-sector rules do not, but that kind of explicit
consideration of distinct rules is not part of any of the
aforementioned articles, whereas it is the primary focus
of this article.

The empirical strategy: methodology

The basic earnings equation used here and in most wage
studies derives from Mincer (1974) and is presented in
equation (1) below. In studying labour markets, economists
usually define “discrimination” as the presence of different
wage rates for workers with the same productivity or
ability but with different personal characteristics (such as
age, race, sex, nationality, etc.). To determine if there is
a wage penalty for having additional children in the two
sectors, we include a dummy variable for motherhood
in equation (1).

Using the traditional augmented Mincerian earnings
equation, the first approximation is the following semi-
logarithmic linear and additive model:

Inwy; = a;+ B My + BoHi+ By Fy+ By + - (1)

where i indexes individual women, j indicates two types
of employment (formal “F”” and informal “I”’) and u is
an error term. Specifically:

The dependent variable In w; is the natural logarithm
of the real hourly wage of woman i;

M is a set of dummy variables taking a value of 1 if
woman i is the mother of one child, two children or
three or more children aged under 15, and a value
of 0 otherwise;

H is a vector of human capital variables (age, the
square of age, education, occupation);

F is a vector of family categorical variables (civil
status, head of household); and

Jis a vector of job characteristic variables (length of
time in the same job, full versus part-time worker,
public versus private sector, firm size, and economic
sectors: services, manufacturing and commerce).

In investigating whether women working in the
informal sector earn significantly less than formal
workers, the aim is to test the following null hypothesis:

Hy:lnw, - Inw, <0 (2)

as compared to the alternative hypothesis:
H,:lnw, - Inw, =0

The idea is that, as predicted by traditional labour
market segmentation theory, hourly earnings should be
significantly higher for those employed in the formal
sector. Wage premiums for women employed in the
formal sector would support the possibility of segmented
labour markets in Argentina.

Moreover, the estimated coefficient of the motherhood
dummy variable in equation (1) is expected to be negative
in the informal sector and (if specified by the number
of children) to increase with the number of children.
Faur (2008b) highlights the gender-specific regulations
applying to maternity in Argentina. While men are entitled
to “family allowances”, and the provision of social
insurance and pensions for the household is organized
around them, women have maternity rights, with mothers
being entitled to 90 days’ paid maternity leave before
or after childbirth, or both. However, enforcement of
the law is effective only for those employed in the
formal sector (Faur, 2008b, p. 52), and this difference
could mean a smaller wage penalty in the formal sector.
Indeed, it is possible, one the one hand, that there may
be no significant wage differential between mothers and
non-mothers in the formal sector, for the following three
reasons: (i) pregnant women employed in the formal
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sector are protected from dismissal; (i) women from
wealthier households may not need to be absent from
the labour market during pregnancy or may be able to
work part-time once they have children because of their
ability to afford private childcare or hire domestic help;?
and (iii) with ongoing help with domestic duties and
childcare, women in the formal segment might be less
tired at home and more productive at work.

On the other hand, it seems likely that there is a
motherhood wage penalty in the informal segment, given
that none of the considerations enumerated above is likely
to apply to informal workers who are mothers. Likewise,
compared to non-mothers, those in the informal segment
who have children might be exposed to discrimination
by employers since these may perceive or argue that
mothers cost more money and are unlikely to be able
to work full-time. Also, the difference in characteristics
between mothers and non-mothers could be more evident
in the informal sector than in the formal sector because
women employed in the informal sector are more likely
to be less educated and have more children. Faur (2008b)
finds that married women in Argentina are the ones who
allocate the greatest proportion of their day to childcare,
but this occurs especially in poor households, where
many young children do not attend early education
programmes, while mothers who work largely do so in
the informal sector. Thus, different institutional and social
barriers might prevent the poorest women (especially
mothers) from accessing employment in the high-wage
segment and accentuate the class, gender and motherhood
discrimination they face as a result.

In the motherhood penalty literature, most estimation
efforts have attempted to address the wage effect of
maternity and control for the potential endogeneity of
the motherhood variable. The ideal situation would be
to use longitudinal data and fixed-effect panel regression
methods to control for self-selection, cohort effects or
other types of unobserved heterogeneity besides labour
participation choices (Gangl and Ziefle, 2009). Unlike
those used in some recent work on motherhood wage
penalties from the United States and Europe (Walfogel,
1997; Budig and England, 2001; Anderson, Binder and
Krause, 2002 and 2003; Gangl and Ziefle, 2009), the

2 Faur (2008b) indicates that although the situation with early education
facilities in the City of Buenos Aires is quite good in comparison with
that in other jurisdictions in Argentina, the childcare coverage available,
especially in the education sector, is far from universal. There has been
an increase in the demand for places at childcare centres during recent
years, and most of this has been met by the private sector. There is
growing unmet demand for places at State-run day-care centres and
kindergartens from those unable to pay for the care of their children.

Argentine household employment data do not have the
necessary longitudinal structure. Instead, the sampling
strategy is based on rolling cross-sections with regular
replacement of respondents.

Our initial approach is thus to estimate the Mincerian
wage equation (1) using the classical ordinary least
square (OLS) estimation or conditional mean regression.
To complement the OLS equation we use the quantile
regression (QR) method.> Many useful features of
QR models justify this utilization (Buchinsky, 1998;
Falaris, 2008; Yasmin, 2009; Olbrecht, 2009). First, Qr
allows the [} parameters to vary at different points of
the conditional distribution of the dependent variable,
and makes it possible to investigate whether workers’
productive characteristics have effects that change across
the conditional distribution. Second, QR is less sensitive
than oLs to outliers in the dependent variable since it
minimizes the weighted sum of absolute deviations.
Moreover, when the error terms are non-normal, QR
also gives a more efficient estimator than least squares.
Lastly, Qr has a linear programming representation that
makes estimation easy.

In classical linear regressions, the sample mean is
the solution to the problem of minimizing the sum of
squared residuals, while the median is the solution to the
problem of minimizing the sum of absolute residuals. In
the case of the other quantiles, given that the symmetry
of the absolute value yields the median, minimizing
the sum of asymmetrically weighted absolute residuals
would yield the quantiles:

mind e (3i=€) 3)

where the function p, (.) is the absolute value function
that yields the tth sample quantile as its solution.

In the case of the least square regression, given the
random sample {y;, ¥,, ... ¥, } and the following equation:

. N 2
lgneu}‘; (vi-#) )
if we solve equation (4) then we obtain the sample
mean E(Y), which is an estimate of the unconditional
population mean. Let us replace the scalar u by a
parametric function u (x, f3):
n 5
i - - 5
ﬂrrél%)i:l(yl #(x-B)) ©)

3 In explaining quantile regression we mostly follow Koenker and
Hallock (2001) and Wooldridge (2000).
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From equation (5), we get an estimation of the
conditional expectation function E(Y\x). In quantile
regressions, we continue in the same way. We replace
the scalar § in equation (3) by the parametric function
&(x;, p) and set T to V2. Finally, to get the other conditional
quantile functions, we replace the absolute value by o, ("):

n

Jin D oc (3= £ (3= 6)
i=1

(6)

The resultant minimization problem, when
&(x;, p)is formulated as a linear function of parameters,
can be solved by linear programming methods.

1.  The Blinder-Oaxaca wage gap decomposition

Since we are particularly interested in comparing earnings
between groups (specifically, formal versus informal
and mothers versus non-mothers), we also employ the
classical decomposition technique for wage differentials
proposed by Blinder (1973) and Oaxaca (1973). The
Blinder-Oaxaca (BO) decomposition divides the wage
differential between two groups into a portion that is
“explained” by groups’ dissimilarities in productivity
characteristics and an “unexplained” residual portion,
which is typically used as a measure of discrimination
(Jann, 2008).

Suppose we are interested in comparing two
demographic groups, A and B. We can estimate the
following equations for each group:

n
Y{‘=B?+Z,8?Xﬁ+u?

i=1

(7

n
B _ pB ByB . B
Y =67+ E BjXﬁ+ui
i=1

®)

Given the linear equations (7) and (8), the mean
outcome difference can be defined as the difference in
the linear predictions at the group-specific means of
the regressors. Specifically, the raw differential (R) is
given by:

R=E(y")-E(¥") = BA- 5+ B (X} -X¥)+

’ 9
ZY?(,B?—B?)=U+E+C ©
J

where U = B¢ - B, E = Zlg;& (Yf—ff);
c-Zxi(ei-81)
J

Equation (9) has a “three-fold” decomposition. The
first component U is the unexplained part of the differential
captured by the shift coefficient. The second component
E is the portion attributable to differing endowments
(quantity effect). The last component C is the portion of
the differential attributable to differing coefficients. E is
the “explained part” of the decomposition, justified by
certain worker characteristics associated with productivity,
while U+C is the “unexplained part”, attributable to
discrimination and also the potential effects of differences
in unobserved variables and specification errors in the
model (Jann, 2008; Esquivel, 2009). The Oaxaca-Blinder
decomposition tells us that unobserved components
are important but do not account for the bulk of wage
differences. Nevertheless, the decomposition does not
reveal whether what is at issue is classic discrimination
by employers or unobserved heterogeneity in productivity
associated with the performance of mothers.

2. The Nopo wage gap decomposition

The non-parametric matching-on-characteristics
technique from Nopo (2008) is an alternative to the Bo
decomposition.* Bo estimates earnings equations for
all individuals in groups A and B without restricting
itself to those with comparable characteristics, while
Nopo (2008) takes into account the differences in the
distribution of individuals’ characteristics. Following
Nopo (2008), we split the motherhood wage gap into
four elements:

A=(A+Ay+Ay)+A, (10)

where A, is the part of the wage gap that is explained
by differences in the distribution of mothers’ and non-
mothers’ characteristics over the common support (“E”
in the linear BO decomposition), A,, is the part of the
wage gap explained by differences in characteristics
between the two groups of mothers (those who have
characteristics that can be matched to non-mothers’
characteristics and those who do not), Ay, is the part of

4~ In explaining the Nopo decomposition we mostly follow
Nopo (2008).

MOTHERHOOD WAGE PENALTIES AND LABOUR MARKET SEGMENTATION: EVIDENCE FROM ARGENTINA ¢
MARIA DEL PILAR CASAL AND BRADFORD L. BARHAM



64 CEPAL REVIEW 111

DECEMBER 2013

the wage gap explained by differences in characteristics
between the two groups of non-mothers (those who
have characteristics that can be matched to mothers’
characteristics and those who do not) and A is the
“unexplained part” that cannot be accounted for by
differences in the observable individual characteristics
(“U” in the linear BO decomposition).

The matching procedure for estimating the
four elements comprises the following steps. First,
we select one mother from the sample without
replacement. Second, we select all non-mothers who
share the same characteristics as the mother selected
in the first step. Third, we construct a synthetic

IV

Data

The data for this paper come from the Permanent
Household Survey (EPH), a nationally representative
survey carried out in 31 urban areas by the National
Institute of Statistics and Censuses (INDEC). We evaluate
the Greater Buenos Aires data. Since it is not possible
to compare the same woman through the years, we use
cross-sectional data from October surveys between
1995 and 2003. Changes in survey methodology meant
that the series could not be continued beyond 2003;
however, focusing on this time period does allow
women’s wage outcomes before and after the Argentine
peso crisis (1995-1998 and 1999-2003, respectively) to
be analysed.’

Because we are primarily interested in the
relationship between segmented labour market dynamics
and the motherhood penalty, we exclude women who are
owners or employers, younger than 18 or older than 50.
We further restrict the sample to four different household
situations for women: women who live alone, women
who live with their husbands without children, women
who live with their husbands and children, and women

5 The key differences are in the survey questions and sampling

methodology. Prior to 2003, the survey was carried out twice a year,
in May and October. Households were generally gone from the sample
after two time periods. After 2003, the EPH was carried our four times
a year, with respondent households being surveyed twice in two
consecutive semesters in year 1 and twice in the same semesters in
year 2 and again in year 3 before being rotated out of the sample. This
shift should make it possible to do panel data analyses of post-2003
labour market data.

non-mother whose wage is the average of that for all
the non-mothers in the second step and match her to
the original mother. Fourth, we put both individuals
(mother and synthetic non-mother) in a new
sample of matched individuals. We then repeat the
foregoing steps until we exhaust the original sample
of mothers.

As a consequence of this matching algorithm, we
obtain four sets of individuals: matched mothers, matched
non-mothers, unmatched mothers and unmatched non-
mothers. Notice that the sets of matched mothers and
non-mothers show no difference in the distribution
of characteristics.

who live with their children without a husband.® We
exclude extended families (those comprising more than the
nuclear family) because it is not possible to identify from
the survey which woman is the mother.” One important
constraint resulting from these exclusions is that low-
income women might be underrepresented in the survey,
since they often live in households containing members
of their extended families.® Following this criterion and
considering all women in the sample, the real monthly
household income of the excluded subsample is 1,128
pesos, while that of the final subsample is 1,274 pesos.
The average real hourly wage is 3.50 pesos for women
in the excluded sample and 4.60 pesos for those in the
final subsample.”

There are many ways to define employment in terms
of formality and informality. In this article, the definition of
informality follows the International Labour Organization

6 Working daughters aged over 18 are not included in the sample.
7 Since the individual survey does not contain information about
which individual is the mother, we mapped the household and
individual survey data to determine whether women were mothers
and how many children under 15 they had.

8 The occurrence of extended families decreased by almost 33%
between 1970 (32.1%) and 1991 (21.5%), however (Torrado, 2003,
quoted by Faur, 2008).

9 We excluded 701 of a total female sample of 4,409. The figures are
in real Argentine pesos, adjusted for inflation using the consumer price
index (cpr) deflator. As a reference, the United States dollar-Argentine
peso exchange rate was 1.00 peso to US$ 1 before 2002, 3.40 pesos
to US$ 1 in 2002 and 2.95 pesos to US$ 1 in 2003 (Source: Central
Bank of Argentina).
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(1L0) criteria and takes into account the enterprise-based
definition (firm size) and the job-based definition (lack
of registration). In the case of employees, we use the
job-based definition, and the formal sector consists of
employees who enjoy all legally mandated benefits,
which may include pensions, paid vacations, workplace
insurance, health insurance and Christmas bonuses.? The
informal sector includes employees who lack some or all
of these legally mandated benefits plus all self-employed
workers. Given that the EPH survey does not contain any
questions about benefits for the self-employed, we base
their inclusion in the informal sector on the firm size
definition, and anyone working in a firm with less than
five employees is also included in that sector. In this
sample, 80% of the self-employed work by themselves
and 20% work in firms of two to five employees. As a
consistency check, we compared the two 1.0 definitions.
In firms with less than six employees, roughly 10% of
female employees obtained all legally mandated benefits.
By contrast, only 21% of female employees working
at firms with more than five employees stated that they
lacked one or more legally mandated benefits. In other
words, while 90% of women in firms with less than six
employees did not receive full benefit packages, 80%
of women in firms with six employees or more received
full benefits. It appears that our use of small firms as an
indirect measure of informal employment in the case
of the self-employed is a reasonable assumption when
it comes to the experience of women in the Argentine
labour market.!!

Table 1 shows the means, standard deviation and
t-difference test between the estimated means of the
descriptive variables of formal versus informal women
workers.!2 Of a total of 3,733 women, 1,551 are formal
workers and 2,182 are informal. There is a significant
difference between the average real hourly wages of
formal women (5.26 pesos) and informal women (4.16
pesos), and this is initial evidence for a segmented labour
market, with formal workers earning more on average
than informal workers. In the case of women in the
formal sector subsample, 49% are mothers of at least
one child aged under 15, and of those mothers 28% have
one child, 16% have two and 6% have three or more.

10" All legally mandated benefits included in the Employment Contract
Act No. 20744.

11" See Casal (2011) for further details on the definition of informality.
12 Table A.1 in the annex gives a detailed description of the variables
used in this article. This section will describe only the main variables
used for the research.

In the case of women working in the informal sector,
61% are mothers, 27% with one child, 20% with two
and 14% with three or more. Note that this last category
of mothers with three or more children is significantly
larger for informal than for formal workers (14% versus
6%). As regards the age of the children, 28% of women
in the formal sector and 32% in the informal sector
have children aged under 5, and 21% of formal and
29% of informal women have children aged between
6 and 14.

When education is considered, significant differences
are found, especially between individuals with low and
high levels of education: 12% of formal women have a low
level of education, versus 42% of informal women, while
the proportions with a high level of education are 40%
and 15%, respectively. This is evidence for a key factor
driving labour market segmentation, which is explored in
Casal (2011). When the husband’s education is taken, it
transpires that significantly more informal-sector women
than formal-sector women married husbands with a low
level of education, with significantly more formal-sector
women marrying highly educated men. Where length
of time in the same job is concerned, finally, the results
were as expected, with formal workers averaging 7.81
years and informal workers 4.10 years. This initial
evidence from the comparison of sample means shows
that the formal and informal groups of women workers
are statistically different in terms of wages, education,
husband’s education and length of time in the same
job, and all these differences fit the segmented labour
market hypothesis.

In analysing wage differentials between women in
the following section, we undertake quantile regression
estimations and describe the conditional real hourly wage
distribution across different intervals of the formal- and
informal-sector wage distributions. The two distributions
are plotted in figures 1 and 2, and we use the two-sample
Kolmogorov-Smirnov non-parametric test to compare
the equality of distribution functions. From the results,
it seems that we cannot accept the null hypothesis that
the formal and informal real hourly wage distributions
are drawn from the same distribution (p value = 0). A
review of the charts suggests that the distributions are
asymmetrical and most of the population is concentrated
in the lower segments of the distribution, especially in the
case of the informal sector. This finding supports the use
of the quantile regressions, especially for consideration
of issues related to glass ceilings at the top of the wage
distribution and sticky floors, i.e., wage penalties at
the bottom.
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e Argentina (Greater Buenos Aires): descriptive statistics, 1995-2003
(Sample means and standard deviations)
All Formal Informal Formal = Informal
No =3 733 No =1 551 No =2 182

Variable

M Sl e S Sl D
dformal 0.42 0.49
rhourwage 4.62 4.08 5.26 3.56 4.16 4.39 1.10 8.03%#*
dmother 0.56 0.50 0.49 0.50 0.61 0.49 -0.11 [-6.73]***
dmother_one 0.27 0.45 0.28 0.45 0.27 0.44 0.01 0.13
dmother_two 0.18 0.39 0.16 0.36 0.20 0.40 -0.04 [-3.00]***
dmother_more 0.11 0.31 0.06 0.24 0.14 0.35 -0.08 [-7.32]***
dmother_5 0.30 0.46 0.28 0.45 0.32 0.47 -0.05 [-2.97]%*
dmother_6-14 0.26 0.44 0.22 0.41 0.28 0.45 -0.07 [-6.74]***
age 36.69 8.15 36.56 8.08 36.77 8.24 -0.21 [-0.65]
agesq 1413 593 1402 592 1420 595 -17.85 [-0.76]
dsingle 0.12 0.32 0.13 0.34 0.11 0.31 0.02 [1.67]*
dmarried 0.74 0.44 0.73 0.44 0.74 0.44 -0.01 [-1.06]
ddivorced 0.14 0.35 0.14 0.35 0.15 0.35 0.00 [-0.19]
head 0.27 0.44 0.28 0.45 0.26 0.44 0.02 [-1.31]
educationl 0.29 0.46 0.12 0.32 0.42 0.49 -0.30 [- 21.3]%**
education2 0.46 0.50 0.48 0.50 0.43 0.50 0.05 3.23%%*
education3 0.25 0.43 0.40 0.49 0.15 0.35 0.25 18.23%**
yearsinjob 5.61 7.11 7.81 7.46 4.10 6.75 3.71 16.43%**
dfulltime 0.69 0.46 0.84 0.37 0.59 0.49 0.24 16.40%**
dparttime 0.31 0.46 0.16 0.37 0.41 0.49 -0.24 [-16.45]%#*
dpublic 0.20 0.40 0.35 0.48 0.08 0.28 0.27 2204k
dprivate 0.80 0.40 0.65 0.48 0.91 0.28 -0.27 [-22.05]##*
dfirm_small 0.33 0.47 0.02 0.12 0.55 0.50 -0.53 [-41.21 ]
dfirm_medium 0.15 0.36 0.08 0.28 0.20 0.40 -0.12 [-9.88]*#*
dfirm_large 0.49 0.50 0.86 0.35 0.22 0.41 0.64 50.61%%*
dmanufacturing 0.13 0.33 0.12 0.32 0.14 0.34 -0.02 [-1.44]
dcommerce 0.16 0.36 0.11 0.32 0.19 0.39 -0.07 [-5.97]#**
dservice 0.72 0.45 0.77 0.42 0.68 0.47 0.09 5.88%**
manager 0.04 0.20 0.09 0.28 0.01 0.12 0.07 11.53%**
professional 0.09 0.28 0.09 0.29 0.08 0.27 0.01 1.43
administrative 0.33 0.47 0.58 0.49 0.15 0.35 043 31.49%#%
service 0.52 0.50 0.23 0.42 0.74 0.44 -0.51 [-36.11]***
bluecollar 0.02 0.14 0.01 0.12 0.02 0.15 -0.01 [-1.64]*

Source: prepared by the authors on the basis of the Permanent Household Survey (EPH).

Note: for an explanation of the variables, see table A.1 of the annex.
* Significant at 10%. ** Significant at 5%. *** Significant at 1%.
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FIGURE 1
Argentina (Greater Buenos Aires): frequency distribution of
formal women’s real hourly wages
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Source: prepared by the authors on the basis of the Permanent Household Survey (EPH).

FIGURE 2
Argentina (Greater Buenos Aires): frequency distribution of
informal women’s real hourly wages
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Source: prepared by the authors on the basis of the Permanent Household Survey (EpH).
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Results

Tables 2 to 4 report the estimated earnings functions
for oLs and quantile regressions. The wage estimations
in table 2 include an analysis of all women together
and then separate wage estimations for the formal and
informal sectors. As a starting point for discussing the
results, we note that most of the estimated coefficients
for control variables in table 2 are significant, and the
selected variables seem to explain wages in a manner
consistent with conventional Mincerian estimation
efforts.!3 As an example, for the education indicator
variables, the highest wage premiums are for those who
have completed university.

In all the estimation results, the empirical evidence
supports the traditional segmented labour market
hypothesis that women working in the informal sector earn
significantly less than their formal-sector counterparts.
On the evidence of table 2, there is a wage premium in
the formal segment of about 16%. When we examine
the oLs results for all women together and do not
differentiate between the informal and formal sectors,
we find a motherhood wage penalty that increases with
the number of children (3.8% for one child, 9.6% for
two children and 19.4% for three or more children).

More telling are the econometric results that emerge
when we examine the two market segments separately.
As predicted, the estimated coefficients associated with
motherhood and children are not significant in the formal
sector. In other words, the hypothesis that there would
not be a motherhood wage penalty in the formal sector
is consistent with the empirical evidence. By contrast,
women in the informal sector experience a statistically
significant motherhood wage penalty in all of the
specifications. We find that the wage penalty is not the
same for all mothers, as having more children increases
the estimated penalty (7.8% for one child, 15.5% for two
children and 26.3% for three or more children).

In 1999, following the 1998 international crisis
in East Asia, Brazil and Russia, Argentina’s Gpp fell
by 3.4% and the country entered an all-out recession
which lasted until July 2002, according to the National
Institute of Statistics and Censuses (INDEC). Table 3

13 Note that all the results have to be interpreted in relation to the base
category: a blue-collar single woman, non-mother, public employee
with less than complete secondary education, employed full-time at
a small services firm.

presents the whole period under study and also splits the
sample into the subperiods before and after the shock:
1995-1998 and 1999-2003. The coefficient estimates
for the motherhood wage penalty, as reported in table
3, appear to be relatively stable over time, showing a
higher penalty in the period before the shock (10.1%
versus 5.7% for one child, 16.4% versus 13.1% for two
children and 27.3% versus 26.0% for three or more
children). The estimated coefficients associated with
motherhood and children are non-significant across all
the formal-sector regressions.

The quantile regression results in table 4 offer a
closer look at the motherhood wage penalty across the
wage distribution. As in the OLs results, formal-sector
women workers do not experience statistically significant
motherhood wage penalties. Across the full time period
of the data, two different specifications of motherhood
(one by the number of children and one by their age)
show no significant wage penalties for mothers working
in the formal sector. Overall, the quantile regression
results for formal-sector women confirm the absence
of a wage penalty for motherhood.

By contrast, mothers in the informal sector do
experience statistically significant wage penalties, and
those penalties are greatest for women in the lower wage
quantiles. For example, the penalty for having three or
more children in the informal sector is greatest at the
bottom of the conditional wage distribution, with the
poorest mothers (tenth percentile) experiencing a penalty
of 44.8% and those in the richest quantile (ninetieth
percentile) one of 13.5%. The pattern of the penalty is
different for mothers of two children, for whom both the
glass ceiling and sticky floor hypotheses seem to apply,
as the penalty decreases up the wage distribution from
17.5% at the tenth percentile to 17.3% at the twenty-
fifth, 10.7% at the fiftieth and 8.8% at the seventy-fifth,
but then increases again at the ninetieth percentile to
16.1%. In the case of mothers with one child, the wage
penalty is between 3.9% and 9.5%, but the coefficients
are generally not significant, the exception being the
largest difference at the twenty-fifth percentile, where
women with one child earn 9.5% less than non-mothers.
One way of summarizing the motherhood wage penalty
for informal-sector women is that it increases with the
number of children and is likely to be greatest at the
bottom of the wage spectrum.
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TABLE 2
Argentina (Greater Buenos Aires): ordinary least squares (OLS)
earnings function, 1995-2003
Dependent variable: natural log of real hourly wages All Formal Informal
dformal 0.157
[0.028]#**
dmother_one -0.038 -0.004 -0.078
[0.026] [0.030] [0.038]%**
dmother_two -0.096 -0.017 -0.155
[0.033 ] [0.040] [0.046]%**
dmother_more -0.194 0.009 -0.263
[0.04 1] [0.045] [0.054 ]
age 0.028 0.020 0.038
[0.012]** [0.016] [0.017]%*
agesquared 0.000 0.000 0.000
[0.000]%** [0.000] [0.000]%*:*
dmarried 0.011 0.074 -0.047
[0.041] [0.060] [0.054]
ddivorced -0.066 0.059 -0.180
[0.041] [0.051] [0.058]#:*
head of household 0.092 0.067 0.095
[0.036]** [0.054] [0.047]%#*
education2 0.189 0.319 0.157
[0.029]#:* [0.037 ] [0.035 ]
education3 0.532 0.589 0.724
[0.039]#** [0.043]%** [0.072]%**
dprivate 0.233 0.083 0.321
[0.027]#:* [0.028]%** [0.055] %
yearsinjob 0.015 0.009 0.018
[0.002]%#** [0.002]%** [0.004]%**
dfirm_medium -0.005 -0.014 0.085
[0.039] [0.064] [0.046]*
dfirm_large 0.033 0.003 0.130
[0.033] [0.052] [0.046]%**
dmanufacturing -0.280 0.046 -0.488
[0.039]#:** [0.043] [0.053 ]
dcommerce -0.354 -0.133 -0.478
[0.037]#:* [0.044 ] [0.049]#*
dparttime 0.434 0.191 0.549
[0.026]%** [0.035]#** [0.032]#**
manager 0.793 0.689 0.873
[0.095 ] [0.103]#** [0.169]%**
professional 0.752 0.636 0.622
[0.093]*#3* [0.105] s [0.130]#*
administrative 0.415 0.315 0.422
[0.083]*** [0.093]#** [0. 11 1]
service 0.187 0.046 0.276
[0.080]%** [0.091] [0.1071 ]
year -0.052 -0.024 -0.070
[0.005]%** [0.006]*** [0.007]#**
constant 103.462 47.365 139.429
[9.422] [11.274 )% [13.588] %
Observations 3707 1560 2 147
R2 0.440 0.410 0.440

Source: prepared by the authors on the basis of the Permanent Household Survey (EpH).

