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Abstract

We trace the evolution of all-cause mortality rates in Brazilian regions with vary-
ing exposure to trade-induced economic shocks before, during, and after liberalization
reforms in the 1990s. We find consistent evidence of pro-cyclical mortality, with areas
more exposed to tariff reductions experiencing larger declines in mortality across vary-
ing time horizons. The observed decline in mortality rates is evident across sex, age
groups, and for both internal and external causes of mortality. We falsify the observed
relationship between mortality and tariff reductions with analyses of causes of death
that are plausibly unrelated to economic activity. Concerning proximate mechanisms
involved in our finding of pro-cyclical mortality, we show that healthcare infrastructure
expanded in local economies more affected by the trade-induced economic shock. This
expansion was characterized by the increased capital-intensity of care, facilitated by
the import of diagnostic technologies that reduce mortality from internal causes. We
also find supporting evidence for the idea that pro-cyclical mortality is partially caused
by a decrease in transport and non-transport-related accidents. Overall, our findings
highlight an underappreciated dimension of trade policy effects, namely public health.
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1 Introduction and Motivation

In the late 1980s, the Brazilian economy was protected against external competition by a
complex system of trade barriers (Kume et al., 2003; Kovak, 2013). With the election of
Fernando Collor de Mello, the new Brazilian administration launched a series of trade lib-
eralization reforms involving the harmonization of tariff levels across all industries of the
economy. From 1990 to 1995, the average tariff decreased from 30.5 percent to 12.8 percent
but varied considerably across industries. Sectors like agriculture and mining experienced
negligible changes in tariffs, while others, such as apparel and rubber underwent declines of
roughly 30 percentage points (Dix-Carneiro and Kovak, 2015). Given preexisting regional
differences in industry mix, these trade reforms produced strikingly different regional eco-
nomic impacts.

Differential exposure to trade reforms by region produced variation in labor demand
shocks, that in turn caused measurable changes in labor markets and firm survival across
Brazilian regions. Dix-Carneiro and Kovak (2015) note that “regions that initially special-
ized in industries facing larger tariff cuts experienced prolonged declines in formal sector
employment and earnings relative to other regions” with these labor market effects operat-
ing across workers of varying levels of education, age, sex, and employment tenure. These
trade-induced economic shocks to local labor markets also caused changes in criminogenic
conditions that led to measurable increases in homicide mortality across affected regions in
Brazil (Dix-Carneiro et al., 2018).

Taking inspiration from Dix-Carneiro et al. (2018), we widened the scope of the mortality
analysis by tracing the evolution of all-cause and cause-specific mortality rates in Brazilian
regions before, during, and after liberalization reforms.! Brazil’s trade reform in the 1990s
provides an excellent analytical setting in which to study the causal relationship between
mortality and economic dynamics. As with previous research (Ruhm, 2000, 2015), we find
consistent evidence of pro-cyclical mortality in Brazil, with the local economies most affected
by trade-induced shocks witnessing substantial declines in all-cause mortality rates. Charris
et al. (2023) find a similar result of relative decline in infant mortality in locations facing
larger tariff reductions in Brazil. Our results indicate that the mortality effect is considerably
more extensive and consistently observed for all subgroups by age and sex and across cause-
specific sources of mortality. Our placebo exercises confirm that pre-reform mortality trends
in each region bore no correlation to the subsequent trade-induced shocks. Moreover, the
relationship between mortality and trade-induced economic shock is falsified with analyses
of causes of mortality unrelated to economic activity like exposure to forces of nature and
poisonous animals and plants.

These observations affirm that our findings capture the causal impact of trade-induced
shocks on mortality. Our baseline specification indicates that a region facing a tariff reduction
of 0.1 log points - reflecting a shift from the ninetieth percentile to the tenth percentile
of regional tariff changes - exhibited a corresponding reduction of about 0.1 log points in

'For contextualization, homicide-related fatalities constituted a minor fraction accounting for less than
4% of the total deaths within the country on average between 1985 and 2010.



mortality rates. This translates to a 10 percent decrease in the all-cause mortality rate, five
years subsequent to the completion of liberalization reforms, and about 0.2 log points (or 18
percent), fifteen years after the reform.

Our investigation into the mechanisms underlying pro-cyclical mortality reveals impor-
tant insights, adding to the existing body of literature in health economics. First, we corrob-
orate previous work (Ruhm, 2000, 2015), finding that the decline in mortality from external
causes is attributable to a reduction in transport and non-transport-related accidents. Sec-
ond, and unique to the Brazilian case, we uncover that the observed relative decline in
mortality rates from internal causes over the long term in regions more exposed to tariff
cuts can be attributed, at least partially, to a relative expansion of healthcare infrastructure
(particularly in capital-intensive machinery) in the localities more impacted by the shock.

