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Abstract

Background. Inequality in life expectancy within high-income countries has received con-
siderable attention in the last decade, but much less is known about this topic within lower-
income countries. This paper compares inequality in life expectancy at birth in Colombia,
a country with unusually rich small-area census data, with similar measures of inequality in

the U.S.

Methods. We used publicly available census tract-level data from Colombia’s 2018 pop-
ulation census, which report population counts and deaths by five-year age groups as well
as measures of economic position. For comparison, we draw on existing census tract-level
estimates of life expectancy at birth for the U.S. produced by the Centers for Disease Control
and Prevention. We estimated age-specific mortality rates for each Colombian census tract
using the TOPALS model (Tool for Projecting Age-Specific Rates Using Linear Splines).
Our primary outcome is life expectancy at birth, which we compute by applying standard

demographic methods to the estimated age-specific mortality schedules.

Results. There is a moderate gap of 2 to 5 years in average life expectancy at birth
between the U.S. and Colombia, but Colombians in the bottom 1% of the life expectancy
distribution live 15 years less than their American counterparts. We investigate the role of
income in explaining this inequality in life expectancy, finding that the income gradient in
life expectancy at birth is flatter in Colombia than in the U.S.—and that the extremely low

life expectancies in Colombia are present across all income groups.

Conclusion. Our results suggest that factors other than income play a larger role in
longevity in Colombia (and potentially in other lower-income countries like Colombia) than
they do in the U.S., underscoring the importance of broader social determinants in shaping

health outcomes in lower-income countries.
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1 Background

Within high-income countries, a robust body of research documents substantial inequality in
life expectancy, with income playing a central role (Kinge et al., 2019; Currie and Schwandt,
2016; Mortensen et al., 2016; Mackenbach et al., 2008). For example, in the U.S.; the
difference in life expectancy at age 40 between the top and bottom one percent of the
income distribution is 15 years for men and 10 years for women (Chetty et al., 2016). This
income gradient in life expectancy has drawn considerable attention in public health and
policy circles, pointing to critical social determinants of health.

In contrast, far less is known about inequality in life expectancy in low- and middle-income
countries (LMICs). Existing research has examined cross- and within-country differences in
life expectancy with a focus on individual cities or age groups (Rosero-Bixby, 2008; Bilal
et al., 2019). But the shape and dispersion of socioeconomic gradients in life expectancy
across the population remain poorly characterized in these settings.

Understanding this relationship is especially important in LMICs, where income inequal-
ity is often substantially greater than in high-income countries. In Brazil and Chile, for
example, earnings in the top decile of the income distribution are roughly 30 times higher
than those of the bottom half of the population — a disparity nearly three times larger than
in the U.S. (Chancel et al., 2022). Such extreme income inequality raises the possibility that
socioeconomic gradients in longevity may differ in both magnitude and shape from those
documented in high-income countries. Whether they do carries direct policy stakes: if in-
come strongly determines survival, then individual transfers and tax benefits or government
transfers to municipalities are plausible instruments for narrowing longevity gaps across indi-
viduals and places, respectively; if not, such policies may prove ineffective, and interventions
addressing broader social determinants of health may be warranted, particularly in LMICs
marked by violence and internal displacement (Singh et al., 2021).

This study addresses this gap in the literature by comparing within-country inequality in
life expectancy at birth, and its income gradient, between a middle-income country and the

U.S. The focus is on Colombia, whose 2018 population census provided, for the first time,



census tract-level data on both socioeconomic status and age-specific mortality." Colombia
combines high income inequality with universal health insurance (Davalos et al., 2024) —
opposite to the U.S. — making it well-suited for testing whether the income-longevity gradient
documented in the U.S. generalizes to lower-income settings.

In this study we aimed to estimate life expectancy at birth for each census tract in
Colombia; compare the resulting distribution with that of the U.S.; and investigate how

differences within and between countries vary across the income distribution.

2 Methods

2.1 Data and Statistical Methods for Colombia

We used publicly available data from the 2018 Colombian population census, provided by
the National Administrative Department of Statistics (DANE), covering all 504,996 census
blocks (manzanas) in Colombia’s 1,121 municipalities. For each census block, the data
report population and deaths in 2017 by sex and 5-year age group, as well as socioeconomic
status (SES), a 0-6 classification of residential properties assigned by municipal governments
to assess utility fees and subsidies, based on housing characteristics and access to public
services.

We grouped census blocks within each of Colombia’s 33 states into clusters comparable
in size to U.S. census tracts using K-means clustering on geographic centroid coordinates
and SES decile (see details in Appendix A). We set the number of blocks within each cluster
to 100.

