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Using household survey data from Mexico, this paper analyses the
change in the standards of living during the period 1984 - 1994. We
apply stochastic dominance to analyze changes in the welfare distribu-
tion. This study includes measures of sampling variation in the analy-
sis and tests the significance of changes in household expenditures per
capita using non-parametric statistical inference. Results show that
Mexican families increased (on average) their purchasing power during
this period, and that households with higher educational attainment
of the head are relatively more sensitive to the business cycle.
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1. Introduction

Since the early 1980’s Mexico has experienced important economic
and political changes that have challenged social institutions and eco-
nomic forms of organization. These structural changes have allowed
the country to transform from a nearly closed economy in 1983 to an
open economy in less than 15 years. Despite the success of the eco-
nomic reforms, the country was unable to overcome periodic economic
crises during the years of transition, which have weakened individuals
ability to improve their purchasing power and standards of living.

Using the 1984,1989,1992 and 1994 cross-section of the National
Survey of Household Income and Consumer Ezpenditures, ENIGH,!
this paper analyzes changes in the standards of living of Mexican
households during the beginning of the transition period to an open
economy. We depart from the traditional poverty literature and adopt
a different perspective to the analysis of the population’s welfare:

First, instead of defining exclusively an a priori poverty line,
we think of “poverty” as being continuously distributed. Graphical
analysis using stochastic dominance allows us to rank changes in the
distribution of living standards for all levels of household per capita
expenditure across the ten-year period of analysis. We include the
notion of the deficit curve and analyze the area beneath the cumu-
lative distribution to understand changes in the depth of “poverty”.
In addition, we look at changes in inequality within poverty depth by
looking at the mass below the deficit curve.

Second, special attention is placed on changes in family demo-
graphic composition as an effort to avoid reliance on an ad hoc as-
sumption of equivalence scales.

Third, we include measures of sampling variation in the analysis
and test the statistical significance of changes in the welfare distribu-
tion using simultaneous non-parametric statistical inference.

Both the graphical and the hypothesis testing analyses suggest
improvements in the purchasing power of the population for the pe-
riod under investigation. These changes in per capita expenditure
are far from homogenous across years, and households with different
characteristics or economic opportunities. In order to understand the
dynamics of poverty and inequality, we would like to have longitudinal
data. Unfortunately, they are not available. However, we can follow
the same subgroup of people stratifying on time invariant character-
istics. We focus on educational attainment of the households head.

L' Bncuesta nacional de ingresos y gastos de los hogares.
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There are different patterns in the changes of living standards from
1984 to 1994 for households with no education, elementary schooling
and high school levels. Specifically we find that households with well
educated heads are much more sensitive to the business cycle in Mex-
ico relative to households with heads that have little of no education.
This paper is divided into eight sections. The second section pro-
vides a brief overview of traditional measures of poverty emphasizing
their advantages and disadvantages. Part 3 introduces the concept
of stochastic dominance as a framework for ranking welfare distribu-
tions over different levels of standards of living. Emphasis is placed on
the analysis of welfare cumulative functions, deficit curves and third-
order stochastic dominance, and their relation to the poverty indices
discussed in part 2. Section 4 analyzes the data; the implications
of using expenditure over income with respect to measurement error
and consumption smoothing; and in particular the use of household
expenditure per capita in the presence of economies of scale in con-
sumption and changes in family demographics. Section 5 of the paper
applies the concept of stochastic dominance to graphical comparisons
of different welfare distributions over the period of analysis. Section
6 derives the non-parametric hypothesis testing framework, and part
7 presents the results of changes in welfare and their statistical sig-
nificance. Conclusions are discussed at the end of the paper.

2. Poverty Measures

Poverty is perhaps the defining characteristic of underdevelopment,
and its elimination has been the primary objective of economic de-
velopment. Consequently, a main concern of the standards of living
literature has been to measure to what extent a certain population
or subgroup lives under deprived conditions. The poverty line, be-
low which people are defined as poor, and above which they are not
poor, is one of numerous poverty measures that have been proposed
as indicators of poverty. While these indices vary in their sensitivity
as measures of poverty among the poor, they all assign zero social
welfare gains to marginal benefits to people above the poverty line.
The discontinuity in the distribution of welfare, with poverty on one
side and lack of it on the other, imposes serious limitation when it
comes to a broader discussion of living standards. We will focus our
analysis on this concern in the empirical analysis. In this section we
confine ourselves to a brief discussion of the most commonly used
poverty measures.?

2 See Foster (1984) for a survey of poverty measures.
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We start with the headcount ratio, the simples measure of pover-
ty. This (relative frequency) index counts the number of people living
below the poverty line (n,), as a fraction of the total population (N):

_7p
Po= ! 1

The headcount ratio is perhaps the most popular measure of
poverty, yet it suffers from a major drawback: it takes no account of
the degree of poverty. The headcount ratio is the same if all the poor
consume at a value which is marginally below the poverty line, or
if there are some who are consuming much less. Thus, for example,
the headcount ratio will fall if income is transferred from the poor
to those who are less poor if the transfer lifts the recipients out of
poverty.

To overcome this problem, a measure of poverty would need to be
sensitive to the shortfall of individual welfare levels below the poverty
line. This is the case of the poverty gap, to which the contribution of
an individual i to aggregate poverty (z) becomes larger as i becomes

poorer:3

N
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Consequently, the level of poverty measured by the poverty gap
will increase if the overall welfare of the poor decreases, whenever
a regressive transfer from a poor individual to a nonpoor individual
takes place or, whenever transfers go from the poor to the less poor
and lifts the latter out of “poverty”. One should note that equation
(2) is insensitive to transfers made among the poor that do not change
the number of deprived individuals. This is a major concern if one is
interested in having a poverty measure that weights inequality among
the poor.

