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Abstract :

'The real consumption expenditure of families provides important in--
formation about the welfare of people residing in 2 given administrative
area. State policies designed to alleviate poverty and funding management
plans rely on the ability of statistical models to provide detailed and cor-
rect information. It can bé argued that mean regressions alone do not
provide a satisfactory picture of the distribution: of the response. We ex-
plore the use of nonparametric quantile regression methods for geograph-
ically referenced data. The motivating example pertains the distribution
of the consumption expenditure in Ecuador, whose shape, conditional on
sorme predictors, varies across the locations and reveals that the spatial
heterogeneity has a very different impact on the quantiles of the response.

Keywords: poverty mapping; nonparametric quantﬁe regression; triograms
splines; consumptlon expenditure; Ecuador.

1 Introduction

In 1995, a large and comprehensive survey, the Encuests Condiciones de Vida
(ECV), was conducted in Ecuador to measure the biweekly real consumption
expenditure of about 5800 households sampled from 53 counties. The sampling
design incorporated both clustering and stratification, based on the main agro-
climatic zones (Costa, Sierra, and Oriente), and the rural-urban breakdown
of the country (Figure 1).. This survey was part o€ the World Bank’s Living
Standard Measureinent Surveys project that began in 1980. 'These data have
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. been originally ana.lyﬁeé by Petrucci et al. {2003), who applied a logistic spatial’
regression to assess the poverty rates for each county.
~ The main purpose of such surveys is to provide a quantitative g;uldelme for
the application of policies to ameliorate the living standards of specific pop-
- ulation targets. Spatially referenced observations of the real consumption ex-
penditure provide important information on the welfare of people residing in
a given administrative area. The effectiveness of poverty alleviation prograrms
relies upon the ability of statistical analysis to inform on the complexity of the
structure of the data. The mean regression alone does not provide a satisfac-
tory picture of the distribution of the response. Also, when the assumption of
normality for the error distribution is untenable, the use of robust technigues
is advisable. We explore the use 6f nonparametric quantile regression methods
to depict more accurately the distribution of the real consumption expenditure
acrosé counties in Eeuador. The conditional quantiles of the distribution can
be estimated and mapped, and a deeper understanding of the structure of the
data can be inferred.

In this analysis, the county represented the lowest level at which it was pos-
sible to aggregate the data. We considered its geographical centroid considered
ag the spatial reference for all families residing in the same county. The ECV

" database provided information related to the educational level of the families’
members. We considered one additional source, the INFOPLAN atlas, that col-
lected demographic and socio-economic variables from the Census of population

‘and households (INEC) conducted in Ecuador in 1990. Slow ecoriomic growth
and low inflation were repérted in Beuador during the period starting from 1990
0 1995. Based on this stability, we assumed that the ECV and the census data
were comparable, although they were collected at different times.

The applications of quantile regression in economic research include demand
analysis (Hendricks and Koenker, 1991; Deaton, 1997; Manning et al., 1995),
wage and income data (Buchinsky, 1894; Fitzenberger, 1999; Machado and
Mata, 2001}, and the relation between schooling and wage inequality (Cham-
berlain, 1991), to mentié}n a few,

The lterature on the nonparametric estimation of conditional quantile func-
tions encompasses a remarkable number of papers and since the seminal work of
Stone (1977) various methods have been proposed more recently. Koenker et al.
(1994) explored a class of univariate splines defined as solutions to a smooth-
ing problem with a L; roughness penalty. Yu and Jones (1998) proposed two
kernel weighted local linear estimators for estimating conditional distributions.
Nonparametric and semiparametric smoothing models represent undoubtedly
a powerful tool available to the analyst when unduly restrictive parametric as-
sumptions about the distribution of the response should be avoided. Indeed, the
growth of the computational science have led to a paradigm shift in the field
of smoothing. Bivariate smoothing splines have been introduced by He et al.
(1998). Their formulation leads to bilinear tensor product splines which lack of
orthogonal equivariance. Koenker and Mizera (2004) overcame this drawback
by means of a smoothing spline variant of the tricgram models introduced by
Hansen et al. (1998). See also Heagerty and Pepe (1898} for a semiparametric
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Figure 1: Map of Ecuador. For each county its centrold is marked by a dot
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method which combines advantages of both the parametric approach of Cole
(1988) and Cole and Green (1892) and the distribution-free methods provided
by Koenker and Bassett: (1978).

