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Introduction

P roxy means test indexes have successfully been used to measure household
welfare (Grosh and Baker (1995)). The equations for the indicators are constructed
using variables that are closely related to welfare, such as the housing dwelling’s
characteristics and the characteristics of the individual dwellers.

Different statistical techniques have been used to construct these indicators.
For example, Grosh and Baker (1995) suggest calculating a welfare predictor using
a least squares regression analysis of income (or preferably consumption) on the
relevant characteristics. Others such as Castafo ef. al (1994) have used a
qualitative principal components analysis to derive a composite index that predicts
a family’s living conditions.

While the economic interpretation of the first as a welfare proxy is direct by
construction, the interpretation of the second indicator is not as obvious and
depends onthe theory of consumption’s analytical framework. Similarly, compared
to the first indicator, the predictive capacities of the second indicator are unknown.

The objectives of this document are to compare the predictive capacity of the
two procedures for selecting social program beneficiaries and to provide empirical
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evidence on the economic interpretation of the qualitative indicator discussed in
Vélez, Castafio and Deutsch (1998). Based on data from the 1997 Survey of Living
Conditions, we find that the variables calculated using the qualitative principal
components method appear to be oriented in the same direction as the indicator
explaining welfare obtained using the MORALS regression algorithm. Therefore,
we find a close relationship between the indicator based on qualitative principal
components and the one based on MORALS. Lastly, using the poverty line to
classify the poor and non-poor populations, we find that the indicator based on
principal components is as good at distinguishing these populations as the one
constructed using the MORALS regression. The main conclusion is that in the
absence of reliable income and consumption measures the use of the qualitative
principal components method is appropriate for constructing a proxy means test.

The document is organized as follows: section 2 briefly describes the methods
compared; section 3 presents the results obtained using data from the 1997
Colombia Survey of Living Conditions; the comparison of predictive capacity is in
section 4; lastly, the conclusions are presented.

I. The Methods to be Compared

The two alternative procedures for constructing a proxy means test index are
briefly described below.

A. The proxy means test based on a least squares regression predictor

This procedure is based on the assumption that income or consumption are
appropriate measurementsfor the welfare ofindividuals and that variablesrelated
tohousing and individual’s conditions are highly correlated with these measurements.
Grosh and Baker (1995) suggest constructing the proxy means test predictor using
aregression in which the dependent variable is the household’s per capita income
or household’s consumption (preferably consumption), and the explanatory varia-
bles comprise a set of welfare-related, individual and household measures. In
general, the equation to obtain this predictor is:

Y= By + Bxy + Bx, .+ B X+, (1)
where y, is the logarithm of income (or consumption), and x,are the welfare-related

characteristics of the dwelling and its residents, {3, are the least square parameters
estimates, and ¢, is the random error term.
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The predictor §r\i obtained using this equation is an approximate measurement
of household welfare and, using the poverty line, the potential beneficiaries of a
social program can be chosen.

Because the explanatory variables used here are qualitative (non-dichotomous,
in general) and quantitative, the regression suggested by Grosh and Baker (1995)
cannot be applied to them. To solve this problem, an alternative procedure of
multiple optimal regression, called MORALS, was used. This is a procedure that
assigns quantitative values to the categories of categorical variables in order to
maximize the regression’s coefficient of determination. Young (1981) and Young,
de Leeuw and Takane (1976) present a discussion of the algorithm. Once the
explanatory variables have been quantified, they can be entered into aleast squares
regression. An application of this technique can be found in Castafio (1999c¢). If we
assume that x‘ij are the quantified variables, then the equation to get the welfare
predictor is simply:

¥, = By + Bx*, + BxF, +.. 4 B, x*, +¢ (2)

In other words, a least squares regression of y, on the x'ij quantified variables

is run.

B. The proxy means test index based qualitative principal

components

An alternative method for constructing the indicator involves using a Principal
Components procedure to derive a weighted index of the variables. As in the case
above, the presence of qualitative and quantitative variables prohibits the use of this
analysis. As before, we can quantify the variables. The procedure is described in
Young (1981), Kuhfeld, Sarle, and Young, (1985), Saporta, (1983), Young, Takane,
and de Leeuw, J. (1978, 1985), Van de Geer, (1993) and some applications are found
in Castafio et al (1994), Sarmiento et al (1996), Castafio, Correa and Salazar (1998),
Castafio and Valencia (1999a), and Castafio (1999b).