For each resulting cluster, hereafter “census tract,” we estimated 5-year age-specific mor-
tality schedules using de Beer (2012)’s relational TOPALS spline model, which fits a linear
spline to the ratios of observed age-specific mortality rates to a standard schedule. Estima-
tion proceeded in four nested steps: state, urban/rural area, socioeconomic decile, and census

tract. Each step’s estimates served as the standard schedule for the next, initialized with

'We discuss the advantages of using census data over vital statistics records in Appendix D. We also
show that our results are robust to excluding uncertified deaths from the census data (Appendix Figure 10),
which makes mortality counts more comparable to those reported in vital statistics.



the national schedule from the 2024 UN World Population Prospects. We then computed
life tables and life expectancy at birth using standard demographic methods. Appendix A

provides details.

Sensitivity analyses. We conducted several analyses to assess the robustness of the
Colombian estimates. Estimated life expectancy distributions showed accurate in- and out-
of-sample fit (Appendix Figures 4-8). Life expectancy estimates were similar when the
TOPALS relational model was replaced with a D-Spline model (Schmertmann, 2021) or a
Log-Quadratic model (Wilmoth et al., 2012) (Appendix F), although the Log-Quadratic
model yielded higher mortality rates at ages 65 and older, likely reflecting its calibration to
data from high-income countries. Results were also similar using clusters of 50 or 200 census
blocks rather than 100 (Appendix Figure 11) and after excluding uncertified deaths (Ap-
pendix Figure 10). Finally, 95% CIs computed by simulation from the asymptotic distribu-
tion of the TOPALS parameters showed that the long left tail of the Colombian distribution

was not attributable to estimation uncertainty.

2.2 Data and Statistical Methods for the United States

For the U.S., we obtained census tract-level estimates of life expectancy at birth for 2010-
2015 from the U.S. Small Area Life Expectancy Estimates Project (USALEEP) and matched
them to 2011-2015 American Community Survey estimates of median household income at
the census tract level. Household income is defined as total pre-tax money income received
over the previous 12 months by the householder and all other household members aged 15
years or older. Because USALEEP estimates are already reported at the tract level, no

clustering was required.

2.3 Measures of Economic Position

Because SES is unavailable for U.S. census tracts and household income is unavailable for

most Colombian census tracts, we assessed the comparability of the two measures in Bogota,



where both exist.” Household income in Bogota comes from DANE’s 2011 National Quality
of Life Survey and is measured as pre-tax monetary income received in the past month by all
household members aged 12 or older, annualized to match the U.S. measure. In Bogoté, SES
and household income are strongly positively correlated, have similar dispersion, and produce
similar gradients in life expectancy at birth (Appendix Figure 2, Panels A-C), supporting

their use as comparable markers of economic position.

3 Results

Of Colombia’s 504,996 census blocks, 397,381 had nonmissing SES data; the mean block
population was 92 residents, and 76% of blocks recorded zero deaths (Table 1). Mortality
rates estimated at this scale would be dominated by sampling noise, since a single death in
a block of 92 residents implies a crude death rate more than ten times the national average.
Aggregating blocks into larger units before estimation addresses this problem. Implementing
our K-means clustering approach yielded 4,127 clusters with a mean population of 8,846 and
a mean of 42 deaths, reducing the proportion of units with zero deaths to 1%. The U.S.
comprised 63,828 census tracts with a mean population of 4,442. Mean life expectancy
at birth was 78.4 years in the U.S. vs 74.1 years in Colombia, with less dispersion across
geographic units in the U.S. (SD, 3.95 vs 6.50 years in Colombia).

We observed substantial variation in life expectancy at birth across census tracts within
the largest cities of each country (Figure 1). Life expectancy at birth ranged from 41 to 84
years in Bogota and from 59 to 94 years in New York. In Bogota, census tracts with the
lowest life expectancy (dark red) were concentrated in the urban periphery. We observed
similar patterns in other major cities in both countries (Barranquilla, Bucaramanga, and
Manizales in Colombia; Houston, Phoenix, and Philadelphia in the U.S.; Appendix Figure
12). The within-city variation points to local determinants of mortality that operate below
the national or regional levels. Appendix Figure 13 shows maps for entire countries.

The distribution of life expectancy at birth across census tracts differed markedly between

countries. The distribution for Colombia (red) was shifted left relative to the U.S. (white)

2Bogotéu represents approximately 20% of the Colombian population and 10% of all census blocks.



and exhibited a longer left tail, including census tracts with life expectancy at birth below
50 years (Figure 2, Panel A). Low life expectancies in Colombia were not concentrated in
rural census tracts; the left tail of the distribution was similar in urban and rural areas
(Appendix Figure 14, Panel A). However, unlike the U.S., these low life expectancies could
be attributed to Colombia’s long history of internal armed conflict and drug trade wars,
which have displaced large populations into urban areas and depressed rural ones.

Life expectancy by percentile of the within-country distribution was flatter in the U.S.
than in Colombia (Figure 2, Panel B): the gap between the top and bottom percentiles was 20
years in the U.S. vs 34 years in Colombia. The between-country gap in life expectancy at birth
also varied sharply across the distribution (Panel C). For the top 90% of the distribution,
the difference between the two countries was 5 years or less; in the left tail, the gap widened

rapidly, reaching 15 years [95% CI, 13.2-16.4] at the bottom percentile.