Concerned about this drawback, Sen (1976) has enumerated 3
axioms that he considers essential for any poverty measure to capture.
The first axiom is known as the focus axiom and requires that the
poverty measure depends on the welfare of the poor and not on the
nonpoor. Both the headcount ratio and the poverty gap satisfy this

3 1(*) is an indicator function that takes the value of one (zero otherwise),
when the individual’s level of welfare (T ;) is below the poverty line (2). In practice,
Z; represents the individual’s income or expenditure level, or any related measure

of welfare.
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condition. The second axiom is known as the monotonicity axiom and
requires the measure of poverty to increase whenever, ceteris paribus,
the overall welfare of a poor individual falls. Of the two measures,
only the poverty gap meets this axiom. Finally, the weak transfer
axiom requires that poverty increases whenever inequality among the
poor increases. In other words, poverty will increase when, ceteris
paribus, a poor person gives a small sum of her income to a richer
person who remains poor after the transfer.

Foster, Greer and Thorbecke (1984) present a generalized poverty
gap index, FGT, which complies with the three axioms:

N
1 Tig
Pazﬁzﬂ[l_:l Wzi<2) for a>0 3)

where 1(*) is an indicator function that takes the value of one if the
welfare of individual 7 is less than equal to the poverty line z, zero
otherwise.

Note that the FGT index weights more heavily the poverty gap
the larger is the value of a, so that the headcount ratio (1) and the
poverty gap (2) indices are special cases that correspond to values for
a of zero and a of one, respectively.

3. Stochastic Dominance

Section 2 centered the discussion on the importance of poverty mea-
sures that are sensitive to the distribution of welfare among the poor.
Nevertheless, regardless of the refinement of these indices, they often
provide ambiguous conclusions depending on the researcher’s defini-
tion of poverty. This is a serious concern to the analysis of standards
of living when one wishes to analyze the changes in welfare for all the
individuals in the population.

A better approach to analyzing changes in standards of living is
to think of poverty as being continuously distributed and to consider
analyze the entire distribution. An initial way to proceed is to look
at changes in the cumulative distribution function, cdf. The cdf mea-
sures the number of individuals at different leves of welfare, therefore
an entire shift in the distribution to the right would imply that all
individuals in the population were able to improve their welfare un-
der the assumption that more is always better than less. One can
therefore rank one cdf distribution, say F(z), above another, Fa(z),
in terms of levels of welfare if for all levels of welfare z,
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Fy(z) > Fi(z). (4)

This is parallel to applying the headcount ratio for the entire “pover-
ty” domain.

Notwithstanding, as suggested by the poverty gap index, looking
at the number of individuals at different levels of welfare does not
allow one to examine whether the depth in poverty is increased with
respect to different levels of consumption. To analyze changes in
poverty depth one should look at the area beneath each cdf, also
known as the deficit curve:

Dy = /Fg(z)dz > /Fl(x)dz =D, (5)

Following the previous logic, one can rank distribution 1 above
distribution 2 in terms of poverty depth reduction, if for all levels
of welfare (z), the mass beneath distribution 1 is smaller than that
observed for distribution 2.

The ranking of distributions in terms of changes in welfare level
(4) is also known as first-order stochastic dominance, and that based
on deficit curves (5), as second order dominance. Both concepts were
developed in the theory of financial portfolios,* and introduced to the
analysis of welfare by Foster and Shorrocks (1988)

Of course if one cumulative distribution lies below the other for
the entire welfare domain, so will its deficit curve be with respect
to its counterpart. This is the same as saying that first-order dom-
inance implies second-order dominance. The intuition is that if ev-
ery single individual in the population improves her welfare, it is
also true that the depth in poverty will decrease to any definition
of poverty line. However the reverse conclusion may not be true:
second-order stochastic dominance does not necessarily imply first-
order dominance. This is the case when the shift in the welfare is not
sufficiently large to prevent the distributions from crossing. Figures
A and B in the appendix illustrate the idea:

Let us assume that as a response to a public policy program,
individuals in the bottom 30 percentile of the distribution increased
their welfare and, at the same time, those in the top 90 and 100 per-
centiles decreased their well being forming distribution. (See figure A
distributions 1 and 2 respectively). Under this scenario not all indi-
viduals in the population have increased their level of welfare, causing

4 See Hadar J. and R. William (1971).
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the cumulative distributions to cross each other (figure B).® This pre-
vents us to rank distribution 1 above distribution 2 using first-order
dominance despite the improvement in welfare of the most deprived.
However it can be the case that the depth in “poverty” is significantly
reduced for those individuals lying below the crossing welfare level,
so that it overcompensates the increase in “poverty” depth of the top
welfare level individuals (See figure B, area 4 and B, respectively) Un-
der this scenario the deficit curve of distribution 1 (D) will entirely
shift to the right of distribution’s 2 deficit curve (D3) allowing us to
rank distribution 1 above distribution 2 via second-order dominance
analysis. (See figure C).

One should note that second-order dominance analysis may still
not be enough to rank welfare distributions in the event that the
change in the poverty depth of the population is not sufficiently large
to prevent the deficit curves from crossing. Figure C shows, indeed,
this scenario which despite the fact the poorer have decreased their
poverty depth and overall inequality is reduced, deficit curves do
(marginally!) cross. We need therefore, a higher-order dominance
ranking that incorporates inequality changes into welfare analysis.®
Third-order dominance provides the solution by comparing the area
beneath each deficit curve, such that for all z:7

/Dg(z)daz > /Dl(z)dz. (6)

Ranking distributions in terms of the mass below the deficit
curve, implicitly places more weight to the change in the depth of
poverty among the poor than that among the less poor, allowing one
to incorporate inequality changes.® To see this, figure D of our exam-
ple, depicts the decrease in distribution’s 1 poverty depth mass (M)
relative to the poverty depth mass (M) of distribution 2. the shift in
poverty depth “dispersion curve” over all levels of welfare, suggests
that distribution 1 third-order dominates distribution 2.