The indicator is obtained as the first principal component of a system of
quantified qualitative variables. In this case, the quantification algorithm assigns
numerical values to the categories of the variables in such a way that maximizesthe
variance of the first principal component. If we assume that z'ij are the quantification
ofthe X, characteristics, then the indicatoris the first principal component of the z'lj,
, z*le variables system, which takes the following form:

5
Z'pp oo

CPl =02 + a2 +...+ Q2 3)
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*

The variable CP1, contains maximum information on the z*lj, z'zj, ey 2y
system. In this case, CP1, is not observed (as in the case of equation (2)); instead,
it is constructed once the o, coefficients have been estimated. Clearly, in this case
there is no dependent variable to help quantify and the resulting question is
whether thereis any relationship between the indicators derived through these two
different methodologies. For example, itis important to know the type and strength
of the relationship between the two indicators, the relationship between the
principal components method’s quantifications (that does not take consumption
into account) and consumption (or some function for consumption), and the
predictive capabilities of this indicator in comparison to the indicator constructed
using regression.

To answer this question, both indicators were constructed using data from the
1997 Colombia Survey of Living Conditions. Some of the results are presented
below.

II. Results

These results are based on data collected in the 1997 Survey of Living
Conditions. A set of variables thought to be correlated with household per capita
consumption, was chosen a priori. These variables represent different aspects of
welfare conditions, such as quality of the dwelling, access to public services,
ownership of durable goods, demographic aspects, schooling, social security
(health), and employment and work conditions.

From a large set of variables initially selected, the following remained in the
analysis due to their capacity to predict consumption:

a. On housing conditions and location.

- Location of dwelling given by the dwelling’s electric power stratum (ESTRAT).

- Quality of the floors in the dwelling (MATPIS).

- Cooking fuel (CONQCOC).

- Number of toilet facilities NUMSAN).

- Shower (DUCHA).

b. On services in the dwelling:

Installation of a telephone line (TELEF).
Sewage disposal (EXCRE).
Garbagedisposal (BASUR).

¢. On ownership of durable goods:
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- Refrigerator(NEVERA).

- Video recorder (BETA-VHS).

- Car(AUTO).

- Washing machine (LAVAD)

- Cabletelevision (TVCABLE).

- Heater (CALENT).

- Motorbike (MOTO).

- Airconditioner (AIRE).

- Vacuum cleaner (ASPIR).

- Color television (TVCOLOR).

d. On demographic factors:

- Crowding: number of rooms per person (HACIN).

- Number of children six and under (NPM6).

- Sex of head of household (JEFSEX).

- Age of head of household (EDADJ).

e. On schooling:

- Educational attainment of head of household (ESCJEF).

- Educational attainment of spouse of head of household (ESCJEF2).

- Attendance at official primary school.

- Attendance at official secondary school.

£. On health, job skills, and income recipients:

- Proportion of earners (PRPERCE).

- Proportion of insured individuals in the household (PRPERSS).

- Occupational Status (POSOC).

Forthe construction of the regression-based indicator, the MORALS algorithm
in the SAS statistical package was used via the TRANSREG procedure. To avoid
heteroskedasticity and normalize the distribution ofincome, the natural logarithm
of household per capital consumption was used as a dependent variable. This
makes the categories of the qualitative variable quantifiable with respect to this
variable and not directly to consumption.

To construct theindicator based on qualitative principal components, the MTV
algorithm ofthe SAS statistical program was used using the PRINQUAL procedure.
Note that this procedure does not use the consumption variable and that the
estimates need not explain welfare in terms of consumption.
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Some of the most important results that allow us to compare the two
procedures are presented below.

A. Relationship of the quantifications of the two methods with respect

tothe household per capita consumption logarithm.

To begin to understand the possible relationship between the indicators, it is
important to measure the associations between the per capita consumption logarithm
and each of the variables quantified using the two methods.

- Table 1 presents the correlations of the variables quantified using both
methods, with the household per capita income logarithm. The column headed
REGRESSION contains the correlations of the variables quantified using the
MORALS algorithm and the column headed COMPPRIN contains the correlations
of the variables quantified using the qualitative principal components algorithm.

Table 1. Correlations of the Quantified Variables
and the log (Per Capita Consumption)

Variable Regression Comprin
ESCJEF 0.57826 0.58761
ESCJEF2 0.45100 0.45023
ESTRAT 0.58456 0.59781
MATPIS 0.49118 0.50864
POSOC 0.45978 0.50108
NUMSAN 0.48859 0.49449
TELEF 0.41043 0.48902
HACIN 0.44654 0.47057
PRIMOF 0.32387 0.31910
SECOF 0.26761 0.27574
PRPERCE 0.32247 0.31644
PRPERSS 0.28750 0.28521
CONQCOC 0.18546 0.23131
NPM6 0.21551 . 0.22161
EDADJ 0.11177 0.07050

All the correlations are positive and, in general, their magnitude is very
similar. It is evident that in many cases the principal components method, which

140



141

does not use consumption information, produces simple correlations that are
greater than those produced by the regression method!which does uses the
consumption variable. In both cases, the variable with the weakest association is
age ofhead ofhousehold (EDADJ). From the discussion above, we conclude that the
principal components method, without using consumption, appears to approximate
the logarithm of that measurement of welfare.

