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Abstract

This paper makes two contributions in understanding how government health spending shapes

health outcomes by exploiting unique top-down variation generated by Brazil’s 29" Consti-
tutional Amendment, which mandated minimum thresholds for municipal health spending.
Firstly, we track downstream effects from increases in spending, documenting increases in

available resources and access to health, with resulting declines in infant mortality. Secondly,
we uncover non-linearities and input complementarities in production functions of public health-
care, mapping margins of spending effectiveness and constraints, including institutional factors.
In particular, we find that effects are eroded in high corruption areas but substantially enhanced

where strong management capabilities exist.
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1 Introduction

Global spending on health has more than doubled in real terms since the turn of the
century, reaching US$ 8.5 trillion in 2019, or 9.8% of global GDP (WHO, 2021).
Most of this growth has been funded by public sources. Half a century ago, gov-
ernment health expenditure as a share of GDP was under 3% in OECD countries,
and now ranges between 7% and 10% in most cases (OECD Stat, 2022). Govern-
ment health expenditure as a share of total health spending is currently estimated
at 60% worldwide, ranging from around 42% in middle-income to nearly 70% in
high-income countries (WHO, 2022). Despite these figures, there is surprisingly
scarce causal evidence regarding the extent to which and how government health

expenditure can effectively improve health outcomes.

In this paper, we assess whether and how a public spending reform in Brazil which
resulted in sharp increases in health spending in certain municipalities translates
into improvements in health. To do so, we examine several factors along the chain
connecting government health spending to health outcomes, across municipalities
and over time. We assess how municipalities allocate resources when increasing
health spending, and how expenditures translate into health inputs (such as health
infrastructure and human resources), outputs (such as production of primary care
services) and improved health outcomes, with a focus on infant health. Importantly,
our setting and data also allow us to examine non-linearities and input complemen-
tarities within local health production functions, and to assess whether government

capacity, corruption and other institutional factors affect the returns on spending.

We combine over a billion records from many sources of administrative microdata
and leverage the variation in municipal health spending generated by Brazil’s 29t

Constitutional Amendment (EC/29). Enacted by the Federal Congress in September



2000, the EC/29 mandated that municipalities must spend at least 15% of their own
revenues on health. We use variation in municipal-level spending flowing from this
Amendment to identify spending effects in an event study design that relies on the
distance to the 15% threshold when EC/29 was enacted, conditional on municipality
and state-year fixed effects, robust to a range of controls. In Brazil, the public health
system is decentralized and municipalities are autonomous in allocating their own
funds. Our natural experiment then can be thought of as comparing changes in health
spending, inputs, outputs, and outcomes across municipalities along the baseline
distribution of the distance to the arbitrary target, while flexibly capturing municipal
and state-by-time invariant unobservables. Robustness checks show that pre-trends
in observables are uncorrelated with the distance to the target, and that changes in

public spending are specifically related to changes in healthcare spending.

We show that the reform promoted substantial increases in health spending for mu-
nicipalities below the target at baseline. Increases in spending took place mainly
through administrative spending, human resources, and investment in physical re-
sources. These shifts were translated into greater supply of personnel, health infras-
tructure, and expansions in primary care services. The shift in inputs and outputs led
to reductions in infant mortality rates, in particular for deaths during the neonatal
period. Yet, average elasticities range from close to 0 in the immediate aftermath of
the reform, to only —0.2 ten years following the reform. The reform also induced a
contraction in spending in municipalities that were above the target at baseline, but
this came without adverse measurable consequences for health outcomes. These
municipalities managed to reduce spending, at the cost of reducing inputs, however

without substantially affecting access to health nor production outputs.

Despite the relatively low average elasticities, we find relevant heterogeneity in

spending returns. We observe concave returns to spending, and complementari-



ties in health production factors, with greater reductions in mortality where invest-
ments in infrastructure and personnel complemented each other, particularly when
spending prioritized factors with low baseline coverage. This low-hanging fruit phe-
nomenon aligns with correlational patterns seen in Preston curves (Preston, 1975),
indicating that concave movements along the curve can be in part attributed to con-
cave spending returns as income per capita and spending increase. Importantly, the
most significant gradients are found in political and management capacity measures.
Provided similar resource allocations, effects are eroded in high-corruption areas
but substantially enhanced in regions with strong management and institutional ca-
pabilities. This supports concerns about corruption and highlights the importance
of management practices at the health system level, and beyond the hospital level

(Ferraz and Finan, 2011; Bloom et al., 2015; Hollingsworth et al., 2024).