Note that second-order stochastic dominance implies third-order
in the same way that first dominance implies second-order. This
means that when interpreting our results, higher order dominance will

5 For illustrative purposes we will assume continuous cdf's

6 Parallel to the poverty gap index, second-order dominance analysis does not
consider inequality changes when ranking standards of living.

7 See Tesfatsion (1976) for a formal proof.

8 Third-order dominance ranks distributions in accordance with the FGT in-
dex for an @ =2, Deaton (1997).
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only be required if changes in the welfare of the population cannot be
ranked with lower order dominance analysis. We now proceed with
the description of the data set.

4. The Data

The Mezican National Institute of Statistics, Geography and Infor-
mation, INEGILY has conducted over a 15-year period the ENIGH, a
national, representative!® cross-sectional survey which is to date the
most extensive source of information regarding standards of living and
dwelling characteristics of Mexican households. The data set identi-
fies the household in which each sample member lives and her rela-
tionship to the household head. Although no information on assets
is available, each cross-sectional wave provides information on family
members’ characteristics, total household and individual income, and
household consumption expenditure. Detailed data on consumption
in terms of its source and use allows one to classify each household
consumption composition in monetary expenditures, in-kind trans-
fer and auto-consumption expenditure. We rely on information col-
lected from August to November for the years of 1984, 1989, 1992 and
from September to December for 1994 to analyze changes in Mexi-
can households’ living standards using household expenditure, during
the beginning of the transition period to an open economy. The 1984
sample consists of 4,766 households, the 1989 of 11,398, and 1989 and
1994 of 10,379 and 12,672 households, respectively.

4.1. Measuring Welfare

It is difficult and not at all resolved in the literature how to best
measure the well being of the population. The use of consumption,
income, nutritional requirements or any combination between them,
has been widely proposed to measure standards of living. Levy (1991),
INEGI-CEPAL (1993), and Lustig and Székely (1997) estimate the mag-
nitude of poverty in Mexico by comparing the income of the household
with the cost of a nutritional basket representing the basic needs of

9 Abbreviated after its Spanish name.

10 ppe survey has been designed such that results are representative of the
urban and rural regions only at the national level; unfortunately, the sample is

not representative at the state level.
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the household, according to protein and caloric intake international
standards. Thereupon poverty lines are estimated, as the minimum
level of income that a household would require in order to satisfy the
“basic” needs of its members.

We avoid the problem of imputing ad hoc nutritional require-
ments not to mention converting these to monetary values. We prefer
to rely on household expenditure as our welfare measure. There are
at least two reasons to prefer the use of consumption over income.

A major concern in the choice of expenditure over income as
our welfare measure is the issue of measurement error which may
seriously bias our results. Especially those of higher order stochastic
dominance where the mass of the distribution exacerbates the error.
It has been well documented in the analysis of household surveys
(Deaton 1997) that most data sets present higher measurement error
in income than in consumption. Income is often a more sensitive topic
than is consumption, especially since the latter is more obvious to
the individual than the former. Accurate estimates of income require
precise knowledge of individual or household assets and the returns to
those assets. Therefore, income measures are generally underreported
by respondents. The ENIGH is not the exception, Teruel (1998a)
reports that income is measured with greater error than consumption.

Second, failing to control for all sources of transitory income may
overstate the decline of the individual’s well being during periods of
uncertainty or economic downturn, when the use of transfers and the
choice to dis-save in order to smooth current consumption is a general
practice for less deprived people. This is especially important given
that 1984 was a year of economic slow down for the Mexican economy.

In the construction of our consumption measure, we use infor-
mation on more than 400 items including durables and non-durable
goods, as well as monetary in-kind and auto-consumption goods.
Thereupon, all expenditure figures are normalized to an equivalent
monthly basis. We exploit the fact that information on expendi-
ture was gathered during the last quarter of each year/wave to avoid
seasonalily problems; and in order to correct for nominal variation
during the 10-year high inflationary period of analysis, each category
of goods is deflated using desegregated consumer price indices.'!

Following the lead of Engel (1857) and Rothbarth (1943), the lit-
erature on equivalence scales recognizes that consumption is different
across household members with distinct demographics, and weights

11 gee Banco de Mexico’s Indicadores Econdmicos. All expenditure variables

are assumed to be uniformly distributed within each year/wave quarter period.
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household expenditure accordingly (e.g., adults vs children). Nev-
ertheless, this scheme relies on arbitrary equivalent weights, and is
equally disputable as any other weighting scheme, such as the use of
per capita measures. (See Pollak and Wales 1979). Moreover, the
literature on equivalent scales assumes these weights are invariant
across time, but Teruel (1998b) shows costs of demographic groups
fluctuate over time for the case of Mexican households for the same
period of analysis.

Atkinson and Bourguignon (1987) have developed an ordinal ap-
proach to the use of equivalent scales that consists of the ranking of
family types such that stochastic dominance holds for the “most de-
serving group”, for this and the next deserving group, and so forth,
until stochastic dominance holds for all household types including
the least deserving group.!? This framework, while innovative, can
be applied only if there are a limited number of types in order to un-
ambiguously classify one group as “more deserving” than the other.