Following the enactment of Brazil’s federal Constitution and the establishment of the
Sistema Unico de Satide (Unified Health System - SUS) in the late 1980s, we find evidence of
increased spending per hospitalization and hospital procedures, as well as a notable increase
in non-basic procedures compared to basic ones (i.e., more capital-intensive procedures)
within the outpatient system of SUS in the local economies more impacted by the trade-
induced economic shock. Specifically, we document a substantial increase in procedures
aimed at detecting malignant tumors in these regions. These findings provide empirical
support for the hypothesis that the reduction in deaths from internal causes, particularly
from cardiovascular diseases and neoplasms in the harder-hit local economies was due mainly
to a pronounced expansion of healthcare infrastructure toward prevention and diagnostic
services, surpassing the growth observed in areas with lower exposure to tariff reductions. Of
pivotal importance, our study uncovers a distinctive facet of the trade liberalization episode.
We provide evidence that the trade-induced economic shock impacted the accessibility and
affordability of imports which, in turn, directly facilitated the expansion of capital-intensive
healthcare infrastructure and “life-saving” technologies, particularly within regions bruised
by tariff adjustments.

The present study contributes to the extensive literature on the relationship between eco-
nomic shocks and health outcomes (see Ruhm (2012) for a comprehensive review). Existing
research consistently demonstrates that death rates, particularly at regional levels (Lindo,
2015), tend to decline during economic recessions and rise during economic upturns in de-
veloped countries.? However, evidence concerning developing countries is limited and less
conclusive compared to the observed patterns in high-income nations.®> We extend the litera-
ture by examining the medium and long-term dynamics of mortality associated with a lasting
shock that predominantly impacted urban regional markets within a developing economy.
Particularly, our analysis capitalizes on a distinctive episode of trade liberalization, which

ZVarious studies conducted for the United States (Ruhm, 2000, 2003, 2005, 2015; Miller et al., 2009;
Stevens et al., 2015) and other developed nations (van den Berg et al., 2017; Ballester et al., 2019; Haaland
and Telle, 2015) have observed this pro-cyclical pattern.

3For example, Gonzalez and Quast (2010) and Arroyave et al. (2015) document counter-cyclical mortality
patterns in poorer areas of Mexico and among working-age men in Colombia, respectively. Hone et al. (2019)
demonstrate that the recent Brazilian recession (2014-2016) led to increased mortality at the municipal level,
although health and social protection expenditures appeared to mitigate adverse health effects.



closely resembles a once-and-for-all event, providing us with a valuable opportunity to ad-
dress identification challenges commonly encountered in country-level studies, establishing
a causal relationship between local economic shocks and mortality rates. Lastly, this paper
also contributes to a recent body of work that examines the implications of economic shocks
resulting from trade policy changes on adult health outcomes (Autor et al., 2019; Pierce and
Schott, 2020; McManus and Schaur, 2016; Lang et al., 2019; Fan et al., 2020; Feng et al.,
2021).

In the next section, we describe data sources and our empirical strategy in pursuit of
the causal relationship between mortality and trade-induced economic shocks. In Section
3, we report results on all-cause mortality and then results on age-specific mortality rates
and cause-specific sources of death. Section 4 presents a robustness check on our identifi-
cation strategy. In Section 5 we examine potential mechanisms underlying the effect of the
trade-induced shock on internal causes of mortality, focusing on cardiovascular diseases and
neoplasms, and, lastly, Section 6 concludes this paper with a recapitulation of the results
and a discussion of implications.

2 Data Description and Empirical Strategy

2.1 Trade Liberalization and Local Economic Shocks

In the era prior to liberalization, the Brazilian economy was regulated by a wide array of pro-
tective measures aimed at limiting competition from abroad. These measures encompassed
both non-tariff barriers and tariffs (Kume et al., 2003). Subsequent to trade liberalization
initiatives launched by the newly elected government in March 1990, there was a notable
decline in the average import tariffs across various industries. From 1990 to 1995 tariffs
decreased by an average of approximately 17 percentage points. The standard deviation in
nominal tariffs decreased from 14.9 percent to 7.4 percent in the same period (Dix-Carneiro,
2014), pushing the country toward greater harmonization of tariff levels across industries
(Dix-Carneiro et al., 2018).* Figure 1 shows the percentage change in tariffs across main
industries.

Because of preexisting regional variation in industry mix, these tariff reductions impacted
the regions of Brazil heterogeneously. Following the literature on the regional labor market
effects of foreign competition (Dix-Carneiro, 2014; Dix-Carneiro and Kovak, 2015; Ponczek
and Ulyssea, 2022; Kovak, 2013; Hirata and Soares, 2020), our measurement of trade-induced
shocks to local labor demand exploits the coincidence of sector-specific tariff change and the
preexisting composition of employment across sectors at the regional level. The average tariff
change faced by region r weighted by the importance of each sector in regional employment
- our shift-share or “Bartik” instrument (Bartik, 1991; Borusyak et al., 2022) - is defined as

4The correlation coefficient between tariff cuts between 1990 and 1995 and the pre-liberalization tariff
levels (in 1990) is near to -0.9, as sectors with initially higher tariffs experienced larger subsequent reductions.
Figure A.1 presents a simple visualization of the relationship between tariff changes and pre-liberalization
levels for each industry.
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Figure 1: Nominal tariff changes, 1990-1995
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Notes: Following Dix-Carneiro and Kovak (2017), we aggregate tariff data from Kume et al. (2003)
to allow for a classification that is consistent with the Demographic Census data used to construct
local tariff shock measures. Industries are sorted - from left to right - by increasing participation in
terms of national employment in 1991.

follows: N
RTC, = nullog(1+7), with n,; = ——— (1)
i€T ZjeT 6_;

where 7; is the tariff on industry ¢, A\.; is the initial share of region r workers employed in
industry ¢, ; equals one minus the wage bill share of industry ¢ and T" denote the set of all
tradable industries. From Equation (1) it is evident that the magnitude of the trade-induced
regional shock depends on how the local tradable sector is affected.’