3.1 Life Expectancy by Measures of Economic Position

Because measures of economic position vary across census tracts, they are natural candidates
for explaining the small-area geographic variation in life expectancy at birth. Our findings
show that the association of life expectancy at birth with household income was steeper in
the U.S. than the association with SES in Colombia (Figure 3). A 1-percentile increase of
a census tract’s position in the income distribution was associated with 0.032 (SE, 0.005)
additional years of life in the U.S. relative to Colombia. The difference in gradients was not
attributable to the Colombian SES measure being coarser than household income, nor to
Colombian census tracts being more rural than U.S. tracts. First, the U.S.-Bogotéa difference
in gradients, which compares household income in both settings, exceeded the U.S.-~Colombia
difference (Appendix Figure 3), which is the opposite of what a coarseness artifact would
produce. Second, restricting Colombia to urban census tracts yielded an SES gradient in life
expectancy at birth of similar magnitude to that for all census tracts (Appendix Figure 14,
Panel B).

Figure 4 presents the distribution of life expectancy at birth by household income decile
in the U.S. and by SES decile in Colombia. In Colombia, median life expectancy increased

weakly with SES, and the gradient was driven mainly by census tracts in the lower range



of each decile (Panel A). Even conditional on SES decile, the distribution retained a long
left tail: census tracts with low life expectancy were present in all deciles. In the U.S., by
contrast, gains across income deciles occurred throughout the within-decile distribution, and
within-decile variation was smaller than in Colombia (Panel B). Household income explained
36% of the variation in life expectancy across census tracts in the U.S. while SES explained
only 7% in Colombia (R? from country-specific regressions).

Panel C compares the life expectancy gap distributions of the two countries separately
for the top (blue) and bottom (red) income/SES deciles. To construct this figure, we first
ranked census tracts in the bottom income/SES decile within each country into percentiles
of life expectancy at birth. Then, at each percentile of the life expectancy distribution, we
computed the difference between the U.S. and Colombian values. We repeated the same
procedure for census tracts in the top income/SES decile.

Two patterns stand out. Between-country differences in life expectancy at birth were
largest at the bottom of the life expectancy distribution across income/SES deciles. At the
first percentile of life expectancy, census tracts in the U.S outlived Colombian census tracts
by 10 years [95% CI, 6.6-12.6| in the red line and by and 28 years [95% CI, 23.8-32.1] in the
blue line; by the 20th percentile these gaps had fallen to roughly 0 and 4 years, respectively.
Second, the U.S. advantage is systematically larger in the top income decile than in the
bottom decile, and in the bottom decile it even reverses: for example, at the 90th percentile
of the life expectancy distribution, low-SES Colombian tracts outlived low-income U.S. tracts

by 3 years [95% CI, 2.6-3.3].

4 Discussion

This study makes two main contributions. First, it shows that comparisons of mean life
expectancy either across countries or within countries may miss important disparities present
in other parts of the life expectancy distribution (Bendavid et al., 2025). The finding that the
gap in first-percentile life expectancy at birth between Colombia and the U.S. was constant
across income groups suggests that policies promoting upward economic mobility alone, such

as income transfers or tax deductions, are unlikely to reduce the cross-country gap (consistent



with Agarwal et al., 2024).

If the pattern of long left tail in life expectancy observed in Colombia is also present
in other lower-income countries after controlling for income, this means that other factors
may play a larger role in health inequality compared to the U.S. (Schwandt et al., 2021). In
Appendix Figure 15 we show gradients in life expectancy at birth by other characteristics in
both Colombia and the U.S., identifying potential contributors to these differences (including
violent deaths and forced migration). Policies focused on public safety and reintegration of
displaced populations may thus deserve attention as health policy in such settings, pointing
to an important direction for future research on the determinants of mortality in lower-income
countries.

Second, small-area life expectancy estimates permit examination of the income-longevity
association for the entire population rather than only for individuals reporting income
through the public finance system. For example, studies in high-income countries docu-
ment substantial disparities in life expectancy at age 40 by income because mortality data
can typically be linked to income records only for these age groups (Chetty et al., 2016;
Kinge et al., 2019). However, income does not influence survival only in adulthood (Udalova
et al., 2022).

Although the focus on Colombia and the U.S. was motivated by differences in economic
inequality and the availability of small-area mortality records, these findings may extend
to other settings with high economic inequality. Countries characterized by substantial
economic informality, younger populations, and exposure to conflict (Singh et al., 2021) may
exhibit an income-longevity relationship similar to Colombia’s. Improving survival in such
settings may require moving beyond policies targeting economic inequality alone and toward

those addressing broader social determinants of health.