B. Description of the indicators and their correlation

Table 2 shows descriptive statistics for the two indicators. Hereafter, the
regression-based indicator will be referred to as IREGR and the principal components-
based indicator as ICOMP

Note the strong association between the two indicators. This confirms the
previous finding and indicates that if the regression-based indicator together with
the poverty line can be used toidentify the potential beneficiary population, perhaps

Table 2. Descriptive Statistics

Variable Mean STD Minimum  Maximum
IREGR 11.595348 0.897507 9.181362  14.719929
ICOMP 0.0000000  2.7264943 -6.4064199  9.5812052

Correlation between the indicators: 0.93834

the components-based indicator could also be used. But the problem is that this
indicator does not have the same units of measure as the regression-based indicator.
One solution to this problem is to replace the origin and scale with that of the
regression indicator, using the following linear transformation:

TICOMP = Mean(IREGR)+STD(IREGR)*(ICOMP-Mean(ICOMP)))/
STD(ICOMP) (4)

1 The fact that the MORALS method provides some transformed variables with smaller simple
correlations than the qualitative principal components method is interesting to analyze.
Remember that the objective of MORALS is to obtain quantifications in such a way that
maximizes the coefficient of determination R2. Therefore, another procedure is unlikely to
provide quantifications that when regressed on the dependent variable, achieve a better fit than
that obtained with MORALS. In fact, if we get the R2 of the regression using the PRINQUAL
quantifications, we get an adjustment of 0.627 versus 0.677 with MORALS. This means that
getting higher simple correlations does not necessarily imply a better “overall” explanation of

welfare.
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where TICOMPis the linear transformation over ICOMP, Mean(X) and STD(X) are
respectively the mean and the standard deviation of the X variable. Note that this
indicator has the same mean and variance as IREGR, as shown in Table 3.

With the transformed TICOMP indicator we can use the poverty line, since it
is in the same units as IREGR.

Table 3. Descriptive Statistics of IREG and TICOMP

Variable Mean STD Minimum  Maximum
IREGR 11.5953479 0.8975066 9.1813620 14.7199289
TICOMP 11.5953479  0.8975066 9.4864845 14.7492862

III. Using the Poverty Line to Identify the Poor Population

Note that the above indicators are associated with the welfare logarithm
(represented as the household per capita consumption logarithm). To obtain a
welfare logarithm, and thus the distribution of welfare in the population, we must
retransform the predictor in the previous equation (IREGR) and perform the same
transformation on TICOMP.

Abias corrected transformation for IREGR, denoted by RIREGR, is (Castafio,
1997),

RIREGR = e!REGR+ 0562 (5)
where e is the exponential function and ¢? is the estimated error term variance of
the least squares regression of the natural logarithm of per capita consumption on
the quantified variables.

The analogous retransformation for TICOMP, denoted as RTICOMP would be:

RTICOMP=eMcOoMP+ 0562 )

This last expression would be a proxy of welfare based on household per capita
consumption. What is its predictive capacity compared with RIREGR?

The poverty line for 1997 was $107099.71. Using this cutoff to determine the
percentage of poor population, we get the following percentages for each indicator:

Percentage using the poverty line: 53.0%

Percentage using the regression indicator (RIREGR): 45.6%

Thisand previousresultsindicate a strong association between the approximate
welfare by household per capita consumption and the indicator generated by the
qualitative principal components technique.
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Percentage using the principal components indicator (RTICOMP): 49.8%

The above results show that the RTICOMP indicator seems to work better than
the RIREGR, since it identifies a percentage of poor population closer to that
obtained when using the poverty line (PL).

However, we do not know which were the poor households identified by the
different methods of poverty line, RIREGR, and RTICOMP. To clarify thisdoubt, the
classification tables for each method appear below.

The tables above indicate that the poverty line method classifies 2719
households as poor. Of those, 2099 are also identified as poor by IREGR (Table 4)
and 2136 are identified as poor by TICOMP (Table 5).

Table4.Classification using RIREGR

Poor Not poor Total

Poor 2099 620 2719
77.20 22.80

PL Not poor 335 1858 2193
15.28 84.72

Total 2434 2478 4912

Table 5. Classification using RTICOMP

Poor Not poor Total
Poor 2136 583 2719
78.56 21.44
PL Not poor 489 1704 2193
22.30 77.70
Total 2625 2287 4912
Conclusions

Using the data from the 1997 Colombia Quality of Life Survey, we have
provided empirical evidence that confirms a close relationship between a proxy
means index generated using qualitative principal components and the proxy
means index based on a regression of consumption as an indicator of welfare. The
fundamental conclusion is that the use of qualitative principal components is
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suitable to construct proxy means tests, in the absence of sources of information
that include reliable measurements for income and consumption.
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