As a pragmatic strategy, we choose total household expenditure
per capita as our “individual” measure of welfare. Thereupon, the
empirical cumulative distribution functions (F;(z))'? are computed
by weighting each household expansion factor times the household

size:14
H .
hgl 1(PCEh S Cj) NhWh
Fj= 2= 7 for all PCE levels. (7)
> wpNp
h=1

Fj is the empirical relative frequency that corresponds to the house-
hold total expenditure per capita (PCFE) interval c;, n, and wy, are
the household’s size and expansion factor, respectively.!®

Table 1 indicates the evolution of household total expenditures
for the period of 1984 to 1994.1® Means of per capita expenditure

12 Examples of household orderings are: single, couple, single + 1 child, single
+ 2 children, etc.

13 Refer to section 5 and 6.

14 The ENIGH provides each family’s expansion factor to make the sample
representative at a national household level only.

15 1t must be kept in mind that it does not take into account any difference
in family composition further than size, and possible economies of scale in con-

sumption at a household level are not taken into account.
16 An summary statistics where computed using expansion factors time house-
hold size.
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previously converted to an “individual” basis show that the trend in
consumption has consistently increased over the period of analysis. In
1984 households spent on average $350 (1992 new-pesos) per family
member, whereas by 1994 their average consumption was increased to
$485 in real terms. The off-diagonal elements of the table also suggest
that average consumption per capita monotonically increased year
to year, except for the year of 1994 when households, on average,
reduced their spending on the order of 2 percent. This decline in
consumption although not statistically significant when comparing
household means, will become important in section 6 when we analyze
the entire welfare distribution behavior.

In the presence of economies of scale in household consump-
tion, Datta and Meerman (1980), and Visaria (1980) have found
that household expenditure tends to be positively, but less than pro-
portionately correlated with household size. This could lead us to
over-represent large households among the poor and associate small
households to low poverty levels, when using per capita consumption
as a welfare measure. If household demographics remain relatively
constant through time, bias associated with our ignoring these effects
can be absorbed by a “fixed effect” if we focus on changes in standards
of living overtime.

Table 2 offers some insight with how sensitive our results may be
in the presence of economies of scale. Section one of the tables shows
that Mexican household have, on average, experienced a reduction in
their family size on the order of 6 percent during the ten-year period
between 1984 to 1994. For example, in 1984 an average family had
5 members living in the same household, whereas in 1994 an average
household contained 4.7 members.

While this trend will have important implications for the long
run demographic dynamics of Mexico (should it persist), it is less
important in our analysis spanning a decade. The second and third
sections of the table show that the reduction in household size is
primarily due to a decrease in the average number of children (2.5
in 1984 vs 2.0 in 1994) and not due to a reduction in the number of
adults living en the household, (e.g., 2.56 in 1984 vs 2.62 in 1994).
We should keep this in mind when interpreting our results since per
capita consumption may, over time, overestimate improvements in
the living standards of the population.!?

Per capita welfare measures do not take into account differences
in needs between males and females. This is a potential problem for

17 Phis might not be true on a two-yearly basis comparison.
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our analysis of living standards if Mexican families experience drastic
changes in their gender composition during the period of analysis.
Table 3 indicates that the average number of total adult males (1.21
in 1984 vs 1.24 in 1989) relative to females (1.34 in 1984 vs 1.38 in
1989) has remained constant overtime.

Moreover, Islas and Diaz (2001), following this work, performed
a sensitivity analysis of welfare measures with and without any scale
transformation, and found the ordinal ranking of the distributions of
cach welfare measure is preserved. Their sensitivity analysis shows
that the per capita distribution is everywhere to the right of any other
distribution, but scaling the welfare measure does not result in the
crossing of distributions. This suggests that the conclusions of the
present study would not be modified, even if a change of scale would
be applied.

Table 4 displays the average educational attainment, as well as
the average age of the head of the household during the period of
analysis. The age of the household head remains constant at 45 over
the decade, except for the year 1992, when the average age is 44.
This suggests that during the 1992 survey some younger members
of the household were identified as heads of households. In terms
of education, the levels of human capital remain relatively constant,
except for those households with 6 to 12 years of schooling that in
1984 represented 20 percent of the sainple, but for the following years
were on the order of 29 percent. This sample selection problem will
limit the analysis of poverty dynamics across household subgroups in
sections 5 and 6.18

5. Sample Analysis

This section employs graphical methods to provide a descriptive anal-
ysis of changes in standards of living for the period 1968 to 1994. In
order to look at any shift in the distribution of per capita expenditure
that relates to the level of standards of living as well as to the depth
in poverty, empirical cumulative distribution functions and poverty
deficit curves are calculated for each year, respectively. The graphs
we present in this sections have been constrained to the bottom 95

18 Although households with 6 to 12 years of schooling are excluded from the
analysis for the period of 1984-1989 to minimize misleading conclusions, results
on other household educational level subgroups should be taken with caution in
the event that the reduction of 6 to 12 years of schooling households inflate other

educational subgroups for the year 1984.
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and 50 percentiles of the sample distribution to provide greater reso-
lution of differences at low expenditure levels. Vertical cut-offs char-
acterizing decile intervals for the entire population have been drawn
on each chart.

Figure 1(A) and 1(B) show that standard of living in Mexico at a
95 and 50 percentile level have increased over time from 1984 to 1994.
Changes in cumulative distributions (e.g., first-order dominance anal-
ysis), suggest that standards of living have increased monotonically
at all levels of per capita household total expenditure from 1984 to
1989 and the year 1989 to 1992. Nonetheless, we cannot conclude
the same for the period of 1992 to 1994 given that the distributions
intersect. During this two-year period (as shown in figure 1(B)) only
those people falling in the bottom ten percent of the distribution man-
aged to improve their welfare. This is not the case for the rest of the
population, which independently of whether we look at changes in
level of per capita expenditure (changes in the cdfs) or at the depth
in those changes (changes in deficit curves), their living standards
remain stagnant if not slightly lower.