5For a detailed discussion of how the non-tradable sector is incorporated in this measure, see Kovak
(2013).



2.2 Data Description

Our analysis is conducted at the micro-region level, involving groupings of economically inte-
grated municipalities with similar geographic and productive characteristics. Micro-regions
are defined by the Brazilian Institute of Geography and Statistics (IBGE - Instituto Brasileiro
de Geografia e FEstatistica) and are commonly used in economic literature to characterize local
labor markets in Brazil (Dix-Carneiro and Kovak, 2017; Dix-Carneiro et al., 2018; Ponczek
and Ulyssea, 2022; Hirata and Soares, 2020). Our analysis deploys a crosswalk between mu-
nicipalities and micro-regions detailed in Dix-Carneiro and Kovak (2015), arriving at a set of
411 repeatedly observed local economies.® Table A.2, in the Appendix, provides descriptive
statistics at the micro-region level for the main variables used in our empirical analysis.

2.2.1 Tariff Changes

The tariff data used in this paper is provided by Kume et al. (2003), and is extensively used
in the literature on trade and labor markets in Brazil (see, for instance, Kovak (2013), Dix-
Carneiro and Kovak (2015, 2017)). We focus on changes in output tariffs to construct our
measure of trade-induced local labor demand shocks (or regional tariff changes) described
in Equation (1). Previous studies show that analyses using changes in effective rates of
protection negligibly change results obtained using output tariff changes (Dix-Carneiro et al.,
2018; Ponczek and Ulyssea, 2022).

2.2.2 Mortality Data

We use mortality records from DATASUS (administrative dataset from the Ministry of
Health), available at the municipality level from 1979-1995 (ICD-9) and 1996-2020 (ICD-
10). Although data are available since 1979, not all municipalities are observed until 1985
(Charris et al., 2023). Therefore, we exclude the 1979-1984 period from our analysis.” For
each specific cause of mortality, we compute the number of obits by municipality in each
year and then aggregate to the micro-region level. Population data from four census waves
(described in detail below), were used to calculate mortality rates per 100,000 inhabitants.
Cause-specific sources of mortality examined in this paper are described in Table A.1.
Figure 2 provides a visual representation of the spatial relationship between regional tariff
shocks and mortality rates across micro-regions in Brazil. In Panel (a), the spatial distribu-
tion of regional tariff shocks is depicted, with colors indicating quartiles of the regional tariff
change variable. Lighter shades of blue denote higher exposure to tariff cuts, particularly
evident in historically more developed regions such as the Southeast and South of Brazil.

6 Although we systemically observe 413 micro-regions, we exclude the regions of “Manaus” and “Fernando
de Noronha” due to insensitivity to the trade liberalization reform.

"Excluding mortality data from 1979 to 1984 is imperative to ensure the validity and reliability of our
analysis due to significant measurement error. Importantly, including these years does not substantially
alter our core findings, which remain robust both qualitatively and quantitatively. Detailed discussions on
the robustness of our results and the validity of the parallel trends assumption can be found in the Online
Appendix, serving as supplementary material to the article.
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Figure 2: Pre-trends, regional tariff changes, and post-liberalization log changes in mortality
rates

Source: Mortality rates per 100,000 inhabitants computed from DATASUS. Regional tariff changes,
RTC,, are computed according to Equation (1).



Panels (b) and (c¢) display the distribution of log changes in all-cause mortality rates
during the medium-run post-liberalization period (1991-2000) and the subsequent long-run
period (1991-2010), respectively. In these panels, lighter shades of blue signify smaller in-
creases or larger decreases in regional mortality rates. Similar to the regional tariff changes,
significant variation is observed in mortality rate shifts across regions in both timeframes.

An intriguing finding emerging from our analysis is the spatial coincidence between re-
gions most affected by regional tariff shocks and those experiencing declines in mortality
rates, particularly noticeable in the bottom quartile of changes in log mortality rates. This
observation suggests a potential correlation between exposure to regional economic shocks
and reductions in mortality rates. These initial findings align with existing research on pro-
cyclical mortality, indicating complex connections between economic dynamics and health
outcomes. °

2.2.3 Other Variables

We use four waves of the Brazilian Decennial Population Census, from IBGE, covering thirty
years (from 1980-2010) to compute population sizes of micro-regions, as well as distributions
by sex and age groups. Toward the investigation of mechanisms involved in pro-cyclical
mortality, we computed annual government spending per category at the municipality level
with data from the Ministry of Finance (Ministério da Fazenda - Secretaria do Tesouro
Nacional), the number of health establishments from the Pesquisa de Assisténcia Médico-
Sanitdria (1992, 1999, 2002) and Cadastro Nacional de Estabelecimentos de Saide (2005-
2010), expenditures from the Brazilian Unified Health System (SUS - Sistema Unico de
Saiide) on outpatient care and procedures rates (per 100,000 inhabitants), hospital expendi-
tures, hospitalization rates, and procedures of detection of malign tumors (measured in per
100,000 inhabitants).