Limitations. This study has limitations. First, the Colombian socioeconomic measure is
not identical to U.S. household income; however, where both measures were available, they
were highly correlated and produced indistinguishable life expectancy gradients. Second, the
estimates for the two countries cover different periods and were constructed using different

methods. Yet, the cross-country contrasts of interest are large and remain stable across a



range of sensitivity analyses in Colombia, making it unlikely that they are attributable to
these methodological differences. Finally, findings from a single middle-income country may
not generalize to all low- and middle-income settings, although the mechanisms examined,

such as economic informality, violence, and internal displacement, are common to many.

5 Conclusion

In this cross-sectional study, the gap in average life expectancy at birth between Colom-
bia and the United States was modest, but it reached 15 years at the bottom of the life
expectancy distribution and persisted across all income levels. Income was a substantially
weaker predictor of survival in Colombia than in the U.S. These findings suggest that reduc-
ing survival disparities in lower-income countries may require policies that address broader

social determinants of health rather than income alone.
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TABLE 1: Summary Statistics

Variable Colombia USA
Census blocks Clusters Census tracts
(1) (2) (3)
Life expectancy 74.31 74.10 78.40
(5.91) (6.50) (3.95)
Number of deaths 0.44 42.00 —
(1.55) (47.01)
Fraction with zero deaths 0.76 0.01 —
(0.43) (0.12)
SES 1.79 1.76 —
(0.91) (0.95)
Median per capita income (1000s) — — 57.86
(28.34)
Total population 91.87 8,845.71 4,442.35
(139.44) (9,912.42) (2,063.55)
Number of census blocks 397,381 96.29
(74.25)
Number of census tracts 4,127 63,828

Note: Table presents the mean and standard deviation in parenthesis of the main variables in our study. In column (1) an

observation is a Colombian census block conditional on those with non-missing SES information. In column (2) an observation
is a cluster of Colombian census blocks, which we denote in the main text as census tract. In column (3) an observation is
a. U.S. census tract. Total U.S. census tract population is obtained from the 5-year American Community Survey estimates
for 2011-2015. Socieconomic status (SES) information is not available for U.S. census tracts and median per capita income
is not available for Colombia census blocks.
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FIGURE 1: Geographic Distribution of Life Expectancy at Birth in Colombia and the United States
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Note: Figure presents the geographic distribution of life expectancy at birth in Colombia for the cities of Bogota, Cali and
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respectively). Darker blues represent higher values and darker reds represent lower values.
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FI1GURE 2: Distribution of Life Expectancy at Birth in Colombia and the United States
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(gray). Panel C presents the gap in mean life expectancy at birth between the U.S. and Colombia for census tracts at each
percentile of the distribution of life expectancy at birth. 95% confidence intervals reflect uncertainty in Colombian estimates
only and were computed by simulation.
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FIGURE 3: Mean Life Expectancy by SES/Income Decile in Colombia and the United States
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U.S. (gray) by percentile of household income. Straight lines correspond to linear fits. Socioeconomic status in Colombia is a
0-6 categorization of residential units with the purpose of charging differential utilities fees. The text box in the figure reports
the coefficient and standard error in parenthesis of a linear regression of mean life expectancy at birth on SES/household income
percentile estimated separately for each country. The text box also reports the difference in slopes between the two countries
and its standard error in parenthesis. To compute the difference in slopes, we estimate a linear regression pooling the data from
the two countries. The dependent variable is mean life expectancy at birth, and the independent variables are SES/income
percentile, a dummy variable for the U.S., and the interaction between SES/income percentile and the U.S. dummy variable.
The difference in slopes is the coefficient on this interaction.
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FIGURE 4: Mortality and Life Expectancy by Income in Colombia and the United States
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Note: Panels A and B present the distribution of life expectancy at birth conditional on deciles of socioeconomic status (SES)
in Colombia and on deciles of median household income in the U.S., respectively. The center line in each box represents the
median of the distribution. The bottom and top of each box represent the 25th and 75th percentiles, respectively. The bottom
whisker is the 25th percentile minus 1.5 times the interquartile range. The upper whisker is the 75th percentile plus 1.5 times the
interquartile range. Socioeconomic status in Colombia is a 0-6 categorization of residential units with the purpose of charging
differential utilities fees. Each panel reports the R-squared of a linear regression of life expectancy at birth on median household
income in the U.S. and on socioeconomic status in Colombia. An observation in these regressions is a census tract. Panel C
presents the gap between the U.S. and Colombia at every percentile of the distribution of life expectancy at birth conditional on
top and bottom income deciles. 95% confidence intervals reflect uncertainty in Colombian estimates only and were computed
by simulation.
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Supplementary Materials

Appendix A Methodology Detalils

A.1 Clustering of census blocks

To group Colombian census blocks, we implemented K-means clustering analysis (Bishop,
2006) using R software on a sample of 403,916 census blocks after excluding 101,080 blocks
that lacked socioeconomic status data. Census blocks without socioeconomic status informa-
tion are those without houses or with buildings for which the estrato classification does not
apply, such as shopping centers, parking lots, or parks. The clustering methodology involved
four steps: (1) randomly selecting initial cluster centroids; (2) assigning each census block to
the nearest centroid based on the Euclidean distance of standardized socioeconomic status,
and longitude and latitude coordinates; (3) recalculating centroids as the mean of all census
blocks within each cluster, and (4) iterating steps 2-3 until the centroids stabilized or the
maximum number of iterations was reached.