We now analyze the dynamics of living standards across sub-
groups with different educational attainment of the household head.
Human capital formation is a good predictor to the individual’s long-
term income profile and corresponds to the least variant household
characteristic of our (cross-sectional) sample. We exclude 1984 from
the analysis for households with 6 to 12 years of schooling due to the
sample selection problem of section 4. Figures 2(A), 2(B), 3(A), 3(B)
and 4(B) display changes in the cumulative distribution and deficit
curves of household expenditure for households whose head has no
education, 1 to 6 years and 6 to 12 years of schooling, respectively.
In general, households at all levels of education and household con-
sumption, have managed to increase (or at least nor reduce) their
well-being from 1984 to 1992. Those with least education [no educa-
tion, (figs. 2(A) - 2(B))] are the ones who benefited most. For them,
each year dominates its predecessor, including the “stagnant” period
from 1992 to 1994 if one considers the alleviation of poverty depth
levels (e.g., deficit curves). Households with 1-6 years of education
(fig. 3(A) - 3(B)) have also experienced an increased in their welfare if
one compares 1984 with 1994. Nevertheless, as opposed to those who
have no education, the two year period 1992-1994 is characterized as a
stagnant period with respect to welfare improvement. Households at
this category do suffer a small reduction in their welfare if we consider
depth in the change in welfare for the least favored.

Households with the highest educational attainment (7-12 years)
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have also managed to improve their welfare from 1989 to 1994 (figures
4(A) - 4(B)).'® Nonetheless they also suffer an even stronger reduc-
tion in their purchasing power from 1992 to 1994. The negative shift
in the distribution is of such magnitude that 1994 was, by all means,
a relatively bad year with respect to all orders of stochastic domi-
nance. We conclude therefore that households, generally experienced
a rise in their well-being over the ten year period of analysis, with the
exception of 1994 for household whose head’s years of schooling are
the highest.

6. Population Analysis

We have avoided defining an ad hoc poverty line by looking at changes
in the well-being of the households at all sample levels of per capita
expenditure using graphical analysis. However, it is the changes in
the standards of living of the population that we should care about.
We need a hypothesis testing framework that tests the statistical
significance of the dynamics on living standards.

This section develops the hypothesis testing method, proposed
by Anderson (1996), based on stochastic dominance with respect to
changes in poverty levels, poverty depth and poverty inequality for
households with different levels of consumption.

The hypothesis testing is based upon partitioning the range of
each sample distribution function into k dependent mutually exclusive
and exhaustive percentiles p;, so that each sample distribution shares
the same cut-offs in terms of household total expenditure per capita.
Thereupon, at every distribution’s percentile (decile in our case), the
empirical relative frequency of the welfare measure (e.g., PCE) is
computed. In doing so, we transform each empirical distribution into
a discrete frequency vector version composed of 10 decile frequency
cells. Anderson (1996) shows that comparisons of two distributions
(e.g., A&B) can be made by looking at the difference of their respec-
tive sample empirical frequency vectors V = (P4 — Pg). This differ-
ence (V) is shown to be, under a null of a common population and
the assumption of independence of the two samples, asymptotically
normally distributed with mean zero and known variance covariance

19 The 1984 cdf is excluded from the graphical analysis for the sample selec-
tion reasons previously stated. Nevertheless if included, it would ratify other
households’ changes in welfare trend from 1984 to 1992.
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matrix structure.?® Having this result at hand and with the help
of some matrix algebra, one can proceed to test discrete analogs of
stochastic order dominance for any pair of sample cumulative distri-
butions (A& B).

Since stochastic dominance is based on comparing distributions
in terms of their cumulative counterparts, we define a matrix that
allows one to test differences in empirical cdfs. This is the case of
the matrix ¢, a ( k x k) matrix that converts the discrete distri-
bution vectors P4 and Ppg into cumulative distribution vectors by
pre-multiplying the vector V.2

10 - 0
I (®)
11 1 - 1

K corresponds to the number of rows (e.g., 10 deciles) of the em-
pirical frequency vectors P4 and Pg. Further, in order to compute
differences in deficit curves and third-order dominance analysis an
additional matrix (Ir) is defined which discretly sums the area under
the curves:

Let d; be the jth decile interval length corresponding to A’s and
B’s pooled household expenditure per capita such that a (k x k) di-
mension Ir matrix is defined as:

dy 0 0
d) +do do 0
d1+dy do+ds ds
di+dy do+ds dz+dy

(9)

Ip

(== R o B e B e}

Then,
First-order Stochastic Dominance of distribution 4 over B im-
plies rejecting

H()!If(PA—PB):O against f]ltlf(PA-—PB)SO (]0)

20 See Anderson (1996) and Kendall and Stewart (1987) for the assumptions
underlying the variance covariance matrix. It is assumed that under the null of a
common population, cell relative frequencies should be identical, both within and
across samples. Thereupon, the difference between samples of the within-sample-

cell relative frequency differences provides the basis of the test.
21 See equation (10).
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Second-order Stochastic Dominance
Hyp: Ip[f(PA — Pg)=0 against H,: Iplf(Pa— Pp) <0, (11)

and,
Third-order Stochastic Dominance

HO:IpIp[f(PA—PB):O against H : IF[plf(PA—PB) <0 (12)

For each test the alternative requires a strict inequality to hold for at
least one element of the vector.

These hypotheses can be examined in the context of Vi= 1V,
VP = IplfV and V., = IpIplsV, which for suitably specified parti-
tions, have well defined asymptotically normal distributions (Ander-
son, 1996). However, they do involve multiple comparison procedures
(across vectors cells) which have been derived by Richmond (1982),
and employed in the context of Lorenz Curve ordinate confidence
regions by Beach and Richmond (1985).