Empirical evidence on the relationship between health spending and health out-
comes is generally unsettled and depends on the links analyzed within the chain
connecting variation in spending to changes in access to health care, service uti-
lization and outcomes. Prior studies show that increases in spending which lead
to greater utilization of certain types of care have substantive returns at the patient
level. For example, Almond et al. (2010) document declines in infant mortality ow-
ing to increases in spending and treatment around birth weight cut-offs, while Cutler
(2007) documents cost-effective investments in cardiovascular care. Doyle et al.
(2015) find that in the US spending at the hospital level can have substantial impacts
on health outcomes, while Gruber et al. (2014) document that increased funding to
hospitals in Thailand improved access to healthcare and outcomes among the poor.
However, higher spending may not necessarily translate into better health outcomes
if access to health care and service utilization are not well targeted. For example,

evidence from developing countries indicates improved health outcomes among the



poor following expansion in specific health insurance schemes (e.g. Miller et al.,
2013; Camacho and Conover, 2013), while in the US results from the RAND Health
Insurance Experiment suggest that reductions in co-pays boost spending without sig-

nificant improvements in health on average (Manning et al., 1987).

Understanding the production function of health care is challenging, as it involves,
inter alia, the hiring and retention of health workers (Custer et al., 1990; Okeke,
2023), the procurement and dispensation of drugs (Américo and Rocha, 2020), the
construction and management of infrastructure and hospitals (Auster et al., 1969;
Bloom et al., 2014), as well as navigating interactions with health-seeking behaviour
(Lleras-Muney, 2005), physician and provider incentives (Clemens and Gottlieb,
2014; Batty and Ippolito, 2017), and political economy factors (Bhalotra et al., 2023).
What these factors have in common is that at least in theory they are amenable to be
modified by spending. Yet, information failures and the interactive nature of health

care production functions may constrain health spending returns.!

Specifically related to government expenditure, precedents in political economy sug-
gest that following the effects through the links connecting public spending to health
outcomes may be even more challenging. While government health expenditure can
take multiple routes depending on the health care system model adopted, this ques-
tion is particularly relevant for countries where the state either owns or controls the

factors of health production, and where government failures exist.> Although re-

I'Such structures are well-known in microeconomic theory as represented by Stone-Geary style pro-
duction functions, where inputs at certain margins may lead to no change in outputs given required
minimum thresholds. For example, greater spending on technology or infrastructure will have no
impact on outputs if trained healthcare personnel are not available to operate or staff newly acquired
inputs, and systems will generally perform poorly if absenteeism is high (Banerjee et al., 2008). Sim-
ilarly, increases in hospital budgets may have minimal returns if hospitals are poorly managed, or
spend inefficiently (Baicker and Chandra, 2011; Baicker et al., 2012; Chandra and Staiger, 2016).
2Government health expenditure generally covers direct spending on provision or subsidized in-
surance. On average, direct spending has corresponded to more than half total government health
expenditure in both high- and upper-middle income countries (WHO, 2022).



search isolating the specific connections between government health expenditures
and health outcomes is scant, evidence from oil shocks and fiscal windfalls in Brazil,
for instance, suggests that large shocks in available resources led to small or null
impacts on social spending, with considerable waste owing to patronage and em-
bezzlement (Caselli and Michaels, 2013; Monteiro and Ferraz, 2010). Particularly
worrying are cases where such transfers can lead to deterioration in the quality of po-
litical leaders and corruption once politicians can extract political rents in manners
which are not transparent to voters (Brollo et al., 2013). More generally, if spending
increases are diverted due to corruption, no change in inputs may even be observed

to impact health outputs (Gupta et al., 2001).

Government health expenditure may therefore impact final health outcomes, but
should any individual step from changes in health spending to health inputs to health
outputs break down, spending will not necessarily lead to improvements in health.
Yet, evidence isolating the specific connections between government health spend-
ing and health outcomes is still limited and mixed. On the evidence from govern-
ment subsidized insurance care models, for instance, studies considering large differ-
entials in Medicaid spending across US regions suggest that wide variation in spend-
ing at this level is not associated with improvements in population health outcomes
(Skinner et al., 2008; Baicker and Chandra, 2004; Cutler et al., 2019).3 On the evi-
dence from direct government spending, Crémieux et al. (1999) find that increases
in provincial health expenditure are associated with decreases in infant mortality in
Canada, while Bhalotra (2007) finds no contemporaneous effects on infant mortality,
and only small long-term impacts for rural residents in Indian states. Castro et al.

