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Abstract

In Latin America and the Caribbean, demand for sub-national level data is growing,
both as a tool for the application of different development plans and for the allocation
of resources. In this article we estimate mortality levels for small areas in Argentina
(selected provinces) during the period 2009-2011. For this, we a bayesiona empirical
estimation. The work plan will allow building an input both for the elaboration of public
policies and for deepening the differentials of mortality in the selected geographical
areas.
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Introduction

Despite extensive work in developed countries, little is known about mortality differences in
small areas over the Southern Cone. In particular, in Argentina, mortality estimates and
the knowledge of their levels and trends are limited, as in most countries of the region, by
the quality and availability of data. Most frequent problems are associated with incomplete
coverage of the vital statistics system, errors in the declaration of age in the populations
involved in the calculation of rates and the lack of information on causes of death.

Recent studies focused on Brazil (Lima, Queiroz, and Sawyer 2014; Lima and Queiroz 2014;
Freire 2015; Queiroz et al. 2017) have applied different methodologies to estimate mortality
in the sub-national horizon. There are reasons to suspect that what is observed in Brazil
can also occur in Argentina, despite the fact that both countries went through very different
epidemiological transition processes.

Considering that there are no precedents in the subject for the Argentine case, in this paper
we estimate levels and structure of mortality in minor administrative areas in Argentina,
during the period 2009-2011. To that end, we observed mortality changes in selected states:
Catamarca, NeuquÃ©n, CÃ3rdoba, Salta, Interior Buenos Aires and the 24 counties in the
Greater Buenos Aires.

Data on deaths and causes of death are essential to establish priorities for investment in public
services, the application of economic planning policies and their monitoring, at the national
level and, increasingly, at lower administrative levels (Setel et al. 2007). In Latin America
and the Caribbean this type of information, at the local level, is scarce or non-existent -even
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taking into account ad-hoc surveys- and the demand for this data is growing, both as an
input for the application of different development plans as for the allocation of resources.

Literature Review

Since 1914, the continuous rise in period life expectancy at birth (LEB), distinguished
Argentina from the rest of Latin America. Due to early socio-economic development, high
degree of urbanization and the expansion of formal education, mortality rates have been
substantially reduced (Recchini de Lattes and Lattes 1975; Grushka 2014). After moderate at
the beginning of the 20th century, a steady growth in LEB was distinguished and continued
to increase until the 1960s. According to official data, this regular growing behavior, in both
sexes, was interrupted around 1970 with an apparent setback of 1.8 years, compared to the
previous decade. This phenomenon has not been adequately addressed yet. MÃ¼ller and
Accinelli (1980) attributed it to an arrival at a threshold in the mortality gains imposed
by the socioeconomic conditions. This hypothesis suggested that health progress lost its
independence from levels of economic development.

This interpretation was based on the idea that the main ceilings reached in LEB values
were found in the regions with the highest socio-economic development, while in the rest
of the areas, which are relatively less developed, evidence a rise in LEB. The 1969-1971
mortality table showed a mortality increase that affected especially males. Male LEB decrease
with respect to that recorded for the period 1959-1961 in the regions of greater relative
development, while it increase in less developed regions, where the level of LEB was lower in
the previous period. Although moderate compared to previous years, the advances in the LEB
that would occur in the subsequent period, despite the deterioration of the socioeconomic
conditions of Argentina as a whole until 2003, would show the limits of such hypothesis.
Since 1980, LEB begins again trend consistent with the decline in mortality. This period was
followed by a recovery of the upward trend, but in a slower way, reaching a LEB of 75.34
years (both sexes) in 2009.

Hypothesis

As a general framework, Argentina can be contextualized, starting from its modernization and
successful integration with the world market at the end of the 19th century, as an anomalous
country in demographics and health terms: an important recipient of immigrants with a
broad coverage of the education system, and where low unemployment, low cost of food
and the development of effective sanitation in the cities produced a good sanitary level,
and consequently a low mortality rate, both infant and adult. However, this path -a global
pioneer- slows down since the mid-1970s.

This article proposes to contrast the link, at a dis-aggregated level, between levels and
structure of mortality at the sub-national level that the theoretical approximations pondered
in different measure as linked, in the long term, with economic development. What role
plays the dynamics of small area mortality in the configuration of mortality levels at the
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regional and total country levels? Is there a deceleration of the decline in mortality in
Argentina due to the co-existence of socially heterogeneous groups, lagging behind in the
process of epidemiological transition? Are differential patterns associated with different
economic development models applied throughout different sociology-historical cycles? Main
hypothesis: the levels of mortality and the rate of decline, at the provincial and total country
levels, are dependent on the growing social inequality, a possible aspect to be glimpsed
through the sub-national observation of mortality. Based on these questions and working
hypotheses, in this paper we study the levels and structure of mortality at the sub-national
level (departments) in relation to two specific dimensions: a) as an element in the long-term
evolution of social and economic development and b) as a factor associated with different
stages of the demographic and epidemiological transition.