Because the optimal number of clusters (k) and the number of census blocks per cluster
were initially unknown, we approximated k& by dividing the total number of census blocks
by the desired cluster size, which we set at 100. We chose this cluster size to approximate
the mean population size of a U.S. census tract (generally between 2,500 and 8,000 resi-
dents), preserve variability of age-specific mortality rates across census tracts, and avoid
over-smoothing these mortality rates. In Appendix Figure 11 we show that our main results
are robust to different cluster sizes. We initialized the algorithm with 50 random starts and

a maximum of 100 iterations to ensure consistency.

A.2 Age-specific mortality rates

To estimate age-specific mortality rates for each cluster we combined Poisson regressions with
the TOPALS model. We used a version of TOPALS adapted by Gonzaga and Schmertmann
(2016) to our Colombian data. Specifically, we considered mortality and population counts

for the following age groups: 0-4,5-9,10-14,...,70-74,75-79,80-84, and 85 or older. Then,
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we fitted logarithmic mortality rates for these age groups by adding a linear spline function
with seven parameters «y...ag to the standard mortality schedule. The seven parameters
accommodate a variety of shapes of the standard mortality schedule in small geographic
areas. We estimated these parameters by maximizing a penalized Poisson likelihood function
of the number of age-specific deaths, conditional on age-specific population. The Poisson
regression approach has proven to be effective for estimating mortality rates for specific age
groups where there are no death counts. Gonzaga and Schmertmann (2016) provide more
details on this approach.

We implemented our methodology in four nested steps as follows. First, we obtained
Colombia’s standard age-specific mortality schedule (measured on the logarithmic scale) in
2024 from the United Nations’ World Population Prospect (United Nations, 2024). Using
this standard schedule, we estimated age-specific mortality rates for every Colombian state
using the TOPALS model. Second, we estimated age-specific mortality rates for rural /urban
areas within each state using as standard mortality schedule the state-level results from
the first step (see Appendix Figure 4). Third, we estimated age-specific mortality rates by
rural /urban area, state, and socioeconomic status decile using as standard mortality schedule
the results from the second step (see Appendix Figures 5 to 7). Finally, the mortality rates
in the third step were used as standard schedules to fit age-specific mortality rates for all
census tracts within rural/urban area, state, and socioeconomic status decile. We applied
standard demographic methods (Preston et al., 2000) to estimate life expectancy at birth

from these resulting age-specific mortality rates.

A.3 Confidence Intervals

For each census tract, we obtained the variance-covariance matrix of the TOPALS offset
parameters by inverting the Hessian of the penalized Poisson log-likelihood at its maximum.
One thousand offset vectors were then drawn from the corresponding multivariate normal
distribution, each draw was converted to a log-mortality schedule and a life expectancy at
birth, and the 2.5th and 97.5th percentiles of the resulting life expectancy draws form the

interval.
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Appendix B Comparison of Socioeconomic Status and
Household Income in Colombia

We complement the 2018 Colombian census data with information from DANE’s 2011 Na-
tional Quality of Life Survey (Encuesta Nacional de Calidad de Vida, or ECV). The ECV
characterizes living conditions for a representative sample of Colombians, and importantly,
includes a direct measure of household income for households in Bogota. The 2011 ECV wave
was the only survey wave reporting income by census block in this city. To perform analyses
of life expectancy by income, we link census blocks in Bogota from the 2018 population
census with census blocks from 2011 ECV.

Besides our main clustering approach that groups census blocks by geographic distance
and socioeconomic status, for Bogota we additionally clustered census blocks by mean house-
hold income and geographic distance. Hence, only for the city of Bogota we have two sets
of clusters: one controlling for socioeconomic status that results in 388 clusters with a mean
number of people per cluster equal to 18,387 and one controlling for household income re-
sulting in 50 clusters with a mean number of people per cluster equal to 24,907.

In Appendix Figure 1 we compare age-specific life expectancy estimates by household
income and SES. Our goal is to determine whether disparities in life expectancy at birth
by income closely match those by SES in Bogota, and whether life expectancy patterns in
Bogota by SES align with those in the entire country. Panels A and B depict the mean
log mortality rate and corresponding mean life expectancy estimates by 5-year age groups
among census tracts in the top and bottom deciles of SES in Colombia, respectively. Panels
C and D present plots for Bogota that are otherwise analogous to Panels A and B, stratified
by both socioeconomic decile and income decile. In general, the distributions in Bogota by
SES are similar to those for the entire country. Moreover, within Bogotéa, the distributions
by SES show broadly similar patterns with respect to differences in life expectancy relative
to those reported by income.