Note: for an explanation of the variables, see table A.1 of the annex. The standard errors are listed below the estimates in brackets, and are robust
to heteroskedasticity. The reference category is a blue-collar single woman with less than complete secondary education, employed full-time at
a small services firm, public worker and non-mother.

* Significant at 10%. ** Significant at 5%. *** Significant at 1%.
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TABLE 3

Argentina (Greater Buenos Aires): ordinary least squares (OLS) earnings function
before and after the shock, 1995-2003

1995-2003 1995-1998 (pre-shock) 1999-2003 (post-shock)
Formal Informal Formal Informal Formal Informal
Mother of one child -0.004 -0.078** -0.051 -0.101* 0.040 -0.057
(0.030) (0.038) (0.042) (0.052) (0.044) (0.055)
Mother of two children -0.017 -0.155%#* -0.077 -0.164%#* 0.022 -0.131*
(0.040) (0.046) (0.054) (0.060) (0.058) (0.067)
Mother of three or more children 0.009 -0.263 %% -0.045 -0.273 %% 0.036 -0.260%**
(0.045) (0.054) (0.061) (0.072) (0.066) (0.077)
R? 0.415 0.443 0.400 0.442 0.461 0.440
Observations 1 560 2 147 825 1 069 735 1078
Mother of child aged under 6 -0.002 -0.180%#* -0.032 -0.232%5%* 0.017 -0.139%*
(0.032) (0.042) (0.043) (0.055) (0.046) (0.061)
Mother of child aged 6 to 14 -0.013 -0.099%* -0.087* -0.090* 0.055 -0.094*
(0.033) (0.039) (0.045) (0.053) (0.048) (0.056)
R? 0.415 0.441 0.400 0.443 0.461 0.436
Observations 1 560 2 147 825 1 069 735 1078

Source: prepared by the authors on the basis of the Permanent Household Survey (EPH).

Note: the standard errors are listed below the estimates in brackets, and are robust to heteroskedasticity. The reference category is a blue-collar
single woman with less than complete secondary education who is a non-mother, public worker and is employed full-time at a small services

firm. The control variables are the same as in table 2.
* Significant at 10%. ** Significant at 5%. *** Significant at 1%.

The quantile regression results were also
disaggregated by time period, pre- and post-peso crisis.
The results (also depicted in table 4) do not differ much
from those just described. There is some evidence of a
motherhood wage penalty among the lowest quantile of
formal-sector women in the pre-crisis period that is not
there later. Otherwise, across the rest of the formal-sector
quantiles, there are no statistically significant motherhood
wage penalty effects in either of the two time periods.
The informal sector, however, shows strong evidence

in both time periods of motherhood wage penalties
that are of similar size and statistical significance
across the quantiles, with the largest penalties being
experienced by women with three or more children.
As in the oLs results, the penalty is greater in the pre-
shock period. The differences in the coefficients before
and after the shock are not significant, but a larger
gap prior to the crisis could reflect general downward
pressure on wages affecting the formal sector during
this period.
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TABLE 4
Argentina (Greater Buenos Aires): quantile regression earnings function, 1995-2003
Quantile regression
OLS
10 25 50 75 90
Formal
Mother of one child -0.004 -0.047 -0.025 -0.033 -0.051 0.047
[0.030] [0.045] [0.033] [0.033] [0.048] [0.062]
Mother of two children -0.017 -0.056 -0.006 -0.004 0.009 0.006
[0.040] [0.062] [0.038] [0.050] [0.045] [0.061]
Mother of three or more children 0.009 0.068 0.077 0.004 -0.074 -0.121
[0.045] [0.080] [0.060] [0.050] [0.067] [0.082]
Adjusted R? (oLs) 0.415 0.232 0.263 0.256 0.248 0.267
Observations 1560 1560 1560 1560 1560 1560
Informal
Mother of one child -0.078:%:* -0.054 -0.095%*  -0.039 -0.069 -0.063
[0.038] [0.067] [0.046] [0.035] [0.043] [0.055]
Mother of two children -0.155%s#:# -0.175 -0.173%#%  0,107*%*  -0.088* -0.161%*
[0.046] [0.109] [0.054] [0.044] [0.048] [0.065]
Mother of three or more children -0.263%#* -0.448%#% - (,289%kk (), 183 %k -(,152%** (),135%
[0.054] [0.110] [0.077] [0.048] [0.052] [0.078]
Adjusted R? (oLs) 0.443 0.249 0.241 0.270 0.267 0.291
Observations 2147 2 147 2 147 2147 2 147 2147
Formal
Mother of child aged under 6 -0.002 -0.073 -0.025 -0.027 -0.042 0.041
[0.032] [0.049] [0.038] [0.038] [0.046] [0.060]
Mother of child aged 6 to 14 -0.013 0.005 0.002 -0.023 -0.036 -0.004
[0.033] [0.063] [0.032] [0.034] [0.043] [0.054]
Adjusted R? (oLs)/pseudo R? (quantile regression) 0.415 0.230 0.263 0.256 0.247 0.265
Observations 1560 1560 1560 1560 1560 1 560
Informal
Mother of child aged under 6 -0.1807%** -0.305%#F  -0.230%F*F  -0.103%#*  -0.125%F* -0.126%*
[0.042] [0.092] [0.055] [0.038] [0.047] [0.062]
Mother of child aged 6 to 14 -0.099:%: -0.027 -0.104#%  -0.069 -0.077 -0.104
[0.039] [0.071] [0.048] [0.046] [0.048] [0.064]
Adjusted R? (oLs)/pseudo R? (quantile regression) 0.441 0.246 0.240 0.268 0.267 0.290
Observations 2 147 2 147 2147 2147 2 147 2147
Formal 1995-1998 (pre shock)
Mother of one child -0.051 -0.139* -0.036 -0.029 -0.123%%  0.028
[0.042] [0.072] [0.044] [0.049] [0.062] [0.099]
Mother of two children -0.077 -0.152% -0.026 -0.005 0.002 -0.058
[0.054] [0.092] [0.067] [0.064] [0.078] [0.072]
Mother of three or more children -0.045 -0.068 0.055 0.004 -0.142 -0.144
[0.061] [0.134] [0.092] [0.063] [0.092] [0.118]
Adjusted R? (oLs) 0.400 0214 0.249 0.246 0.242 0.276
Observations 825 825 825 825 825 825
Informal
Mother of one child -0.101* -0.142 -0.105 -0.085°%* -0.071 -0.060
[0.052] [0.105] [0.070] [0.052] [0.058] [0.095]
Mother of two children -0.164%%* -0.218 -0.204** -0.101 -0.110% -0.151
[0.060] [0.133] [0.094] [0.064] [0.060] [0.106]
Mother of three or more children -0.273%%% -0.520%#*  -0.269* -0.165%*  -0.165%*  -0.167
[0.072] [0.159] [0.139] [0.074] [0.071] [0.113]
Adjusted R? (oLs) 0.442 0.262 0.261 0.278 0.283 0.315
Observations 1069 1069 1069 1069 1069 1069
Formal
Mother of child aged under 6 -0.032 -0.140%%  -0.039 0.015 -0.035 -0.049
[0.043] [0.067] [0.057] [0.046] [0.065] [0.079]
Mother of child aged 6 to 14 -0.087* -0.105 -0.021 -0.054 -0.129* -0.126
[0.045] [0.095] [0.053] [0.050] [0.069] [0.087]
Adjusted R? (oLs)/pseudo R? (quantile regression) 0.400 0.213 0.248 0.248 0.241 0.275
Observations 825 825 825 825 825 825
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Table 4 (concluded)
Quantile regression
OLS
10 25 50 75 90
Informal
Mother of child aged under 6 -0.232% %% -0.372%%k - L0.266%F  -0.129%%  -0.143%**k  (,]72%*
[0.055] [0.125] [0.080] [0.056] [0.049] [0.078]
Mother of child aged 6 to 14 -0.090* -0.106 -0.101 -0.098*  -0.094 -0.089
[0.053] [0.099] [0.070] [0.055] [0.065] [0.092]
Adjusted R? (oLs)/pseudo R? (quantile regression) 0.443 0.258 0.263 0.278 0.282 0.314
Observations 1 069 1 069 1 069 1 069 1 069 1 069
Formal 1999-2003 (post-shock)
Mother of one child 0.040 0.024 0.023 0.012 0.056 0.037
[0.044] [0.075] [0.051] [0.058] [0.068] [0.070]
Mother of two children 0.022 0.038 0.042 0.004 0.033 -0.017
[0.058] [0.086] [0.061] [0.065] [0.091] [0.097]
Mother of three or more children 0.036 0.042 0.051 0.035 -0.053 -0.131
[0.066] [0.116] [0.095] [0.101] [0.115] [0.113]
Adjusted R? (oLs) 0.461 0.295 0.302 0.291 0.276 0.289
Observations 735 735 735 735 735 735
Informal
Mother of one child -0.057 0.060 -0.119* 0.012 -0.058 -0.096
[0.055] [0.099] [0.067] [0.056] [0.065] [0.089]
Mother of two children -0.131* -0.170 -0.188**  -0.068 -0.084 -0.130
[0.067] [0.164] [0.076] [0.069] [0.083] [0.089]
Mother of three or more children -0.260% % -0451%%  -0.279%F  -0.212*%*  -0.151*  -0.149
[0.077] [0.191] [0.117] [0.090] [0.092] [0.104]
Adjusted R? (oLs) 0.440 0.254 0.234 0.268 0.269 0.282
Observations 1078 1078 1078 1078 1078 1078
Formal
Mother of child aged under 6 0.017 0.017 -0.012 -0.010 -0.009 0.092
[0.046] [0.076] [0.055] [0.064] [0.073] [0.082]
Mother of child aged 6 to 14 0.055 0.092 0.070 0.033 0.077 0.043
[0.048] [0.081] [0.061] [0.050] [0.059] [0.072]
Adjusted R? (oLs)/pseudo R? (quantile regression) 0.461 0.296 0.304 0.292 0.276 0.288
Observations 735 735 735 735 735 735
Informal
Mother of child aged under 6 -0.139%* -0.215 -0.162%%  -0.119%*  -0.044 -0.085
[0.061] [0.134] [0.079] [0.059] [0.076] [0.080]
Mother of child aged 6 to 14 -0.094* -0.043 -0.138**  -0.055 -0.047 -0.145%
[0.056] [0.098] [0.067] [0.054] [0.066] [0.082]
Adjusted R? (oLs)/pseudo R? (quantile regression) 0.436 0.247 0.231 0.265 0.267 0.283
Observations 1078 1078 1078 1078 1078 1078

Source: prepared by the authors on the basis of the Permanent Household Survey (EPH).

Note: the standard errors are listed below the estimates in brackets, and are robust to heteroskedasticity. The standard errors for the quantile
regressions are computed using data analysis and statistical software (STATA) and are based on 100 bootstrap replications. The reference category
is a blue-collar single woman with less than complete secondary education who is a non-mother, public worker and is employed full-time at a

small services firm. The control variables are the same as in table 2.
* Significant at 10%. ** Significant at 5%. *** Significant at 1%.

1. Another look at the motherhood wage penalty

So far, we have carefully examined variations in the
motherhood wage penalty by the number of children. An
alternative approach is to consider penalties associated
with the age of children or the timing of childbearing.
Because childcare requirements are related to the age
of children, different patterns may emerge for mothers

of young as opposed to older children, especially
considering that enrolment in a kindergarten is mandatory
in Argentina when a child turns 5.'* Accordingly, we
redivided the sample into groups of mothers of children
aged under 6, mothers of children aged between 6 and

14" Article 16 of the National Education Act, No. 26206, provides that
school is compulsory from the age of five.
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14, and non-mothers, and then repeated the estimations
(tables 3 and 4).

As before, there is no concrete evidence of a
motherhood wage penalty in the formal sector, while
the coefficients for motherhood penalties are significant
in the informal subsample. For instance, table 3 shows
that having a child aged under 6 is associated with a
penalty of 18%, while in the case of older children the
wage penalty is 9.9% (ovLs). If the periods before and
after the economic shock are considered separately, the
penalty seems to have been relatively stable over time in
the case of mothers of older children (9%), decreasing
however from 23.2% in 1995-1998 to 13.9% in 1999-
2003 for mothers of younger children.

The quantile regression estimates in table 4 indicate
significant wage differences associated with motherhood
in the informal sector over the wage distribution. For
mothers of children aged under 6, the penalty is 30.5%
in the tenth percentile, 23.6% in the twenty-fifth, 10.3%
in the fiftieth, 12.5% in the seventy-fifth and 12.6% in
the ninetieth, again offering supporting evidence for
the sticky floor hypothesis in the informal sector. In
the case of mothers of older children, meanwhile, only
one coefficient estimate is significant, namely that for
the twenty-fifth quantile (10.4%). The informal sector
shows strong evidence in both time periods (pre- and
post-crisis) for motherhood wage penalties across the
quantiles, with the largest penalties being experienced
by women with children aged under 6.

As might be expected, then, the motherhood wage
penalty is greater when children are younger. Nevertheless,
as Budig and England (2001) highlight, it could be the
case that mothers, and especially mothers of children
who are not old enough to go to school, seek “mother-
friendly” jobs. In other words, they may be looking for less
taxing jobs with flexible hours, few travel requirements
and other mother-friendly attributes. If those mothers are
more willing than others to take these mother-friendly
jobs, they will earn less. In the case of Argentina, Faur
(2011) indicates that implementation of créches for the
children of working parents has never been widespread
in Argentina: coverage of five-year-old children has been
extended but State provision of educational services for
children under 3 is still limited throughout the country, so
that households with younger children need the help of
family members or private care providers. In the 1990s,
the inadequacy of State-run childcare services resulted
in the expansion of community créches and private
childcare facilities (Faur, 2011). The consequence was
a widening of the gap between women in poor families
and those in middle- to high-income ones. Women

from middle- and high-income households normally
have greater scope to integrate work in the marketplace
with family responsibilities by defamilializing care,
given their greater access to institutionalized public or
private care services of various kinds, or by engaging
domestic helpers. For their part, women in lower-income
sectors might stay at home and care for their children,
participate in community arrangements to secure food
and services for them, or join the labour market and
secure child care (Faur, 2011).

If a comparison is made with the empirical
results from the other papers mentioned in section II,
the magnitude of the motherhood wage penalty for
informal-sector female workers is invariably larger than
it is in other countries where the empirical analyses do
not control for formality. However, it also seems to be
important to consider the evolution of female labour
force participation, fertility patterns and the increasing
probability that a woman will have her first baby at
an older age. The ideal estimation would be a double
selection model covering the probability of being in
the labour force and of being a mother and taking
account of sample selection as well as the endogeneity
of the choice to become a mother. Unfortunately, we
cannot estimate this model because it requires at least
two instrumental variables that were not available in
our survey. Additionally, given the characteristics of
the EPH survey, it is not possible to identify patterns
of delayed childbirth because there is no information
about the age of the oldest child in the case of women
with children aged over 14. The best approximation is
to consider the same set of wage regressions but look
at different female age cohorts.!> When this is done,
the findings suggest that younger cohorts of mothers
are likely to experience a higher wage penalty than
older mothers.

2. The Blinder-Oaxaca decomposition

We are interested in comparing earnings between
groups, and the Blinder-Oaxaca decomposition can
be used to divide the wage differential between two
groups into the “explained part”, justified by certain
worker characteristics associated with productivity,
and the “unexplained part”, which may be attributable
to discrimination but also to the potential effects of
differences in unobserved variables and specification

15 The regressions are available upon request, but the results are in
many cases not significant.
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errors in the model (Jann, 2008; Esquivel, 2009).16 Table
5 illustrates the Blinder-Oaxaca decomposition for the
main groups: formal versus informal and, within those
segments, mothers versus non-mothers. The first column is
a decomposition of the formal-informal wage differential
that seeks to prove the null hypothesis of equation (2),
namely that earnings are significantly higher for formal
than for informal workers. The mean predictor of the
natural log of hourly wages is 1.05 pesos for informal
workers and 1.48 pesos for formal workers, yielding
a negative and significant difference of -0.43. When
the Blinder-Oaxaca decomposition is carried out, both
parts are significant: 67% is explained by differences in
personal, job or sectoral characteristics, while 33% is
unexplained and could be considered evidence of labour
market segmentation.

Since the aim is to understand not only the earnings
differences between segments but also the posited
motherhood wage penalty, the second and third columns
of table 5 consider mothers versus non-mothers. As
expected, given our central hypotheses, there are no

16 The results have to be interpreted with caution, however, because,
as Esquivel (2009) emphasizes, attributing discrimination to the second
component assumes that the first part, associated with supply-side
factors, is free of discrimination. “[It] is particularly problematic if
certain attributes of occupations are included as ‘explained factors’ in
this first component, like industry, for example, because this implicitly
assumes that segregation is due to the voluntary decisions of men and
women” (Bergmann, 2004, quoted in Esquivel, 2009, p.18).

significant differences between the predicted means of
mothers and non-mothers in the formal sector. However,
there is a motherhood wage penalty in the case of
informal workers; the predicted natural log of the hourly
wage is 1.15 pesos for non-mothers and 0.98 pesos for
mothers. The positive wage gap of 0.16 in favour of non-
mothers is significant, and almost the entire difference
(75%) is significantly unexplained or associated with
possible discrimination. Thus, these findings bear out the
original hypothesis of a motherhood wage penalty in the
informal sector, and most of this penalty is attributable to
discrimination or unobserved factors.!” It is also worth
noting that this 0.16 differential in the informal sector
is at the upper end of the distribution of the motherhood
wage penalty estimates reported above.

17 In an attempt to identify the group of mothers experiencing the
greatest motherhood penalty, we also estimated the Blinder-Oaxaca
decomposition for different groups of formal and informal women:
(a) mothers of one child versus all other women; (b) mothers of two
children versus all other women and (c) mothers of three children
versus all other women. In the formal sector, it seems evident that
the main conclusion is as shown in table 6: mothers do not appear to
experience wage penalties. In the informal sector, the largest motherhood
penalty is found among mothers of three or more children, since
the estimated predicted natural log of the hourly wage difference is
significant and is equal to 0.32. About 47% is explained by differences
in endowments, while 53% of the decomposition is unexplained. As
indicated previously, the Blinder-Oaxaca decomposition does not
identify whether the unexplained part is discrimination by employers
or unobserved heterogeneity in productivity.

TABLE 5
Argentina (Greater Buenos Aires): Blinder-Oaxaca decomposition,
formal and informal, 1995-2003
Formal Informal
G Informal (1)
roup vs formal (2) Non-mother (1) Non-mother (1)
vs mother (2) vs mother (2)
In (rhourwage) Prediction_1 1.05 1.47 1.15
[0.02]#%** [0.02]#%%* [0.03]#%**
In (rhourwage) Prediction_2 1.48 1.49 0.98
[0.02]#** [0.02]#%* [0.02]#%**
Difference -0.43 -0.02 0.16
[0.02]#** 0.03 [0.04]#%**
Decomposition
Explained # -0.29 -0.03 0.04
[0.03]#** [0.02] [0.03]
Unexplained ® -0.14 0.01 0.12
[0.03]#** [0.03] [0.03]#%**

Source: prepared by the authors on the basis of the Permanent Household Survey (EpPH).

Note: the standard errors are listed below the estimates in brackets, and are robust to heteroskedasticity.
4 Quality or endowments effect explained by group differences in the predictors.
b Discrimination effect: unexplained effect attributed to discrimination and unobserved variables.

##% Significant at 1%.
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3. The Nopo decomposition

The central variable is the natural log of real hourly
wages, and we are analysing the wage gap between
mothers and non-mothers working in the formal and
informal sectors. Three combinations are taken in the
matching: set I takes age and year, set I adds education
measured by three dummy variables, and set III adds
the head of household dummy variable. As Marquez
Garcia, Nopo and Salardi (2009) highlight, the greater
the number of characteristics used in the matching, the
smaller the chances of finding exact matches. Notice
in table 6 that the common support (cs) percentage of
mothers decreases from approximately 92% in set I to
50% in set III for the formal and informal subsamples,
while the cs percentage of non-mothers decreases from
90% to 42% in the formal sector and from 95% to 57%
in the informal sector.

When the formal subsample is considered, it
transpires that non-mothers earn only 0.02% more than
mothers. After matching on age and year, 1% is accounted
for by differences in the support (Ay = -0.1% and
Anp = 1.1%) and differences in the distribution of
individual characteristics in the common support
explain 3% (Ay), while Ay = -4% is the unexplained
motherhood wage gap. Interestingly, when we add
more characteristics (age, year, education and head of
household), the unexplained gap is even smaller at Aj=

-1.2%. Most is accounted for by the components that
exist because of unmatchable mothers (Ay; = -4.6%)
and non-mothers (Ayy; = 3.6%).

When the informal sample is considered, the wage
gap is found to be much greater here than in the formal
sector: mothers earn 14.4% less than non-mothers.
The largest share of the decomposition is accounted
for by the unexplained component, and A, accounts
for -15.8% in set I, -13.6% in set II and -17.5% in set
III. As for the components associated with unmatched
individuals, following inclusion of education and the
head of household dummy the part of the gap for
which there are mothers who cannot be matched with
non-mothers Ay, yields a positive sign (1.5% in set II
and 6.1% in set III) while Ay yields a negative sign
(-3.3% in set II and -6.7% in set III). Interestingly, the
lowest share is given by a positive Ay of 2.3% when only
year and age are considered, 1.1% when education is
added in and 3.7% when the head of household dummy
is included.

Note that Ay is always positive in both samples,
and this could be understood as non-mothers having
better endowments. Once again, these observations offer
evidence in favour of our central hypotheses, since there
are significant differences between the predicted means
of mothers and non-mothers in the informal sector, and
the unexplained wage gap component is significantly
higher in the informal segment.

TABLE 6

Argentina (Greater Buenos Aires): motherhood wage gaps,

formal and informal, 1995-2003

(Percentages)

Formal
D (Qy) (1)
Age and year Plus education Plus head of household
A -0.02 -0.02 -0.02
Ay -4.01 -3.83 -1.1
Ayt -0.10 -4.00 -4.60
Am 1.10 4.50 3.57
Ax 2.99 3.32 221
Percentage cs mothers 91.97 67.62 49.48
Percentage cs non-mothers 89.94 64.20 42.29
Informal
@ axn (1)
Age and year Plus education Plus head of household

A -14.40 -14.40 -14.40
Ay -15.78 -13.59 -17.48
Ayt -1.06 1.46 6.11
Axm 0.13 -3.34 -6.74
Ax 2.32 1.08 3.72
Percentage cs mothers 91.81 64.90 46.85
Percentage cs non-mothers 95.45 76.20 57.06

Source: prepared by the authors on the basis of the Permanent Household Survey (EPH).

Note: wages gaps were estimated using the Nopo decomposition, controlling for different sets of characteristics.
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VI

Conclusions

This article is unique in that it integrates two different
topics, the motherhood wage penalty and segmented
labour markets in the recent Argentine context of
national policies pursuing flexible labour markets and
the consequent deterioration of workers’ rights. In
general, we cannot reject the traditional hypothesis of
labour market segmentation and a wage premium for
formal-sector women workers. Our central finding is
that women working in the informal sector are the ones
who suffer a motherhood wage penalty. It appears that
regulations protecting the rights of these mothers go
unenforced and they are less able to afford domestic help
and childcare that might enable them to become more
productive at work. Women who have more children
show a greater likelihood of being in a temporary job,
perhaps because they have to allocate more time to taking
care of the family in the home. It is also true that not all
women have the same employment opportunities, and
those who belong to the lowest income segments have
to work under more insecure and informal conditions
because of their need to contribute to household income.

We use different estimation methods, including
analysis of frequency distributions, oLs and quantile
regressions. We combine the OLs results with the Blinder-
Oaxaca decomposition to explore the explained and
unexplained sources of wage gaps. The regression analysis
shows that not all women experience the motherhood
wage penalty. In the case of formal-sector workers, the
coefficients on the motherhood dummy are not significant;
it appears clear that those mothers do not experience
wage penalties. In the case of the informal subsample,
wage penalties are significant and grow with the number
of children. Moreover, the motherhood penalty is not
the same across the conditional wage distribution since

it tends, especially for informal women, to be greater
at the extremes. These results are consistent with the
glass ceiling and sticky floor hypotheses of the labour
market literature.

Additionally, considering the Blinder-Oaxaca
decomposition, the difference between formal and
informal wages is significant, and while 67% of the
difference is explained, 33% is unexplained and could
be attributed to discrimination. When motherhood and
its effects on women’s wages are considered, there are
significant results in the informal subsample, mainly
for the estimated coefficient of motherhood, while there
are no significant estimates in the formal group. In the
case of the informal segment, there is strong evidence
of a motherhood wage penalty, and it is almost entirely
(75%) driven by unexplained factors or discrimination.
Similar results arise with the Nopo decomposition; most
of the motherhood wage penalty in the informal sector
is unexplained, and when we add more characteristics
to the match it is greater than the actual gap (A =-14.4%
and Ay =-17.5%).