In particular, we follow the method employed by Bishop, Chakra-
borti and Thistle (1989) to test stochastic dominance.?? Their pro-
cedure, which consists of a multiple finite induced hypothesis test,?
requires that for distribution A to stochastically dominate distribu-
tion B legs. (10), (11) and (12)], no element of the appropriate vector
V be significantly greater than zero, while at least one element be
significantly less.?* In other words, Hy is accepted if and only if, all
individual equivalent Hg hypotheses for each element of vector V are
accepted.

Because the acceptance Hy is conducted by simultaneously test-
ing the individual nulls, the size of their composite tests has to be
adjusted accordingly for a predetermined overall Hyé level. This im-
plies having to define a k-dimensional multivariate studentized dis-
tribution function. However, Bonferroni’s inequality provides a sim-
pler framework in defining the simultaneous hypothesis critical region.

22 gee Wolak (1987, 1989) for an alternative multiple hypothesis testing frame-
work with inequalities.
3 Savin (1984) provides an excellent survey of multiple hypothesis testing.

24 Since the test is perfectly symmetric, dominance of B over A requires that
no element of V be significantly less than zero, while at least one is significantly
greater. Note that as first-order stochastic dominance implies second-order dom-
inance which in turn implies third-order dominance, the respective tests are cor-

respondingly stronger.
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Bonferroni’s inequality provides a safe upper bound probability (8)
of committing a Type I error as a function of each individual critical
value:

Plmax(| ty |,...,| tr |) < tsyox] = 1-6 fori = 1, .. k(here k = 10) (13)

t1...tx constitute the t-values of the composite hypotheses, and t4/2x
the selected critical value for a predetermined Hgé level. Note that
because Bonferroni’s inequality is indeed an inequality, the overall
probability of committing Type I error by choosing critical t-values
of magnitude ts/9x, is in fact smaller than §, instead of being equal
to it.

To clarify, suppose one has decided to reject Hg at a significance
level 6 of 0.05 by looking at each composite hypothesis simultaneously.
Further, suppose that the vector V has been partitioned in deciles (k
= 10). Then, Bonferroni’s inequality suggests that choosing to reject
each composite hypothesis § = 0.05/{(2)10] provides an upper bound
Hyg size less than or equal to 0.05.

Using multiple induced hypothesis testing, provides great flexibil-
ity when testing stochastic dominance at different per capita expen-
diture levels.?® Suppose that the change in welfare is not sufficiently
large so that one fails to reject equation (10)26 for all levels of living
standards, yet one wishes to test whether at a significance level of §
= 0.05, the well being of the bottom 20 percent of the population did
not improve., Because now k = 2 and by (13), it suffices to show that
neither the first nor the second decile elements of V are significantly
greater than zero, while at least one is significantly less for a t-critical
value of 6 = 0.05/(2)2, to conclude that distribution A stochastically
dominates distribution B. In other words, rejecting Hy in favor of H
would imply that for the bottom 20 percent of the population, the
level of welfare improved in situation A.

The only difficulty posed by the application of Bonferroni’s t-
statistics is the necessity for critical points ts,9 at different k (per-

centile) values.?” Fortunately, Bailey (1977) has produced a number

25 This methodology is also desirable over other nonparametric methods. An-
derson (1994 and 1997) based on Monte Carlo studies that compare different non-
parametric test, finds that the nonparametric methodology applied in this paper
has similar power characteristics in the location dimension to other nonparametric

methods and is superior in the scale dimension to its counterparts.

26 The same exercise can be made for (11) and/or (12).

27 Note that for k = 1 the critical values correspond to those of a regular
textbook t-distribution table.
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of tables of the t deviate, for § = 0.05 and § = 0.01 and k ranging
from k= 1 to 190. We take those of § = 0.05 and k equal to 10 to
test stochastic dominance at each possible decile of the population.

7. Results

Tests of stochastic dominance are performed by partitioning the vec-
tor V into decile groups with respect to the pooled 1984, 1989, 1992
and 1994 sample. More specifically, we test changes in the stan-
dard of living for any pair of distributions (e.g., 1984 vs 1989) by
contrasting each decile difference t-value with the appropriate Bon-
ferroni t-critical value that permits an overall significance level of 6
= 0.05. Since our main objective is to analyze changes in welfare
for the entire population, pairwise comparisons across 10 deciles are
tested using a Bonferroni t-critical value of t5/5(10y = 2.7729.%8 Tables
5-6 to 11 present test results regarding changes in the cdfs level of
per capita expenditure, the depth in those changes via deficit curves,
and those that combine the level of welfare with changes in inequal-
ity. The first corresponds to first-order stochastic dominance analysis
(V¢) and third-order (V) dominance, respectively.

Table 5 compares 1984 standards of living with the levels of all
other years. The shift in the welfare distribution of 1989 with respect
to 1984 is of such magnitude that the purchasing power of the popu-
lation in 1989 improves at all levels of expenditure in relation to that
observed in 1984. To see this, column (1) of the table shows that the
cumulative frequency of the 1984 distribution is significantly greater
than that of 1989 for every decile group. Column (2) shows that
the improvement in the well being of the households is significantly
greater than zero at all welfare levels, except for those households
with per capita expenditures in the top 90th percentile whose pur-
chasing power remained statistically stagnant. This is so, because
the corresponding t-value of the difference (2.170) is of lower value
than the Bonferroni’s critical value (2.77). We reject (14) at a signifi-
cance level of less than 0.05, and conclude, therefore, that 1989 living
standards (weakly) first-order stochastically dominate those of 1984.

28 In the case that the shift of one distribution with respect to another were
not sufficiently large to declare statistical dominance of one over the other along
all per capita expenditure levels, a different Bonferroni t-critical value would have
been chosen for the comparison across a reduced set of deciles. As it will become

clear from our results, such procedure was not necessary.
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Higher order dominance analysis is, consequently, not needed to rank
198%’s welfare above 1984’s.