In §2 we introduce the model and some notation. For the Ecuador data anal-
' ys1s a stepwise modeling approach is considered, starting (rom a nonparametric
spline model and then entering some covarlates in a partially linear model. In
§3 we conclude the paper with some final remarks. The analysis was performed
by using the quantreg library (Koenker, 2006) for the freely available statistical
language R {R Development Core Team, 2005). '

2 Quantile regression for poverty mapping

2.1 A first simple model. -

First, we consider a simple regression model without covariates, where the spa-
tial information is modeled through a bivariate smoothing term. Let y =
(#1,--.,¥s3) " be the biweekly real consumption expenditure per county, av-
eraged over sampied households, adgusted tor reg,lona,l price variation and ex-
pressed in thousands Sucre, and x; = (21,4, 2 %) € &2 be the two-dimensional
vector of geographlcai coordinates of the ith centroid. :

Table 1: Summary statlstlc:s of the blweekly real consumption expenditure for
the Ecuador data

' émtz’siics . Estima‘.fe
First quartile - 360,11
Median : 452.71
Mean ) 449.73
Third guartile 508.79
Standard deviation 122.40

Skewness (Fisher) 0.48

We assume that 7 can be modeled by _
Y = f(xz) +e,  d=1,...,53 ‘ (1)

with independent and identically distribuied &;. The function F{) that appears
in {1) is assumed to be unknown and any distributional assumption about the
error term is avoided. Table 1 reporis the descriptive statistics of the response
variable. The marginal distribution of y is slightly skewed to the right.

This approach Is totally nonparametric and smoothing splines have proven
to be very useful in nonparametric functions estimation. :

In its general form, the minimization problem can be written as

mip | el = 960} + Blg) | @



where pr(u} = u{r — I{u < 0)} is the check function of Koenker and Bas-
sett (1978), R(g) is the roughness penalty, and g are functions belonging to an
appropriately chosen . The extension of univariate smoothing splines to bivari-
ate situations raised challenging questions about how to define the roughness
penalty of the 7th guantile surface. In fact, different penalties lead to different
forms of the solution to the problem in (2). Although several alternatives are
available, we considered total variation penalties that are more appealing in
terms of optimization strategy. Furthermore, the orthogonal equivariance for
penalties represents a very desirable property within the applications for geo-
graphically referenced data like the one at issue and thus it makes the friograms
splines preferable to the bilinear tensor product splines.
I."ormaily, let 7 denote a compact region of R?, and let A = {d; :

., N} be a triangulation, such that H = {J,. sea 0 The continuous functmns
g on ’H that are linear when restricted to § € A} are called triograms. The
unique total variation penalty R(g} penalizing the gradient of triograms is given
by (Koenker and Mizera, 2004, p- 150)

R(g) = cz |7 g, - vgeklzlekiz,

where the summation is extended to all the -mterloz edges of the triangulation,
lex )z is the Buclidean length of the edge e, and |79} —~ g5 | is the Buclidean
length of the difference between gradients of ¢ on the triangles adjacent to ey,
The penalized quantile triograms then can be estimated ag a solution of a linear
programiing problem for a given smoothing paraz%aeter A. Let gy denote such
solution.