In Bogota, Appendix Figure 2, Panel A shows that SES and income are high correlated,
Panel B shows that both measures have similar dispersion, and Panel C shows that the

gradient in life expectancy at birth by income is statistically indistinguishable from the
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gradient by SES. Appendix Figure 3 compares the gradient in life expectancy at birth by
household income in Bogoté against the U.S. finding a similar pattern as the comparison

with the gradient in Colombia by SES.

APPENDIX FIGURE 1: Mortality and Life Expectancy by Socioeconomic Status and Income in
Colombia

(A) Mortality schedule in Colombia  (B) Life expectancy schedule in Colombia
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Note: Panel A shows the mean log mortality rate by 5-year age groups across census blocks in the top (blue) and bottom (red)
deciles of socioeconomic status in Colombia. Panel B presents the implied mean life expectancy by 5-year age groups across
census blocks in the top (blue) and bottom (red) deciles of socioeconomic status. Socioeconomic status is a 0-6 categorization of
residential units with the purpose of charging differential utilities fees. Panel C shows the mean log mortality rate by 5-year age
groups across census blocks in the top (solid dark blue) and bottom (solid dark red) deciles of socioeconomic status and in the
top (dashed light blue) and bottom (dashed light red) deciles of household income for the city of Bogota. Panel D presents the
implied mean life expectancy by 5-year age groups across census blocks in the top (solid dark blue) and bottom (solid dark red)
deciles of socioeconomic status and in the top (dashed light blue) and bottom (dashed light red) deciles of household income.
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APPENDIX FIGURE 2: Comparison of SES and Household Income in Bogota

(A) Correlation between SES and household income (B) Distribution of SES and log of household income
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Note: Panel A shows average household income by 50 equally-sized bins of SES in Bogota. The blue line represents a linear
fit and the text at the top left corner represents the coefficient and standard error of this linear regression. Panel B shows the
distribution of standardized SES in red and standardized log household income in black for Bogota. Variables are standardized
by subtracting the mean and dividing by standard deviation. Panel C presents average life expectancy at birth in Bogota by
SES decile (in red) and by household income decile (in blue). Straight lines correspond to linear fits. The text box in this panel
reports the coefficient and standard error in parenthesis of a linear regression of average life expectancy at birth on household
income decile and on SES decile. The difference in slopes and its standard error is also reported.
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APPENDIX FIGURE 3: Mean Life Expectancy by Income Percentile in Bogota and the United
States
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Note: Figure presents average life expectancy at birth in Bogota (red) and in the U.S. (gray) by household income decile.
Straight lines correspond to linear fits. The text box in the figure reports the coefficient and standard error in parenthesis of a
linear regression of average life expectancy at birth on household income decile estimated separately for Bogota and the U.S.
The text box also reports the difference in slopes and its standard error in parenthesis. To compute the difference in slopes,
we estimate a linear regression pooling the data from the two geographies. The dependent variable is average life expectancy
at birth, and the independent variables are income decile, a dummy variable for the U.S., and the interaction between income
decile and the U.S. dummy variable. The difference in slopes is the coefficient on this interaction.
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Appendix C Clustering Methodology Fit

This Appendix presents measures of the fit of our clustering methodology. Appendix Figure
4 reports the fit by urban and rural regions in Colombia. Appendix Figures 5 to 7 break
down the model fit by rurality and socioeconomic status decile. Finally, Appendix Figure
8 reports the out-of-sample fit of our life expectancy distributions by socioeconomic status
decile. To construct these figures we first implement our K-means clustering approach setting
the number of census blocks per cluster to 200. Then we randomly split each cluster into
two clusters with 100 census blocks as in the main text. In the first sample we estimate
the parameters of the TOPALS model (following our nested approach) and then use these

estimates to predict age-specific mortality rates in the second sample.

APPENDIX FIGURE 4: Standard mortality profiles in urban and rural regions, Colombia
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Note: Black lines in Panels A and B represent the standard mortality schedule for Colombia in 2018, derived from the WPP
2024 projections. The corresponding red lines show the fitted mortality schedules by age for urban (Panel A) and rural (Panel
B) regions, obtained using the TOPALS Poisson regression model. These fitted schedules are derived by adding the standard
mortality schedule to the offset values estimated by the model.
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APPENDIX FIGURE 8: Out-of-Sample Fit of the TOPALS Model

(A) Main result (B) Out-of-sample
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Note: Panel A reproduces our main result on the distribution of life expectancy at birth by socioeconomic status decile in
Colombia. Panel B presents the out of sample distribution of life expectancy at birth by socioeconomic status decile. To
construct panel B we first create 200-census block clusters using K-means by minimizing the geographic distance between
census blocks within a state. Then, we split each cluster randomly into two groups of equal number of census blocks. We use
the first group to estimate the parameters «, ..., ag of the TOPALS model. Then, we use these parameters to predict mortality
out of sample in the second group. Panel B presents the resulting distribution of life expectancy in the second group.
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Appendix D Vital Statistics vs. Census Data

We rely on census data rather than vital statistics for several reasons. Although Colombian
vital statistics have relatively high coverage rates (Karlinsky, 2024), they remain incomplete
in certain geographic areas (Urdinola et al., 2017), among disadvantaged subpopulations
(Burgard and Chen, 2014), and for some violent causes of death (Urdinola et al., 2017). In
addition, the most recent census provides information at the census block level, whereas vital
statistics are available only at the municipality level, limiting geographic precision.