If we carry out the same analysis for the remaining year-pairwise
comparisons (table 5 through 6), we reach the same conclusion of
section 3. We find that the change in the well being of the population
is sufficiently and significantly large to see improvements in the level
of welfare, poverty depth and inequality for each year. This is the
case because we see that each year first-order stochastically dominates
its predecessor. The exception again is 1994 with respect to 1992’s
welfare levels. The majority of households that correspond to the
5th and Tth decile, saw their purchasing power worsen in 1994.2° We
conclude therefore, that 1994 was the only year where households in
general did not see their welfare improve.

Tables 7-8 through table 11 display the analysis for households
with different educational attainment of the head. This time, we
also exciude 1984 from the analysis for households between 7 and 12
years of schooling. Statistical testing supports the conclusions reached
using graphical analysis. Households without education benefit the
most during the ten-year period of analysis. Comparisons regarding
changes in the cdf's level of per capita expenditure from 1984 to 1989
(table 7, columns 1 and 2) show that households in the bottom 60
percentile of the expenditure distribution managed to increase their
purchasing power significantly for the same period (column 3 and
4),%0 we conclude that improvements in inequality along with incre-
ments in the purchasing power made households with no education
increase their welfare independently of their level of expenditure. The
same pattern arises for the period 1989 to 1992 when improvements
were the highest, table 8. 1994 appears to be a year with no signifi-
cant changes relative to its predecessor, and yet households with no
education in the bottom 60 percentile of the distribution were able to
increase their welfare if one considers improvements in inequality as
well, table 8, columns (5) (6). We find this result remarkable since, as
we will see, no other education subgroup managed to increase their
welfare for the period of 1992 to 1994 at any level of per capita ex-
penditure even after controlling for inequality changes.

Tables 9-10 through table 11 suggest that households with higher
education also increased their wellbeing. Households with 1 to 6 years
of schooling at the bottom 40 percent of the distribution saw their
expenditure increase from 1984 to 1989, yet those between the 50 and

29 Note that rigorously speaking, 1992 first-order stochastically dominates 1994

30 (e.g., third-order stochastic dominance).
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60 percentiles saw no improvement as was the case of the households
where the head had no education.

Standards of living grew significantly at any level of per capita
expenditure between 1989 and 1992. During this three year period,
households with less than elementary education (1-6 years) were able
to consolidate their well being growth (table 10 columns (1) and (2));
and those with high school education (7 to 12 years) saw their welfare
increase independently of the level of consumption. (See table 11
columns (1) through (4)).

Once more, 1994 coincides with a stagnant, if not bad year, for
households with elementary or higher education. During this year,
changes in the cdfs level of per capita expenditure for households
with 1 to 6 years of schooling, show that standards of living remained
constant for the vast majority of families. (See table 10, columns (1)
and (2)). If we include in our analysis of welfare during this period,
columns ((5) and (6)) suggest a slight improvement in inequality,
provided that we cannot reject that 1994 is third-order stochastically
identical to the 1992 per capita expenditure distribution. This, how-
ever, is a much smaller improvement than that faced by households
with no education.

Results based on table 11 suggest that households with the high-
est level of schooling (7 to 12 years) suffered the most among all other
household types during 1994. It strikes us that after controlling for
changes in inequality there is no improvement in welfare. Third-order
stochastic dominance of 1992 over 1994 (columns (3) and (4)) suggests
standards of living not only declined for high educated households,
but inequality also increased.

8 Conclusions

The notion of welfare requires a multidimensional analysis that ranges
from the study of human capital formation in terms of health and ed-
ucation, to the ability of individuals to satisfy their needs, to many
other social and psychological factors that interact with well being.
Yet, the concept of welfare is relative to space, time and social val-
ues. Not suprisingly, any study of living standards opens, in the best
of worlds, a miniature window of what the level of well being truly
represents. This paper follows the evolution of expenditure levels at
a household level and provides insights to the direction of the pur-
chasing power of the population over the period of 1984 to 1994.
Results based on graphical and statistical analyses suggest incre-
ments in per capita expenditure levels for the majority of Mexican
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household for the period of reference. Yet they are far from being
homogenous across years and among households with different edu-
cational attainment. The evolution of standards of living suggests a
correlation of the well being of the population with the business cycles
of the economy, where high educated households are more sensitive
to the business cycle, as opposed to poor non-literate households. In
general, large living standards improvements occur during years of
economic and domestic credit expansion (1989-1992), while house-
hold expenditure decreases during periods of economic deceleration
(1992-1994). These finding suggest the need for longer and sustained
periods of economic growth with well-defined long term social policies
if improvements in standards of living are to be consolidated.
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Figure 1(A)
Total Household Ezpenditure Cumulative Distributions
and Deficit Curves. All Households.
Graphic Detail Level: 95th Percentile
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Figure 1(B)
Total Household Ezpenditure Cumulative Distributions
and Deficit Curves. All Households.
Graphic Detail Level: 50th Percentile
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Figure 2(A)
Total Household Expenditure Cumulative Distributions
and Deficit Curves. Households with
no education. Graphic Detail Level: 95th Percentile
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Figure 2(B)
Total Household Ezpenditure Cumulative Distributions
and Deficit Curves. Households with
no education. Graphic Detail Level: 50th Percentile
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(Bottom 50 percentiles)
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Figure 3(A)
Total Household Expenditure Cumulative Distributions
and Deficit Curves. Households with 1-6 years
of schooling. Graphic Detail Level: 95th Percentile
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Figure 3(B)