(2019) find that greater receipt of federal transfers correlate with improvements in

3There are, however, suggestions that this may owe to endogeneity. In an analysis of individuals
who have an emergency when visiting areas away from their home, health outcomes are observed to
be better when this event occurs in higher spending areas (Doyle, 2011).



infant health in Brazilian municipalities. While these studies move towards captur-
ing time- and area-invariant unobservables, local governments can endogenously
choose whether and when to adopt spending policies or adjust spending to respond
to poor health outcomes. Moreover, the causal chain linking spending to health

outcomes has been overlooked.*

A common thread in the existing literature is therefore that health spending may
be sufficient to impact health outcomes at certain margins. However, this is cer-
tainly not a foretold conclusion and identification concerns remain. This points to
the importance of collecting new empirical evidence. We take this forward here.
The first main contribution of this paper lies not only in providing one of the first
well-identified causal parameters on the relationship between government health
spending and health outcomes, but also in assessing the links from spending to out-
comes through a comprehensive chain of causation propagated within local health
systems, covering decisions on public spending and private sector responses. Our
second main contribution lies in characterizing the production function of public
healthcare, uncovering its non-linearities and input complementarities, thus allow-
ing us to map margins of spending effectiveness, its potential mediators and con-
straints. This exercise goes beyond the assessment of the role of typical supply-side
health production factors, such as physical and human resources. We document sig-
nificant gradients in spending returns due to institutional and management capacity

measures. Overall, our results suggest that improving government management ca-

“Note that a first wave of studies on health spending and outcomes assessed the direct relationship be-
tween health spending (at baseline) and population health outcomes (at end line) with a focus on total
health spending, but usually estimated cross-country relationships and could not account for unob-
served heterogeneity. (See, e.g. Filmer and Pritchett, 1999; Gupta et al., 2002; Nixon and Ulmann,
2006; Bokhari et al., 2007). Results are in general sensitive to robustness checks (Nakamura et al.,
2020). Another related stream of research examines returns to healthcare spending at different spend-
ing levels, with elasticities generally estimated using fixed effect models or 2SLS models based
on demanding exclusion restrictions and imperfect IVs, such as endogenous socioeconomic char-
acteristics or general macroeconomic shocks (e.g. Claxton et al., 2015; Vallejo-Torres et al., 2018;
Edoka and Stacey, 2020; Moler-Zapata et al., 2022).



pacity and local governance, alongside granting local discretion in fund allocation,

appears to be an effective strategy for decentralized public service delivery.

Finally, while there is dense literature on whether and how health outcomes are
affected by specific medical treatments, health inputs, insurance schemes and poli-
cies, which by design may involve additional funding, these interventions are often
tightly tailored and designed to impact specific diseases or the coverage of specific
services and population groups. We exploit a unique setting where a top-down so-
cial choice, enacted in the Federal Constitution, mandated thousands of autonomous
local health systems to increase spending in health. We track local choices to out-

comes at an unprecedented level.

The remainder of this article is organized as follows. Section 2 describes the insti-
tutional background. Section 3 describes the data, while in Section 4 we lay out
our empirical strategy. Main results are presented in Section 5. In Section 6 we
discuss mechanisms and additional robustness checks. In Section 7 we examine

heterogeneity in spending returns. Section 8 concludes.

2 Background

The Brazilian Federal Constitution, enacted in 1988, established universal access to
health care as a constitutional right, and the Unified Health System (Sistema Unico
de Saude, or SUS) was created to provide healthcare to all citizens, free at the point
of use and funded out of general taxation. SUS therefore follows a national health
service model. The provision of health services is administered by the state, which
either directly owns or contracts out services to the private and philanthropic sectors.
As also established in the Constitution, Brazil follows a federalist political system
organized in three administrative levels — the federal government, states and munic-

ipalities. Funding, service delivery and the implementation of health policies are



decentralized, with states and municipalities playing a relevant role in healthcare
financing and provision. Municipalities cover nearly a third of total government

spending in health, with substantial autonomy in the allocation of resources.