2.3 Identification

Following Dix-Carneiro and Kovak (2017, 2015) and Dix-Carneiro et al. (2018) we assess
the dynamic response of mortality rates to trade-induced regional economic shocks using the
following specification:

Agi_log(EMR,) = log(kMR, ;) — log(kMR, 1991) = BiRTC\ + a5t + €14 (2)

where kMR, ; is the k-specific mortality rate, described in Table A.1, in region r at time
t > 1991 and «;, are state-time fixed effects.

Note that the difference-in-differences specification described in Equation (2) analyzes
variation in RT'C, across micro-regions within states, providing transparent treatment-

8Supplementary visualizations of this correlation over time, including high-level analysis of the relationship
between regional tariff change and log changes in local mortality rates over both the medium and long run,
are available in the Online Appendix. The visual evidence indicates that regions most profoundly impacted
by the trade shock also experienced the most significant reductions in log mortality rates.



control comparisons (Dix-Carneiro et al., 2018). In all specifications, we cluster the standard
errors at the meso-region (grouping of micro-regions also defined by IBGE) level to account
for potential spatial correlation in outcomes.”

Recent research has provided a formal framework to establish the identifying assump-
tions for shift-share regression designs (Goldsmith-Pinkham et al., 2020; Borusyak et al.,
2022; Borusyak and Hull, 2023). Building on the work of Goldsmith-Pinkham et al. (2020)
and Borusyak et al. (2022), the identifying assumption in our specific context is that the
trade-induced economic shock - RT'C), - is independent of local political and institutional
dynamics across micro-regions.!® This assumption is corroborated by the substantial cor-
relation between the tariff cuts and the pre-liberalization tariff levels, which, in turn, were
determined by the level of protection established in previous decades. Consequently, con-
cerns related to the political economy of the tariff reductions are alleviated, as sectoral
and regional peculiarities appear to have minimal influence (Dix-Carneiro and Kovak, 2017;
Dix-Carneiro et al., 2018; Goldberg and Pavenik, 2007).

To ensure a causal interpretation of our estimates, a crucial assumption is that without
the trade liberalization reform, local economies in Brazil would have experienced similar
changes in mortality rates. We follow Dix-Carneiro and Kovak (2017) and incorporate pre-
liberalization outcome trends in our analysis, which helps address potential confounding fac-
tors varying with trade-induced shock exposure. Unobservable shocks reflecting pre-existing
long-run trajectories are accounted for by the pre-trend outcome control. To assess the va-
lidity of our research design, we provide a comprehensive set of estimates encompassing the
periods prior to, during, and following the trade liberalization reform.

If our identifying assumption holds true, it is expected that areas with greater exposure
to the reform and those with lower exposure would exhibit similar mortality trajectories be-
fore the reform, with divergence occurring only after its implementation. Our results broadly
support this assumption. Furthermore, we conduct a falsification test to examine potential
misleading correlations between declining mortality in local economies and the magnitude
of tariff cuts. Our findings provide evidence that specific mortality rates, which are the-
oretically unrelated to economic conditions, remain unaffected by trade-induced regional
economic shocks. Overall, the evidence underscores the unique nature of the Brazilian trade
liberalization episode starting in the early 1990s, serving as a natural experiment facilitating
the identification of the impacts of local economic shocks on mortality rates.

In the Online Appendix (supplemental material to the manuscript), we show the robustness of our results
by using the inference procedures recommended by Borusyak et al. (2022) to address cross-region residual
correlation in shift-share designs. While Adao et al. (2019) propose an alternative method for standard
error estimation in such designs, it is important to note that Ferman (2022) has raised concerns about its
suitability in settings like ours, with a relatively small number of industries where it may lead to excessive
over-rejection (Alvarez et al., 2022; Ogeda et al., 2024).

10Given that we employ a linear shift-share design, where the exposure shares in all micro-regions sum up
to one, the identification concerns raised by Borusyak and Hull (2023) do not apply to our specific research
setting.



3 Results

3.1 Pro-cyclical Mortality

Table 1 presents estimates for Equation (2), describing effects for all individuals.!!  We
start with a specification absent controls and weighting of observations. In column 1, our
results indicate that there is a significant positive relationship between changes in mortality
rates and regional tariff changes. The magnitude of the coefficient decreases marginally but
remains statistically significant with the incremental saturation of the model, involving the
weighting of the observations by the average population between 1991 and 2000 - for the
medium-run - and, 1991 and 2010, for the long-run (column 2), the inclusion of state fixed
effects (column 3) and a variable capturing the pre-period trend in mortality rates (columns
4 and 5).