In this appendix, we compare life expectancy estimates based on vital statistics with
those derived from municipality-level census data, restricting the latter to certified deaths
to ensure comparability. The census reports population counts by 5-year age group for
2018 and deaths by 5-year age group for 2017, including an indicator for whether a death
certificate was issued. Of the 244,461 total reported deaths, 183,389 are certified, implying
that approximately 25% are uncertified. By contrast, vital statistics record 203,115 non-fetal
deaths in 2017.

Appendix Figure 9 shows the distribution of life expectancy at birth across municipalities
from the census data. Panel A includes all reported deaths, while Panel B includes only those
with a death certificate. We find that excluding uncertified deaths leads to a systematic
overestimation of life expectancy. For example, the mean life expectancy at birth is 76 years
in Panel A, compared to 79 years in Panel B. The discrepancy is particularly pronounced
at the lower tail of the distribution: the 1st percentile life expectancy is 60 years in Panel
A but rises to 66 years in Panel B. Panel C plots the geographic distribution of the fraction
of total deaths that are uncertified. These types of deaths tend to be more common in
municipalities with a history of forced migration such as those in Chocé, Llanos Orientales,
and the Amazon.

In Appendix Figure 10 we compare the distribution of life expectancy at birth in the
main text to the resulting distribution after excluding uncertified deaths from the census
data. The distributions are qualitatively similar and exhibit a long left tail. This suggests
that the extremely low life expectancies in Colombia are not driven by the greater number

of deaths reported in census relative to vital statistics records.
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APPENDIX FIGURE 9: Distribution of Life Expectancy at Birth with Municipality Level Census

Data
(A) All deaths (B) Only deaths with death certificates
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Note: Figure presents the distribution of life expectancy at birth using municipality level census data from the 2018 Colombian
census. Panel A presents the distribution considering all reported deaths. Panel B presents the distribution considering only
deaths with a death certificate. Panel C presents the geographic distribution of the fraction of total deaths that are uncertified.
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APPENDIX FIGURE 10: Life Expectancy Distribution by Socioeconomic Status in Colombia Ex-

cluding Uncertified Deaths

(A) Main result
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Note: Panel A reproduces our main result on the distribution of life expectancy at birth by socioeconomic status decile in
Colombia. Panel B presents the distribution after excluding uncertified deaths from the census data and re-estimating the

TOPALS model in the resulting data.
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Appendix E Additional Results

In this Appendix we present additional results and robustness checks. Appendix Figure 11
presents the distribution of life expectancy in Colombia by socioeconomic decile as well as the
difference in life expectancy at birth between the U.S. and Colombia using 50-census block
clusters and 200-census block clusters. Appendix Figure 12 presents the distribution of life
expectancy at birth for several major cities in Colombia and the U.S. Appendix Figure 13
presents the geographic distribution of life expectancy at birth at the country level. Appendix
Figure 14 presents the life expectancy at birth distribution and its gradient with respect to
SES for conditional on urban/rural status. Appendix Figure 15 presents gradients in life
expectancy at birth and SES by other sociodemographic characteristics of the census tracts
such as the fraction of resident who identify as Black, the fraction of residents who migrated

across departments and states, and the homicide rate.
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APPENDIX FIGURE 11: Life Expectancy by Socioeconomic Status in Colombia Based on 50- and
200-census block Clusters

(A) Life expectancy distribution: 50-census
block clusters

(B) U.S. vs Colombia (50-census block)
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(D) U.S. vs Colombia (200-census block)
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Note: Panels A and C present the distribution of life expectancy at birth conditional on each decile of socioeconomic status
(SES) in Colombia. An observation is a cluster of census blocks. Clustering is performed using K-means with a minimum
number of census blocks per cluster equal to 50 in Panel A and to 200 in Panel C. The center line in each box represents the
50th percentile. The bottom and top of each box represents the 25th and 75th percentile, respectively. The bottom whisker
below the box is the 25th percentile minus 1.5 times the interquartile range. The upper whisker above the box is the 75th
percentile plus 1.5 times the interquartile range. Socioeconomic status is a 0-6 categorization of residential units with the
purpose of charging differential utilities fees. Panels B and D present the difference in life expectancy at both between the U.S.
and Colombia by percentiles of the life expectancy distribution. Panel B uses 50-census block clusters in Colombia and Panel
D uses 200-census block clusters.
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APPENDIX FIGURE 12: Geographic Distribution of Life Expectancy at Birth by City in Colombia
and the United States
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Note: Figure presents the distribution of life expectancy at birth by census tracts within the cities of Barranquilla, Bucaramanga,