Although SUS covers the entire population, the fiscal space to meet its financing
needs remained limited.> The 29" Constitutional Amendment (hereafter EC/29)
was therefore enacted to secure resources for SUS. The proposal was approved by
the Lower House in November of 1999, and sent to the Upper House, where it was

approved in September of 2000.

The EC/29 established a minimum spending floor for the provision of health care
that each government level was required to meet: in 2000 the Federal Government
should increase spending by 5% above the amount spent in 1999, and then this value
should increase at the rate of the GDP growth from 2000 to 2004. States should
spend at least 12% of their tax income net of transfers to municipal governments,
and municipalities should spend at least 15% of their own resources, which include
municipal tax income. States and municipalities spending less than the thresholds
should spend annually at least 7% of their tax income, and reduce the distance to
the target by at least one fifth per year.® Importantly, the EC/29 did not explicitly
regulate how governments should spend the resources, thus providing autonomy for

government entities to allocate their funds.

As expected, the municipal baseline share of own revenues spent in health is predic-
tive of the change in health spending. Figure 1a shows the distribution of municipal-

ities according to their share of own resources spent in health care. In 2000, most

3In Brazil the share of public spending in total health expenditure is relatively lower. Private spend-
ing has remained above 55% of total health expenditure, while around 25% of the population have
private insurance (Rocha et al., 2021).

%The EC/29 established the shares of resources that governments needed to spend annually until
2004, and that a complementary law should be designed to regulate thresholds from 2005 on. In the
a absence of that law, the shares defined by EC/29 would apply. The complementary law was only
approved in 2012, but it made no changes to the thresholds.



Figure 1: Spending Density Plots
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municipalities spent less than 15% of their revenues in health. In 2005 nearly all
complied with that threshold. Figure 1b shows that the distribution of the municipal
health spending per capita also moved accordingly. Figure 2a plots the distance in
percentage points to the EC/29 target versus municipal the change in the share of
own revenues spent in health between 2000 and 2005. Figure 2b does the same in
terms of spending per capita. Increases in health spending were greater in places

with initially low levels of spending.’

Figure A.2 indicates substantial spatial variation both across and within states in the
share of own resources spent on health in the baseline year. Also importantly, Fig-
ure A.3 documents no clear associations between baseline spending and pre-reform
evolution in a range of municipal socioeconomic characteristics. Section 5 provides
further details on the fiscal response of municipalities to the EC/29 in terms of rev-
enue collection and spending. In general, the descriptive evidence indicates that

the EC/29 was responsible for bringing more resources into the public provision of

"Figure A.1 shows that municipalities in the bottom of the distribution of baseline spending experi-
enced a much greater increase in spending relative to those on the top, and expenditures funded by
own resources explain almost the entire difference in increase between groups.



Figure 2: Changes in Health Spending (2000-2005)
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health across the country, in a way consistent with EC/29 thresholds.

3 Data

We construct a municipality-by-year panel of data, covering 5,224 Brazilian munic-
ipalities over the period of 1998-2010.% Table A.1 describes the variables used in

the analysis, their sources and summary statistics. We provide details below.

3.1 EC/29 and Fiscal Data

We combine data on public spending from the Brazilian Finance System (FINBRA),
which covers the 1998-2010 period, with data from the National System of the Pub-
lic Health Budget (Datasus/SIOPS), available from 2000 onward.” FINBRA pro-

vides data on total municipal revenues and spending, and spending by a number

8Brazil has 5,570 municipalities. Our sample excludes the municipalities for which information on
health spending at baseline was not recorded and, therefore, exposure to EC/29 is not observable.
9Currency values presented in 2010 BRL adjusted with the General Price Index (IGP-M/FGV). In
the period under study, the exchange rate to USD varied between 1.1 to 3.8 BRL/USD.

10



aggregated categories, including Health and Sanitation. SIOPS provides detailed
information on public spending in health care, and allows us to observe how munic-
ipalities allocate resources within the sector. The system gathers data on total health
spending, by source of funding (own resources or intergovernmental transfers), and
by type of spending (on human resources, investments, service outsourcing, and a
residual category, which mainly includes administrative spending). SIOPS calcu-
lates for each municipality the share of own resources spent on healthcare, which is
used to define our variable of interest. While SIOPS has richer data and separates
health spending from sanitation, the system was created in the immediate aftermath
of the EC/29 precisely to monitor compliance with the reform. Given this, we con-

sider measures from FINBRA to observe pre-reform figures.!?