Overall, this article shows that the most vulnerable
women are informal-sector workers. Their vulnerability
is observed not only in their wages, which are lower
than formal-sector women’s, but also in a motherhood
wage penalty that rises with the number of children and
is greatest when children are young. Institutional labour
market rules thus appear to be a crucial determinant
of wages for women in Buenos Aires. These results
suggest a welfare rationale for caution in pushing
for increased labour market flexibility. Such reforms
might drive standards down towards those applied
to mothers in the informal sector, reducing pay and
professional opportunities.
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ANNEX
TABLEA.1
Explanation of variables
Variable Description
rhourwage Real hourly wage.
In_rhourwage Natural log of the real hourly wage.
dformal Dummy: 1 if the woman is employed in the formal sector and 0 otherwise.
dmother Dummy: 1 if the woman is the mother of at least one child aged under 15 and O otherwise.
dmother_one Dummy: 1 if the mother has one child aged under 15 living at home and 0 otherwise.
dmother_two Dummy: 1 if the mother has two children aged under 15 living at home and 0 otherwise.
dmother_more Dummy: 1 if the mother has more than two children aged under 15 living at home and 0 otherwise.
dmother_5 Dummy: 1 if the mother has at least one child aged under 6.
dmother_6-14 Dummy: 1 if the mother has at least one child aged 6 to 14.
age The woman’s age in years.
agesq The square of the woman’s age in years.
dsingle Dummy: 1 if the woman is single and O otherwise.
dmarried Dummy: 1 if the woman is married and O otherwise.
ddivorced Dummy: 1 if the woman is divorced and O otherwise.
head Dummy: 1 if the woman is the head of her family and O otherwise.
education] Dummy: 1 if the woman has incomplete secondary education or less and 0 otherwise.
education2 Dummy: 1 if the woman has complete secondary education or some university-level education and 0 otherwise.
education3 Dummy: 1 if the woman has completed a university degree and O otherwise.
yearsinjob Number of years working in the current job.
dfulltime Dummy: 1 if the woman works more than 20 hours per week and O otherwise.
dparttime Dummy: 1 if the woman works less than 20 hours per week and O otherwise.
dpublic Dummy: 1 if the woman is employed in the public sector and 0 otherwise.
dprivate Dummy: 1 if the woman is employed in the private sector and O otherwise.
dfirm_small Dummy: 1 if the woman is employed in a firm with one employee and 0 otherwise.
dfirm_medium Dummy: 1 if the woman is employed in a firm with two to five employees and 0 otherwise.
dfirm_large Dummy: 1 if the woman is employed in a firm with more than five employees and 0 otherwise.
dmanufacturing Dummy: 1 if the worker is employed in the manufacturing sector and 0 otherwise.
dcommerce Dummy: 1 if the worker is employed in the commerce sector and 0 otherwise.
dservice Dummy: 1 if the worker is employed in the service sector and 0 otherwise.
manager Dummy: 1 if the woman is a manager and O otherwise.
professional Dummy: 1 if the woman is a professional worker and O otherwise.
administrative Dummy: 1 if the woman is an administrative worker and 0 otherwise.
service Dummy: 1 if the woman is a services worker and 0 otherwise.
bluecollar Dummy: 1 if the woman is a blue-collar worker and 0 otherwise.

Source: prepared by the authors.
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Working from home is an option that differs from other forms of employment. This
type of employment is driven not only by globalization and outsourcing, but also by
unequal gender relationships within the home. Two multi-logistic regressions were
used to determine how the distribution of in-home working arrangements differs by
sex and by male/female age range, level of education, marital status and degree of
urbanization of the place of residence. The results suggest that these characteristics
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I

Introduction

The informal economy accounts for 48.5% of total
employment in Latin America (Tokman, 2008). It includes
workers who do not have of the social security coverage,
training, unemployment insurance, health-care insurance
or pensions provided for in labour laws and who are
therefore in a highly vulnerable position. This segment
of the labour market is dynamic and heterogeneous.
It encompasses independent workers employed in
subsistence activities, domestic workers, homeworkers,
wage earners and independent workers employed in small
businesses and workers in formal-sector companies who
are not entitled to benefits (1Lo, 2005). The size of this
sector is worrisome, but an additional cause of concern
is the fact that, as a result of the globalization process,
new forms of recruitment are gaining in importance at
the same time that governments are de-regulating labour
markets in order to increase the flexibility of employment
arrangements and facilitate outsourcing to small informal
firms or home-based workers. As a result, although
the informal sector grew by only 1.7% between 1990
and 2008, forms of employment in the region in which
wage levels are substandard or unpredictable rose from
11% to 15.1% (Tokman, 2008).

The Mexican economy is no exception. Estimates
vary to some extent, but they all indicate that informal
employment makes up a large proportion of the economy.
According to Tokman (2008), informal-sector employment
accounted for 43.7% of total employment, and forms
of employment providing substandard or unpredictable
wages accounted for 14.8% in 2008. Cardero and Espinosa
(2013) estimate that informal employment accounted for
64% of the total in 2009, given the number of people
who lack access to employment-based welfare and
health-care programmes.

Part of the context for this situation is provided by
the neoliberal structural reforms that were introduced
in response to the 1982 external debt crisis. These
reforms brought about a change in the driving forces
behind the economy and ushered in greater stability in

[0 We are grateful to our colleagues, Jenny Cooper and Julio Lépez, for
the support that they provided throughout the preparation of this study
and to our anonymous referees for their insightful observations, which
enabled us to improve this paper. We also owe a debt of gratitude to the
Technological Innovation and Research Projects Support Programme
of uNaM for the funding provided for Project IN306911-3.

some macroeconomic indicators, such as the external
public debt, the public deficit and inflation. Nonetheless,
production and employment indicators have fallen
short of expectations (Ocampo and Ros, 2011). One
of the reasons is that economic growth has been fairly
moderate compared to the growth rates marked up by
the emerging economies of Asia and even those of Latin
America. Between 1988 and 1994, the gross domestic
product (GDP) climbed by 3.4%; between 1994 and 2000
(the period during which the country was involved in
the North American Free Trade Association (NAFTA),
which coincided with an economic boom in the United
States, GDP rose by 3.6%, and it edged up by just 2.2%
in 2001-2011.

Even worse, the new pattern of export-led growth
has not generated sufficient labour demand to meet the
needs of a growing population, since demand has risen
fairly slowly in the past 25 years, with average growth
rates of 2.7% for 1988-1993, 2.2% for 1995-2000,
and 1.7% from 2001 to 2011. Meanwhile, the open
unemployment rate (which does not provide information
on underemployment) climbed from 2.2% to 5.2% in
2001-2011.

At the same time that an increasing imbalance
between a growing labour force and shrinking labour
demand has been taking shape, more and more women are
becoming involved in the production and distribution of
merchandise (De Oliveira and Eternod, 2000; Rendén and
Salas, 2000; Garcia, 2001). Women’s labour participation
rate began to rise in the 1980s, and this increase has spread
to all age groups and martial status categories. While
a variety of social, cultural and demographic factors
account for this shift, the decline in real wages since the
1982 crisis has made it necessary for more and more
women to enter the workforce during a time of economic
instability in which access to unemployment insurance
and universal benefit coverage is often unavailable. The
shifts occurring in the labour market have had an impact
on both sexes, but women undeniably make up a majority
in the categories of vulnerable workers (Garcia, 2001).!

1" The sectors accounting for the majority of women in informal

employment are commerce (which saw an increase from 31% in
2000 to 34.3% in 2009), services (21.3% in 2009) and manufacturing
(13.3%) (Cardero and Espinosa, 2013).
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The informal labour sector includes work done
from home for the market. This kind of activity has been
going on ever since the start of the industrial revolution
and has taken on new forms as it adapts to changes in
labour demand. As one crisis follows after another,
own-account work has come to represent a large share
of the labour participation rates of adult women and
their male children (Garcia, 2001). According to the
National Occupation and Employment Survey, today
this type of work is performed by 14% of the labour
force in Mexico (4.4 million people as of 2010), which
means that nearly one third of all informal workers are
working from home. Furthermore, the sexual division of
labour is clearly reflected in home-based employment,
with women homeworkers (10.2%) far outnumbering
their male counterparts (2.6%).2 In manufacturing,
home-based work is common in the wearing apparel,
leather and footwear, furniture and machinery industries;
in the services sector, it is prevalent in retail groceries,
stationery, clothing and professional services.

By contrast, 12.8% of all employed males work
at the home of their employer, whereas only 3.9% of
employed women do. These employees include domestic
workers, drivers and wage earners employed in home-
based microenterprises.

This form of gender-based segregation raises an
issue in terms of our understanding of what modes of
employment are characteristic of home-based employment
as opposed to other options, such as working in an office,
a factory or some other institution outside the home or
of remaining outside the workforce. The objective of
this study is to examine the factors influencing men’s
and women’s decisions as to where and how to work?
and or whether to remain outside the labour force. More
specifically, the options that will be analysed are: home-

2 According to the National Occupation and Employment Survey, over
80% of this type of work takes the form of own-account employment.
3 It is important to remember that women (and some men) engage
in unpaid work in their own home (e.g., childcare, caring for older
adults in the home, housework, etc.). This kind of domestic work is
just as valuable as work done in the marketplace, but, for the sake of
clarity and the purposes of this study, the term “home-based work”
is used to refer exclusively to paid work performed in the home for
the market.

based work in the manufacturing or services sectors,
working outside the home and not working.

Another objective is to determine how the 2008
crisis affected home-based work and work outside
the home. As is well known, Mexico was the hardest-
hit of all the Latin American countries, with its total
GpP and manufacturing sector’s GDP plunging by
5.9% and 9.9%, respectively, in 2008-2009 (National
Institute of Statistics and Geography (INEGI)), while its
unemployment rate jumped from 4% to 5.5% (a 20%
increase). Informal employment and the substandard
conditions associated with it also expanded during that
time, and it is therefore to be expected that the scale
and determinants of this form of employment have
also changed.

In line with Edwards and Field-Hendrey (2002)
and Rani and Unni (2009), a multinomial model is used
in this study for the years 2005 and 2010. This model
makes it possible to undertake a simultaneous analysis
of decisions to work from home in the manufacturing or
services sectors or outside the home versus decisions to
remain outside the workforce. The data source used is the
National Occupation and Employment Survey for those
same years. The literature on home-based employment
in Mexico is very limited, which poses a challenge
for any attempt to conduct an econometric analysis of
the factors underlying this form of employment in the
manufacturing and services sectors. The literature does,
however, contain one very interesting study, based on a
special-purpose survey, that analyses home-based working
conditions in the manufacturing sector, the nature of
such work and the accompanying labour relations (see
Beneria and Roldan, 1992).

As will be discussed in section II, the reasons
why home-based employment exists are complex and
involve a range of different factors. In section III, we
describe the different forms of employment: home-based
employment in the manufacturing or services sector,
employment outside the home and non-participation
in the labour force. The methodology and results of
the multinomial model that is used to determine the
probability that men or women will choose one or
another of these modalities are discussed in section I'V.
Some final comments and observations are presented in
section V.
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Basic aspects of home-based work

Some Marxist authors have suggested that home-based
work has increased in response to the requirements of
the globalized capitalist system, in which managers
need to be able to outsource goods and services from
a flexible, low-cost supply of labour in a way that
allows them to bypass labour laws and avoid providing
benefits (Pearson, 2004). According to this view, the
expansion of home-based employment is an outgrowth
of informal labour, which is the crucial factor to take
into consideration in order to arrive at an understanding
of the relationship between globalized production and
home-based employment (Beneria, 1981; Carr, Chen
and Tate, 2000).

Clearly, trade liberalization has exerted downward
pressure on production costs, which increases the
attractiveness of outsourcing in the informal sector
on disadvantageous terms and conditions for workers
(Pearson, 2004; Beneria and others, 2000). In Mexico, as
in other third-world countries that are part of global value
chains in the textile and clothing industry (Dedeoglu,
2010), the presence of maquiladoras has allowed the
garment industry to increase its use of outsourced home-
based work for specific tasks (sewing on buttons, making
hems, sewing on lace and embroidery) (Lépez, 2005;
Judrez, 2004). Care should be taken to avoid overstating
the importance of international outsourcing as a major
reason for the existence of home-based employment,
however, since it is known that most exports have a
very high content of imported inputs, which puts local
suppliers at a disadvantage; this, in turn, depresses
local demand for goods and services and weakens the
intra- and inter-sectoral links of domestic production
chains (Aroche and Cardero, 2007). Outsourcing is thus
most common in specific niches, such as, for example,
the garment industry, where for each male employee
there are 2.65 women, according to data compiled
by INEGL

An additional factor in the appearance of new
forms of home-based work in Mexico —especially
in the case of highly educated men who work in the
services sector— has to do with new ways of organizing
production activities based on flexible specialization
(Piore and Sabel, 1984) and the technological changes
that have ushered in the fragmentation of the production
process, the decentralization of production and the vertical

de-integration of business enterprises (Gereffi, Humphrey
and Sturgeon, 2005; Langlois, 1995), which then opt to
purchase certain services in the market that they used
to produce in-house. In addition, companies’ efforts to
establish more flexible working conditions and save
both time and space, in conjunction with the growing
utilization of information technologies in various easily
monitored areas of corporate activity, are opening the
way for some of their employees to work from home.
The idea of “remote workers” (i.e., employees who work
away from the office) has been around for quite some
time, but until recently the term was simply a synonym
for working from home or teleworking. It is not a question
of outsourcing a service but instead of relocating it from
the office to a home. Advances in mobile technology are
also making virtual meetings (and the savings in travel
expenses and working hours associated with them) more
and more common (Cerda, 2011).

In this article we will focus on the approach
adopted by Atasti Topcuoglu (2005), who believes that
the relationships between economic globalization, the
increasing scale of informal economic activity and
home-based employment are all important factors but
are not in themselves sufficient explanations for this
phenomenon, which has, after all, been in existence
since before the industrial revolution (Thompson,
1963; Louw and De Vries, 2002). The prevalence of
patriarchal gender relations is another factor that blocks
women from participating in the workforce on an equal
footing with men and that contributes to the invisibility
of women’s informal home-based employment, which
is sometimes chosen because there is no alternative,
rather than because it is an attractive option. As noted
by Hartmann (1979), women occupy a dual position in
the labour market. They rely on their husbands’ wages,
which is why it is they who do the housework, but, at the
same time, their household duties place them in a weaker
position within the labour market, which translates into
lower wages vis-a-vis their male counterparts. In other
words, home-based work offers a way for women to work
and earn an income without challenging the prevailing
patriarchal ideology (Kantor, 2003).

As aresult, the labour market is not gender-neutral.
There are informal and cultural norms that lead to
gender segregation in some sectors of the economy and
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employment, in addition to vertical gender segregation
(Elson, 1999). Sociocultural constructs of gender roles
and stereotypes establish who the decision-makers are
and to whom economic assets belong (Beneria and
Roldan, 1987).

Viewed from this vantage point, it can be seen that
there are a range of variables involved in the explanation
of why there is a segment of the population that earns
its livelihood through home-based employment.
Recent studies have looked at the sociodemographic
characteristics of home-based workers (e.g., level of
education, age, religion, racial identity and the labour
costs of home-based work), which are important
considerations in the case of women who, unlike men,
have to combine household tasks with their market-
based employment activities. This can mean that the
reservation wage may be lower than it is for employment
outside the home. A pioneering study by Edwards and
Field-Hendrey (2002), in which they used data from the
1990 population census of the United States, is based
on the concept that participation in the labour market
has a fixed cost and takes a close look at women’s
decisions about working in the home. They find that
women who have children or other dependents or who
live in rural areas are more likely to work from home
than elsewhere. The study also indicates that women
with children, other dependents or a spouse are more
likely to engage both in unpaid domestic work and
home-based gainful employment. The authors focus on
the attractiveness for women of the option of staying at
home so that unpaid domestic work can be combined
with gainful home-based employment.

Rani and Unni (2009) have used a similar model
in analysing the situation in India, but they also take
the economic situation into consideration in gauging

111

how important a role economic reforms may have
played in the frequency of the practice of outsourcing.
They focus on the determinants of men’s and women’s
decisions as to whether to work in the manufacturing
or services sectors from home or away from home.
The authors find that women’s decisions regarding
home-based employment are influenced, at a micro
level, by their cultural environment (castes, religion),
their level of education and the fixed cost of working at
home; these considerations are not taken into account
by men when making this same decision. In other
words, these authors found evidence that corroborates
how strongly women are influenced by existing
patriarchal systems.

At a macro level, Rani and Unni (2009) compare
past periods in which trade was not as open with the
situation in more recent times and find that there is no
significant correlation for women home-based workers
but that there is one for male home-based workers. This
suggests that the small but increasing percentage of
men engaging in home-based work may be driven by
economic reforms that have altered male employees’
role in the organization of production. In other words,
while the sociocultural factors that influence women’s
decisions about engaging in home-based employment
are quite evident, those that may affect men’s decisions
in this respect are not, and their decisions may be based
on responses to the demand for outsourced labour
generated by industries’ efforts to cut labour costs in
an increasingly globalized market.

On the basis of these two studies, an attempt will
be made here to explain the dynamic of home-based
and non-home-based work from a gender perspective
at both the microand macro levels. A more detailed
account will be provided in section IV.

Stylized facts about home-based and non-home-

based employment in the manufacturing and

services sectors: 2005-2010

Even though a growing number of women entered the
labour market in the late twentieth century, women’s
participation in the labour force remains fairly limited;
only 38% of women were employed, versus 86% of men,

as of 2005. During the next five years, however, female
employment climbed faster than male employment, and
the employment figures had therefore changed to 42% for
women and 84% for men by 2010, which suggests that

GENDER DIFFERENCES IN WORKPLACE CHOICES UNDER CRISIS CONDITIONS ¢
LILIA DOMINGUEZ V. AND FLOR BROWN G.



84 CEPAL REVIEW 111

DECEMBER 2013

the crisis had a stronger impact on the latter. The number
of women working from home in the manufacturing and
services sectors fell slightly, slipping from 15% of the
total in 2005 to 12% in 2010 (see table 1). The proportion
of men working from home remained steady at 3%, but
their distribution changed: whereas 5% of them were
working in manufacturing and 1% in services in 2005,
in 2010 the corresponding percentages were 1% and 2%,
respectively. In other words, there was a 3.7% annual
decrease in the number of men working from home in the
manufacturing sector and an increase in those engaged
in an own-account home-based services business; even
though women’s participation rate in this latter category
fell by seven percentage points, it continues to be more
than twice as high as the overall average (see table 1).

In all, 97% of men, compared to 85% of women,
worked outside the home (i.e., in a factory or in an office
or in the informal sector on the street or in the home of
their employer) in 2005; the corresponding figures for
2010 were 97% and 88%, respectively (see table 1). This
means that the percentage of women working outside
the home rose slightly during this period, which would
not be expected to occur during a crisis. One possible
explanation is that these women switched over from doing
own-account work to employment in the home of their
employer or to working as informal street peddlers or to
employment in the formal sector in offices or factories.
During this period, the proportion of the total employed
labour force represented by women climbed from 32% to
34%, which is still less than their average participation
rate in the economy as a whole.

Over 80% of the women who are not in the workforce
classify themselves as “unavailable for employment”
because they are students, are retired or, in the majority
of cases, are married and stay at home to take care of
their children and the house. The number of men who
place themselves in this category is much smaller, as
may be seen from table 1.

In the five-year period under study (see table 1), the
number of unemployed persons increased considerably
(12%), with the rise in joblessness for women (14%)
being sharper than it was for men (11%).* Within this
category, the proportion of women who were available

4 The unemployment rate was 2.2% in 2005 and 3.5% in 2010; the
rate for women was slightly higher (2.3% in 2005 and 3.7% in 2010,
versus 2.2% and 3.4%, respectively, for men). This unemployment
rate is lower than the average rate for the economy because the youth
unemployment rate (persons between the ages of 15 and 24) in Mexico
has historically been slightly more than twice as high as the rate for
persons aged 25 or over, and the subsample includes a larger proportion
of people over 25 years of age.

for work rose by 5% and the proportion who were
unavailable declined. Just the opposite occurred in the
case of men, with the proportion who classified themselves
as unavailable increasing by 3%, on average, per year.

Since the focus of this study is on home-based
workers, a subsample® of the National Occupation and
Employment Survey will be used for the years 2005°
and 2010 which is composed of heads of household and
their spouses. Observations for working-age children or
other members of the household have not been included,
since it is assumed that they would not be in a position
to start up a business in a home that does not belong to
them. It is acknowledged that there may be exceptions,
with children running a business out of their parents’
home, but these cases are not thought to be significant
in number.

The National Occupation and Employment Survey
covers 105,342 households and then uses an expansion
factor to extrapolate the data to the population as a whole.
The number of observations in the sample used here
was 81,223 male heads of household or spouses and
95,834 female heads of household or spouses. Table 2
provides information on the composition of the households
in the sample. As is to be expected, many more men
(96%) than women (25%) are heads of household. A
large percentage of the households (55% of male-headed
households and 43% of female-headed households) have
dependents in need of care (defined as children below the
age of 12 and older adults living in the household who
do not work).” Most of these dependents are children.

Male and female workers exhibit different
distributions of various attributes (see tables 3 and 4).
Men who are not in the workforce tend to be over 45 years
of age (80%), which may be due to the difficulty that
older men have in finding a job. The age distribution of
women who are not in the workforce, on the other hand,
is fairly even, which reflects many women’s decision
to take care of their children rather than to work, as has
been corroborated by numerous studies (Maldonado
and Rendon, 2004). The age group which has the largest
number of home-based workers for both men and women
is 35-44 years, but men tend to work until they are over
60, which is not the case for women. Women who work
outside the home tend to be younger than their male

5 This is a subsample because the National Occupation and Employment
Survey gathers information on all members of each household. In the
remainder of this article, however, this subsample will be referred to
simply as “the sample”.

6 This survey was first conducted in 2005.

7 This group was defined as jobless persons over 65 years of age.
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TABLE 2
Mexico: composition of households
in the sample
(Percentages)
Average: 2005-2010
Men Women
Head of household 96 25
Spouse 4 75
Children 7 years of age or younger 22 19
Children aged 8 to 12 24 20
Adult dependents 8 3
Total 55 43

Source: National Occupation and Employment Survey, 2005 and 2010,
National Institute of Statistics and Geography (INEGI).

counterparts (most of these women areunder 45 years
of age) and younger than female home-based workers.

One of the changes that can be seen to have taken
place during this five-year period is that the people
who started up a business in their homes tended to be
older. This was particularly true of women. Home-based
employment in manufacturing or services accounted for
34% of the total for women in the 45-years-and-over age
group in 2005, and this figure had risen to nearly 50%
by 2010, whereas for men the corresponding increase
was from 50% to 58%. The question arises as to whether
or not this trend is attributable to the scarcity of job
opportunities during the crisis.

Generally speaking, higher levels of education
correlate with higher incomes and better working

TABLE 3
Mexico: characteristics of female workers, 2005 and 2010
(Percentages of the total)
Not in workforce Home-based work Home-based work Outside the home
in manufacturing in services
Women
2005 2010 2005 2010 2005 2010 2005 2010
Age groups
15-25 years 10 9 8 4 6 4 5 6
25-35 years 22 19 29 20 25 18 25 23
35-45 years 22 20 33 28 31 27 37 33
45-60 years 26 27 23 33 29 35 28 31
Over 60 years 20 25 7 15 9 16 5 7
Total 100 100 100 100 100 100 100 100
Levels of education
Less than primary 12 11 10 15 8 9 6 5
Primary 46 41 42 47 40 43 25 26
Lower-secondary 20 23 27 22 23 24 15 23
Upper-secondary or technical school 7 9 7 7 9 9 10 13
Professional 15 16 14 9 20 15 44 33
Total 100 100 100 100 100 100 100 100
Marital status
Single 3 4 7 5 10 6 3 11
Married 71 67 64 64 60 61 71 58
Consensual union 13 15 11 13 11 13 13 14
Separated 3 3 7 6 8 7 3 7
Widow 10 8 10 6 10 6
Divorced 1 1 3 2 5 3 1 4
Total 100 100 100 100 100 100 100 100
Size of place of residence
Population of over 100 000 57 55 63 36 68 57 57 65
Population between 15 000 and 99 000 12 12 14 13 12 13 12 13
Population between 2 500 and 14 999 12 12 12 21 10 13 12 11
Population of less than 2 500 19 21 11 30 10 17 19 11
Total 100 100 100 100 100 100 100 100

Source: National Occupation and Employment Survey, 2005 and 2010,

National Institute of Statistics and Geography (INEGI).
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TABLE 4
Mexico: characteristics of male workers, 2005 and 2010
(Percentages of total)
Not in workforce Home-based work Home-based work Outside the home
Men in manufacturing in services
2005 2010 2005 2010 2005 2010 2005 2010

Age groups

15-25 years 4 4 4 2 3 2 3 6

25-35 years 6 6 20 15 18 13 18 22

35-45 years 9 10 26 28 25 25 25 29

45-60 years 21 23 32 35 35 38 35 32

Over 60 years 60 57 18 20 19 22 19 11

Total 100 100 100 100 100 100 100 100
Levels of education

Less than primary 17 13 5 7 7 5 17 5

Primary 48 44 30 46 37 30 48 32

Lower-secondary 12 15 22 28 21 21 12 26

Upper-secondary or technical school 6 8 14 11 12 12 6 14

Professional 17 20 29 8 23 32 17 23

Total 100 100 100 100 100 100 100 100
Marital status

Single 7 9 4 4 6 7 4 5

Married 72 70 81 73 75 68 76 72

Consensual union 8 10 12 16 14 16 15 18

Separated 3 1 3 2 4 2 2

Widower 9 8 1 2 2 3 2 2

Divorced 1 1 1 2 1 2 1 1

Total 100 100 100 100 100 101 100 100
Size of place of residence

Population of over 100 000 64 61 70 51 55 66 62 57

Population between 15 000 and 99 000 15 11 14 16 12 13 12 12

Population between 2 500 and 14 999 11 12 10 16 12 10 11 12

Population of less than 2 500 10 16 7 17 21 11 15 19

Total 100 100 100 100 100 100 100 100

Source: National Occupation and Employment Survey, 2005 and 2010,

conditions; education has also proven to be a highly
important factor in women’s decisions to enter the
labour market (Maldonado and Rendoén, 2004). If a
lower-secondary-school education or less is taken as a
point of reference, then, as is to be expected, the figures
show that men and women who are not participating
in the workforce tend to be less educated, with some
25% having a primary-school education. In the case of
female home-based workers, 77% have not completed
upper-secondary school. In the case of more highly
educated workers, in 2005 the percentage of men
engaged in home-based employment in manufacturing
and especially in services was larger than the percentage
of women engaged in these activities. Interestingly, the
proportion of heads of household with completed upper-
secondary and/or specialized educations increased from

National Institute of Statistics and Geography (INEGI).