For  the Ecuador data, we esi;jima,ted several  quantiles
(7 = 0.10,0.25,0.50,0.75,0.90) by using the triograms splines. The smoothing
parameter A was chosen over a grid A = 10520 with k = ~20;-19,...,~10, to-
minimize the SIC criterion (Schwarz, 1978) '
’ 53 : .
- BIC(A) = log |53 " or {3 — ga(x:)}| +0.5 - 53 py log 53.
d=1

For A = 0.11 the correspondmg number o of zntelpolated observations by the
ob jective function was 21. This value represents a more understandable measure
of the dimension of the fit, since it can vary within a known range,

Contour plots of the quantile surfaces are shown in Figures 2-4. A peak
in the South of Costa and one in the North of Sierra are conspicuous for the
median surface. The 10th and the 25th percentiles show a depression in the
Scuth and in the North Sierra. The third quartile shows a peak in the South
of Costa and in the North of Sierra. For 7 = 0.90, a positive gradient moves
toward the inland of Costa and Sierra.

2.2 Inclusion of covariates

We considered a partially linear additive model (Koenker and Mizera, 2002)
with four predictors (the proportions, here, refer 6 the prevalence in the sam-
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Figure 2: Contour plot of the median surface estimated for the model {1)
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ple): proportion of illiterate people, proportion of people with higher education
diploma, proportion of families that reside 15 kilometers or more from practica~
ble Yoads, and level of the agricultural productivi'tyé(measured in tons per year).
Some descriptive statistics are reported in Table (2).

Table 2: Mean and standard deviation (sd) of thia selected covariates for the

Ecuador data ' .
Variable ameon  sd

prop. of illiterate people R U 0.07
prop. of people with higher ed. dip. . 0.08 0.03
prop. of families > 15 km from road =~ 0.08 0.17
agricultural productivity - 139.64 30173

We then fitted the model
o= glx)+2 87+, i=1,...,853 (3)
where z; is the ith (row) vector of the design matrix
. 1 illity diploma;, roads; productivity,
Z=|: s 3 : ,
1 illitsz diplomagy roadsgs productivityg,
and ﬂ(r) = (ﬁ(g”, g”’}, é’r}, ﬁéf), ﬁ,{f)}T is the 7th rbgressian quantile. ‘
Estimated 95% and 90% confidence intervals for B7) weie obtained by boot-
strapping the residuals via the BC, method intreduced by Efron (1987), with a

bootstrap sample size equal to 499. We set A == 0.11. The results are reported
in Table 3. :

Table 3: 3()'s estimates for the Ecuador data

quantile Bo e B2 B B4
0.10 613,526 —1208.856** -B0.886; —0.014* —0.061
0.25 503.719%* ~T771.503%* 278.903? —{.012%*  —0.060*
0.50 567,092 —~771.296%  201.015- —0.013** (.058
6.75 565.866™" — 740,147 . 86{).700’%* -0.012* 0.122%

0.90 608.159"* . ~012.341** 829,755 —0.017* 0.120 .
* (**) denotes significance at the 10% (5%) level '

For what concerns the factors related to education, we observed that the
illiteracy affects negatively the average expenditure level for all the estimated
quantiles of the distribution {8, significant a¢ the 5% level). The possession
of & diploma, however, does not affect the poorest counties {Jy is not signif-
icant for quantiles other than the seventy-fifth and the ninetieth percentiles),



where the low profile jobs are presumably performed by people with education

degrees lower than diploma. The sign of s is consistent with the well known
circumstance that the education has a positive effect on the income level.
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Figure §: Quantiles for Ecuador data
o y
The distribution of the response variable is sensitive to the proportion of
families residing far from practicable roads for all but the last two estiniated
quantiles, which are marginally significant at the 95% level. At first, this would
suggest that the wealthiest families might have access to better forms of trans-
port. ‘ : | :
fAs’s significance is somewhat sparse across the estimated quantiles. The
positive sign associated with this parameter for the third quartile might be due

10



to a capitalization effect of the higher agricultural productivity levels. The low
significance of 84 for the first quartile does not allow.a clear mterpretatjon of
its sign.