3.2 Infant Mortality Rates

We use microdata from the National System of Mortality Records (Datasus/SIM)
and from the from National System of Birth Records (Datasus/SINASC) to construct
infant mortality rates (IMR), measured as deaths per 1,000 live births. Microdata

from SIM also allows us to generate measures by timing and cause of death.

Mortality data from Brazil are generally recognized as being of high quality.'! Nev-
ertheless, concerns exist that infant mortality may be under-reported early in our
study period and, in particular, that the quality of the classification by cause of death
may have increased over time (Franga et al., 2020). We consider sensitivity to con-
trolling for changes in data quality (Section 4), and using additional years before our

period of analysis for further inspection of data quality and pre-trends (Appendix D).

19Tn analyses of impacts on health spending, we remove 40 municipalities which are outliers in terms
of per capita health spending, defined as spending more than 5 SD above the mean in per capita
terms. Results are not sensitive to this choice.

Mikkelsen et al. (2015) classify Brazilian vital statistics registers as “high quality” for the entire
period under study. Campos de Lima and Queiroz (2014) and Franga et al. (2020) suggest that more
than 95% of deaths are captured in administrative data.

11



3.3 Health Inputs, Service Production, and Other Outcomes

We combine data from several sources to build measures of health inputs and service
production. We collect data on primary care coverage and production of services
from the National System of Information on Primary Care (Datasus/SIAB). Data
on human resources and infrastructure come from the 1999, 2002, 2005 and 2009
Medical-Sanitary Assistance Survey (AMS), a census of the health sector conducted
by the Brazilian Institute of Geography and Statistics (IBGE). Health infrastructure
refers to the number of hospitals as this information can be harmonized since 1999.12
We also use the National System of Information on Ambulatory Care (Datasus/SIA),
which covers every ambulatory procedure funded by SUS, with information on the
type and complexity of the procedure, and the health professional who delivered it.
These data are used to create variables on total ambulatory production, and produc-

tion by procedure complexity.

We use data from the National System of Birth Records (Datasus/SINASC) to calcu-
late the share of live births from resident mothers by number of prenatal visits dur-
ing gestation. Lastly, we collect data on hospitalizations from the National System
of Information on Hospitalizations (Datasus/SIH), which provides administrative

records of all hospital admissions funded by SUS.

Given the range of indicators, we construct indices to broadly measure (a) access
and production of health services; and (b) health inputs. The use of these indices
avoids concerns related to inflated type-I error rates owing to multiple hypotheses

testing, and are generated following Anderson (2008).!3 The precise definition of

2Municipal hospitals are often small-scale facilities, with less than 50 beds, typically resembling
medical polyclinics that also provide inpatient services (Carpanez and Malik, 2021).

BIndices constructed by re-scaling variables so that more positive values imply “positive” results
policy-wise, and then aggregating outcomes into a single standardized summary index, where each
measure is weighted by the inverse of the variance-covariance matrix among all variables in the
index. Indices are all standardized.

12



the variables which make up each index is provided in Table A.2.

We draw on a number of other measures to assess broader reform effects. This
includes the population coverage of private insurance (from the National Agency
of Supplementary Health, ANS), and the number of non-municipally financed hos-
pitals measured in AMS. To capture potential spillovers across municipalities, we
calculate hospital inflows and outflows as rates of individuals who are hospitalized
(reside) in a given municipality, but reside (seek hospitalization) in a different one
(data from Datasus/SIH). Finally, we use yearly data on mortality from Datasus/SIM,

and on population by age and sex also from Datasus to calculate adult mortality rates.

3.4 Controls and Municipal Baseline Measures

Control variables can be classified into three different categories: baseline socioeco-
nomic controls, time-varying socioeconomic controls, and time-varying fiscal con-
trols. The first comes from the 2000 Population Census (IBGE) and will be used to
construct municipality time trends. Time-varying socioeconomic controls include
GDP per capita (IBGE), and Bolsa Familia cash transfers per capita (from the Min-
istry of Social Development). Fiscal controls come from FINBRA and include the
average health spending per capita in bordering municipalities and, in additional

specifications, the share of total public revenue spent on personnel.