35% to 44%. This could stem from the decentralization
of production and the vertical de-integration of businesses
that was referred to earlier. It could also reflect more
highly educated people’s decision to opt for self-
employment in response to the crisis. Yet another factor
is likely to have been that people with more schooling
may often be more driven to improve their situation and
achieve financial independence (Garcia and Pacheco,
2000). This is in line with the fact that women heads of
households working outside the home are more highly
educated than female home-based workers and than their
male counterparts.

Tables 3 and 4 indicate that marriage is the most
common marital status, followed by consensual unions.
With the exception of unemployed persons, in all other
categories there are more men than women, which means
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that there are more employed women without partners;
women who are separated or divorced, in particular, tend
to be working, either in the home or elsewhere.® Because
of the family responsibilities that go along with marriage,
itis to be expected that a smaller percentage of married
women are employed (Garcia and De Oliveira, 1994).
Thus, whereas 84% and 82% of unemployed women
were married or in a consensual union in 2005 and 2010,
respectively, the corresponding figures for employed
women were 76% and 74% for those same years. This
differential is not present among men. Over the period
covered by the study, there was a continuous increase
in the proportion of married women who worked from

8 Whereas 13% of single women were unemployed in 2005 and 14%

were in 2010, the percentage of single women working in any of the
types of activities analysed in this study rose, on average, from 16%
in 2005 to 18% in 2010.

IV

home and a continuous decrease in the proportion who
worked outside the home or were unemployed.

Finally, it is also important to analyse the rural/
urban distribution of the population in order to take
account of the advantages or disadvantages associated
with residence in a location having different levels of
access to services, different cultures and traditions,
and differing ranges of job opportunities.

The percentage of men tends to be higher in urbanized
areas. Much of the home-based work that is performed
takes place in large cities, especially in the services sector,
which is where two thirds of male and female heads of
household are employed. Over the period of analysis,
this trend in the services sector became more and more
marked. This was not the case for the manufacturing
sector, where 62% of female heads of household were
working from home in large cities in 2005 whereas only
36% were doing so in 2010. The trend for male heads
of household was similar. In other words, home-based
work in the manufacturing sector became less urbanized.

The decision to work from home:

a multinomial model

1.  Methodology

The multinomial logit model that was used in this
study is based on the idea that the four different
options (home-based work in the manufacturing
or services sectors, non-home-based employment
and non-participation in the labour market) have no
hierarchical order. The purpose of using this model was
to compute the probability of an individual opting for
any one of these alternatives. The explanatory variables
are exogenous factors that influence labour supply
under all the circumstances mentioned: reservation
wage, fixed costs of working outside the home and
macroeconomic conditions.

In order to estimate the first variable, we look at age,
level of schooling and how urbanized the worker’s area
of residence is, which can be used to express the cost of
commuting. As various authors have noted, individuals
gain personal and work experience as they age that
enhances their employability; however, it is also true
that, after a point, the ageing process is associated with
a physical and intellectual deterioration that can lessen

older adults’ chances of continuing to be economically
active (Millan, 2010). Thus, the effects of age can be
expected to be non-linear, since the reservation wage
will increase with age up to a point and will then begin
to decrease with age.

In addition, higher levels of schooling can be
expected to be associated with a greater likelihood that
a person will work outside the home, and home-based
work can be expected to be associated with lower levels
of schooling than non-home-based employment.

As compared to residents of urban zones, people
residing in less urbanized areas have a lower reservation
wage for home-based-work than for non-home-based
work. There are fewer job opportunities in rural areas,
however, and working from home in the services
industry in such areas is not common; it is more likely
that rural home-based workers will be employed in the
manufacturing sector. Because of commuting costs, it
is to be expected that there will be a greater probability
that people in urban areas will work from home in the
services sector or will work outside the home (Rani
and Unni, 2009).
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The fixed costs involved here are represented by
variables relating to reproductive labour and the work
involved in caring for children and other dependents.
Because the presence of dependents raises the level of
fixed costs, it can be expected to increase the probability
that the person concerned will choose to work from home
rather than not participating in the labour force and to
decrease the probability that such a person will work
outside the home. The fact that a person has a partner
may result in increased housework and therefore be an
obstacle to undertaking a job, but especially a job outside
the home. Since women have traditionally shouldered
the responsibility of caring for the home, a link is not
expected to exist between these variables and men’s
decisions regarding employment. Some studies suggest
that the presence of adult dependents in the home can
lighten the childcare workload (Knaul and Parker, 1997),
but if the older adults are in poor health, fixed costs
may be greater because the need to care for them could
be an impediment to employment. Other studies have
not found evidence of this (Garcia and Pacheco, 2000).

Other factors that could influence women’s
participation in the labour market are fluctuations in
employment levels and the business cycle (Bover and
Arellano, 1995).

In this study, macroeconomic conditions are
represented by GDP growth at the state level, weighted by
the labour-force participation rate.® On a macroeconomic

9 Reliable statistics on home-based work prior to 2005 are unavailable,
so this exercise cannot be performed for prior periods.

TABLE 5

scale, if home-based work is a refuge from unemployment,
then the number of people engaged in such work would
be expected to rise sharply in states where GDP growth
is low or average. On the other hand, if home-based
labour is a supplement for formal-sector businesses
that subcontract informal labour or outsource goods and
services, then it would be expected to be more prevalent
in states where GDP growth is high or average. There
is no a priori hypothesis for male/female differentials.

Finally, we posit that the financial difficulties
triggered by the crisis may have altered the way in
which some variables influence the probability of home-
based employment. For example, Anderson and Levine
(1999) find that the presence of young children in the
home and the associated cost of childcare will lessen
the probability of participation in the labour market.
This would mean that, for women, the crisis may have
increased the probability that they would work from
home and reduce the probability that they would engage
in employment outside the home. On the other hand, if
the crisis has depressed the level of household income,
the presence of small children may be a less influential
factor in adult women’s decision to join the labour force
(Garcia and De Oliveira, 1994).

The model’s dependent variable uses a number
of values: “1” for home-based employment in the
manufacturing sector; “2” for home-based employment
in the services sector; “3” for employment outside the
home; and “4” for non-participation in the labour market.
The description of the variables used for each group is
given in table 5.

Independent variables of the multi-logit model

Reservation wage

Fixed costs of working outside the home

Macroeconomic conditions

Age
Age?

Level of education:
Up to primary = 1

Level of education: Married = 1
Ist to 3rd of lower-secondary = 1
Level of education: Single = 1

Upper-secondary = 1

Level of education: Consensual union = 1

University or postgraduate degree
Place of residence: population >100 000 = 1 Divorced = 1

Widow/widower+ = 1

Dependent older adults
(over 65 years of age and not working) = 1

Children 7 years of age or younger = 1

Children aged 8 to 12 years = 1

Low-growth states:
GDP growth lower than 4.14 = 1

Average-growth states:
GDP growth of 4.15 or higher = 1

High-growth states:
GDp growth of 9.04 or higher

Source: prepared by the authors.

GDP: gross domestic product.
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2. Results of the estimation of the model

Four multi-logit regressions were run: one for women
and one for men in 2005 and one for women and one
for men in 2010. Each regression yielded results for the
four different employment options. There were 78,279
observations in 2005 and 75,950 in 2010 for female heads
of household, and 64,116 observations in 2005 and 59,342
in 2010 for male heads of household.!? In order to avoid
any bias that might be generated by the heterogeneity of
the population concerned, standard errors were estimated
using the robust method developed by Huber and White
(Huber, 1967; White, 1982; Langlois, 1995).

All the results were satisfactory except those for
the regression for males in 2005. The pseudo R? for
the multinomial logistic regression, which measures
the relationship between the likelihood value of the
model as a whole vis-a-vis the restricted model with
constants for 2005 and 2010, was 9.3% in both years for
women and 3.6% for men in 2005 and 15.7% for men
in 2010. The coefficients as a whole were statistically
significant in all four regressions as measured using the
‘Wald test statistic. Since this is a non-linear model, the
interpretation of the coefficients is not straightforward.
For example, a positive coefficient does not necessarily
imply an increased probability. The results in terms of the
marginal effects that imply a change in probability due
to a modification in a unit of the independent variables
will therefore be presented here. These results are shown
in tables 6 and 7.1

(a) Reservation wage

Both women and men who have completed secondary
or higher education were less likely to decide to take a
home-based job in the manufacturing sector in either 2005
or 2010, which indicates that this type of job has a low
reservation wage because of its largely unskilled nature.
By the same token, the marginal effect on the probability
of home-based work in the services sector was negative in
both those years for more highly educated women heads
of household (those who hold a university or postgraduate
degree), with marginal effects of -1.0 in 2005 and
-1.2in 2010. More educated men were more likely than
their female counterparts to engage in home-based work
in the services sector in both 2005 and 2010, however.
In fact, the marginal effects on the likelihood of this

10 The sTATA software that was used to compute the estimates, discards
an observation if full information for some variables is lacking. See
Stata User’s Guide, Release 12 [online].

Il These estimates are given in the annex.

form of home-based employment were 0.03 and 0.08
for persons who have completed upper-secondary
school and 0.65 and 0.43 for those with specialized
educations. The latter can be regarded as a high-value-
added niche market (consultancies, work performed by
architects, doctors, lawyers and information technologies
specialists, among others) that is being supplied by
outsourced services by own-account or remote workers, as
noted earlier.

The probability of working outside the home is
negatively correlated with low levels of education, while
there is a clear preference among women who have a
specialized education (marginal effects of 22.54 and
19.33) or who have completed their upper-secondary
education (9.48 and 9.34 in 2005 and 2010, respectively)
to work outside the home, although this preference was
slightly less marked in 2010 than it was in 2005. This
was not the case for heads of household, for whom the
marginal effects were smaller or negative: -3.87 and
1.38 for those holding a university degree and -1.63
and 1.39 for those holding an upper-secondary-school
diploma. These results corroborate other studies’ findings
regarding the importance of a more advanced education
for women (Garcia and Pacheco, 2000) and suggest that,
whereas men consider other factors when deciding to
work outside the home, for more highly educated women,
their education is a very influential factor in their choice
of such occupations.

Apart from the labour force, the positive marginal
effects for men of having completed upper-secondary
school or university were quite strong in 2005 (2.03 and
4.65); this was not the case for men with a university
degree in 2010, although the marginal effect was very
small and may have been attributable to their acceptance
of lower-paying jobs. The figures back up the hypothesis
that women with low levels of education account for a
larger percentage of the unemployed. While the marginal
effect of having no more than a primary education
is, on average, 3.6, the marginal effects of having a
university or postgraduate education are -20 and 26,
respectively. In other words, the more educated a woman
is, the less likely she is to be unemployed (see tables
6 and 7).

As was expected, the regressions for home-based
work for both men and women reflect a non-linear
relationship with age in 2005 and in 2010. This is true
for all of the three options being analysed here. There are
some subtleties that should be noted, however. On the
one hand, the marginal effect of age on the probability
of working from the home is greater for female heads
of household, which means that these women tend
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to continue to participate in the labour market when
they are older. On the other hand, during the period of
analysis there was an increase in the probability that
people would be working at an older age, and this was
particularly true of women heads of household. There
were two exceptions, however: heads of household who
work from home in the manufacturing sector, where the
marginal effect on this probability declined from 0.08 to
0.06, and women working in the services sector (with a
decrease from 0.28 to 0.26).

Age was associated with a lower probability of
being unemployed in 2010 than in 2005, but this effect
was not apparent in the case of women. In fact, the
unemployment rate tended to increase more sharply for
women than for men once the turning point in the age-
related trend was reached. If men are seen as the sole
breadwinner, then it could be that, as older adults, they
are regarded as the ones who should earn the income
needed to meet the needs and demands of the family
members with whom they live (Milldn, 2010).

In terms of commuting costs, the probability that
women will work from their homes in the manufacturing
sector is negatively correlated —slightly less so in 2010
than in 2005— with an increased degree of urbanization
(the marginal effects are -1.40 and -1.35). In the case
of men, this variable was significant only in 2010 and
to a lesser degree (-0.11). This suggests that female
heads of household who live in less urbanized areas
attach considerable value to not having to travel to
workplaces outside their homes; in some cases, the
materials that they need in order to do their work are
delivered to them, as is the practice in the clothing
industry, while, in others, they are creating indigenous
craftwork. Unlike home-based employment in the
manufacturing sector, in the two years under study,
home-based work in the services industry was primarily
practised in more urbanized areas (with populations of
over 100,000); this was true both of women (marginal
effects of 0.38 and 0.37) and of men (0.40 and 0.32),
although there was a decline in 2010 (see tables
6 and 7).

The probability that women heads of household
will work outside the home in these areas was greater,
particularly in 2010 (3.88 and 7.23). For male heads of
household, the effect was positive in 2005 (3.18), but
negative in 2010 (-2.41). One possible reason could be
that male post-crisis unemployment rates were higher
in more urbanized areas. Finally, women living in
unurbanized areas were more likely to remain outside
the workforce; this was generally true of men in 2005
as well, but not in 2010.

(b) Fixed labour costs

The presence of small children (under 8 years of
age) did not influence the probability of female heads
of household engaging in home-based work in the
manufacturing sector and had very little influence in the
case of employment in services (0.32) in 2010. However,
the presence of small children did reduce the likelihood
that they would engage in employment outside the home
by a factor of nearly 20 in 2005 and 2010 (-5.23 and
-6.17). The probability that women with small children
would be unemployed in the two years under analysis was
thus quite high (5.13 and 5.76). For men, the marginal
effects were not significant for the manufacturing sector
or the services sector. No clear pattern emerges for the
effect that this variable has on the probability of working
outside the home or remaining outside the workforce
altogether, since these values were statistically significant
only in 2010 and were negative in one case (-0.73) and
positive in the other (0.64). The data therefore confirm
that the presence of small children limits women’s
participation in the labour market, but not necessarily
their participation in home-based employment. Unlike
Garcia and De Oliveira (1994), we found no evidence
that the difficulty of working when one has small children
decreases during hard economic times.

In the case of children between the ages of 8 and
12, the results for women were as expected, with the
presence of children in this age bracket being compatible
with home-based work in the manufacturing and services
sectors in both 2005 and 2010; their presence appears to
have been an obstacle to women’s involvement in work
outside the home only in 2005, which suggests that the
crisis motivated women to enter the labour market, as
their probability of being unemployed declined (-0.90) as
aresult. The results for men were once again statistically
significant. The difference between the higher marginal
effect for women and the lower marginal effect for men
confirms that women end up shouldering most of the
responsibility for childcare.

The effect which involvement in a consensual union
or marriage has on the probability of working in or outside
the home differed substantially between the sexes. The
marginal effects were negative in both years for women
heads of household who were married or in a consensual
union and were greater in respect of work outside the
home (-20.1 and -16.5, on average, respectively) and
unemployment (21.5 and 18.0, on average). No correlation
was found for women between being single and the
probability of home-based employment, but there was
a correlation being their single status and the probability
that they were working outside the home. Thus, women
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TABLE 6
Marginal effects of the estimates for women: 2005-2010

Home-based wprk Horr_le-basgd work Outside the home Not in workforce

in manufacturing in services

2005 2010 2005 2010 2005 2010 2005 2010
Primary 0.09 0.11 -0.15% 0.37 S3.67HFkF 4,08% 3.73%%% 3 .60%%*
Upper-secondary -0.63%* <0575 -0.31 -0.40 9.48%:# 9.34% 3% -8.55% %% B FT Ak
University or postgraduate S]] ] T -1.0 -].23%s% 22.54%%% 19 33H*k -20.26%*%* -16.93%%*
Age 0.13%s%:% 0. 145 0.28 %3 0.26%:* 3.85%:# 4.00%3#:* -4.26% x4 4
Age? 0.00%3#:* 0.00%3: 0.00%3: 0.00%3: -0.05%%k% (0, 05%#* 0.05%#%  (,06%**
Place of residence Sl 4] ] 35 0.38%:* 0.37%* 3,88k 77.23 %% -85 Hk 6 D4k
Children aged 7 years or younger 0.05 0.32 0.04%* 0.1 S5.23%kx 6,1 THFFE 5.13%#% - 5.76%*F*
Children aged 8 to 12 years 0.23 %% 0.38%:* 0.15 0.28* -0.65%: 0.24 0.27 -0.90%:*
Consensual union -0.45%:* -0.41% -1.20%%% (0,9 *** -16.26%*%*  -16.80%** 17.971 %% 18,]3%**
Married 0.56%%% (), ]5%#* S1.19%EE (), 90%** -20.12%#% - _D(),25%%:* 21.87#%%  2].30%**
Divorced 0.43 -0.3 0.98%##* 0.08 12.53%%#:* 8.57% -13.94%%% 8 3%k
Separated 0.45 0.39 1.80%#* 0.37 11.51%%%  10.16%%* -13.76%%% -10.91%%*
Single 0.32 0.38 1.10%* 0.18 14.72%%% 14 4]%%** -16.13%%% _14,96%#*
Low-growth state 0.30%* 0.43%#:% -0.03 0.23 1.99%3#:# 2.88%#* -2.25% %k 3 53k
Average-growth state 1.60%#* 1.61%%** 1.70%3%* 1.30%%:* 1.15%* 1.08%* -4 A5%HE 3 QO

Source: estimates computed on the basis of information from the National Occupation and Employment Survey and from the National Institute
of Statistics and Geography (INEGI).

Note: p*** < 0.01; p** <0.05; p*<0.10.

TABLE 7
Marginal effects of the estimates for men: 2005-2010

?fﬁiff;;iuﬁz;k Hor?fiiiieigegork Outside the home Not in workforce

2005 2010 2005 2010 2005 2010 2005 2010
Primary 0.17 0.04 -0.08 -0.19 -l AsHEE 0.9k 1.36%%%  1.05%**
Upper-secondary -0.43%* -0.24 0.03* 0.08* -1.63%%* 1.39%%** 2.03%#% -] D3Rk
University or postgraduate -1.43%xx Q.97 0.65%**  (.43%%* -3.87%%* 1.38%%* 4.65%%*  -0.84%*
Age 0.08%#*  0.06%** 0.04** 0.1 k% 0.29%#%  (.42%4% -0.41%%% (0.58%**
Age? 0.00%**  0.00%* 0.00%**  (.00%** -0.01%*%  -0.01%** 0.01%#%%  0.01%**
Place of residence -0.01 -0.11%%% 0.407%* 0.32 3.18HHE D 4k S3.57FE D 0%
Children aged 7 years or younger -0.02 0.13 -0.06 -0.04 -0.1 -0.73%%% 0.18 0.64%**
Children aged 8 to 12 years 0.01 0.05 0.06 0.02 -0.4 1.19%%* 0.33%* -1.26%%*
Consensual union 0.08 0.35 0.57 0.29 -5.16%%% 0.07 4.501%%% 0.7
Married 0.01 0.46 0.24 -0.07 -1.29 0.65 1.03 -1.03
Divorced 1.83 0.92 0.83 0.52 -5.31%*% 385 2.65 241
Separated -0.04 1.97 0.81 1.75 -3.27%* -1.43 2.51 -2.29
Single 0.13 -0.26 -0.27 -0.54 1.07 0.92 -0.94 -0.13
Low-growth state -0.11 -0.06 -0.25% -0.25%* -1.92%%%  -0.05 227 (0.36
Average-growth state 0.08 0.19% -0.1 0.03 -3.66%#* 11455k 3,697k o] 37wk

Source: estimates computed on the basis of information from the National Occupation and Employment Survey and from the National Institute
of Statistics and Geography (INEGI).

Note: p*** < 0.01; p** <0.05; p* <0.10.
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who do not have a partner are more likely to participate
in the labour market. For men, these variables were
not statistically significant in most cases, as was to be
expected (see tables 6 and 7).

(c) Macroeconomic environment

Finally, the economic environment in which these
activities take place —which is represented in the model
by GDP growth in the states where these activities are
located— has a positive marginal effect on the probability
of women heads of household engaging in home-based
employment in the manufacturing sector in the slow-
growth states and a lesser one on this probability in states
with average growth rates. This suggests that, to some
extent, home-based employment constitutes a refuge
for people who are unable to find other types of work.
If we were dealing with outsourcing, there would be
no reason for it to be confined to states where the pace
of economic growth is slow —in fact, just the opposite
would be expected.

In the case of services, this factor was significant
for women in states with average growth rates, although
the marginal effect was weaker than it was for the
manufacturing sector. These patterns were not in evidence
for men, however, for whom a negative marginal effect
was associated with the probability of working in the
services industry from home in low-growth states;

v

this suggests that much of this type of employment is
found in high-growth states and that it may take the
form of outsourcing or of home offices. For women,
the probability of working outside the home is greater
in slow-growth states than in average-growth ones.
Just the opposite occurs in the case of men, where the
probability of working outside the home was negative
in slow-growth states in both of the years under study,
while it was negative in average-growth states in 2005
but was positive in 2010. Finally, the probability of being
unemployed is higher in high-growth states for women
and lower in those states for men.

These results tell us something about the effect that
adverse economic conditions can have. One possible
explanation is that, in a negative macroeconomic
environment, it becomes more necessary for women to
find employment in order to supplement their households’
incomes, either because job opportunities are in scarce
supply or because their husbands and/or children have
migrated to the United States.!? On the other hand, the
results for male employment suggest that economic growth
boosts outsourcing and the demand for consultancies and
that home-based work does not necessarily serve as a
refuge from a shortfall of job opportunities.

12 Six of the 12 low-growth states belong to the group of states which
have the highest migration rates.

Final considerations

While forms of employment that date back to the
industrial revolution still exist, including the exploitative
sweatshops discussed by Marx in Das Kapital, the
fact remains that workplaces and work environments
are undergoing major changes as remote work, home
offices and other virtual options become more and
more common. This study has shown how complex
a form of employment home-based work is and how
many different factors are involved. The reasons for its
expansion are not simply the existence of a growing
demand for flexible, lower-cost, time- and space-saving
forms of labour or the development of information
technologies that make it easier to monitor home-
based work. Another factor —especially in relation
to women— that must be considered has to do with
patriarchal gender relations that limit women’s ability

to take part in the labour market on an equal footing
with men.

This study’s findings show that there are major
gender-based differences in the factors underlying the
decision to work from home, to work outside the home
or to remain outside the workforce. In other words, it
provides further evidence that the labour market is not
gender-neutral, since there are informal cultural norms
that result in gender segregation in certain sectors of the
economy and certain types of employment, in addition
to the vertical segregation discussed in the feminist
economic literature.

The differentials between male and female heads
of household stand out clearly, as was to be expected,
and can be attributed to the presence of children, which
increases the probability that women will work from
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home, either in the manufacturing sector or in the services
industry, and decreases the probability that they will
work outside the home. Another way of wording this is
to say that home-based employment is functional in the
presence of children and hinders women’s participation
in the non-home-based labour market. This points up
the shortage of schools and childcare facilities that
keep hours that would allow women to have a wider
range of employment options. Furthermore, it had been
expected that, with the increase in the female labour-
force participation rate seen over the past two decades,
marriage would cease to be an obstacle to women’s
employment; however, this study’s findings regarding
the negative correlation existing between marriage or
involvement in a consensual union and employment
in or outside the home suggest that this is still far
from being the case. Single, separated or divorced
women are the ones who are highly likely to be part of
the workforce.

This confirms Kantor’s (2000) assertion that home-
based employment is a way for women to work and earn
an income without challenging the patriarchal ideology
of today’s society. By contrast, these variables have
no significant influence on men’s decisions. Working
from home gives women an opportunity to participate
in the labour market under flexible conditions in terms
of working hours and location, while enables them to
combine their employment with domestic tasks. In men’s
case, there are other more important factors underlying
their employment decisions. These findings confirm
the conclusions reached by Rani and Unni (2009) and
Edwards and Field-Hendrey (2002).

With regard to the gender-based segmentation
of the spatial distribution of home-based work in the
manufacturing sector, the high probabilities that such
employment is concentrated in less urbanized and rural
areas (only in the case of women) suggests, in addition,
that a larger percentage of these female workers are
engaged in the production of indigenous craftwork. This
subject also calls for further research. It is noteworthy
that the probability of being employed outside the home
in highly urbanized areas was negative in 2010 for men,
which indicates that the job crisis had a greater impact
on men in urban areas.

The study also corroborates the finding that women’s
reservation wage for home-based work is quite low in
both the manufacturing and services sectors and that
the probability that they will engage in home-based
employment is greater when they have not completed their
secondary education. This is also true of men working in
the manufacturing sector, but not in the services industry.

In the latter sector, the probability of male employment is
high among men having professional and/or postgraduate
degrees. It cannot be determined whether this is a
reflection of the tendency of health professionals to work
out of their homes, as they traditionally have done, or
whether it is because there are more professionals who
became unemployed and have started up businesses in
their homes or because more professionals are taking
advantage of new ways of working made possible by
information technologies. This question raises another:
Why do women professionals overwhelmingly tend to
take part in the non-home-based workforce? This remains
an open line of research.

Finally, if GDP growth can be taken as an acceptable
indicator of economic conditions, then the results show
that both men and women are more likely to engage
in home-based employment in states with an average
economic growth rate. One surprising result, however,
was that women are more likely to participate in the
labour market in any capacity in states where economic
growth is low, whereas just the opposite is true of men.
This may be attributable to the fact that women are in
greater need of going out to work in order to supplement
their households’ incomes because job opportunities
are lacking and/or because their husbands or children
have migrated to the United States. On the other hand,
the results for men suggest that economic growth spurs
outsourcing and the demand for consultancies and that
home-based work is a supplementary mechanism rather
than a palliative measure for dealing with a tight job market.

The results obtained regarding non-home-based
employment point up the difficulties faced by married
women with children in working outside the home and
underscore the fact that the public policy measures
now in place have not succeeded in counteracting
those difficulties.

The study indicates that the crisis had a stronger
impact on the working population and particularly on
home-based employment in the manufacturing sector,
which fell off sharply. This may have been partially
attributable to a shrinking demand for outsourced products
such as furniture, clothing and metal products. This
downturn was especially notable in the case of heads
of household, many of whom moved into home-based
employment in the services industry.

As for other factors that may help to account for
decisions by male and female heads of household to work
from home, the tendency for home-based employment
participation rates to increase in older age groups suggests
that the crisis-driven increase in unemployment drove
many people into self-employment.
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The responsibilities associated with being in an
intimate relationship continued to be an obstacle to
employment. However, our findings indicate that they
were less of an impediment in 2010, which indicates that
the impact of the crisis on employment and on income
levels prompted women to consider joining the workforce.
The results also point up the difficulty that heads of
household had in finding work in urban areas in 2010.