Following Dix-Carneiro et al. (2018), we address concerns that preexisting trends in
region-specific mortality rates could be correlated with (future) trade-induced local shocks.
In column 4 we include this trend variable as an additional control and estimate the equation
by ordinary least squares. A potential problem with this procedure is that the log of 1991
mortality rates appears on the right- and left-hand side of the estimating equation, potentially
introducing a mechanical bias in the estimators (Dix-Carneiro et al., 2018). This problem

is solved by using a ratio of the number of total obits in 1990 and 1985, (W» S
r,1985

an instrument for the preexisting trends of mortality rates in a 2SLS estimation. In both
cases there are modest changes in the coefficients of interest, suggesting that our estimated
relationship between changes in mortality rates and regional economic shocks is not driven
by preexisting trends. The coefficients associated with such pre-trends are not statistically
significant (at the 5% significance level) in any of the specifications in Table 1. Going
forward, and for ease of exposition, we only present the results of the specification of column
3, involving the weighting of observations by the population and state fixed effects.!?

The medium-run results in Table 1 indicate that the effect of regional tariff changes on
mortality rates is substantive: a change in RT'C,. equivalent to —0.1 log points is accompanied
by a decrease in all-cause mortality rates of at least 0.1 log points, or 10 percent. To provide
context on the effect size, a micro-region at the mean of the 1991 mortality rate distribution
with an average population size in 2000, would experience a decrease of approximately 400
deaths with a tariff shock of this size. Interestingly, the effects of the trade-induced regional
economic shock on all-cause mortality rates appear stronger in the longer run, with a change
in RT'C, equivalent to —0.1 log points being accompanied by a decrease in all-cause mortality
rates of approximately 0.2 log points, or 18 percent. Utilizing similar back-of-the-envelope
calculations, it can be inferred that a micro-region characterized by the average mortality

We provide results disaggregated for males and females separately in the Online Appendix. Remarkably,
the findings demonstrate substantial similarity, both quantitatively and qualitatively, to the effects observed
for all individuals.

12We show in detail the notable stability of the coefficients associated with the impact of the trade-induced
shock on all-cause mortality rates for our preferred specification in the Online Appendix (supplemental
material to the manuscript).



rate from the 1991 distribution and possessing the average population in 2010 would witness
a remarkable reduction of around 800 deaths in comparison to the observed average of 2700
deaths in the year 2010.

For perspective, the standard deviations of Ag;_golog(M R,.) and Agy_10log(M R,.) across
micro-regions are, respectively, 0.26 and 0.32 log points, so we document an increase of
approximately 42% of a standard deviation in decadal changes in log mortality rates in the
medium run and approximately 63% of a standard deviation in bi-decadal changes in log
mortality rates in the long run caused by the trade-induced economic shock.'® Overall,
our results point to a strong positive relationship between the all-cause mortality rate and
regional tariff changes.

The trajectory of the trade liberalization episode reveals a consistent pattern of increas-
ing effects on mortality rates over time, mirroring the longer-run dynamics of employment
documented in Dix-Carneiro and Kovak (2017)."* Indeed, the consistency in the dynamic
impacts of the trade reform on mortality and employment outcomes suggests that changes
in local economic conditions — as highlighted by the pro-cyclical mortality literature — play
a crucial role in explaining our findings.!®

Existing literature has extensively documented adverse employment and earnings effects
in regions more heavily impacted by tariff reductions in Brazil (Dix-Carneiro and Kovak,
2017; Dix-Carneiro et al., 2018; Kovak, 2013; Gaddis and Pieters , 2017; Dix-Carneiro and
Kovak, 2015). Although the relative deterioration of local labor market conditions in the
medium run is evident in the regions most impacted by the trade shock, the long-term
results presented in the literature vary depending on the measurement of employment rates
and wages. Of particular note is the nuanced interplay between adjustments in formal and
informal employment post-trade reform, a facet necessitating closer scrutiny.!®

Dix-Carneiro and Kovak (2017) document that formal sector employment rates were
consistently and increasingly impacted over time but, importantly, the authors also document
that the long-run recovery in employment rates experienced by harder-hit regions reflects
relative increases in informal employment, while formal employment keeps falling. Further
analysis by Charris et al. (2023) underscores this pattern, revealing a significant increase

13Tn view of results presented by Dix-Carneiro et al. (2018), the intensification of pro-cyclical mortality
conforms to the subsidence of the initial increase in the homicide rate, a component of all-cause mortality
during the period analyzed in Brazil.

14Notably, both employment reductions and mortality rate decreases show substantial growth from 2000
to 2010, indicating a continued divergence for regions facing different exposures to the tariff reform. A
comprehensive analysis of these concomitant dynamics is provided in the Online Appendix.

15We provide suggestive evidence, in the Online Appendix, that the significant decrease in mortality rates
post-liberalization is primarily concentrated in regions characterized by higher levels of economic activity,
specifically in terms of employment rates prior to liberalization. This observation further supports the
pro-cyclical pattern observed in mortality rates.