Total Household Ezpenditure Cumulative Distributions
and Deficit Curves. Households with 1-6 years
of schooling. Graphic Detail Level: 50th Percentile
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Figure 4(A)
Total Household Ezpenditure Cumulative Distributions
and Deficit Curves. Households wilh 7-12 years
of schooling. Graphic Detail Level: 95th Percentile
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Figure 4(B)
Total Household Ezpenditure Cumulative Distributions
and Deficit Curves. Households with 7-12 years
of schooling. Graphic Detail Level: 50th Percentile

Total household expenditure per capita

3 Bottom 50 percentiles)
- 'Sl o
39 10% 20% 30% 40% . 5%
— 0 .,'r , a "
:Q"‘E * ‘.*w F’/ 9
0 A A S
(E" o] 4.‘ ‘,x“ - / 8
5.8 - 198 4 A
¥ NP
B HEN v 4 0
i R LTI
o 2 < .." ) ;‘ Q
28 L E
{é el J,‘- / 9
38 L §
0 0 W 4 600
Monthly p/c expenditure (1992 new pesos)
Cumulative distribution (first order dominance)
Total household expenditure per capita

g (Bottom 50 percentiles)

g § 1901 g W
i :
0 PRI
ol i3
0.2 100- I
63 {8
Fan 277199 5
8 3 1989 A

3 Vg 3 —

0 5 501 L L
ol FO v' V ﬁ
3 /'f/' ¢
3 : p / >
I |

0 < 04 i i

0 Mozttnjlgly plc expendifire (133% Dew pescs) 6w

Deficit Curve (second order dominance)



LIVING STANDARDS IN MEXICO

Table 1
Summary Statistics

Household Expenditure per capita in 1992 new-pesos

| Wave 1984 | 1989 | 1992 | 1994
Weighted Average Ezpenditure per capita

1984 350.181 -46.309 -144.823 -134.488
(9.381) (0.000] [0.600] [0.000]

1989 396.490 -98.514 -88.179
(5.719) [0.000] [0.000]
1992 495.004 10.335
(7.812) [0.167]

1994 484.669
(7.288)
Number of 4,766 11,398 10,379 12,672

Households

Sample means along the diagonals. Diflerence in means off the diago-

nals.

Values weighted by household expansion factors times household

size.[ P-values] below mean differences, (standard errors) bellow means.

Table 2

Summary Statistics

Household Demographics Mean Statistics

| Wave 1984 | 1989 [ 1992 | 1994

Household Size
1984 5.098 0.115 0.312 0.444
(0.055) [0.040] 0.000] [0.000]
1989 4.984 0.197 0.330
(0.036) [0.000] [0.000]
1992 4.787 0.133
(0.035) | [0.003]
1994 4.654

(0.034)
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Table 2
(continued)

| Wave 1984 | 1989 | 1992 | 1994

Total Minors in the Household
1984 2.537 0.218 0.366 0.505
(0.046) [0.000] [0.000] [0.000]
1989 2.0318 0.148 0.286
(0.030) [0.000] [0.000]
1992 2.171 0.139
(0.027) [0.000]
1994 2.032
(0.027)

Total Adults in the Household
1984 2.562 0.104 -0.054 -0.060
(0.026) [0.000] [0.048] [0.029]
1989 2.665 0.049 0.043
(0.018) [0.032] [0.045]
1992 2.616 -0.006
(0.020) [0.411]
1994 2.622
(0.018)

Notes: See table 1
Table 3

Summary Statistics

Household Demographics Mean Statistics

| Wave 1984 | 1989 | 1992 | 1994

Total Adult Males in the Household

1984 1.218 -0.042 [ -0.031 | -0.023
(0.017) [0.021] | [0.069] | [0.130]

1989 1.260 | 0.011 | 0.019
(0.012) | [0.264] | [0.122]
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Table 3
(continued)
Wave 1984 1989 1992 1994
1992 1.249 0.008
(0.013) [0.313]
1994 1.241
(0.011)
Total Adult Females in the Household

1984 1.344 -0.061 -0.023 -0.037
(0.017) [0.001] [0.133) [0.035]
1989 1.405 0.039 0.024
(0.011) [0.008] [0.064]
1992 1.367 -0.014
(0.012) [0.194)
1994 1.381
(0.012)

Notes: See table 1

Table 4
Summary Statistics
Household Demographics Mean Statistics
Wave 198 | 1989 1992 | 199
Educational Level
No Education

1984 0.212 0.012 0.038 0.020
(0.009) [0.142] [0.000] [0.031]
1989 0.200 0.026 0.008
(0.006) [0.001] [0.175]
1992 0.174 -0.018
(0.006) [0.011]
1994 0.193

(0.006)
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Table 4

(continued)
| Wave 1984 | 1989 | 1992 | 1994

1 to 6 Years
1984 0.592 0.065 0.056 0.078
(0.011) [0.000] 0.000] | [0.000]
1989 0.527 -0.009 0.013
(0.008) 0.198) | [0.103]
1992 0.536 0.023
(0.008) | [0.017]
1994 0.514
(0.007)

7 to 12 Years
1984 0.196 -0.077 -0.094 -0.098
(0.009) [0.000] 0.000] | [0.000]
1989 0.273 -0.017 -0.021
(0.007) 0.044] | [0.014]
1992 0.289 -0.004
(0.007) | 10.329]
1994 0.294
(0.007)

Head’s Age
1984 44.436 -0.187 0.604 -0.259
(0.345) [0.322] 0.071] | [0.264]
1989 44.623 0.791 -0.072
(0.212) 0.005] | [0.407]
1992 43.831 -0.864
(0.225) | [0.003)
1994 44.695
(0.221)

Notes: See table 1
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(Absolute) Frecuency

Cumulative Frecuency
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Appendix
Figure A
Welfare Distribution
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Figure B
Cumulative Distribution
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Figure C
Deficit Curve
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Figure D
Poverty Depth “Dispersion Curve”
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