It is clear that home-based work has the advantage
of serving as a means of earning an income. However,
our results also show that wage levels for this form of
employment are low. This corroborates the position
taken by Atasii Topcuoglu (2005) and Hartmann (1979)
regarding women’s position within the labour market.
These authors assert that the low level of women’s wages
obliges them to be dependent on their husbands, which
means, in turn, that they are in charge of the housework.
By the same token, their household duties weaken their

position in the labour market, which translates into
lower wages for them than for men. As also pointed
out by Kabeer, Mahmud and Tasneem (2011), these
wage levels are not necessarily high enough to empower
women. One promising line for future research would be
an examination of this issue in relation to home-based
work in Mexico.

The findings of this study indicate that home-
based work will continue to be an important form of
employment for women and, increasingly, for men as
well. Hence the need to explore possible legislative means
of recognizing the rights of informal-sector workers and
social policy options that would improve home-based
working conditions by providing access to health care,
social security coverage and training programmes.
Thought could also be given to revamping social housing
policies that have not taken the requirements of home-
based employment into consideration.
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ANNEX
TABLEA.1
Results of the regressions: women
2005 2010
No. of observations: 78 279 No. of observations: 75 950
Pseudo R? 9.3%, Prob. Wald 0.00 Pseudo R? 9.3%, Prob. Wald 0.00
Home-based work Work outside Home-based work Work outside
Manufacturing Services home Manufacturing Services home
Primary -0.013 -0.104%* -0.170%** -0.001 0.053 -0.174%%*
(0.055) (0.047) (0.020) (0.059) (0.050) (0.021)
Upper-secondary -0.243%%* 0.060 0.403%%*%* -0.210%** 0.021 0.384 %%
(0.114) (0.076) (0.030) (0.102) (0.078) (0.027)
University and postgraduate -0.481%%* 0.063 0.947%%%* -0.471%** -0.123%%* 0.784%%*
(0.095) (0.060) (0.023) (0.096) (0.067) (0.023)
Age 0.138%%* 0.1497%%% 0.184%%*%* 0.155%%%* 0.158%** 0.184%#%%*
(0.014) (0.012) (0.006) (0.015) (0.013) (0.006)
Age? -0.002%%* -0.002%#** -0.002%#* -0.002%#* -0.002%%** -0.002%%*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Place of residence -0.706%** 0.1527%%#% 0.162%%*%* -0.639%#* 0.2247%%* 0.303%%**
(0.053) (0.042) (0.018) (0.055) (0.045) (0.017)
Children aged 7 years or younger -0.058 -0.072%%* -0.240%** 0.074 -0.067 -0.269%**
(0.039) (0.031) (0.013) (0.071) (0.063) (0.022)
Children aged 8 to 12 years 0.120%%%* 0.037 -0.024%%* 0.215%*% 0.103* 0.022%%
(0.033) (0.028) (0.012) (0.058) (0.050) (0.019)
Consensual union -0.532%% -0.628%#* -0.777 %% -0.541%* -0.602%%* -0.766%#*
(0.125) (0.105) (0.046) (0.136) (0.110) (0.046)
Married -0.657%%* -0.690%#* -0.957 %% -0.45] %% -0.651%%* -0.914 %%
(0.105) (0.088) (0.041) (0.115) (0.093) (0.041)
Divorced 0.468 0.5027%%#%* 0.577%%%* -0.022 0.181 0.364%%*
(0.202) (0.150) (0.071) (0.244) (0.163) (0.068) %
Separated 0.473 0.665%*%* 0.551%#%%* 0.402 0.317 0.452
(0.140) (0.110) (0.055) (0.153) (0.120) (0.054)
Single 0.433 0.570%* 0.702%%*%* 0.467 0.314 0.647%%*
(0.171) (0.130) (0.063) (0.169) (0.136) (0.059)
(0.095) (0.060) (0.023) (0.096) (0.067) (0.023)
Low-growth state 0.193%%* 0.028 0.096%%*%* 0.2897%#%#%* 0.134 0.138%%*
(0.080) (0.057) (0.022) (0.078) (0.059) (0.021)
Average-growth state 0.838%%* 0.5217%#%%* 0.108%%*%* 0.847%#%*%* 0.458%%* 0.099%%*
(0.073) (0.052) (0.022) (0.073) (0.056) (0.021)
Constant -5.632 -5.391 -3.183 -6.351 -5.967 -3.169
(0.331) (0.271) (0.127) (0.358) (0.304) (0.124)

Source: estimates computed on the basis of information from the National Occupation and Employment Survey and from the National Institute
of Statistics and Geography (INEGI).

Note: p*** < 0.01; p** < 0.05.

GENDER DIFFERENCES IN WORKPLACE CHOICES UNDER CRISIS CONDITIONS ¢
LILIA DOMINGUEZ V. AND FLOR BROWN G.



CEPAL REVIEW 111

97

e DECEMBER 2013

TABLEA.2
Results of the regressions: men
2005 2010
No. of observations: 64 116 No. of observations: 59 342
Pseudo R2 9.3%, Prob. Wald 0.00 Pseudo R2 9.3%, Prob. Wald 0.00
Home-based work Work outside Home-based work Work outside
Manufacturing Services home Manufacturing Services home
Primary 0.118 -0.088 -0.145%** -0.065 -0.247 -0.116%**
(0.078) (0.102) (0.031) (0.094) (0.096) (0.034)
Upper-secondary -0.358%%* 0.002* -0.169%** -0.1217%%* 0.187* 0.148%%*
(0.123) (0.140) (0.039) (0.135) (0.124) (0.050)
University and postgraduate -1.174%%* 0.536%** -0.399%** -1.145%** 0.373%%* 0.104%%*
(0.131) (0.101) (0.035) (0.156) (0.100) (0.039)
Age 0.066%** 0.0427%%%* 0.030%#%* 0.113%#% 0.1397%%* 0.065%**
(0.016) (0.018) (0.007) (0.023) (0.02) (0.008)
Age? -0.001%** 0.000%* -0.001*** -0.002* -0.002%%** -0.001%**
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Place of residence 0.036 0.403%#* 0.3247#%%* -0.328 0.003 -0.253%%*
(0.071) (0.087) (0.027) (0.0845) (0.082) (0.029)
Children aged 7 years or younger -0.020 -0.056 -0.011 0.061 -0.092 -0.074%%*
(0.051) (0.065) (0.017) (0.066) (0.063) (0.027)
Children aged 8 to 12 years 0.007 0.052 -0.040 0.180 0.143%%% 0.143%%%
(0.046) (0.052) (0.017) (0.064) (0.060) (0.026)
Consensual union 0.013 0.390 -0.607 %% 0.402 0.283 0.073
(0.276) (0.306) (0.137) (0.356) (0.272) (0.081)
Married 0.000 0.209 -0.127 0.541 0.054 0.113
(0.258) (0.288) (0.132) (0.341) (0.259) (0.072)
Divorced 0.862 0.536 -0.670%** 0413 0.094 -0.266
(0.486) (0.581) (0.322) (0.679) (0.506) (0.182)
Separated -0.063 0.525 -0.372%* 1.331 1.086 0.250
(0.459) (0.464) (0.207) (0.453) (0.359) (0.152)
Single 0.111 -0.232 0.106 -0.268 -0.477 0.023
(0.565) (0.756)*** 0.211) (1.072) (0.764) (0.224)
Low-growth state -0.113 -0.253* -0.197%* -0.096 -0.223%%* -0.038
(0.090) (0.094) (0.030) (0.110) (0.095) (0.035)
Average-growth state 0.018 -0.137 -0.369%** 0.324%* 0.165 0.155%%*
(0.087) (0.091) (0.031) (0.106) (0.091) (0.035)
Constant -5.348 -5.926 -1.289 -4.053 -4.405 2.307
(0.476) (0.546) (0.195) (0.651) (0.576) (0.218)

Source: estimates computed on the basis of information from the National Occupation and Employment Survey and from the National Institute

of Statistics and Geography (INEGI).

Note: p*** < 0.01; p** < 0.05; p* < 0.10.
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I

Introduction

The agricultural modernization process can lead to
regional and productive inequality, because some
economic agents are able to incorporate and absorb
technological content, while others remain excluded
from the innovative organizational environment, and
from learning processes and the dissemination of new
techniques and productive knowledge.

Incorrect public policies distort relative prices
and hinder access to technology and credit, thereby
discouraging the entry of producers who have fallen
behind in the technology race. Because climatic and
regional factors cause productive differences in various
types of crop, less innovative producers become more
vulnerable to exogenous fluctuations in production and
to factors that are specific to their location.

As noted by Vieira Filho and Silveira (2011),
producers adopt technological inputs for the purpose of
increasing productivity and reducing relative production
costs. Nonetheless, in some situations farmers have
no incentive to adopt new techniques and knowledge,
since the higher cost involved in incorporating a new
technology is not offset by the expected yield. In most
cases, farmers who are lagging behind in technological
content are in a poverty situation, so they need other
sources of nonfarm income to survive.

Apart from the economic issues involved in deciding
what to produce and what resources to use, the producer’s
investment decision has two basic functions: the first
refers to the generation of technological innovation
and the second to the expansion of capacity to absorb
new knowledge and technologies (Evenson and Kislev,
1973; Cohen and Levinthal, 1989; Vieira Filho and
Silveira, 2011). Importantly, the better the organizational
environment in which production takes place —which
can stimulate the technological diffusion process— the
greater the cumulative knowledge among economic agents
and the better the absorption of external technology.

The empirical analysis of family farming in Brazil’s
southern region will verify that point. Traditionally, this
is the country’s most dynamic region and reports the best

[J The author is grateful for suggestions made by the anonymous
referee, and also thanks colleagues who participated in the ECLAC/
IPEA project “Structural heterogeneity in the Brazilian economy”
and contributed to the development of this research. Nonetheless,
they are not responsible for any errors or omissions contained in
this document.

economic development indicators —an achievement that
both requires and also reflects the adequate institutional
and technological base that has been developed over
time. The same productive environment that fosters
innovation does not exist in the north-east. A better
understanding of the structural heterogeneity of family
farming is needed, with a view to proposing inclusive
production solutions that can benefit the regions that
are least advanced in this process.

The limited nature of technical assistance and rural
extension services compromises the organizational
environment, which in turn impairs the exchange of
experiences between economic agents and consequently
slows down the technology-transfer process. The more
structured the productive chain, the more easily knowledge
can be disseminated and absorbed by productive agents.
In more developed regions, available resources are used
more efficiently, and this generates higher land or labour
productivity thanks to lower production costs.

Some agricultural crops are integrated into modern
value chains that encompass the private sector and
public research organizations (universities and rural
extension services). Others, though, are excluded from
investments in research and development (R&D), so their
participation in production lines is limited and they have
little incentive for technological development.

According to EcLAC (2010), the discussion of
structural heterogeneity reveals development disparities
in Latin America with respect to the central countries,
especially in terms of regional, sectoral and intra-
sectoral labour productivity. In the case of agriculture,
Pinto (1970) estimates that labour productivity in
crop farming included in the “modern” sector is about
14 times higher than that prevailing in the “primitive”
sector, noting also that both modern and outdated
production arrangements coexist.

Following the methodology presented by Vieira
Filho, Santos and Fornazier (2012), this study analyzes
the structural heterogeneity of family farming in Brazil,
classifying farms in technology groups and according
to productive concentration.! The aim is to investigate
whether the process of technological innovation in

! This study complements the analyses made in Buainain (2007) by

updating the data on family farming reported by the 2006 agricultural
census, which was published in only 2009.
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family farming, in conjunction with regional specifics,
contributes to greater productive inequality, which, when it
is structural, makes it unviable to include farmers that are
on the margins of the technological dynamic. According
to the basic hypothesis, technological innovations driven
by institutional changes, in conjunction with regional and
productive specifics, contribute to greater inequality in
agricultural production and growth, favouring dynamic

11

Methodology

1.  Family farming

The aim of this study is to investigate the smallest family-
run farms or enterprises, which account for the vast
majority of rural producers (84% of all establishments).
This group is also considered the most vulnerable in
terms of access to technology, although this is not
always true, as will be seen in the analyses. While the
term “family farming” is not entirely appropriate, the
analysis was restricted to this group because there is a
legal criterion for the distinction which defines public
policies to promote the sector.

Pursuant to the legal guidelines for agriculture
policy-making in Brazil (Brasil, 20006), a rural family
entrepreneur is defined as someone who engages in
activities in the rural area and also satisfies the following
requirements: (i) does not legally own a land area larger
than four fiscal modules; (ii) predominantly uses family
labour in the economic activities of the establishment;
(iii) has a family income that originates mainly in economic
activities linked to the establishment or enterprise, and
(iv) operates the establishment or enterprise with his/
her family.

Size, measured in terms of fiscal modules, is obtained
by dividing the total area of the rural property by the
fiscal module for each municipality, which is defined
in hectares (ha) and takes the following into account:
(i) the type of farm operation prevalent in the municipality;
(ii) income earned from the operation in question; and
(iii) the other operations in the municipality which, though
not predominant, are considered on the basis of income
or the area used and the concept of family property. It is
calculated to determine the size of rural properties and
classify them as smallholdings, or as small, medium,
and large properties for public-policy purposes. In some

and innovative organizational zones, while regions that
are excluded from modern production stagnate.

This article is divided into three sections, following
this brief introduction. Section II discusses the analytical
method, defining the subdivision of technological groups
and presenting the calculation of the productive inequality
index (pir). Section III discusses the empirical results;
and section IV sets forth the final considerations.

cases there are farmers who own more than 100 hectares
of land, which, for international comparison purposes,
are classified as large rural producers. In other cases, as
there is enormous heterogeneity, technology access is
highly differentiated. Accordingly, the standardization of
public policies could create distortions in the allocation
of scarce and limited resources.

The methodology adopted in this paper seeks
to classify family farms in groups according to their
technological efficiency and the organization of the
institutional environment in which production takes
place; and to verify how productive concentration occurs
in the farms in that classification. There is no doubt that
massive dissemination of technology can help eliminate
rural poverty, increase productivity and deconcentrate
income. For that purpose, the study uses data from the
2006 Agricultural Census conducted by the Brazilian
Institute of Geography and Statistics (IBGE).

2. Methodological taxonomy

To gain a better understanding of the structural
heterogeneity of production in Brazilian agriculture,
Vieira Filho and Santos (2011) constructed a taxonomy
of high, medium and low technological and institutional
efficiency, based on both economic and qualitative
criteria. The economic criteria are linked to total factor
productivity (TFP), while the qualitative refer to the
level of technology and institutional organization of
the economic agents (high and low technological and
institutional content: HT and LT, respectively).

Under the economic criterion, TFP was calculated
because it can be interpreted as the value of gross
income generated by each monetary unit of cost (Alves
Souza and Oliveira, 2006). Both the production function
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chosen and the input mix affect this measure. Total
factor productivity can be measured by dividing gross
income by total production cost; and net income is
gross income minus total cost. Thus, a TFp of less than
1 means that gross income is less than total cost, which
therefore represents a negative net income. The reverse
is also true: when the TFP is greater than 1, net income
is positive.

The analysis of TFp cannot be decoupled from a
temporal analysis, since annual fluctuations in production
can be caused by exogenous shocks such as climate
changes, crop failures, the emergence of new pests or
changes in international price levels. As the analysis
only covered the year 2006, however, qualitative criteria
were added to the study.

For this purpose, Vieira Filho and Santos (2011)
formulated 22 yes/no questions on the use of different
technologies and the agents’ degree of institutional
organization, such as whether the establishment makes
use of fertilizers, products to chemically correct the
soil, pesticides, tractors, technical assistance, financing,
cooperativism, the National Register of Legal Entities,
pest control and storage units, among others. To divide
the properties into high and low technological and
institutional content, the proportion of establishments
was graphed according to the frequency with which they
responded “yes” to the questions posed —for example,
establishments that responded in the affirmative once;
those responded “yes” twice, and so on up to the 22nd
question. Values that exceed the average of the distribution
were classified as HT and values below average as LT.

By blending the economic and qualitative criteria,
a taxonomy was defined for the technological efficiency
of productive establishments. Table 1 shows the resulting
technological-efficiency groupings. It is worth noting
that the taxonomy serves only to schematize the groups
of establishments, and several derived variables will
need to be calculated to compare the different groups.
Data are available to quantify gross income, total cost,

TABLE 1

investment (capital, labour and technologies), the value
of capital, net income and labour productivity.

To gain a better understanding of the importance
of technology in agriculture, Vieira Filho, Campos and
Ferreira (2005) use a Leontief production function with
fixed proportions of two types of capital. The output of
agricultural activity in period i is equal to the minimum
ratio between capital employed (fixed capital Kf;; or
variable capital Kv;) and their technical coefficients o
and f3. Then: Kf;,= 0.Q;, and Kv;; = B.0;,. So production
Q;; 18 limited to the maximum given by the minimum
combination of those two factors. If Kf;,/ a < Kv;/f3,
there will be a surplus of the second factor. If the opposite
occurs, Kf;,/ o > Kv;,/ 3, there will be surplus of fixed
capital. Thus, the production function is defined as follows:

Kf, K
i \f;} 0

0= min{ 2B
The relations between fixed capital and variable
capital is given by a constant, with Kv;,/ Kf;, = z;. Moreover
(Kv;, ! B) I (Kf;;/ &) = n; so (Kv;,/ B).(al Kf;;) = n. Thus,
making the substitution, the result is n.(8/ &)= z;,. The
parameters (« and f3) are determined at the outset, with n
a constant defining proportionality between the different
types of capital. In the initial state of the system, z;, is
given. Thus a = 1/Af;; and = 1/Av;,, where Af;, is the
productivity of fixed capital (represented by labour-saving
technologies), and Av;, is the productivity of variable
capital (represented by land -saving technologies).
Agricultural growth depends on capital growth. To
reconcile the combination of land-saving and labour-
saving technologies, fixed capital growth is restricted
to the growth of variable capital, and vice versa. To
quantify the land-saving technologies (linked to variable
capital), a proxy variable was formed from the sum of
expenditures on seeds and seedlings, products to correct
soil chemistry, fertilizers, agrochemicals, animal feed and

Taxonomy by technological-efficiency group

Economic criterion — economic efficiency TFP > | TFP < |
Qualitative criterion — technological/institutional content HT LT HT LT
Technological groups Ist group 2nd group 3rd group 4th group
Taxonomy — technological efficiency High Medium Low

Source: prepared by the author.

TFP: total factor productivity.
HT: high technological and institutional content.
LT: low technological and institutional content.
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veterinary medicines. Labour-saving technologies (related
to fixed capital) were represented by an estimate of the
value of vehicles, tractors, machinery and implements
(with a depreciation of 6% and an average lifespan of
15 years), plus machinery rental. This makes clear the
importance of quantifying technologies in agricultural
activities where different productive inputs are combined.

3. Productive inequality index (PII)

Labour productivity, measured by dividing value added by
persons employed in each productive establishment, is the
reference variable that quantifies structural heterogeneity
in ECLAC studies.? The greater the dispersion of labour
productivity, the greater the diversity of production and
probably also the greater the structural inequalities. In
order to visualize the system’s productive inequalities,
the minimum wage equivalent (MWE) was specified as
gross production value (Gpv) per month, divided by the
monthly minimum wage. Thus, an attempt was made
to stratify gross income (value of production, including
consumption) in four income brackets defined by MWE:
(1) 0<MWE <=2 times the minimum wage or “extreme
poverty”;

2 For comparison, see Pinto (1970); Nohlen and Sturm (1982); Sunkel
and Infante (2009), and EcLAC (2010). Moreover, with the publication
of the study by the Institute of Applied Economic Research (1PEA, 2011)
a technical cooperation agreement was established between IPEA and
ECLAC, in the framework of the inclusive development project. A line
of research was created in IPEA to study the structural heterogeneity
of the Brazilian economy. Thus, attempts were made to expand and
enhance the debate and discussion on policies, tools, and strategies
for inclusive development in Brazil, in particular analysing labour
productivity in the various sectors of economic activity.

FIGURE 1

(2) 2 <MWE < = 10 minimum monthly wages or “low
income’’;
(3) 10 < MWE < = 200 minimum monthly wages or

“middle income”, and
(4) MwE > 200 times the minimum wage or “high

income”.

Steps were then taken to calculate the Gini
coefficient? of gross income for each group in the
farm taxonomy based on technological efficiency, and
to compare Brazil’s different agricultural regions. As
productive inequality is calculated between farms, it
was decided to call this the Gini productive inequality
index (P11, as noted by Vieira Filho, Santos and Fornazier
(2012). Moreover, the pir was calculated for a discrete
data sample.

Lastly, a comparison is made between the PpiI
and labour productivity measured as the value added
per person employed (VA/PE), both being indicators
standardized (by subtracting the mean and dividing by
the standard deviation). In this comparison four categories
are identified, as shown in the quadrants of figure 1:
(1) High productivity with low inequality (best-case

scenario, or homogenization of wealth);

(2) Low inequality and low productivity (worst-case
scenario, or socialization of poverty);

(3) Highinequality and low productivity (heterogeneity
in poverty), and

(4) Highinequality and high productivity (heterogeneity
in wealth).

3 Hoffmann (1998) contains a methodological explanation of

inequality measures and the calculation of the Gini coefficient for a
discrete data sample.

Productive inequality compared to labour productivity

PII

3
High inequality and
low productivity

(standardized)

“
High inequality and
high productivity

VA/PE

(@)
Low inequality and
low productivity

(standardized)

(€]
Low inequality and
high productivity

Source: prepared by the author.

pII: productive inequality index.
VA/PE: value added per population employed.
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Analysis of results

This section will discuss the findings in relation to
the structure of family farming. The various studies
undertaken previously by Vieira Filho and Santos (2011);
Fornazier and Vieira Filho (2012), Vieira Filho, Santos
and Fornazier (2012), and 1PEA (2011) show that the
technological taxonomy, as described in the methodology,
displays a high degree of heterogeneity in both family
farming and non-family (commercial) farming. As there
are groups of high technological efficiency in both types
of farming, the subdivision defined by Law No. 11.326
(Brasil, 2006), which sets guidelines for formulating
national policy on family farming, is inappropriate for
separating groups of producers that require differentiated
public policies. If the level of heterogeneity in the family
farming is very high, standardized policies cannot be
adopted for different levels;* each group of producers
with similar production systems needs to make specific
demands. The aim of the empirical analysis is to test
and evaluate the structural heterogeneity that exists
in family farming, in terms of income inequality and
technological patterns.

Even when the Brazilian agricultural sector is
considered more generally, one can clearly discern
the existence of several structural flaws that promote
sectoral and regional heterogeneity. According to the
2009 National Household Survey, the agriculture sector
employed 11% of the 82.6 million employed persons
in Brazil who declared a positive income. Nonetheless,
according to Hoffmann (2011), when unpaid workers are
included, which is a typical situation among small-scale
farmers, its share of all employed persons rises to 17%.

Table 2 presents data from the National Household
Survey on the employed population by sector and region,’

4 Instead of facilitating it, the homogenization underlying the
expression “family farming” seriously restricts government action
by hindering the formulation of policies to promote small-scale
market production. See Navarro and Pedroso (2011) for a critical and
sociological evaluation of the concept of family farming in Brazil.

5 Itshould be noted that the area of agricultural enterprise in the National
Household Survey is defined differently from the area of agricultural
establishment used in the agricultural census. As this is a household
survey, the area in question could be formed by discontinuous land
plots, possibly located in different regions. It is also hard for research
to capture rural properties owned by legal entities. Accordingly, given
the methodological differences, any direct comparison between the
National household survey and the agricultural census needs to be
interpreted with care.

and shows that the agriculture sector in general tends to
employ older people with a lower education level than
is the case in industry and services. Also, agricultural
income is more unequally distributed than in industry,
according to the Gini coefficient, although similarly to
the service sector. Average income in the agricultural
sector is equivalent to 53% of the level in the services
sector. In regional terms, the average income in the
centre-west region is more than three times that recorded
in the north-east —a region that encompasses nearly
half (43.2%) of the population employed in agriculture
sector with the lowest level of schooling (almost half
of this in Sdo Paulo). The average age of agricultural
workers is higher than in the industrial and service
sectors in all regions of the country, although the
average age is highest in the south. In terms of income
distribution, the centre-west and south regions are
more unequal than in the north, north-east and south-
east, Sdo Paulo being the state with the lowest rate of
income inequality.

Figure 2 makes a broad comparison between
family farming and commercial agriculture, through
production-related indicators. The figures show that
84% of establishments are classified as family farms,
and these generate just 34% of gross income. This
disparity could be explained by the low level of spending
on technological resources and essentially because Gpv
is concentrated in a small number of properties and
crops (such as soybeans, maize, sugarcane and cotton).®
Farms engaging in commercial agriculture account for
16% of the population, and are those that invest most in
capital, labour and technology (both land- and labour-
saving). Commercial agriculture generates 66% of
gross income and uses 76% of available land. In terms
of labour productivity, 74% of the population engaged
in agriculture work on family farms, which produce
only 34% of gross income. Although family farms are
labour-intensive, a more in-depth empirical analysis
reveals low labour productivity, which is related to the
problem of structural heterogeneity, albeit differentiated
between regions.

6 Production is highly concentrated in Brazil, especially in the case
of specific crops. Alves and Rocha (2010) provide an idea of that
concentration in the cases of milk and cereal production.
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TABLE 2

Brazil: income distribution,® schooling and age of persons employed,

by economic activity sectors

and region, 2009

Selected variables Population ~ Average i.ncome Median ipcome Gin.i Average Average age
(percentage) (reais) (reais) coefficient schooling

Agriculture 11.0 637.4 450.0 0.529 4.0 41.7
Industry 239 1041.1 700.0 0.454 8.0 36.8

Sectors Services 64.9 12116 690.0 0.526 9.7 36.8
Total 100.0 1105.7 630.0 0.518 8.6 37.3
North 8.7 636.5 450 0.479 35 40.6
North-east 43.2 344.1 248 0.470 3.0 41.0
MG+ES+RJ 16.5 664.1 465 0.444 4.4 423

Regions Sao Paulo 8.8 886.5 600 0.423 59 40.8
South 14.9 1048.4 600 0.515 52 43.9
Centre-west 7.9 11375 635 0.537 5.1 422
Brazil 100.0 637.4 450 0.529 4.0 41.7

Source: 2009 National Household Survey on the basis of R. Hoffmann, “Distribui¢do da renda agricola e sua contribui¢do para a desigualdade
de renda no Brasil”, Revista de Politica Agricola, year XX, No. 2, Brasilia, Secretariat of Agricultural Policy, 2011, pages 9 and 10.