16We present evidence in the Online Appendix that echoes the findings of the literature. Specifically, our
findings reveal a substantial relative decline in formal employment among both men and women over the
medium and long term in regions more impacted by trade-induced regional economic shock. However, the
overall employment rate (that accounts for informality) exhibits a different trajectory, with its significant
impact fading away in the long term.
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in self-employment among males alongside a meaningful and permanent drop in overall
employment rates for women. The authors also find that greater exposure to the tariff cuts is
associated with lower aggregate household income in the medium run, with an intensification
of the result in the long run — reflecting the persistent and amplifying deterioration in
economic conditions of the regions more impacted by the tariff cuts.

The correspondence in the dynamic impacts of the trade reform on mortality and em-
ployment underscores the role of changes in local economic conditions — and hence, the
pro-cyclical mortality story — as a key mechanism underlying our main findings, partic-
ularly in the medium run. We further explore the temporary nature of the effects of the
aggregate employment rate in the broader context of the mortality findings, with disaggre-
gations by cause-specific mortality rates, in the subsequent sections.

A possible concern with the results above is that RT'C, may be correlated with pre-
existing trends in the outcome of interest. Besides the inclusion of preexisting trend variables
as additional controls, Column 6 of Table 1 presents evidence that regional tariff changes are
uncorrelated with pre-trends by regressing pre-liberalization changes in mortality directly
against (future) trade shocks (that is, using Ags_g1log(MR,) as the dependent variable).
The non-significance of the coefficients in our placebo test corroborates the previous evidence
obtained with the inclusion of trend variables in the estimations.

Table 1: Regional tariff changes and log changes in mortality rates

OLS OLS OLS OL 2SLS Placebo
(1) 2 () 4) (5) (6)
Dep. var.: Alog(MR,) 1991-2000 1991-2010 1991-2000 1991-2010 1991-2000 1991-2010 1991-2000 1991-2010 1991-2000 1991-2010 1985-1991
All
RTC, 15997 31627 1164™  2496™  1.099™* 1957 1.099"* 1958 1.099™*  1.958""  -0.00567
(0.449)  (0.567)  (0.275)  (0.346)  (0.240)  (0.278)  (0.276)  (0.310)  (0.249)  (0.296)  (0.312)
Ags_olog(MR,) -0.188 -0.256 -0.104 -0.239

(0.162)  (0.171)  (0.194)  (0.211)

Notes: There are 411 micro-region observations. Standard errors (in parentheses) are adjusted for 91 meso-region clusters. Unit of analysis r is a micro-region. In column
1, observations are not weighted; in column 2, observations are weighted by population;column 3 adds state fixed effects to column 2; column 4 adds pre-trends to column
3; column 5 shows two-stage least squares, with an instrument for Ags_gilog(MR,). Column 6 presents a placebo test, with observations weighted by population and
considering state fixed effects. * p < 0.1, ** p < 0.05, ** p < 0.01.

Figure 3 presents a graphical representation of the dynamic effects of tariff reductions on
all-cause mortality rates. Importantly, the trade-induced shock starts to affect the mortality
rate only after the end of the trade liberalization episode, with all-cause mortality increasingly
reducing over time.

The model specified in Equation (2), the baseline for our main results, represents a
first-difference specification. Alternatively, we can estimate a standard dynamic difference-
in-differences model instead of the first-difference model where our measure of exposure to
the trade-induced regional economic shock is interacted with year indicators and using the
(log of) mortality rates in levels instead of relative changes. Importantly, this event-study
design aligned with the recent literature (Roth et al., 2023; Borusyak et al., 2024). In this
case, the equivalent dynamic differences-in-differences specification to Equation (2) is given
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Figure 3: Dynamic effects of regional tariff changes on log changes in mortality rates

Notes: Each point reflects an individual regression coefficient ﬁ following Equation (2), where the
dependent variable is the change in regional log all-cause mortality rates and the independent
variable is the RT'C). in t = 1985, ...,2010. All regressions include state fixed effects. Dashed lines
show 95 percent confidence intervals. Standard errors are adjusted for 91 meso-region clusters.

by:
2010 2010
Yrp = Ct Z Bil{r =1} RTC,+ Z Vel {t > 1991} (Yr1001 — Yr1985) + o + st e (3)
t=1985 t=1985

In the specification described in Equation (3), we set 1991 as the baseline treatment year
and, as before, RT'C, is our treatment variable. u, now represent the micro-region fixed
effects and the terms 1 are years indicators. It is important to note that, since all micro-
regions were treated at the same time by federal legislation in 1991, this empirical design does
not suffer from the recent methodological criticisms of the difference-in-differences literature
(Callaway and Sant’Anna, 2021; De Chaisemartin and d’Haultfoeuille, 2020, 2022; Goodman-
Bacon, 2021).
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Our estimation of this equivalent difference-in-differences specification yields results that
closely mirror those derived from the first-difference model, demonstrating the consistency
and robustness of our primary findings. Figure 4 displays the coefficients [, and their re-
spective 95 percent confidence intervals obtained from estimating Equation (3). We include,
in Figure 4, the coeflicients associated with the years 2000 and 2010 for comparison with our
main results presented in Table 1.17