Data & Methods

We used official data on death elaborated by the Health Secreatary (DEIS).

Although Argentina is usually classified as a country with good death statistics, it is known
a unequal percentage of child deaths not registered by province (source DEIS). In this sense,
since the data source is a record, considering the estimation of mortality rates by age, we could
think that the variance would be null and the bias (both components of the mean squared
error of an estimator) would be given by the pattern of cases omitted in each jurisdiction.
The second component of the error will not be addressed in this paper, although there are
increasing attempts to address the issue, depending on the available auxiliary information
(Schmertmann and Gonzaga 2018; Queiroz et al. 2017) (nor the one that refers to the
problems of census counting).

Regarding the first issue, it is not possible to assume is null because there are events with a
small number of “experiments” (few exposed in our case), which present a greater variance
in their estimates, so it requires special treatment in order to reflect the risk of underlying
mortality. To this end, we use the empirical Bayesian method, in order to improve the
statistical efficiency of mortality rate estimators, decreasing small area variance (Efron and
Morris 1972; Marshall 1991; Longford 1999; Assunção et al. 2005). The a prior distribution
corresponds to the joint distribution of the mortality rates vector by age of the largest area.
Then, through the observed in each small area, the Bayesian adjustment of the a posterior
mortality distribution occurs. The characteristic of “empirical” is that the distributions of
the parameters of the largest area are estimated from the data.

The definition of greater area must exploit the idea of internal similarity, to be able to suppose
that the mortality of smaller areas are realizations of a greater stochastic process, supposedly
important. The similarity in mortality patterns should be approached indirectly, which in our
case, and because it is an incipient investigation, is supposed to belong to the same province,
an issue that is not always correct, where the “distance” between jurisdictions is not it is
measured by kilometers (Longford 1999).

Considering a five-year age group either in an area i, the distribution of deaths d a Poisson
process is assumed, where E(di

x,4/mi
x,4) = N i

x,4m
i
x,4, being N those exposed and m the
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mortality rate. Being m̂i
x,4 the maximum likelihood estimator Di

x,4/N i
x,4 and given an a

prior distribution of the parameter mx,4 then his unconditioned expected value would be
Em(E(m̂i

x,4)/mi
x,4) = Em(mi

x,4) = mx,4, and its unconditional variance Vm(E(m̂i
x,4/mi

x,4)) +
Em(V (mi

x,4/mi
x,4)) = Vm(m̂i

x,4) + Em(mi
x,4

N i
x,4

) = Vm(mi
x,4) + mx,4

N i
x,4

.

The Bayesian linear estimator m̊i
x,4 that minimizes the mean square error of mi

x,4 and indexes
that are linear functions of this is (Robbins 1983):

m̊i
x,4 = m̂i

x,4 + Si
x,4(m̄i

x,4 − m̂i
x,4)

Again, it’s empirical because mx,4 it is replaced by m̄x,4, the weighted average of the small
areas. The factor Si

x,4 (“shrinkage”) is the ratio between the expected sample variance of the
estimator in the smaller area and the unconditional variance of the estimator, which ends up
being:

Si
x,4 = Vm(mi

x,4)
Vm(mi

x,4)+
mx,4
Ni

x,4

From other point of view, the ratio between the variance of the smaller area with respect
to the sum of the total variance (of the smaller and larger area), in tune with a classical
variance analysis (ANOVA). Following this reasoning, in a context of extreme homogeneity,
a very small minor area could be characterized based on the estimation of the largest area
(Si

x,4
∼= 1). Moreover, areas of high population weight will take values close to those observed

(Si
x,4

∼= 0). In the middle of these extremes, the linearly function combines the estimation of
the largest area with respect to that of the smaller area, with the weighting between both
being such that the jurisdictions with small population (the extreme case would be one that
does not present events in any age category), will be closer to the greater area than those
with higher population.

Longford (1999) extended this idea to vectors of random variables from smaller areas, with
the possibility of taking advantage of the correlation between them. In our case, if the
mortality rate of the age group between x and x + 4 of area i is greater than that of area j,
that the correlation is high would imply that in a contiguous age the same happens with more
chance. The calculations followed in this paper based on this idea, follow the methodological
development of Assuncao [(2005): 543-544) which estimates the parameters by the moment
method for the case of fertility rates in Brazil.
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