2 Positive labour income.
MG: Minas Gerais. Es: Espirito Santo. ri: Rio de Janeiro.

FIGURE 2

Brazil: share of commercial and family farming by selected indicators, 2006
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Source: prepared by the author on the basis of Brazilian Geographical and Statistical Institute (IBGE), 2006 Census of Agriculture.

Table 3 classifies family farming establishments in
four income levels: extreme poverty, and low, middle
and high income. At the upper end of the population
distribution, represented by middle- and high-income
groups, the figures show that 5.2% of farms generated

63.5% of Gpv. At the lower end, consisting only of the
extreme poverty group, 66.4% of farms contributed
around 10% of Gpv. Thus, there is a strong pattern of
income concentration and a heavy weight of extreme
poverty in family farming; and a small number of
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TABLE 3

Brazil: stratification of income from family farming by number of
establishments and production, 2006

Income groups by Minimum wage Share of family

Share of family

Number of family Annual Gev of

min.imum wage equivalent farms farm production farms Percentage fa.m?ily farming Percentage
equivalent (MWE) 2 (percentages) (percentages) (billions of reais)

Not reported 86.3 . 461 000 10.6
Extreme poverty (Ot 2] 89.5 87.3 2.9 million 66.4 5.7 10.2
Low income (210 10] 81.0 79.4 778 000 17.8 14.7 26.2
Middle income (10 t0 200] 53.8 413 224 000 5.1 24.7 44.1
High income >200 15.7 13.3 4 000 0.1 10.9 19.4
Total - Brazil 84.4 33.6 4.4 million 100.0 56.1 100.0

Source: prepared by the author on the basis of Brazilian Geographical and Statistical Institute (IBGE), 2006 Census of Agriculture.

4 Minimum wage equivalent = gross production value (Gpv) per month/ monthly minimum wage.

establishments (which encompass the wealth of family
farming) produce more than half of Gpv.

The extreme poverty group, consisting of about
2.9 million establishments, is on the fringes of agricultural
production and excluded from any economic sector, since
it lacks efficient productive organizational structures
(microeconomic and market). In the economy as a whole,
family farms account for 89.5% of extreme poverty, with
the north-east region in particular accounting for 61%7’
of the extremely poor in Brazilian family farming. As
previously noted by Vieira Filho, Santos and Fornazier
(2012), resolving this distortion is extremely complex
and requires comprehensive structural policies, such as an
in-depth reform of education, improvements in the health
sector, and the provision of basic market infrastructure.
Alves and Rocha (2010) claim that population groups
that work on the land are more likely to migrate to urban
centres. Thus, notwithstanding the formulation of long-
term structural policies, short-term measures are also
required, including policies to support disadvantaged
groups and income transfer.

The government should assist the low-income
group through development policies and measures to
reinvigorate small-scale production, which is normally
family-based. The producers in question operate with low
levels of technology and have little capacity to absorb
external knowledge, compounded by shortcomings in the
management and microeconomic areas. Access to credit
needs to be improved and the use of new technologies

encouraged. It is the government’s responsibility to create
technical assistance that reaches the grassroots level, and
to undertake research in the public domain when the
market fails to provide this. In family farming, this group
consists of 778,000 farms, most of which are located
in the southern region (about 41%),® which contains
almost twice the number of family farms generating low
incomes, compared with the south-east and north-east
which have 21% of such establishments each.

Lastly, the country’s agricultural wealth also includes
middle- and high-income groups. The south has the largest
absolute number of medium- and high-income family
farms, consisting of around 100,000 establishments,
or 44% of the national total. In contrast, the centre-
west region has the fewest (11,600), representing 5%
of establishments in the family farming universe. For
this group, while technology absorption capacity is a
secondary problem, a macroeconomic environment
conducive to sales growth is essential. Public policies
should be designed on the basis of issues that extrapolate
productive microeconomic side, with a focus on
stimulating market competitiveness, export promotion
and agricultural insurance, while also improving the
logistical distribution of products and thus reduce costs.

In a general analysis of the economic viability of
family farms, figure 3 displays the TFp economic criterion.
According to Gasques and others (2010), from 1970 to
2006 most agricultural output growth was driven by TFp
growth. While agricultural production grew by 243%

7" This share is calculated by dividing the total number of establishments
in the (0-2) income bracket in Brazil as a whole (2 900.1) by the total
number of establishments in the same income bracket in the north-east
region (1 767.9).

8 Analogously to note 7, the percentage is calculated by dividing the

total number of establishments in income bracket (2-10] in Brazil as a
whole (777.5) by the total number of establishments of the equivalent
income bracket in the southern region (317.1).
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between 1970 and 2006, input use expanded by just 53%
in that period. This proves that the overall growth of
Brazilian agriculture was based primarily on productivity
increases or technological upgrading. Of the 4.4 million
family farms in the Brazilian agriculture sector in 2006,
about 42% had a gross income exceeding total costs,
which represented a TFp greater than 1. Interestingly,
the majority of establishments (58%) faced financial
difficulties and had a TFp below 1, or negative net income.

FIGURE 3
Brazil: classification of family farms under
the TFP economic criterion, 2006
(Millions and percentages)
1.8
42%
2.5
58%

W TFP> |

TFP< 1

Source: prepared by the author on the basis of Brazilian Geographical
and Statistical Institute (IBGE), 2006 Census of Agriculture.

TFP: total factor productivity.

Understanding the economic viability of family
farms in the Brazilian economy required an analysis
of the producers’ technological efficiency rating. The
joint classification of the economic and qualitative
criteria is shown in table 4, which summarizes the
family-farm sector classified in technology groups and
by selected economic indicators. In the case of gross
income, family farmers on average earned less than half
the national average income for the entire agricultural
sector, including commercial agriculture. In the case of
family farming, establishments with a TFp greater than 1
and high technological content have a gross income that
exceeds the Brazilian average. Nonetheless, there are
also highly productive establishments in family farming;
and this simple finding is important because it shows
public-sector managers that productive development
policies need to be contextually differentiated, and

merely distinguishing between family and commercial
farming to separate groups of farmers with similar
demands is insufficient.

In terms of the average area per farm, those with
negative net income had areas that were larger than
average for family farming, which shows that it is not
always the owner with the largest area that earns highest
gross income. When studying technology in agriculture,
land is a factor used in the production process. While
land is clearly highly relevant to this process, higher
technology can generate savings on land use and
increase production. If technology has this capacity, the
land (since it is a given) becomes secondary resource.
While bringing more land into use may increase final
output, productivity grows only by incorporating more
technology. The fact that agents with a high technological
intensity have a smaller average farm area than their
low-intensity counterparts, shows that technology is
more important than land area for obtaining a higher
income (or to combine the efficient use of resources to
increase production).’

In terms of technologies (whether land - or
labour-saving), family firms of high technological
content have costs that are lower than the country
average; nonetheless, their expenses are higher than
the average for family farming. As those establishments
use technological inputs above the average level,
expenditure on technologies exceeds the average results
reported for family farming generally. If future increases
in production fail to compensate for the increase in
investment in technological inputs, production costs rise
and the establishments face financial difficulties, as is
the case of the group defined by medium technological
efficiency and negative net income, in other words 20%
of all establishments. At the other extreme —low cost
and high productivity— establishments benefit from a
positive net income, a situation pertaining to 19% of
total establishments, represented by low technological
content and a TFp above 1.

In general, family farms invest less in technology
than other sectors of the economy and so generate less

9 Analysing wealth creation by only considering the land endowment
is a mistake. Those who claim that family farming is needed more
than employe-based farming, analyse the problem by focusing only
on the issue of land. According to Brasil (2006) in the classification
of family farming compared to employment based (or non-family)
farming, the land factor was considered as a criterion of exclusion. The
division takes account of the size of the land area and not economic
criteria (sales value, TFp and net income, among others). The results
reported here testify to the high level of productive heterogeneity
in Brazilian agriculture. Tehchnology is a key issue for discussing
this problem.
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TABLE 4

Brazil: comparison of family farming by technological-intensity group and
selected economic indicators, 2006

Family
Economic and qualitative criteria TFP > | TFP < | Total )
X Brazil
HT LT HT LT family
Taxonomy — technological intensity High Medium Low
Gross income (GI) 39.7 13.6 6.6 1.7 12.8 32.2
g '§ Total cost (TC) 11.8 2.5 14.9 5.7 8.3 3255
E % Capital expenditure (CE) 1.0 0.1 1.2 0.2 0.6 1.6
E z Labour cost (LC) 0.6 0.1 0.9 0.3 0.5 4.5
j% S | Expenditure on land saving technologies 3.8 0.3 43 0.5 2.0 9.5
i 5; Expenditure on labour-saving technologies 0.6 0.0 0.8 0.1 0.4 1.1
- £ | Value of capital (vc) 99.0 24.0 132.9 65.8 78.3 239.7
3 Net income (N1) 27.9 11.1 -8.3 -4.0 4.5 -0.3
<
% zo Population employed (PE) 32 2.9 29 2.5 2.8 32
=
= | Area (hectares) 15.5 12.6 19.1 23.1 18.3 64.5
TFP 34 55 0.4 0.3 1.5 1.0
., | Productivity of land (gross income per ha) (reais) 2571.7 1077 343.1 734 699.8 499 .4
_% Productivity of capital (GI/CE) 39.5 130.2 54 6.9 21.9 20.4
% Productivity of labour (GI/LC) 63.9 107.4 7.6 5.6 28.1 7.1
_; Share of land-saving and labour-saving technologies
2 | in total cost (percentages) 37 14 34 11 28 33
g Capital-labour ratio 1.6 0.8 1.4 0.8 1.3 0.3
Rate of return on capital (NO/vC) 0.3 0.5 -0.1 -0.1 0.1 0.0
Productivity of labour (VA/PE) (thousands of reais) 8.9 3.9 2.3 -1.0 2.0 2.1
Establishments (thousands) 837 993 1022 1515 4 366 5176
Share of establishments (percentages) 16 19 20 29 84 100

Source: prepared by the author on the basis of Brazilian Geographical and Statistical Institute (IBGE), 2006 Census of Agriculture.

Note: monetary amounts expressed in reais at 2006 prices.
TFP:  total factor productivity.

HT:  high technological/institutional content.

LT:  low technological/institutional content.

VA/PE: value added per population employed.

GI/GC: gross income/capital expenditure.

NI/VP: net income/value of capital.

value added per worker. Firstly, labour productivity in
family farming is 2,000 reais per person, compared to an
estimated 2,100 reais for the Brazilian agriculture sector
as a whole. Nonetheless, family farming with positive net
income is extremely efficient from the TFp standpoint,
and represents 35% of total establishments. Family
farms that are profitable and have low technological
content have the highest TFp, owing to the relatively high
productivity of the land compared to establishments that
have low technology costs. Family production reporting
positive net income obtained productivity indices above
the national average.

With regard to the taxonomy, the low technological-
efficiency group consists of unproductive establishments.
The weak performance of this group is partly due to
greater use of land, usually associated with a smaller
share in gross income. Public actions should firstly focus
on technology promotion policies, which encourage the
efficient use of resources. Then, through a carrot-and-
stick mechanism, the government would create policies
setting higher regional productivity targets, in order to
monitor the opportunistic behaviour of producers of weak
productivity performance, prioritizing agents with the
greatest potential for dynamic market integration and
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greater fulfilment of the productivity growth targets.
Lastly, it is worth noting that lack of dynamism is linked
to poor technological absorption capacity and also, to
some extent, to rural poverty. This group should be
assisted mainly through structural policies (improvements
in education, health and infrastructure, combined with
actions for disadvantaged groups and income transfer),
although the solution to the problem would hardly
be immediate.

Figure 4 compares labour productivity in the
agriculture sector with that in other sectors of the economy
using IBGE national accounts data for value added per
person employed between 2000 and 2007. By stratifying
technology groups in agriculture, only in the case of
establishments with positive net income (commercial
and family) was it possible to compare heterogeneity in
the Brazilian agricultural sector, although only for 2006
(the Agriculture Census reference year).

Global data show that Brazilian agriculture is
less productive than the industry and service sectors.

FIGURE 4

However, technological stratification reveals a high
degree of variability in labour productivity across
productive establishments. This variability may be due
to the specific nature of the technological path followed
by agriculture. Productive agents have different abilities
to absorb technological knowledge. The most productive
farmers have a labour productivity nearly seven times
the national average, in some cases surpassing the
industrial and service sectors. Nonetheless, labour
productivity in family farming varies much less than in
the commercial agriculture, although this does not mean
that structural heterogeneity is less in family farming. In
particular, family farming is homogeneous in terms of
the “socialization of poverty,” which needs to be studied
to more effectively plan the development of that type of
productive organization.

According to Matteo (2011), labour productivity
varies considerably across sectors and regions. In
sector terms, labour productivity in industry was
around 1.2 times that of services, but close to 4.5 times

Brazil: labour productivity by economic activity sector, 2000-2007

(Thousands of reais)
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X Family (TFP> 1 and LT)

Source: prepared by the author on the basis of Brazilian Geographical and Statistical Institute (IBGE), 2006 Census of Agriculture.

Note:

TFP:  total factor productivity.

HT:  high technological/institutional content.
LT:  low technological/institutional content.

amounts corrected on the basis of the Extended National Consumer Price Index (1pca), at December 2010 prices.
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labour productivity in the agriculture sector as a whole
(family and commercial), indicating greater productive
heterogeneity in the latter comparison. In regional terms,
the industry/agriculture labour productivity ratio was
6.5 in the north-east and 1.2 in the centre-west region.
According to the author, the highly productive centre-
west farming region (extensive soybean and livestock
breeding), where few workers are employed, stands in
stark contrast to farming in the north-east, which is what
is often at subsistence level.

Table 5 makes a regional comparison of family
farming by technological-intensity group. The PII is
calculated to verify regional patterns of production;
and it is interesting to note that there are different
patterns of behavior. In the north-east, family farming
is more varied and accounts for much of the poverty
in the region, although both modern and backward
sectors coexist. In contrast, in the south, the production
pattern is more uniform and concentrated in the highest
income brackets, more than the national average. The
south is considered the most dynamic region for family
farming, with the lowest rate of rural poverty (around
47.4% of farms) and the lowest piI among all regions
studied (0.73). In the centre-west region, the high- and
medium-technological-intensity groups display a better
distribution of gross income in the highest income
brackets. Nonetheless, compared to the other regions
analyzed, the low technology intensity group displays
a high level of inequality.

Focusing attention on the north-east region, high
technological-intensity agriculture generates greater
inequality than the region as a whole, which shows
that there is a high degree of heterogeneity, even in the
most advanced segments. Another finding is that, in
the north-east (the most backward region), the higher
the level of technological and institutional intensity,

the higher the pi1. As noted by Vieira Filho, Santos
and Fornazier (2012), a pattern of dual convergence
can be seen in other regions, which tend to concentrate
the most dynamic and modern productions. The high
and low technological-intensity groups recorded much
lower piis than the regional totals, thereby suggesting
homogeneous patterns at the extremes of the taxonomy.
In the most dynamic region at least, the taxonomy serves
to distinguish the more organized economic agents and
those with a high level of technology compared to those
of more backward production.

It should be noted that the ““socialization of poverty”
coexists with a “heterogeneity of wealth”. In the latter
case, in the centre-west region, 0.1% of the establishments
that generate income of more than 200 times the monthly
minimum wage produce 23.2% of Gpv. It is curious to
note that in the north-east, 0.1% of establishments in
the same income group produced more than 25% of
production. The gross value produced by the high-income
bracket in the north-east was 3,400 million reais, while
the centre-west region produced 726.4 million reais.
In other words, GPv in the north-east was 4.7 times
higher than that of the center-west region for the income
level in question. This comparison shows how unequal
family farming is in the north-east, since this region
accounts for much of the country’s rural poverty. It can
also be seen that, in the high technological-efficiency
group in the north-east, 0.2% of establishments in the
high-income bracket (which generated income of more
than 200 times the monthly minimum wage) produce
roughly 38% of Gpv.

In terms of the “socialization of poverty”, especially
in the north-east, productive inequality measured by
the respective index in low technological-intensity
family farming was the lowest in the nation as a whole.
Nonetheless, 98.3% of establishments in this technological

TABLE 5
Brazil: comparison of family farming by technological-intensity group,
MWE income bracket and Pil, 2006
Establishments MWE income brackets Percentages
Taxonom (thousand) and Total PII
Y GPV (millions
. (0to2) (2to10) (10 to 200) >200 (0 to2) (2to10)(10 to 200) >200
of reais)
. No. 11.2 12.2 3.1 0.1 26.6 42.3 45.8 11.6 0.2
ee> Lar High oy 502 2022 3433 1141 709.8 71 285 484 1.
No. 104.6 46.0 15.2 0.5 166.3 62.9 27.7 9.2 0.3
T i Y 3020 7503 17367 788.1 35772 84 210 486 20 07
7P < 1 AT No. 28.1 2.8 0.2 0.0 31.1 90.4 9.0 0.6 0.0 0.40
GPV 71.9 38.8 16.0 0.0 126.7 56.7 30.6 12.6 0.0 |
S - No. 1137 194 09 00 1339 849 145 07 0.0 -
GPV 293.6 306.3 53.5 1.8 655.3 44.8 46.8 8.2 0.3
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Table 5 (concluded)

Establishments MWE income brackets Percentages
Taxonomy (thousa.nd.) and Total PII
GPV (millions 1, 2y (2 10 10) (10 t0 200) 5200 0102) (210 10)(10 t0 200) 200
of reais)
North No. 2576 804 194 06 3579 720 225 54 02
GPv 7177 12976 21495 9040 50690 142 256 424 178
o> 1 ar High | N 2075 692 196 07 2970 699 233 6.6 02 e
GPv 6285 11702 2166.1 24457 64105 98 183 338 382 L&
. No. 5962 745 244 04 6954 857 107 35 01 e
Mediom 7Y 986.4 1290.5 24497 9368 56633 174 228 433 165
. No. 3067 115 04 00 3186 963 36 0.1 00 (a9
GPv 4534 1596 353 00 6484 699 246 54 00
relnr - No. 6575 111 04 00 669.0 983 17 01 0.0 -
GPv 4909 1637 238 09 6792 723 241 35 0.1
North-cast No. 17679 1663 448 1.1 19800 893 84 23 01 (g
GPv 25592 27840 46749 33834 134014 191 208 349 252 O
o1 ar High | N 28 781 344 07 1560 275 501 220 04 oo
GPv 1892 15489 38113 2319.1  7868.5 24 197 484 295 L&
. No. 20 202 75 01 699  60.1 289 108 02 (a0
Medium Y 1138 3781 7711 3663 1629.1 70 232 473 225
. No. 1642 474 64 00 2180 753 217 29 00 43
GPv 4286 803.1 4798 84 17200 249 467 279 05
relnr - No. 1374 173 12 00 1559 882 111 07 0.0 -
GPv 1847 2963 708 0.0 5517 335 537 128 0.0
South-cast No. 3864 1630 495 08 599.8 644 272 83 01 (79
GPv 9163 30264 51330 26938 117693 78 257 436 29
o1 ar High | N 585 1960  79.1 1.0 334.6 175 586 236 03 e
GPv 2802 40915 9093.0 28665 163402 18 250 556 175 L%
. No. 23.4 93 33 01 360 649 258 9.1 02 (a0
Medium Y 678 1741 3741 1684 784.4 86 222 477 215
. No. 2015 105.1 161 00 3328 636 316 48 00 43
GPv 6602 18795 11855 159 37410 176 502 317 04
relnr - No. 82.3 6.7 03 00 802 922 75 03 0.0 -
GPv 1096 1048 224 00 2369 463 442 95 0.0
South No. 3757 3171 988 L1 7926 474 400 125 01 (13
GPv 11268 62499 106750 30508 21 102.5 53 296 506 145
o1 ar High | N 54 123 47 o1 26 238 547 209 05 o
GPv 283 2272 607.8 4425 13058 22 174 465 339 L&
. No. 91 116 41 00 249 366 468 164 02 (s
Medium Y 347 2338 3835 2659 917.9 38 255 418 290
. No. 37.7 95 15 00 487 775 195 3.1 00 yes
GPv 1095 1502 1395  17.9 4172 263 360 334 43
relnr - No. 603 172 11 00 787 767 219 14 0.0 -
GPv 1320 2926 689 0.0 4934 267 593 140 0.0
Contronest No. 1125 507 114 02 1748 644 290 65 01 (g
GPv 3045 9038 11997 7264 3 134.4 97 288 383 232
o1 ar High | N 3255 3679 1409 25 8367 389 440 168 03 o
GPv 11854 72399 16021.5 8 1879 32 634.8 36 222 491 251
. No. 7752 1617 545 1.1 9925 781 163 55 01 e
Medium Y 15047 28267 57151 25255 125719 120 225 455 201 %
. No. 7483 1762 247 00 9492 788 186 2.6 00 e
GPv 17236 30313 18561 422 66532 259 456 279 06
relnr - No. 10511 717 38 00 11266 933 64 03 0.0 -
GPv 12107 11637 2394 27 26165 463 445 91 0.1
el No. 2900.1 7775 2239 36 39051 743 199 57 01 e
GPv 56244 14261.6 23832.1107583 544764 103 262 437 197 O

Source: prepared by the author on the basis of Brazilian Geographical and Statistical Institute (IBGE). 2006 Census of Agriculture.

TFP:  total factor productivity.
HT:  high technological/institutional content.
LT:  low technological/institutional content.

GPv: gross production value.

pii:  productive inequality index.
MWE: minimum wage equivalent.
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group generate income in the range of zero to two times the
monthly minimum wage, so many of them are extremely
poor. The percentage of establishments compared to GPV
shows that in the more modern regions there is a larger
number of producers in the higher income strata. In
general, however, establishments in the most backward
regions are mostly concentrated in the lower income
strata. The pi1 of the average technological-intensity
group displays greater inequality, which shows that the
diversity of such establishments is much more complex.

The analytical methodology was used to compare
the pir with labour productivity, measured in both cases
using standardized indicators. In this comparison, as
shown in figure 5, the labour productivity data for
commercial agriculture are more dispersed, whereas
the corresponding figures for family farming are
more concentrated and more static. The quadrant that
identifies low productive inequality combined with high
productivity (“homogenization of wealth”) contains
three observations, two of them commercial farming
and one family farming.

The quadrant representing high inequality
combined with low productivity predominantly consists
of commercial farming. In that group, which requires
specific policies to raise productivity, inequality levels
are high, because production is more dynamic and

FIGURE 5

can be affected by seasonal fluctuations and other
shocks external to the market. With regard to the
“heterogeneity of wealth” (represented by the upper
right-hand quadrant), commercial and family farms
alternate, and the latter are concentrated more in the
interior figure 5. The lower left-hand quadrant (typical
of the “socialization of poverty”) is essentially populated
by family farming. As noted above, there are many
establishments with low productivity and low levels
of inequality, because they share a very similar low
production characteristic.

An analysis of figure 6, which focuses on family
farming alone, shows that high and medium technological-
intensity farms are concentrated on the right-hand side
of figure 6, which represents higher labour productivity.
The left-hand portion distinguishes low and medium
technology-intensity establishments. The results show
that structural heterogeneity is present in all regions,
but in varying degrees in each case (as shown by the
size of the standard deviation of labour productivity
and the pi1). Although the data reflect what would
normally be expected in the typical pattern of Brazilian
agriculture, they qualify analyses of the productive
and technological concentration process. In the low-
inequality/high-productivity quadrant (“homogenization
of wealth”), the south region includes establishments

Brazil: Pll compared to labour 2 productivity by type of farming

(commercial or family), 2006
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Source: prepared by the author on the basis of Brazilian Geographical and Statistical Institute (IBGE), 2006 Census of Agriculture.

4 Standardized indicators.
PII: productive inequality index.
vA/PE: value added per population employed.
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of high technological intensity, which makes clear that
family farming can combine high technology, high labour
productivity, and low productive inequality, provided
there is an institutional environment that encourages
growth and technological innovations.

The medium technological-intensity group needs to
be studied in greater depth in this context, because it shows

FIGURE 6

dispersion both in productive inequality and in labour
productivity, without displaying a well-defined pattern.
The category of low productive inequality combined
with low productivity (“socialization of poverty”) is
clearly dominated by family farming, and the situation
is particularly critical in the north east and north regions.
As a stylized facts of the analysis of figure 6, it can be

Brazil: Pll compared to labour productivity? by family farming
technological-efficiency group and by region, 2006
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Source: prepared by the author on the basis of Brazilian Geographical and Statistical Institute (IBGE), 2006 Census of Agriculture.

4 Standardized indicators.
PII: productive inequality index.
VA/PE: value added per population employed.
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seen that the most dynamic regions for family farming
are shown more to the right of that figure (centre-west,
south and south-east), whereas the more static regions are
shown more to the left and normally low down in figure

IV

Final thoughts

In recent decades, the Brazilian agricultural sector
has undergone many changes, prompting an intensive
modernization process, greater technological progress
and high productivity. Nonetheless, there are still
producers who combine low technological content
with low productivity. Agriculture cannot simply be
divided into modern and backward producers. There
are structural problems that create inefficiency in the
management of technological resources and the use of
productive factors, resulting in an environment that is
unconducive to innovations in products and processes
or the dissemination of new knowledge.

This paper has sought to identify and quantify the
structural heterogeneity in family farming, which prevents
backward segments from participating in dynamic
markets. First, from the standpoint of public policy-
making, the study shows that the distinction between
family and commercial farming can be ignored, because
the results reveal the coexistence of modern productive
agents and backward ones within the same group. The
internal diversity of family farming therefore requires
specific actions to promote production and reallocate
resources to the different segments. Secondly, regional
specifics loom very large, so regional planning and
development need to be targeted.

The comparison between Brazil’s different regions
and between technology groups found significant
productive and technological heterogeneity in family
farming, which seems to verify the initial hypothesis
that technological innovations driven by institutional
changes serve to increase the heterogeneity of the system
and benefit the most innovative participants.

The empirical evidence shows that about 5% of the
wealthiest family farms accounted for 64% of Gpv, while
the poorest 66% generated roughly 10% of total output.
Furthermore, family farms account for an estimated 90%
of the lowest income group, defined as from zero to two
times the minimum wage. There is thus a strong pattern
of gross income concentration, on the one hand, and a
heavy burden of extreme poverty in family farming, on

6, which indicates patterns reflecting the homogeneity
of poverty (north and north-east regions). The standard
deviation rises or falls according to regional production
and development patterns.

the other. In analyzing the economic viability of the 4.4
million family farms in 2006, 42% had a gross income
that exceeded total costs, or a positive net income. At the
other end of the spectrum, however, more than half of the
establishments were in an unfavourable financial situation.