‘We then concisely described the conditional dzstrzbutzon of the consumption
expenditure at a greater extent. In each plot of Fxgure 5, a solid line interpo-
lates the point estimates (filled dots) of ,6 y3o=0,.000,4, 006 < 7 < 0.05
The dashed line and the dotted lines represent respectwely, the ordinary least-
- squares estimate of the mean effect and its 95% confidencé interval.

Iliteracy. seems to be associated with a rather large negative effect on the |
consumption expenditure, especially in the lower tail of the distribution. '

The effect due to the possession of an higher education diploma strongly
affects the distribution at its right, where the estimate’s value ‘jumps’ within

“the relatively short interval of quantile points comprised between 0.55 and 0.70.

The coefficient related to the distance from roads shows a peak towards zero

in correspondence of the quantile 7 = 0.15.

The effect of the agricuitural productivity has a quas1mmonotone trend, en-
compassing both negative and positive values. The'scattered significance of this
coefficient for different quantiles admits various interpretations. The agricul-
tural industry affects the poorest and the wealthiest counties of Ecuador only,
50 the ‘body’ of the distribution seems to be left tojthe influende of other indus-
tries. This is consistent with the fact that the ordinary least-squares estimate is
not significant at the 5% level. Further investigation on the working conditions
and the distribution of wealth within the agricultural mdusmy m;ght shed light
on the negative sign of f4 in the left tail.

Contour plots of the fit of the quantile regression suriaces are shown in Fig- .
ures 6-8, The spatial heterogeneity appears now to be enriched with more de-
tails. The median surface shows a saddle in the south, between two peaks along
the agroclimatic boundary through Sierra and Orlente. The spatial features
assoclated with the 10th and the 25th quantile surfaces, similar to those associ-
ated with the 0.75th and 0.90th perceniiles, are more defined. The inclusion of
covariates in the model (3), therefore, ameliorated the spatial characterization
of the distribution of the response variable,

We conducted a sensitivity analysis of the choice of the bootstrap sample
size for the model {3). We considered samples of size 999 and 1999. For both
sizes, the results showed a stronger significance of the estimate of the quantiles
,6(0 78) and ,6'(0 QG), and a lower significance of the estimate of ﬁ(o 78 , in any case
not lowe1 ‘than 5%.

A second sepsitivity analysis concerned the choice of the value of the smooth-
ing parameter A. Beéing the latter a measure of the amount of spatial smoothing
introduced in the model, in general we should expect a different fit of the model
(3) for different levels of smoothing. We considered somewhat exireme values
for A. For A = 0.02 and A = (.31, the number p, of interpolated points accord-
ing to the SIC criterion was, respectively, 51 and 7. In both cases; we observed
a higher significance for ﬁg’“), 7 = {.50,0.75,0.90. Moreover, the estimates of

gf}, 7 = 0.75,0.90, were significant at the 5% level for A = 0.02, while ﬁ(o %)

1



- turned out to be insigni{ﬁcé,nt for A = 0.31. The bootstrap sample size was set
equal to 499. ' '

12
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Figure 8: Contour plot of the guantile (7 = 0.50) estimated for the model {3)

3 Final remarks 1‘
We applied nonparametric quantile regression inethods for mapping the ge-

ographical distribution of the real consumption expenditure in Ecuador. To

‘model the spatial heterogeneity, we considered triogram splines for their optimal

property of orthogonal equivariance. We argue that, for a deeper understanding

of measures such as the consumption expenditure, the *whole’ picture should -
not be left aside. _

The Ecuador data provides a first, promising example of the effectiveness
and the potential of quantile regression methods within poverty studies. For
instance, should the spatial coordinates for each family be available, it would
be possible to gain & greater insight into the understanding of the geographical
distribution of wealth. :

Another interesting area of development relates the assessment of poverty,
which is based on the prediction of economic measures and the comparison
of such values with poverty lines. Relative poverty lines can be estimated as
functions of specific quantiles of the income distribution and quantile regression

13
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methods might be suited for this purpose.
The authors are curriéntiy investigating this topics with regard to the Living
Standards Measurement Study conducted in Albania in 2002. - :
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