25 ] Pre-liberalization Liberalization Post-liberalization
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0.5 4

o Lo S S D S g N m \a & Lo N % D S g Q& o \d Lo ©o N % D o
% S < S S S o) o oy o e [} <) o ) S Q <) S S S S Q S S N7
g §TF SN /8 g8 9N\ F §F § F § K8 S 8IS SIS SRS

Figure 4: Dynamic effects of regional tariff changes on log changes in mortality rates -
Difference-in-Difference

Notes: Each point reflects an individual regression coefficient B following Equation (3), where the
dependent variable is the regional log all-cause mortality rate in year ¢ = 1985,...,2010. The
regression includes micro-regions fixed effects and state-year fixed effects. Standard errors are
adjusted for 91 meso-region clusters and the observations are weighted by population. Dashed lines
show 95 percent confidence intervals.

"For enhanced clarity regarding the magnitude of all estimated coefficients, we present the estimation
results of the dynamic difference-in-differences model in the Online Appendix.
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3.2 Age-Specific Effects

Because the risk of mortality increases with age, the declining trend in mortality might reflect
changes in the age structure of micro-regions as opposed to shifting economic conditions.
During our period of analysis, birth rates increased roughly three times faster than death
rates, decreasing the average age of residents across micro-regions. To address this issue, we
recapitulate our analysis for six different age groups. Table 2 presents the results from the
estimation of the effect of local economic shocks on mortality rates for each age group. In
the second column of Table 2, we include the share of deaths out of the total (average from
1985 - our initial data point - to 2010) for each group to help discern the economic relevance
of estimated effects.

Table 2: Regional tariff changes and log changes in group-specific mortality rates

Type of Mortality Share of deaths Estimated coefficients

Average
1085-2010 1991-2000 1991-2010
All deaths 1.000 1.099*** 1.957
(0.240) (0.278)
Sex-specific
Males 0.579 1.095*** 2.103**
(0.246) (0.245)
Females 0.421 1.1471% 1.788***
(0.276) (0.368)
Age-specific
0-14 0.131 2.859%** 3.242%**
(0.657) (0.907)
15-24 0.041 1.348 2157
(0.884) (0.727)
25-44 0.126 0.990*** 2.653**
(0.292) (0.283)
45-64 0.238 1.452%* 2.764***
(0.227) (0.335)
65-74 0.178 0.576*** 1.749**+
(0.264) (0.315)
75+ 0.286 0.355 1.1371%*

(0.270)  (0.296)

Notes: There are 411 micro-region observations. Standard errors (in paren-
theses) are adjusted for 91 meso-region clusters. Unit of analysis r is a
micro-region. In all regressions, observations are weighted and state fixed
effects are added. * p < 0.1, ** p < 0.05, *** p < 0.01.

The results are quantitatively similar to those presented in column 3 of Table 1. The
strongest impact of the local economic shock on mortality rates is observed in the first age
group, from 0 to 14 years, in both the medium and long run. Infant mortality accounts for the
largest share of deaths in this age interval of 0 to 14. This result is compatible with Charris
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et al. (2023), showing a reduction in infant mortality at the municipality level in Brazil
after the trade liberalization shock. The authors indicate that public policies pertaining to
healthcare access focused on prenatal and newborn care had a significant impact on reducing
infant mortality in the country, especially in the second half of the 2000s.

Concerning the medium run, the results for persons between 24 and 64 years of age
are statistically significant and similar to the average effect of the trade-induced economic
shock.'® The result is less pronounced for elderly populations.!? In the longer run, we observe
an intensification of estimated effects for all age groups. In particular, the effect of tariff
reductions amplifies for working-age populations, as expected from the direct relationship
with the unemployment rate. Overall, the results in Table 2 suggest that the results reported
in Table 1 are not driven by changes in age structure.

3.3 Cause-Specific Sources of Mortality

Next, we investigate the impacts of the traded-induced economic shocks on cause-specific
sources of mortality. Following Ruhm (2015), we separately examine three diseases and
four external causes of mortality. The three disease categories are: cardiovascular, cancer,
and other diseases?’, accounting for 28%, 12%, and 49% of all deaths over the 1985-2010
period (average), respectively. The four external sources are: transport accidents, other
(non-transport) accidents, homicides, and suicides. Those causes were responsible for 3.5%,
2.8%, 3.9%, and 0.7% of all deaths, respectively. Additionally, we decompose non-transport
accidents into four specific types — falls, drowning/submersion, smoke/fires/flames, and poi-
soning /exposure to noxious substances. Table 3 presents the results for each source of death
in both the medium and long run.

As shown in Table 3, the reduction in mortality from external causes is greater than
that from diseases in regions most affected by the economic shock. In particular, deaths
from transport accidents are most impacted by the tariff reduction - a change in RTC.,
equivalent to —0.1 log points is accompanied by a large decrease in the transport accidents
mortality rate of almost 0.6 log points (45 percent) in the medium run and of 0.8 log points
(55 percent) after 20 years. This result is consistent with Ruhm (2000) and Miller et al.
(2009) who argue that an increase in the unemployment rate reduces motor vehicle miles
traveled and therefore number of fatal traffic accidents.?’ Results also indicate that the

18The apparent reduction in the effect for persons 15-24 years of age in the medium run may be related to
the increase in the homicide rate documented in Dix-Carneiro et al. (2018), which disproportionately affects
this age group.