In terms of labour productivity, it was possible
to compare the agriculture sector with other sectors of
economic activity in Brazil. While global data suggest
that Brazilian agriculture is less productive than other
sectors (industry and services), technological stratification
reveals a high level of heterogeneity in labour productivity
between productive establishments. The most productive
agriculture has labour productivity that is almost seven
times the national average for the sector; but family
farms have low levels of labour productivity with
less variability.

A comparison of labour productivity with the Pi1,
reveals two patterns: (i) “heterogeneity of wealth”; and
(ii) “socialization of poverty.” In establishments of higher
technological content, according to the taxonomy, the
higher indicators of inequality and labour productivity
obtained varied somewhat between the regions studied.
In the most backward regions (specifically in the north-
east), family farming is more unequal and accounts
for a large proportion of rural poverty, although dual
development can be observed (coexistence of modern
and backward sectors in the same economic space). In
the south there was a more homogeneous pattern of
production, and income levels are above average. The
south is also considered the most dynamic region for
family farming, with the lowest rural poverty rate (47%
of productive establishments in the regional total) and the
lowest inequality index (0.73) among all regions studied.

In the group combining medium technological
intensity and TFP less than 1, policies (including short-term
ones) are needed to reverse the situation of negative net
income, to increase productive efficiency. This result may
be partly blamed on seasonal fluctuations, but another
part clearly stems from technological inefficiency; and
the low technological-intensity group contains numerous
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unproductive establishments. Firstly, structural policies
are needed to increase capacity for technology absorption,
rural extension and education; and secondly, short-term
measures are needed, such as policies for disadvantaged
groups and income transfer.

In the high technological-intensity group, although
net income is positive, partly because of spending
on land-saving and labour saving technologies, TFp
did not attain its highest value. Except in the case of
seasonal problems, this group of establishments can
use its resources more efficiently to increase capacity
to absorb external knowledge, which can be stimulated
by management training policies specific to the crop
and the region in question. Usually targeted on the high
technological-efficiency group, horizontal policies to
improve competitiveness help reduce production costs,
which can at the same time help in terms of increasing
and appropriating income.

A more comprehensive study that includes crop-
specific analyses will help define public policies,
taking regional and productive specifics into account.
Nonetheless, the country also needs a clear policy for
increasing technology absorption capacity, which entails
making progress in rural extension and education. This
requires policies that are more closely integrated across
the federal, state and municipal levels, to reach the
grassroots of the system, spreading the new techniques
and knowledge in a way that reaches the producer.
Transforming market-based family farming will be the
main challenge for agricultural planning and policy in
Brazil over the next few years. It should also be noted
that the proposed methodology provides a basis for
comparison, for example with other Latin American
countries, since the region as a whole has characteristics
and challenges that are relatively similar to those
of Brazil.
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results in rationing. This article shows that rationing, to be efficient, needs to go by
the value of the cargo transferred rather than following a first-come-first-served rule.
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I

Introduction

The scale and long payback times of the investment that
port cargo handling infrastructure requires mean that this
infrastructure can be characterized as an essential input,
one that presents severe capacity constraints at times
of peak or high demand. Economic theory generally
states that congestion should be eliminated or reduced
efficiently by means of the pricing system. Unfortunately,
this mechanism cannot be applied to ports in the way
it can to electricity or drinking water consumption,
since port infrastructure usage is driven not so much by
seasonal factors as by the almost simultaneous arrival of
too many ships. This implies that port use necessarily
has to be rationed and thus that some ships have to wait.

The question of how best to ration is disputed,
however. Although the first-come-first-served system
is the best known, the economic literature has shown
it to be highly inefficient, since the willingness to pay
of shippers subjected to rationing varies greatly with
the value of the cargo they are carrying (Strandenes
and Wolfstetter, 2005; Button, 1979), besides which
it increases port operating costs (Imai, Nagaiwa and
Chan, 1997).

In conformity with the literature, this article shows
theoretically and empirically that it is socially desirable
to impose all rationing on the activities with the lowest
value added. This value is measured in theory as the drop
in the value of transported cargo when it is subjected to
rationing. The result holds even when the model includes
compensation for firms subjected to rationing or if there
are effects on the cargo handling capacity of the port
that depend on the type of service being rationed. The
rationing criterion used in this paper is cargo value,
with containerized cargo being distinguished from bulk
cargo. The two cargo types present marked differences
in value and in their cost to the port operator, chiefly
in terms of operating times and port infrastructure use.

This study was motivated by a dispute submitted
to the Competition Tribunal (TpLC) in Chile in 2007.
A company called Terquim S.A. accused San Antonio
Terminal Internacional (st1) and Empresa Portuaria San
Antonio (EpSA) of abusing their dominant position by
following a priority criterion for serving ships in the port
rather than doing it on a first-come-first-served basis.
Consistently with the findings of the present study, the
TDLC rejected the argument put forward by Terquim and
dismissed the charge in January 2010. Its ruling was
upheld by the Supreme Court in September that same
year,! and with it the use of priority criteria rather than
first-come-first-served for processing ships in the port.

Looking beyond this specific antitrust dispute,
however, the economic arguments for rationing port
infrastructure in a particular period of time are applicable
to any port, as is the methodology proposed in this article.

The rest of this paper is organized as follows. Section
II describes the institutional framework for public-private
port ownership in Chile, the features of the port of San
Antonio, the two companies operating there (STI and EPSA)
and the main bulk cargo handled by sT1 (sulphuric acid).
Section III reviews the literature on port rationing and
explains why port infrastructure can be regarded as an
essential facility. Section IV presents an economic model
that shows why it is more efficient to ration by cargo
value than on a first-come-first-served basis. Section V
provides comparative estimates for the two methods at
the port of San Antonio, using sTI information for 2007.
Lastly, section VI offers conclusions.

1 For further details, see Agostini and Saavedra (2008), TDLC ruling

96/2010 and the Supreme Court judgement with the reference Rol
1933/2010. See [online] www.tdlc.cl.
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Description of the market and

institutional framework

1.  Public-private port partnerships in Chile

During the 1980s and 1990s, the Chilean Port Enterprise
(EMPORCHI) operated the 10 State-owned ports under
a multi-operator system. Under this system, the
State enterprise administered the port infrastructure
and a number of private-sector firms carried out
loading and unloading of ships at the ports. One of
the great drawbacks of this system was that it divided
cargo up among a number of firms at the same port,
seriously limiting incentives to invest in cargo handling
equipment and preventing port infrastructure from being
used efficiently.

As international trade grew strongly in Chile,
port management began to turn into a bottleneck, and
in the late 1990s the Government took the decision to
modernize the State port sector. The key goals of the
reform were to stimulate and dynamize investment
in port infrastructure, technology and management.
To this end it was proposed that the multi-operator
system should be replaced by a single operator
system in which a single firm took responsibility
for operating and maintaining a port terminal. This
would make it possible to promote competition
both between ports and at the tendering stage when
selecting the future single operator. A reform was
accordingly proposed to break up EMPORCHI, involve
private-sector firms in State port development via the
concession mechanism and modernize labour practices
at ports.

The reform approved in 1998 created 10 autonomous
State port enterprises, each owning a single port, with the
explicit objective of administering, operating, developing
and preserving their respective ports and terminals. The
law also gave each of these enterprises the mission of
promoting competition between ports and within their
own port and of involving the private sector to increase
efficiency and investment. For this, the port enterprises
may tender the concession of contracts for private-sector
firms to operate and invest in each of the port terminals
owned by them. Under the concession system, each State
port enterprise continues to own the infrastructure and
oversees the concession contract, being paid a minimum

annual rent by the concession holder plus a percentage
of its revenues.

In 1999, the concessions for Chile’s three main
port terminals, San Antonio, Valparaiso and San Vicente
(Talcahuano), accounting between them for about
50% of all cargo handled by EMPORCHI, were put out
to tender. Two criteria were followed in awarding the
concessions: (i) a tariff index calculated from the dues
for ship wharfage, cargo wharfage, container transfer
and break bulk cargo transfer, and (ii) an annual fee or
payment to the State.

This article will now focus on cargo activity at the
port of San Antonio, the largest in Chile for total cargo
handled and the second-largest for containerized cargo,
according to figures for 2011 from the Infrastructure
Services Unit of ECLAC.

2. Public- and private-sector port enterprises at
San Antonio

The State firm EPSA has four berthing facilities with a total
of nine berths and a total surface area of 495 hectares,
353 hectares of this being sea and 142 land. The basin
has a surface area of 75 hectares and the four terminals
are the Molo Sur (berths 1, 2 and 3), the Espigén (berths
4,5, 6 and 7), the Terminal Norte (berth 8 specializing
in dry bulk cargoes) and berth 9, specializing in wet
bulk cargoes.

The tendering process for the port of San Antonio
covered the Molo Sur and Terminal Norte concessions.
The Molo Sur, with the largest-capacity berths, was
awarded to San Antonio Terminal Internacional (STI),
with a tariff index of US$ 7.05 a ton, an upfront
payment of US$ 10 million, an annual fee that came to
USS$ 11,050,606 in 2007 given the tonnage handled that
year, and an additional payment of US$ 121,252,062
split into six equal annual instalments in the first six
years of the concession. The Terminal Norte was
awarded to Puerto Panul and the other five berths
are operated by Epsa. Thus, sTI holds the concession
to operate and administer the Molo Sur terminal,
specializing in containers. For this purpose it had 769
metres of continuous wharf with 12 metres draught right
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along its docking area at the time of the concession,2

31 hectares of dockside area (25 being used for storing
containers and bulk cargoes), 6 gantry cranes, 9 forklifts,
41 tractor trucks for handling containers and cargo
within the terminal, an area for container consolidation
and deconsolidation, 6,000 square metres of roofed
cargo storage, 2,000 connections for reefers, railway
access to the dockside and container loading areas,
and a weighbridge for weighing trucks with bulk or
containerized cargo.

The concession contract with ST1 stipulates loading
and unloading speeds and waiting times that must be
kept to, failing which the concession holder is fined. It
also includes stipulations for a progressive improvement
in the service provided by the concession holder over
the life of the contract. This provides an incentive for
the concession holder to invest as necessary to maintain
and improve the standard of service without the need
to stipulate specific investments or investment amounts.
Basic tariffs are set in the concession contract; however,
the concession holder can charge special tariffs for
additional services provided at users’ request. This
encourages the concession holder to invest in accordance
with developments both in the technical progress of

2 There are currently 380 metres with an authorized draught of 13.5
metres and 389 metres with an authorized draught of 11.34 metres.

FIGURE 1

port operations and demand from its various types of
customers, who require different levels of service.

Because container use has substantially reduced
cargo handling costs, thereby increasing national and
international short sea shipping (Clark, Dollar and Micco,
2004; Blonigen and Wilson, 2008), one of the goals of
the tendering process was precisely that there should
be investment in increased containerized cargo transfer
capacity and efficiency. This trend can also be observed
at the port of San Antonio, both in the evolution of the
number of dockings at each terminal by vessel type (see
figure 1) and in the total amount of cargo transferred
by vessel type (see figure 2) and performance by type
of cargo transferred (see figure 3).

The evolution of cargo in recent years, as reflected
in figures 1, 2 and 3, shows not only the tendency towards
greater containerization but also the increase in port
efficiency brought by containerization. Consequently,
having docking facilities that specialize in containerized
cargo yields efficiency gains over facilities that mix bulk
and containerized cargoes. This is important, as trade
volumes can fall off considerably at inefficient ports and
the impact can be still greater in small and developing
countries (Blonigen and Wilson, 2008).

Berths are a public good, and this implies non-
discriminatory public tariffs and an obligation to accept
ships and handle cargo. Accordingly, all the landlord

STI: number of dockings by vessel type, 2001-2006
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FIGURE 2

STI: tonnage transferred by cargo type, 2000-2006
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FIGURE 3

STI: performance by type of cargo transferred, 2000-2006
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ports have internal regulations on the use of docking
facilities that are designed to ensure efficient usage of
port infrastructure and freedom of choice for users. The
service manual lays down docking priority rules and
procedures, establishing that dockings must be scheduled

on the basis of an objective technical priority rule. Table
1 shows the priorities established for the three berths
operated by st1. These priorities reflect preferences for
cargo types with faster transfer speeds and port services
that operate vessels regularly.
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TABLE |
Chile: STI berthing priorities
Berth 1 Berth 2 Berth 3
1 Scheduled container ships Scheduled container ships Container ships
2 Scheduled break bulk Scheduled ships loading Ships loading over 10 000 tons
cargo ships over 10 000 tons of of homogeneous cargo
homogeneous cargo
3 Bulk cargo ships Scheduled break bulk Scheduled break bulk
cargo ships cargo ships
4 Other ships Bulk cargo ships Bulk cargo ships
5 Other ships Other ships

Source: San Antonio Terminal Internacional (st1), Chile.

3. The sulphuric acid storage contract and
loading protocol

Transportation of sulphuric acid from the El Teniente mine
operated by the Chilean National Copper Corporation
(CODELCO) to the port of San Antonio is carried out in
three sequential stages: trucks, railway and, once in San
Antonio, storage in tanks and loading. This last stage
is carried out by Terquim, with 97% of all the cargo
transferred by Terquim being sulphuric acid. The firm
also has the concession to operate at the Molo Sur, i.e.,
at the terminals awarded to STI.

While st1 does not follow a berth reservation policy
and thus does not promise to prioritize particular ships
over others beyond what is stipulated in its service
manual, the contract between STI and CODELCO makes
STI responsible for any environmental problems caused
by an overflow at the Terquim terminals due to berth
unavailability. The aim of this contractual provision is
to minimize the time ships carrying sulphuric acid for
CODELCO have to wait out at sea, to which end it limits the
time the concession holder can keep these ships waiting
before they are unloaded, with the clock running from
the time the vessel reaches the pilot station until docking
manoeuvres begin. The fine prescribed in the contract
as applicable in 2007 was US$ 20,000 a day (calculated
pro rata for shorter waiting times). In addition, the cost

of taking the ship out to an anchorage has to be met by
STI (tugs, time, etc.) if it decides to do this. CODELCO,
in turn, pays a fixed tariff per ton of acid, this being
US$ 1.05 as of April 2008.

The contract specifies three levels of sulphuric acid
in the tanks and maximum waiting times before STI has
to service ships, depending on the volume accumulated.
The volumes and maximum waiting times are: green
level, less than 26,000 tons with a maximum wait of
48 hours; yellow level, between 26,000 and 33,000 tons
with a maximum wait of 24 hours; and red level, over
33,000 tons with a maximum wait of 6 hours.

In principle, this contract is an efficient economic
solution because it is consistent with the literature on
port rationing, as shown in section III, and with the
theoretical prediction of an economic model of efficient
rationing developed in section I'V. On the one hand, this
rationing criterion gives CODELCO certain guarantees
that the sulphuric acid tanks will not fill up completely
but will always have the capacity to store acid produced
by its smelter. On the other, there is an opportunity cost
to sTI when it uses a berth for a container vessel and
has to pay to keep an acid ship waiting for longer than
stipulated in the contract. The economic effect of this
contract is precisely to create the right signals so that
the use of a docking facility with limited capacity is
rationed efficiently.
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The economic literature on rationing

The literature on rationing the use of a good, and port
infrastructure in particular, will now be reviewed. The
section will end with a brief discussion of essential inputs,
given the special characteristics of the good subject to
congestion in this case.

1. Rationing and the economic rationale

The need to ration the use of a good arises when it is
costly to modify prices (waiting time in restaurants),
when rationing signals quality (medical care or luxury
goods) or when there are temporary increases in demand
and consumers face switching costs. As a result, there
are markets where excess demand leads not to price
increases but to rationing for consumers. This happens in
markets as diverse as restaurants, electronic components,
semiconductors, personal computers, metals, titanium
dioxide, polypropylene, petrochemicals, compact discs
and children’s toys (MacKinnon and Olewiler, 1980;
Ghemawat, 1986; Basu, 1987; Carlton, 1991; Slade,
1991; Ungem-Sternberg, 1991; Haddock and McChesney,
1994; De Graba, 1995).

Going by this evidence in different markets, the
economic literature has focused on trying to explain
the existence of time rationing as an equilibrium
situation, and also on determining the optimal rationing
mechanisms when it is not possible or desirable to adjust by
raising prices.

In one of the seminal articles of this literature,
Barzel (1974) established the economic rationale behind
first-come-first-served rationing, noting that the waiting
time simply created an extra cost for consumers of a
good. When a good is available in limited quantities, the
time-price mix plays the same role as the monetary price
when there is no restriction on quantity; nonetheless,
there is a loss of efficiency relative to the unrationed
equilibrium. In the event that there are no constraints on
the availability of the good but there is price rigidity, the
logic is equivalent to Barzel’s and waiting time simply
serves the purpose of reducing excess demand until it is
in balance with the supply of the good (Alderman, 1987).

Even if there are no price rigidities, however, it can
still be optimal for a firm to ration rather than raising
prices. Bose (1996) shows that when there are users who
differ in their willingness to pay and this characteristic

is unknown to the supplier, waiting times become an
effective mechanism for discriminating between them,
insofar as demand and thus willingness to pay are
greater among those who wait. As a result, there is an
equilibrium with rationing whereby it is more profitable
for the supplier to ration consumers than to charge higher
prices to achieve market equilibrium.

Looking past the different theoretical explanations
given in the literature to account for the existence of
rationing as an equilibrium situation in a market, what
is relevant in this case is to consider how optimal the
different rationing mechanisms are. An early contribution
was made by Greenberger (1966), who noted that the
optimal system of priorities depended on the objective,
as there is a conflict between minimizing the average
waiting time and its variance. Thus, a rule giving priority
to consumers who need to be served more quickly can be
used to minimize the mean waiting time and the number
of consumers waiting, but at the cost of increasing
variance. Conversely, a first-come-first-served rule
serves to control variance in waiting times.

Both rationing criteria assume that the cost of
waiting is the same for all consumers. If it is not,
there are more efficient options for setting priorities in
accordance with how important or urgent the service
is for different types of consumers. Thus, Pestalozzi
(1964) and Likens (1976) show that a priority index
is more efficient than a first-come-first-served system
in airport operations. In particular, Pestalozzi’s work
shows that if the goal is to minimize the average cost
of delay, the optimal approach is to introduce priorities
by aircraft type, applying the rule that landings have
priority over take-offs. It is important to stress that the
first-come-first-served rule is never optimal in any of
the cases simulated.

Greenberger (1966) considers different rules for
computer time-sharing and establishes that the optimal
method is to prioritize users by the waiting cost of each,
attending first to those for whom the cost is highest.
This is similar to the earlier finding of Cox and Smith
(1961), who showed that when service delay costs were
heterogeneous, the average cost of delay for consumers
was minimized by working down the priority list,
defined as the waiting cost per unit of time divided by
the expected service requirement.
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Subsequently, Naor (1969) showed that the first-
come-first-served rule, when applied to a homogeneous
population of consumers, led to a degree of congestion in
excess of what was socially optimal, making it necessary
to raise the price to a level that reduced congestion
or charge an extra tariff for the same purpose. This
finding was subsequently extended by Balachandran
and Schaefer (1979) for a situation in which there were
heterogeneous consumers.

The paper by Sherman and Visscher (1982) considers
the optimal pricing strategy along with rationing
mechanisms when demand for a service is stochastic.
Their findings show that a rationing mechanism based
on priority for consumers with a greater willingness
to pay entails an optimal price that is the same for all
consumers. Conversely, a rationing mechanism that
prioritizes consumers who value the service less entails
discriminatory optimal pricing whereby higher prices
are charged to consumers who are more willing to pay.

These findings are relevant to the rationing of
port infrastructure use, as they show that when it is not
possible to charge different prices for different types of
consumer and it is mandatory to charge a single non-
discriminatory price, the optimum is to ration excess
demand in descending order of willingness to pay.

2. Rationing in port infrastructure use

The great majority of studies in the port rationing
literature agree that the first-come-first-served mechanism
is inefficient, unless all arriving ships and cargoes are
identical. Strandeness and Wolfstetter (2005) state that the
first-come-first-served criterion is highly inefficient, as
it does not reflect ships’ relative waiting costs. Likewise,
Imai, Nagaiwa and Chan (1997) conclude that if the aim
is to achieve high port productivity, first-come-first-
served should never be considered as an option for the
optimal allocation of berths.

For reasons of efficiency, then, a port should
discriminate by means of tolls (extra tariffs) or other
mechanisms. Jansson and Ryden (1979) suggested using
a two-part tariff, divided into a charge reflecting the
opportunity cost of using the port facility and another
charge per ton that would be differentiated on the basis
of demand elasticity. Similarly, Button (1979) evaluates
the design of an economic pricing system in which one
criterion is that users of a port should pay the marginal
social opportunity cost of the resources they use. The
outcome is that ports should charge a two-part tariff,
consisting of one charge for cargo, based on the marginal
social opportunity cost, and a fixed charge for the right

to use the port, based on frequency and the amount of
time it is used for. Under this system, regular users of
the port have priority over infrequent users, since the
first-come-first-served system does not reflect each
ship’s effective demand for port services.

Following this line of argument, Ghosh (2002) shows
that it is optimal to give priority to the ships that most
value the service and suggests a system of sequential
berth auctions for this purpose. Setting out from this idea,
and applying the Vickrey-Clarke-Groves mechanism,
Strandenes and Wolfstetter (2005) propose a system of
berth auctions using a mechanism that ensures that the
bids reveal the true value to each ship of docking at the
place and time being auctioned.

Looking beyond theoretical considerations and the
consensus in the literature regarding the inefficiency of
the first-come-first-served system of berth allocation,
in practice different prioritization systems have been
increasingly employed at different ports all over the
world. For example, Imai, Nishimura and Papadimitriou
(2004) argue that allocating berths in a way that takes
considerations of priority into account is very important
for port operators working in a competitive environment,
particularly in view of the greater flexibility it gives them
in their decisions about infrastructure use.

Consequently, some ports establish ship size or
cargo volume as a priority criterion. For example, port
authorities in Japan, Singapore and Norway give priority
in some ports to the ships with the largest volume of
containers (Imai, Nagaiwa and Chan, 1997; Imai,
Nishimura and Papadimitriou, 2004; Svendsen, 1967).

3. Ports as an essential facility

Conceptually, an essential facility or essential infrastructure
can be understood as the basic input for supplying
firms that participate in competitive segments (even
if competition is imperfect) of an industry, where this
basic input is provided under conditions of monopoly or
market power. It is important to stress that market power
deriving from ownership or control of the operation of
assets deemed essential does not necessarily have to
be monopolistic, as it is enough if the operator of these
assets is able to set a completely unregulated limit price
that yields rents beyond what their operation would
normally provide.

The first thing that needs to be properly understood
about the essential facility concept is that the industry
has to have a vertical structure, i.e., the market serving
consumers must necessarily require access to a basic
input because alternative inputs do not exist or are
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economically unviable.? In the case of a port, this
essential facility interacts with different shipping
companies offering containerized, bulk or break bulk
cargo transport services. There are also indirect users
of the port, such as producers and final consumers of
the goods transported. Other actors likewise participate
in the port cargo transportation activity, examples being
the shipping authority and the pilot stations before or
after a ship arrives at or leaves its berth, plus customs,
customs agencies and the Agriculture and Livestock
Service before or after a ship’s arrival.

The second thing that has to be understood is that not
every type of essential facility needs to be regulated. It is
possible to find industries with low sunk costs and little
market power in which there is competition for essential
facilities, with two or more firms opting to build their own
essential facility, sometimes even offering access (paid
for but freely determined by the market) to their rivals
in the market for the final customer. An example of this
might be a liberalized health-care industry (Robinson
and Casalino, 1996) or the telecommunications industry
(Valetti and Cambini, 2005; Mancero and Saavedra,
2006). Alternatively, there are industries with larger
sunk costs where two or more competitors share their
essential facilities, sometimes as a market outcome upon
the entry of a new competitor, possible examples being

3 Strictly speaking, the port industry does have imperfect substitutes
for the essential facility, such as more distant ports in the same country
or a State port at the same place. They are imperfect because the cost
of access to them is greater (in money or waiting times).

IV

the liquid fuel industry (Balmaceda and Saavedra, 2007)
and the air transport industry (Agostini, 2008 and 2012).

If the decision has been taken to regulate the tariffs
and quality of the essential facility, then two points are
worth analysing. First, when the auction process for the
port privatization or concession is being designed, care
needs to be taken with the ex post conditions governing
the actual operation of the facilities (Engel, Fischer and
Galetovic, 2004), with particular attention being paid
to the conditions of ownership of the private-sector
operators, the horizontal structure of the industry,
tariff regulation and regulation of the quality of the
service to be provided. Second, if the choice is made
not to separate the industry vertically, the port operator
may have commercial interests in the shipping market,
enabling it to sabotage rivals by giving them a lower-
quality service than it provides to its own ships (Mandy
and Sappington, 2007). The Chilean regulations guard
against these risks by laying down explicit rules for
service priority, waiting times and quality standards that
are overseen by the relevant port regulator.

In summary, the concession of port infrastructure
operations is economically efficient if the tendering
and regulation processes mimic a competitive market,
providing the right signals to the operator with respect to
pricing, service quality and most particularly investment.
Consequently, the matter of whether the right port
investments have been made is not in dispute, since
congestion at given price levels is something that is bound
to arise anyway at some point, and it is precisely then
that an efficient way of handling rationing is needed.

An efficient port rationing model

1. The basic model

Given the decision taken by the State prior to the port
tendering process, particularly industry ownership
and structure constraints and the setting of prices for
the various services, the port operator will be faced
with the need to ration use of the essential facility at
times of high service demand. Simply put, whatever
volume of investment may be needed, the optimal
and actual situation is that there will be periods when
the port infrastructure will have capacity available
to cope with any type of cargo and, optimally, there

will be other periods when it will be overwhelmed by
excess demand.

It will now be shown that efficient rationing is
achieved by assigning all port activity at periods of high
demand to the container service, leaving the residual
capacity for other services with less value added, such as
bulk or break bulk cargo, which will be dealt with once
the congestion is over. This is the right thing to do as
long as there are no externalities affecting the population
as a result of any spillages caused by excessive build-up
of hazardous bulk cargoes in the port, an example being
sulphuric acid at times when large volumes accumulate.
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This cargo handling allocation in favour of containers is
generally more efficient for three reasons: greater profits
in the form of surpluses for users of port services, greater
profits for the port operator and greater port capacity
available for services provided at times of high demand.*

Assuming that port activity is restricted to just two
activities, namely container transfer (C) and bulk cargo
transfer (B), only three periods are relevant: the first, in
which there is no rationing because total demand for the
two activities falls short of installed capacity (K); the
second, when the demand for container transfer increases
to the point where total demand exceeds installed capacity
(D, > K); and the third, when demand returns to normal
and the demand subjected to rationing in the previous
period is also dealt with. The prices for these services
are regulated exogenously, and are thus equal to p€ and
PP, and costs are respectively c€ and B, where p€ > pf >
¢B > ¢C. This captures the fact that the margin earned
by the concession operator on the container service is
greater than the margin earned on the bulk cargo service.’