When considering gradients in the impact of EC/29, we use baseline municipal char-
acteristics (income per capita, poverty, share of urban population, the Gini index,
and population density), measured from the 2000 census. We also include political
measures: the mayor’s margin of victory in the last election prior to the passage
of EC/29 (2000) from the Superior Electoral Court; and measures of the mayor and
municipal council members’ education level, as well as an indicator for whether mu-

nicipalities have a formal government planning project from a nationwide municipal

13



survey conducted during the period 2002-2003 by IBGE (MUNIC 2003).

Finally, we use data on municipal management capacity and corruption. Manage-
ment capacity is measured using an instrument applied by the Ministry of Planning
and Budget (the Municipal Institutional Quality Indicator, or IQIM) with the aim
of capturing local management capacity and institutional quality (see Section H.2).
Data on corruption is drawn from randomly assigned audits occurring in munici-
palities across Brazil. These audits are conducted by the Corregedoria Geral da
Uniao (CGU), resulting in reports indicating any municipal irregularities in the use
of federal resources, and have been used in a broader literature on corruption (e.g.

Brollo et al., 2013; Ferraz and Finan, 201 1).14

4 Empirical Approach

We estimate the effects of the EC/29 using an event study design with a continuous
treatment measure, exploiting variation in exposure to the reform owing to baseline
municipal spending proportions, interacted with time since EC/29 approval. We use

two empirical models. The first specification follows the equation below:

I J
Youts = Y Bprei Distu,pre X EC29;_i + Y_ Bpost,j Distu,pre X EC29;
i=2 j=0 )

+ 05t + Hm + 0 Zm,pre X At 4 7 Xints + Emts

Here Y},;15 is an outcome of interest in municipality m, state s, year ¢. Distm,prg mea-
sures the baseline distance to EC/29 target in municipality 1, defined as Disty; pre =
0.15 — Spendingy,pre. The term Spendingy, pre is recorded as the budget propor-

tion. Thus, Disty, pre > 0 indicates the increase in resources required to meet the

14This measure is recorded only after the passage of EC/29, and covers indication of corruption related
to the use of federal funds up to the audit year. It therefore includes the period before the reform, and
can be interpreted as indicating latent presence of corruption in the locality.

14



target. This measure is interacted with EC29;,;, indicators capturing time to the
passage of EC/29. These equal to one if the observation year is 7 years pre- or j
years post-reform passage. Fixed effects ds; and ;, are included to flexibly capture
state-year variation in outcomes and time-invariant municipality level factors. The
inclusion of state-year fixed effects are particularly relevant, given that the EC/29
also targeted state health expenditure, and that some health policies are decentral-
ized to state governments in Brazil. Here, our models isolate municipal-specific
variation in exposure to the reform, identifying effects which owe to changes in

municipal spending brought about by EC/29 within states.

In the most saturated specifications we also include time-varying controls. The vec-
tor Zp,pre X At includes a measure of data quality, given concerns related to mea-
surement error of health outcomes particularly in earlier periods. This consists of
the share of infant deaths classified as “ill-defined” in each municipality at base-
line (pre-2000 average) interacted with time, and is included for all outcomes to
ensure consistency across models. We also consider an interaction between socioe-
conomic baseline controls and time (the remainder of the vector Zy, pre X At), and
time-varying socioeconomic and fiscal controls (the vector X,,15).!> We document
results without any time-varying controls, and discuss the stability of estimates to
the progressive inclusion of controls. Population weights are consistently used in

all estimation. Standard errors are clustered at the municipality level.

Our interest in this specification is to inspect dynamic impacts of the reform. Pa-
rameters B, capture evolution between areas with higher and lower reform ex-
posure prior to the reform, and allow us to examine pre-trends, while s, allow

us to evaluate any dynamic impacts through the years following EC/29. Yet, a key

15Controls were listed in the previous section. Fiscal controls are potentially endogenous to the EC29,
and will be used only in auxiliary specifications.

15



component of the EC/29 is that it may imply differential responses by municipali-
ties spending below versus above the 15% threshold. Municipalities below the tar-
get are obligated to increase spending. However, in municipalities spending above
15%, health spending as well as other outcomes may have increased, decreased, or
remained fixed after the reform. If municipalities above the target also responded to
the reform, f8 05t from equation (1) may thus reflect dynamic changes in the group of
municipalities below relative to the group above the target after the reform. Thus,
while estimates from equation (1) are informative of relative responses to EC/29,

they may obscure potential differential response patterns within each group.