19The population over 75 years of age in Brazil was remarkably small in the early decades of our analysis.
For example, according to census data, less than 2.5% of the country’s total population in 2000 was over 75
years old.

20The “other diseases” category is defined as encompassing all internal causes of mortality excluding those
attributed to cardiovascular diseases or malignant neoplasms. As such, it covers a wide range of internal
causes including infectious and parasitic diseases, digestive system issues, congenital malformations, and
other abnormalities.

21 Another contributing factor to this outcome could stem from trade liberalization’s influence on import
affordability. This, in turn, could have facilitated the revitalization of the country’s automotive fleet, po-
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economic shock arising from trade liberalization efforts significantly reduced the mortality
rate from non-transport accidents in Brazil. Intuitively, because of the observed increase in
the unemployment rate, fatal non-transport accidents in work settings decreased. Besides,
as documented in the literature, increased household care due to higher unemployment could
also contribute to a reduction in accidents at home (e.g. accidental falls as in Ruhm (2000)).

Table 3: Regional tariff changes and log changes in cause-specific mortality rates

Source of death Share of deaths Estimated coefficients
Average
1085.2010 1991-2000 1991-2010
Diseases 0.891 0.935**  1.703***
(0.202)  (0.276)
Cardiovascular disease 0.282 2.822%** 6.226***
(0.772) (0.968)
Cancer 0.120 2.695*** 6.042***
(0.676) (0.876)
Other diseases 0.489 0.607** 0.107
(0.255) (0.355)
External causes 0.109 2.557**  4.830***
(0.985) (0.678)
Transport accidents 0.035 5.950*** 8.093***
(1.080) (1.671)
Other accidents 0.028 3.033*** 4.705***
(1.015) (1.123)
Suicides 0.007 1.560 2.177
(1.140)  (2.023)
Homicides 0.039 -3.855*** -1.311
(1.445) (2.462)
Other accidents 0.028 3.033***  4.705***
(1.015)  (1.123)
Falls 0.006 2.620* 2.398***
(1.349) (0.694)
Drowning/submersion 0.007 5.209™* 9.070**
(0.725) (0.990)
Smoke/fire/flames 0.001 4.619* 3.982%**
(1.159) (0.949)
Poisoning/noxious 0.001 6.434** 2.108

(3.108)  (1.803)

Notes: There are 411 micro-region observations. Standard errors (in parenthe-
ses) are adjusted for 91 meso-region clusters. Unit of analysis r is a micro-region.
In all regressions, observations are weighted and state fixed effects are added. *
p < 0.1, * p < 0.05, *** p <0.01.

tentially reducing accidents. We show, in the Online Appendix, a notable surge in imports of automotive
vehicles and parts in aggregate for Brazil, especially during the 2000s.
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Examining these findings alongside our prior discussion on employment adjustments in
regions most affected by tariff reductions prompts intriguing inquiries into the interplay
between labor market dynamics and mortality trends. Why might the reintegration of a seg-
ment of the workforce into paid activities, even within self-employment or informal sectors,
not impact mortality trends from external causes? One plausible hypothesis is that informal
employment, often entailing reduced commuting (potentially associated with lower house-
hold income) and potentially leading to increased time spent at home, could correlate with
a sustained decline in mortality rates, encompassing both traffic accidents and other inci-
dents, whether occupational or otherwise. For example, a partial return to self-employment
in informal sectors might lead adults to spend more time at home, thereby bolstering su-
pervision of children and the elderly and potentially diminishing the risk of fatal accidents.
Noteworthy is the marked decrease in drowning-related deaths, which appears to influence
other accident categories in the long term, such as those linked to smoke/fire/flames, falls,
and poisoning. Despite these shifts, it remains crucial to recognize that a significant portion
of the working-age population, particularly women, continues to encounter restricted oppor-
tunities in the local labor market over the long term. These hypotheses suggest the potential
continuation of the pro-cyclical trend in the long run for these causes of death.

Concerning deaths from disease, mortality rates from cardiovascular diseases and cancer
are greatly reduced by trade-induced economic shocks in the medium run, and with the
magnification of this effect in the long run - a change in RT'C). equivalent to —0.1 log points
are accompanied by decreases in the mortality rates from cardiovascular disease and cancer
of more than 0.26 log points (roughly 23 percent) in the medium run and of more than
0.6 log points, or 45 percent, after 20 years. By contrast, deaths from other diseases are
less markedly reduced in the medium run, with the coefficient on the tariff change losing
statistical significance in the long run. These results suggest that, although in the medium
term the reduction in mortality from diseases may be explained by a common mechanism
— the deterioration of local labor market conditions —, in the long run it may be governed
by other forces. We analyze in more detail the potential mechanisms behind the results for
internal causes of mortality in Section 5.

Importantly, this divergence in long-term effects across disease categories may be influ-
enced by the relative enhancement in local labor markets, possibly driven by 