and Manizales in Colombia and the cities of Houston, Phoenix, and Philadelphia in the United States. Darker blues denote
higher values and darker reds denote lower values.
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APPENDIX FIGURE 13: Geographic Distribution of Life Expectancy at Birth by Country
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Note: Figure presents the distribution of life expectancy across census tracts in Colombia (Panel A) and in the United States
(Panel B). Missing areas in the United States are due to missing life expectancy estimates by census tract from the raw Centers
for Disease Control and Prevention data.
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ApPPENDIX FIGURE 14: Distribution of Life Expectancy at Birth in Colombia by Urban/Rural
Areas

(A) Distribution of life expectancy at birth (B) Gradient in life expectancy at birth by SES
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Note: Panel A presents the distribution of life expectancy at birth across urban census tracts in blue and rural census tracts
in black. Panel B presents average life expectancy at birth by SES deciles conditional on urban census tracts in blue and
conditional on rural census tracts in black.
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APPENDIX FIGURE 15: Distribution of Life Expectancy at Birth by Deciles of Demographic Char-
acteristics in Colombia and the United States

(A) Gradients for Colombia (B) Gradients for the United States
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Note: The blue plots present the mean life expectancy at birth by deciles of the fraction Black in the top panel, the fraction
who moved across municipalities (in Colombia) or across counties or states (in the U.S.) in the middle panel, and the homicide
rate in the bottom panel. The red plots present the mean socioeconomic status (in Colombia) or median household income (in
the U.S.) by deciles of the same sociodemographic characteristics. Straight lines in each plot correspond to linear fits. Columns
1 and 2 depict relations for Colombia. Columns 3 and 4 report relations for the U.S. Homicide rates in Colombia correspond
to the city of Medellin for which census tract-level data are available.
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Appendix F Alternative Models

Our main estimates of age-specific mortality rates rely on the TOPALS relational model
(de Beer, 2012). In this appendix, we assess the sensitivity of our results to this modeling
choice by re-estimating age-specific mortality rates using two alternative approaches. The
first is the D-Spline model of Schmertmann (2021), which regularizes mortality schedules
using demographic patterns estimated from the Human Mortality Database rather than a
single standard schedule, and which we implement following the same nested hierarchical
structure as our main TOPALS estimation. The second is the Log-Quadratic model of
Wilmoth et al. (2012), which characterizes the age pattern of mortality as a function of
child mortality and a single shape parameter, using coefficients calibrated to a large set of
national life tables. These two alternatives differ from TOPALS both in functional form
and in the source of demographic regularity they impose. Appendix Figures 16 and 17 show
that life expectancy estimates are nearly identical across models, with the exception that
the Log-Quadratic model yields higher mortality rates at older ages. This discrepancy is
likely explained by its calibration to data from high-income countries. We conclude that our

findings are robust to the choice of mortality estimation model.

39



APPENDIX FIGURE 16: Comparison of life expectancy estimates TOPALS vs D-Spline

(A) Scatter plot of life expectancy (B) Histogram of life expectancy difference

S !
= 2000 |
575 3
= ‘
oy |
2 1500 :
8 ’ |
5 =
250 |
o O 1000 ;
2 1
7 |
500 :
g25 1
o :
= i
0 |
25 50 75 -10 -5 0 5
D-Spline life expectancy at birth TOPALS-DSpline life expectancy at birth

(¢) Log mortality curves

mx (log scale)

Age

Note: Figure compares estimates from the TOPALS relational model (de Beer, 2012) with those from a D-Spline model
(Schmertmann, 2021) estimated using the same hierarchical structure. Panel A presents a scatter plot of life expectancy at
birth estimated by TOPALS against the corresponding D-Spline estimates, where each point is a Colombian census tract; the
red dashed line is the 45-degree line. Panel B presents the distribution of the difference in estimated life expectancy at birth
between the two models (TOPALS minus D-Spline). Panel C presents mean log mortality rates by age from the TOPALS
model (black solid line) and the D-Spline model (blue dashed line).
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APPENDIX FIGURE 17: Comparison of life expectancy estimates TOPALS vs Log-Quadratic model

(A) Scatter plot of life expectancy (B) Histogram of life expectancy difference
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Note: Figure compares estimates from the TOPALS relational model (de Beer, 2012) with those from a log-quadratic model
(Wilmoth et al., 2012). Panel A presents a scatter plot of life expectancy at birth estimated by TOPALS against the corre-
sponding D-Spline estimates, where each point is a Colombian census tract; the red dashed line is the 45-degree line. Panel
B presents the distribution of the difference in estimated life expectancy at birth between the two models (TOPALS minus
LogQM). Panel C presents mean log mortality rates by age from the TOPALS model (black solid line) and the Log-quadratic
model (blue dashed line).
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