4 By greater port capacity is meant the speed with which ships
transporting a given tonnage are loaded or unloaded. Thus, port capacity
is higher when a ship is processed more quickly than another, given
a constant cargo transfer tonnage.

5 This is once again subject to there being no risk involved in the
build-up of bulk cargoes. If there is, cB will be greater, and may exceed
the price charged for this activity.

FIGURE 4

Demand for the two services in the second and third
periods is equal and is defined as p€ = a — b - Q€ and
pP =a—b- OB, with bulk demand in the second period
being the same and container demand in the second period
growing to p€ = a + o. — b - Q€. Figure 4 summarizes
the structure of the industry for the second and third
periods, with the third period resembling the first.

Society’s welfare is equal to the sum of the surpluses
of service users plus the profits of the port firm. It is
important to stress the relevance of incorporating the
profits of the port firm into the social benefit because:
(i) it uses them to pay for infrastructure investment
and (ii) the right to operate the port has been awarded
under a concession, which means that the expected
rents from the business were captured by the State at the
time the port operation was put out to tender with the
annual fee and upfront payment required. Nonetheless,
as will be shown later, the qualitative results do not
change if only the surpluses of port service users
are considered.

If we use the terms 7$and 78, respectively, for the
net surpluses of container and bulk transfer customers
(t=1, 2, 3), social welfare is:

3
W=W, + Wy + Wy =D (US+ U +xlexB) (1)

i=1

Containerized and bulk cargo markets in periods of low and high demand

a+aoa

\DB =ch

Q° Q* Q,

Source: prepared by the authors on the basis of information from San Antonio Terminal Internacional (s11), Chile.
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It should be noted that although demand is the
same in all three periods, the surpluses of bulk users
vary insofar as the service is rationed in the second
period and the demand is wholly or partially met in
the third period. To give a better understanding of

FIGURE 5

these surpluses that social welfare is comprised of,
figure 5 illustrates the four surpluses or profits for
the second period. For simplicity, and solely for the
purposes of figure 5, it is assumed that there is no
capacity constraint.

Social welfare in the second period without rationing

a+o

=U,¢ without restriction

=U,® without restriction

= gt® without restriction
= 7t,“ without restriction

Q¢ QP Q, Q.°

Source: prepared by the authors on the basis of information from San Antonio Terminal Internacional (st1), Chile.

To return to the general case, when there is rationing
in the second period, it can be assumed that a proportion
0 of the rationing is assigned to bulk activities, while
(1- 6) of this rationing is assigned to container activity. The
cargo subjected to rationing is completely processed in the
following period, but the user only receives a proportion
of the surplus: 5 and &7. Given that in practice container
activity is substantially more important to the country’s
economy and the customers of port services themselves,
itis reasonable to assume that it is these who have most
to lose by rationing, and this is captured in the model,
with the assumption that 0 < 6 and &8 < 1. It should
be explained that there is no flow discounting between
periods, as rationing is assumed to be very short-lived,
which means that 6 and & only represent the opportunity
cost of the service not being provided when required.
Lastly, it is assumed that the port firm forfeits (1 — f)
of its profits by compensating a customer subjected to

rationing, which covers fuel, wage and other costs, in
addition to any compensation to third parties (like that
payable to CODELCO in the case of sulphuric acid). This
payment amount does not include any compensation
for the shipping companies subjected to rationing; this
would only constitute income transfers which would not
affect the efficiency of resource allocation.

What will be reviewed first is the case where
the installed port capacity required to process ships’
cargoes is fixed and independent of the parameter 6.
Then consideration will be given to the case where this
installed port services capacity in a given period increases
as more rationing falls upon bulk activities, i.e.:

oK

¥>O

where K € [K,K |-
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2. Social welfare and rationing with fixed capacity

The surpluses of users and of the port for the three
periods are:

W, = UC+UB+7Z'1+7Z'1
= a=p)0f + 3 (a-p" )0} +(p€ - )f
+(p? - )0t =5 |(a=p°F +(a-p" )]
+%[(a_cc)(a-pC)+(a-cB><a—p‘*)]
W,=US+US + 7§+ 78
)3(:-K}
w5 (a=p")Q4 05 (0, KY

+(p©=c€)0s -(1-6)(pC-cC)(Q,-K)
+Hp? =)0 -0(p" - c")(0,-K)

Zb[(am p )2+(0‘PB)2] €)
Hara-cYa=p)+(a=c")a-p")
A (2asa-(p +p")-bK)
=)0l - )7 -]

<2a+a/—(pc+p3)—bK>

2)

= Ha+a-p©)os-(1-

W, =US + U5 + 7§+ 8
- Ha-p9)0S§-6°(1-0)2(0,- kY
+%<a—p3)Q§ +6B¢9£(Q2—K)2
+(p€= )5 +/(1-0)(p€ - ) (22~ K)
H(pP = B)QE 41 0(pP - P)(0,-K) S
B)-bK )

=W + 2]b<2a+a (p +p
[aC+e(aB-ac)]
+%[(pc—c )-0[(p€-c€)-(p* —CB)”

<2a+a—(pc+p3)—bK>

For the purposes of the relevant economic analysis,
it is possible to separate social welfare into the portion
that does not depend on how rationing is carried out and
the portion that does depend on rationing. Thus, if the
term W(a, a, pC, pb, c€, ) W(a, a, pC, pB, ¢, cB) is
used for the portion of somal welfare that depends nelther
on rationing nor on installed capacity, after substituting
equations (2), (3) and (4) into (1), total social welfare
will be found to be expressed as:

W=W(a a,pCp?, cB)
o (1-[6¢+0(5" - 59)))

<2a+a—(pc+pB)—bK>2 )

Then, the effect of assigning more rationing to
bulk cargo services is always socially beneficial, since
0 < 8C€and 88 < 1, as when equation (5) is derived for
q, the derivation is positive:

w _ 1
o0 ~— 2b

6] @

(2a+a-(pC+p®)-bK)>0

(53—5c)<2a+af—(pc+p3)—bK)2

The first term of expression (6) shows the change
in users’ welfare as a consequence of assigning more
rationing at the margins to the service with less value
added, which is reflected in the fact that 5 < §8. This is
because users of container ships lose significantly more
than users of bulk cargo ships when cargo loading or
unloading is delayed. The second term is only significant
when the port firm pays the costs entailed by the rationing
and its profits are thereby reduced (f < 1), these costs
being lower when efforts are focused on the activity
with faster cargo transfer.

In view of this result, given that rationing is allowed
because prices do not adjust to demand at a specific point
in time when port services are provided, it is efficient
to assign all rationing to bulk transfer activities; i.e., it
is efficient to set 6= 1.
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Although this result applies fairly generally, it is not
completely applicable when the population is confronted
with negative externalities resulting from the excessive
build-up of certain types of cargo, as can potentially occur
with sulphuric acid in the case of San Antonio or with
other toxic materials at other ports in the country. To
capture a situation like this, the model can be modified
for periods of sulphuric acid accumulation (something
that is known about in advance and is not random), so
that the (social) cost of postponing this cargo is rising
and convex with the bulk cargo rationed, i.e., a function
S(6), so that S(0) >0 and S"(68) > 0. On this assumption,
expression (6) would become:

oW )4

— =— 7
a0 Is()>0 90 ls(o)= @

O-s'(a)zo

If stored cargo is dangerous enough for the externality
to generate considerable costs for society, then this
effect will dominate so that, in a situation like the one
described, it will be advisable to ration containers. The
assumption must be that this will not usually be the case
and equation (6) will therefore operate.

3. Social welfare and rationing with
endogenous capacity

In the previous result concerning the efficiency generated
by rationing the loading of bulk or break bulk cargo
relative to containerized cargo, port capacity is assumed
to be given (fixed and exogenous), which means it is
relevant to consider whether this conclusion holds in
the event of port capacity being endogenous. This is
particularly important not just for the general robustness
of a model in relation to its assumptions, but because
in this case, as will be shown empirically further on,
the evidence is that more time is required to transfer
bulk cargo than to deal with a container ship of the
same size.

Considering port capacity to be endogenous to the
rationing decision implies, in terms of this model, that
the capacity of the port increases as rationing is shifted
from containers to bulk cargoes or, mathematically,
K = K(0), with ?9_15{ > (. It is assumed that K(O) =

Kand K (1) =K and ; however, even if all rationing were
assigned to bulk activity, there would still be rationing,
which means that Q, > K . Taking the results of the
previous subsection, the effect of a rise of 8 on social
welfare is:

_=L(88_5C)(2a+a_(pc+p3)—bK)2

p AP =)= “’B)](Z“+a—(pc+p3)—b1<)(8)
+(2“+“—(pc+p3)—bK)<l—[6C+6(5B_5C)])%(

+(1—f)[(l—(9)(pc—cc)+t9(pB—CB) g—g> 0

where the last two terms of (8) are new, i.e., do not
appear in expression (6), and capture the impact of
lesser rationing insofar as this is assigned to bulk
cargo transfer. Consequently, when this prioritization
rule is adopted for port activity, both the direct effects
of favouring containerized cargo and the indirect
effects in the form of greater port capacity increase
social welfare.

In the same way, if the social welfare repercussions
of rationing bulk cargo, S'(6), were large enough, owing
for example to the consequences of a higher probability
of spillage for a hazardous cargo, then the effect would be
the opposite of the one predicted in expression (8). It will
be assumed that these cases are governed by protocols
or contracts between the port and those generating the
cargo, or regulated directly by environmental laws
or regulations, so that rationing would be applied to
containers in these circumstances.
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Applying priority criteria at the port

of San Antonio in Chile

The theoretical model presented earlier, consistently
with the findings of the economic literature, shows
that a rationing mechanism based on waiting instead
of pricing is efficient and increases welfare in the case
of a port with essential facility characteristics. The
question is whether or not this model is consistent with
the rationing applied in real-world port operations, and
whether these predicted efficiencies actually exist. To
consider how rationing by cargo type works in practice,
we shall now analyse what happened with each of the
wet cargo ships that arrived at the port of San Antonio
and used st1 facilities during 2007. We then estimate the
efficiency of rationing that favours containerized cargo
(and break bulk cargo) as opposed to using the first-
come-first-served criterion to ration available capacity
when this falls short of demand.

The form this rationing took in 2007 is first
characterized. It is then shown that the port is more
efficient at transferring containerized cargo than bulk
cargo or, consistently with the section IV model, it is
shown that ¢€ < ¢B. Lastly, it is shown that it is better
for society if containerized cargo is prioritized over bulk

FIGURE 6

cargo, i.e., p¢ > pB. These port efficiency and welfare
estimates are arrived at separately for sulphuric acid
and other wet cargoes.

1.  Characterization of waiting times with
efficient rationing

Figure 6 shows the distribution of total waiting times
for ships carrying sulphuric acid in 2007, counting from
arrival at the pilot station until the first mooring line
is attached at a berth. Of 41 ships carrying sulphuric
acid, 15 had to wait longer than they would had they
been serviced immediately and without interruptions.
However, only 9 of these 15 cases can be ascribed to the
priority rules (the black bars in figure 6), since according
to STI the wait was due on four occasions to the berths
being occupied by ships that had arrived first, just as
a port would operate if it followed the first-come-first-
served rule (striped bars in figure 6), and in two cases
CODELCO asked the ship to wait out at sea because
there was not enough sulphuric acid to load (grey bars
in figure 4). The effect of applying rationing by cargo

STI: waiting times and causes for sulphuric acid ships
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type and sending bulk carriers out to sea was that this
happened in 22% of s11 sulphuric acid loading operations
in 2007.

The situation with wet cargoes other than sulphuric
acid was not much different. Figure 7 illustrates the
distribution of total waiting times for these wet cargo
ships in 2007. It can be seen that 22 such ships came
into the port that year, of which just 5, or 22.7%, had

FIGURE 7

to wait because of the STI priority regulations (black
bars in figure 7). In addition, two had to wait because
the berths were in use by ships that had arrived earlier
(striped bars in figure 7).

In summary, the conclusion from analysing
information on waiting times at STI in 2007 is that 20% of
wet cargo ships were subjected to a wait longer than they
would have had under a first-come-first-served system.

STI: waiting times and causes for other wet cargo ships
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Source: prepared by the authors on the basis of information from San Antonio Terminal Internacional (st1), Chile.

2. The opportunity cost of efficient rationing

Whatever the percentage of times it happens or the
percentage of ships affected, it is far more relevant to
know the opportunity cost of the efficient rationing
policy or, in other words, the estimated value of the
containerized and break bulk cargo given priority over
sulphuric acid and other wet cargoes. This information
can be used to reach some kind of estimate of how much
society gains by following the priority rule described
instead of adopting a first-come-first-served rule. What
is at issue is not social welfare, certainly, since it is not
the demand for each product that is being estimated but
the value of the cargo at market equilibrium prices.®

6 Itis also important to bear in mind that the social opportunity cost
of rationing sulphuric acid cargoes could be increased by the impact
this measure would have on the mining operations that require it as
a production input. It is assumed that since delays did not amount to
so much as three days, at least in 2007, this impact would not halt
mining production (delays in 2007 averaged just under 30 hours).

o Ideal estimates

Bulk cargo (B) has a gross value on a certain date
t of vf = pf - Q?. Ideally, this information could be
obtained more precisely from the FOB value of the
cargo transported.’ In this case, the gross value of a
shipload of bulk cargo would simply be v% = roB”.
Similarly, containerized (C) and break bulk cargo has a
value for each shipload transported that is given by the
same product of prices and quantities. Since cargoes
on these ships are heterogeneous, the best way of
estimating the gross value of the cargo transported in
each ship i at each moment of time vﬁ is simply to take
its FOB value. Then, if a bulk cargo ship is subjected to
rationing to make way for J ships carrying containers
or break bulk cargoes or both, the gross value to society

7 The FoB value is the value of the merchandise put aboard the ship
in the country of origin, excluding insurance and freight.
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of prioritizing the ships carrying this type of cargo is

J
z. vE =
j=1J

Since the costs of processing any type of ship
are essentially fixed, given that the greatest cost is the
opportunity cost of the sunk infrastructure investment in
wharves, cranes, manifolds, and so on, it is not enough
to know how much space is occupied by each ship in
the port, as the time (hrs) it takes to load or unload
it also has to be established. Consequently, the right
comparison is between the value of the cargo of a ship
subjected to rationing and the value of the cargo of ships
given priority over it:

=2

J c
. FOBS,

FOB®
hrs,

C C
J FOBjt[ sz (9)
=1 hrs, J c
J Jt LZ/':let

In other words, each mean operation is weighted by
the relative cargo transfer tonnages for the ship concerned.
Nonetheless, it is of the greatest interest to learn
how large this difference was in a particular year, and
for this it is enough to calculate the weighted average
number of tons per hour for the whole of a given year:

ZT FoB®| QFf
=1 h T
t IS, ZFI Qf

C C
=37 |3 rosg( 0§
< Lu=)

- ]
i=1 hrs;, Z 0o¢
j=1 Jt

10)

29
L

In this case, T refers to all bulk cargo ships subjected
to rationing in a particular year where, as seen in the
formula, mean transfers need to be weighted for each case.

e Prioritization and efficiency: sulphuric acid

Unfortunately, there is no publicly available
information on FOB values for the loading and unloading
operations carried out, which would allow an exact
calculation to be made, so market or aggregate variables
are used as a proxy for the true values; i.e., the
cargo valued at market prices: p;" Q. For this
purpose, information is available on the tonnage of
each sulphuric acid ship subjected to rationing in
2007 (Q;"), and the average price paid for sulphuric
acid by Chilean importers is used, the latest CIF value
available as of 2008 being the average price for 2006:
p{* =US$ 57.1 a ton (cocHILCO, 2007). The rest of the

relevant information for shipments of sulphuric acid in

2007 was supplied by sT1 and the relevant variables for

this calculation are presented in table 2.

The data show that it took an average of just under
30 hours to begin cargo transfer operations on ships
subjected to rationing from the time they reached the
port. This was 2.5 times the average time taken to start
loading sulphuric acid on to the 41 ships that came to
the port to take on this cargo in 2007, which was 11.76
hours. The rate at which sulphuric acid was loaded on to
each ship subjected to rationing at STI that year was 573.5
tons an hour (average weighted by the amount loaded
on to each vessel). To sum up, the average value of the
sulphuric acid loaded on to these vessels subjected to
rationing by the port in 2007 was US$ 32,748 per ton/
hour of loading.

Regarding the ships given priority over those
subjected to rationing, since the FoB value of each
shipment is unknown, as are tonnages and prices, the
implicit average price of Chilean exports and imports
has been used, going by information from the Central
Bank of Chile (FoB value of imports and exports in
2006) and the Maritime and Port Chamber of Chile
(total amounts imported and exported that year). Going
by these data, the average price estimated for 2006 is
p®=US$ 1,251 aton.®

Table 3 provides general information on the number
of ships prioritized, tons transferred and the amount of time
spent using the port for this, while the last two columns
show the calculations for tons per hour and the value
of these transfers, in accordance with expression (10).

The main conclusions from the data analysis
regarding port efficiency are as follows:

(i) When the efficiency of the port at loading acid is
compared with its efficiency at loading prioritized
cargo, particularly containerized cargo, the findings
are consistent with those predicted by the theoretical
model inasmuch as the port is more efficient at
transferring containerized and break bulk cargo than
at loading sulphuric acid. The amount loaded on to
prioritized ships for each hour of port infrastructure
use averaged 773.35 tons (weighted) in 2007, while
the equivalent average hourly transfer for sulphuric
acid ships was 573.62 tons. It can be concluded that
the port is more efficient at transferring containerized
and break bulk cargo tonnage than at loading acid,

8 This price represents a lower bound to the actual average price for
that year, since this proxy variable incorporates the weighted price
of bulk cargo, which is lower than that of containerized and break
bulk cargo.
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TABLE 2
STI: sulphuric acid ships subjected to rationing in 2007
. .o Hours’ loading Tonnage Value b

Arrival Hours’ wait Tons/hour # (per ton/hour)

hrs; oy (dollars)
2 January 57.15 44.15 25 020 566.70 32 359
14 January 28.70 48.05 25023 520.77 29 736
19 February 25.78 20.73 11 766 567.49 32 404
10 March 65.45 47.50 26 018 547.75 31276
21 March 15.13 44.75 26 025 581.56 33207
4 May 33.00 39.60 26 018 657.02 37 516
16 August 8.08 22.95 11925 520.36 29713
12 October 24.50 43.55 26 019 597.45 34114
17 December 10.90 26.63 15 030 564.33 32223
Average 29.86 37.54 21 427 573.52 32748

Source: prepared by the authors on the basis of information from San Antonio Terminal Internacional (st1), Chile.

4 The average transfer rate for ships subjected to rationing is weighted by the load of each (a simple average gives an average loading rate of
569.27 tons/hour).

b The load-weighted average of the final value for cargo subjected to rationing is equivalent to the expression on the left-hand side of equation
(10), while the simple average would give a value of US$ 32,505 per ton/hour.

TABLE 3
STI: ships prioritized over sulphuric acid ships in 2007
. Hours’ loadin Tonnage Value
Arrival Number of ships ; & J & . Torils/hourii (per ton/hour) b
J ijl hrs Zj=l 05 (weighted) (dollars)

2 January 3 41.98 20 131 568.96 711732

14 January 3 75.42 41515 684.96 856 832

19 February 2 33.47 28 559 875.24 1094 857

10 March 6 96.00 84 606 956.45 1 196 443

21 March 2 53.42 24 086 534.39 668 481

4 May 2 43.95 41 964 1 063.72 1330 628

16 August 2 44.38 28 664 824.46 1031333

12 October 3 179.92 76 249 556.84 696 569

17 December 1 20.92 3234 154.61 193 410

Average 2.67 65.49 38779 773.35 967 409

Source: prepared by the authors on the basis of information from San Antonio Terminal Internacional (sT1), Chile.
(?0 (:0

4 The cargo prioritized for each ship subjected to rationing is weighted in accordance with equation (10) as Zf: 1 hr;t’(lﬂgm) The final
J j=1%t

average transfer for prioritized ships is weighted in turn by the transfer calculated earlier (a simple average gives an average loading rate of
691.07 tons/hour).

The load-weighted average of the final value of the prioritized cargo is equivalent to the expression on the right-hand side of equation (10),
while the simple average would give a value of US$ 864,476 per ton/hour.

(ii)

since it did the latter only 74.16% as effectively as
the prioritized activity (or, to put it another way,
the port is 34.84% more efficient on average at
loading cargo on to prioritized vessels).

Looking at the respective efficiency of the two
activities from the point of view of how society
values their use, which is done by making some
reasonable assumptions about the prices of the

goods transported, the data reveal that containerized
and break bulk cargo loading activities are 29.5
times as valuable as sulphuric acid loading
activities. The value of the containerized and break
bulk cargo prioritized by st1 in 2007 averaged
US$ 967,409 an hour, while the value of the
sulphuric acid cargo subjected to rationing by STI
in 2007 averaged US$ 32,748 an hour. Given the
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different orders of magnitude involved, then, there
can be no doubt at all that it is socially preferable
for port infrastructure use to give priority to
containerized cargo.

e Prioritization and efficiency: other wet cargoes

The great heterogeneity of the other wet cargoes
transferred means that the average price for these
products in 2007 cannot be determined. It is possible,
however, to show that in terms of efficiency in tons per
hour of port infrastructure usage, a rule giving priority
to containerized and break bulk cargo over wet cargoes
is the right one. According to the relevant information on
transfers of other wet cargoes for 2007 provided by STI

and shown in table 4, ships subjected to rationing had
to wait an average of almost 44 hours, which was 3.8
times the average wait for a ship of these characteristics,
whether subjected to rationing or not, at that port in 2007.
The same table shows that the average cargo transfer
speed for ships subjected to rationing was 135.4 tons
per hour (average weighted by the amount loaded on
each ship).

As for the ships given priority, table 5 shows that
the prioritization rule set by st1 was efficient. The cargo
prioritized over other wet cargoes was loaded at an
average rate of 821.33 tons per hour, which means that
the port was 500% as efficient at moving containerized
and break bulk cargo tonnage than at transferring other
wet cargoes.

TABLE 4
STI: other wet cargo ships subjected to rationing in 2007
Arrival Hours’ wait Hourshrls(:admg T(ér;rtl}igre Tons/hour #
10 March 58.75 8.72 786 90.17
10 March 96.25 17.25 1420 82.32
30 June 19.97 16.75 3122 186.39
25 November 14.42 11.00 948 86.18
28 December 30.50 12.25 1649 134.61
Average 43.98 13.19 1 585 135.44

Source: prepared by the authors on the basis of information from San Antonio Terminal Internacional (st1), Chile.

4 The average transfer for ships subjected to rationing is weighted by the cargo of each (a simple average would give an average loading rate

of 115.93 tons/hour).

TABLE 5
STI: other wet cargo ships prioritized in 2007

Arrival NumberJof ships ngs lohadmg Tojnnage ”{on§/l;l(;u;; (pervf(}%zur)

j=1 TSt Zj:l j,” werghie (dollars)
10 March 2 19.08 13 821 733.93 918 086
10 March 5 71.42 57 368 893.76 1118 027
30 June 1 17.28 17 257 998.46 1249 002
25 November 1 14.70 2 931 199.42 249 459
28 December 1 30.60 18 043 589.64 737 596
Average 2.67 30.62 21 884 821.33 1027 428

Source: prepared by the authors on the basis of information from San Antonio Terminal Internacional (st1), Chile.

co co
jt jt
The cargo prioritized for each ship subjected to rationing is weighted in accordance with equation (10) as Zf: | hr; (JjQw) The final
ji

j=1=t

average transfer rate for prioritized ships is weighted in turn by the transfer rate calculated earlier (a simple average gives an average loading

rate of 683.04 tons/hour).

The load-weighted average of the total value of the prioritized cargo is equivalent to the expression on the right-hand side of equation (10),

while the simple average would give a value of US$ 854,434 dollars per ton/hour.
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VI

Conclusions

The economic literature analysing port congestion has
consistently established that the first-come-first-served
rule is inefficient in all cases except when all arrivals
are identical. From a resource allocation standpoint,
it is efficient to use discrimination mechanisms that
can ration a scarce resource in an optimal way. In the
application presented in this paper, it can be seen that
at the landlord port of San Antonio in Chile, as in many
other ports around the world, st1 follows a priority
rule that allows berths to be employed efficiently, with
containerized and break bulk cargo being prioritized over
bulk cargo.

This paper employs a simple theoretical model which
captures the relevant stylized facts for port infrastructure
usage. This model allows conclusions to be drawn about
the benefits of applying a priority rule in port operations
instead of using the first-come-first-served rule. Its
results show that, given the inflexibility of the pricing
system in port concessions, there needs to be a criterion
for rationing efficiently. What has been determined is
that it is socially desirable, both for firms using the port
and for the concession firm, for all rationing to fall upon
the activities with the lowest value added. This lower
value added has been conceptually measured by the fall
in the value of the cargo being shipped when rationing
is applied. This finding still holds if compensation for
firms subjected to rationing is incorporated, or if it is

assumed that port transfer capacity is affected depending
on the type of service being rationed.

The empirical evidence for the berths operated under
concession by STI is consistent with the theoretical results.
The estimates for the efficiency of sTI at transferring
sulphuric acid and other wet cargoes, as compared to
containers and break bulk cargo, indicate that the port is
clearly more efficient at moving containerized and break
bulk cargo tonnage per hour of port capacity usage. The
estimates in this paper reveal that efficiency is 34.84%
higher for container and break bulk cargo operations than
for the sulphuric acid loading operations they displace
in accordance with the port’s priorities manual.

Furthermore, efficiency as measured by performance
in the use of port facilities is 500% as great when the
comparison is with ships loading other wet cargoes,
displaced in accordance with the same priorities manual.
Much the same conclusion is reached when the value
of the shipped cargo is measured, with sulphuric acid
being displaced by cargo worth 26.6 times as much.

It can be inferred from these results that rationing
by shipped cargo value is perfectly consistent with
economic efficiency, measured as the optimal use of
port infrastructure. Furthermore, it is clear that the
impact on ships carrying wet cargoes is minor, as just
22% had longer waits than they would have had under
the inefficient first-come-first-served system.
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