In our second specification, we therefore test for such differential policy responses
by stratifying equation (1) by above- versus below-target municipalities. We define
Belowyy,pre = 1{Spendingy, pr. < Target} and Abovey, pre = 1{Spendingy, yre >
Target }. Using this binary split, we allow for the response to differ for above- and

below-target municipalities by estimating:

K
Yors = Y, Bi(|Distypre| X EC29;1; X Abovey, pre) + (2)
j==1

K

Y 7j(|Distypre| x EC29;; X Belowp,pre) +
=
Ost + Hm + 6 Zm,pre X A + ¥ Ximts + Emts-

This replicates equation (1). However, for ease of presentation, we now take the
absolute value of the distance to the target. This transformation allows us to more
clearly visualize differential results above and below target.!® Importantly, param-

eters are now estimated specifically from variation along the support of baseline

16For example, if municipalities which are below the target increase spending, and municipalities
which are above the target decrease spending, coefficients will capture this mirrored behavior as a
positive value for § and negative value for 1.
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spending within each group, irrespective of changes that occur in the other group.
All other details in equation (2) follow corresponding definitions in equation (1).
In each group of municipalities (above and below target), a full set of | pre-event
leads and K post-event lags are included, where we consistently omit an indicator

one year prior to reform implementation as a baseline reference period.

4.1 Identification and Validity of the Research Design

Identification relies on the assumption that outcomes would have followed parallel
trends across municipalities in the absence of the reform. The first main threat to
identification refers to potential non-observable pre-trends that correlate with base-
line spending in health, and which would have persisted in the absence of the reform.
While fixed effects should absorb the influence of differences in spending levels
as well as of slow-moving determinants of health, other sources of convergence in
health spending and population outcomes might still exist, even within states. To ex-
amine this, Figure A.3 presents a series of plots which correlate the baseline distance
to the EC/29 target with changes in municipality socioeconomic characteristics over
the 1991-2000 intercensal period, before reform. These characteristics are typically
considered relevant socioeconomic determinants of health, both at the individual
and the family level (e.g. education, income level and household characteristics).
We do not observe any systematic associations between changes in these measures
and the baseline distance to the target, which lends support to the parallel trends

assumption if pre-reform trends are informative of post-reform trends.

The second main threat to identification is made clear from recent advances in
econometric theory, which point to drawbacks in two way fixed effects regressions.
Callaway et al. (2024) highlight that difference-in-differences models based on con-

tinuous treatment require stronger parallel trends assumptions, as comparisons be-
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tween different intensities of treatment can also be confounded by selection bias.
Unlike standard (binary) models, this bias comes from the heterogeneity in treatment
effects. If groups of units have different responses to a certain dosage of treatment,
estimates will be contaminated by the differences in expected returns for these differ-
ent dosage groups. Moreover, this bias persists even under traditional parallel trends
assumptions. For the estimator to be unbiased, we thus require a stronger parallel
trends assumption which in practice implies that treatment effects across different

dosage groups would be homogeneous had they received the same dosage.'”

We formally define these assumptions, and their implications in our setting, at more
length in Appendix B. In practice, we argue that the strong parallel trends assump-
tion is likely reasonable here. As is salient in Figures 1 and 2, the EC/29 spending
reform was approximately binding.'® Thus, if a municipality which was some dis-
tance d away from the spending target were actually d 4 h units away from the
spending target, it seems likely that their spending change would have followed
that of municipalities which were d + h units away from the spending target, and as
such, counterfactuals from these municipalities are reasonable. This is precisely the
logic of the strong parallel trends assumption.!® Callaway et al. (2024) additionally
note that the aggregation of unit specific effects in regression models potentially
underweights certain units and overweights others based upon the distribution of

treatment exposures. In robustness checks we consider a re-weighting approach as

"Note however that the typical concerns related to heterogeneity in treatment effects in staggered
designs (as discussed by de Chaisemartin and D’Haultfoeuille (2020), among others) are not an issue
here as the passage of EC/29 was fixed in time.

18 According to Minitério da Saude 2003, non-compliance with EC/29 can lead to sanctions such as
retention of resources from the Municipalities’ Participation Fund and States’ Participation Fund,
suspension of a term of office, and even Federal intervention.

19 A particular concern is that municipalities may have shifted spending in the pre-treatment period
as a response to the spending reform. Given the relatively quick passage of the reform this seems
unlikely. Moreover, the approval of the EC/29 involved several political stages and actors, so it was
arguably difficult to predict when the proposals would become an amendment, what exactly this
amendment would entail, and how it would affect municipalities” budget decisions.
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discussed in Callaway et al. (2024). Additional details are provided in Appendix B.

5 Results

In this section we first summarize our results for the EC/29 impacts on fiscal out-
comes, seeking to understand shifts in municipal spending patterns. Complete re-
sults on fiscal responses are presented in Appendix C. We then assess impacts on
health outcomes. We will often cast effects in terms of a benchmark variation of 10
percentage points (p.p.) in spending as a result of the EC/29 reform. This is equiv-
alent to the distance to the target for municipalities in the bottom quartile of the

distribution of the share of own resources spent in health.

5.1 Municipalities’ Fiscal Response to the EC/29

Our analysis indicates that the EC/29 led to large increases in health spending, with
no such effects in other classes. Estimates for other spending classes are generally
negative, particularly for nonsocial sectors, although much smaller in magnitude
and statistically insignificant. These results point to municipalities re-optimising in
order to increase the fiscal space for health, smoothing across other spending classes
such that drastic cuts are avoided. We also find that dynamic effects on total munic-
ipal revenues are flat around zero, while point estimates on total spending suggest
marginally positive effects after the reform. This is consistent with municipalities
beginning to spend slightly more on average, while still complying with legal re-

strictions on spending and debt according to the Brazilian fiscal legislation.

SIOPS data allows us a richer break-down of impacts on health spending, having
both a dedicated measure of health spending, and measures of spending by classes
within health specifically. All types of health spending were observed to move as

a result of the EC/29 reform, but increases in investments and in administrative
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Figure 3: Dynamic Effects on Health Spending, by Spending Classes
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expenses are particularly large, followed by spending in personnel and outsourcing.

These results are summarized in Figure 3. Even though SIOPS is a more complete
source of data on health spending, the system is only available after the year 2000.
Therefore, we will use FINBRA data to evaluate the presence of pre-trends in health
spending. We follow equation (1) in panels (a)-(f) and equation (2) in panels (g)-
(1). In panel (a) we observe no significant pre-trends in spending, and a clear and
significant pattern of spending increase, with each of the first years after the EC/29
presenting larger effects, that stabilize around 2004 onwards. This is in-line with the
nature of the reform, which allows municipalities a period to achieve the mandated
target. We also find that spending on human resources and service outsourcing in-
creases until at least 2004, while administrative expenses and investments sharply

increase from 2000, stabilizing in 2002 and 2005, respectively.

In panels (g)-(1) we separately consider municipalities which were above the target
at baseline, and those which were below the target at baseline. Municipalities below
the target increase health spending, across all spending classes, while the opposite is
documented for those above the target, although point estimates (in absolute terms)
are smaller in magnitude. These municipalities may have used the target as a focal
point around which health spending should be set, potentially resulting in a reduction
in total spending towards reform compliance. Appendix C provides the full analysis
of municipalities’ fiscal responses to EC/29, with further details and discussion on

dynamics and magnitude of effects.

5.2 Infant Mortality Rates

We now assess effects on health outcomes. Figure 4 presents dynamic effects for
all-cause infant mortality, and infant mortality by time of death. The top row of this

figure presents estimates from equation (1). Coefficients for the period before the

21



year 2000 point to noisy, but statistically insignificant pre-reform effects. Findings
remain similar in Appendix D, where we further assess pre-trends and discuss data
quality by extending the period of analysis before the reform. Following reform
implementation, we observe a decline in infant mortality, which in the case of all-
cause infant mortality occurs gradually, resulting in statistically significant effects
from around 2007 onward. The timing of this decline lines up in patterns in health

spending which are scaled up over time.

We observe similar results for deaths occurring in the neonatal period, which refers
to the first 28 days of life. Panel (b) shows rapid declines in deaths within the first
24 hours of life, while in panel (c) we find a similar pattern for mortality within the
remaining neonatal period. Finally, in panel (d) there is little evidence on broader
declines in mortality after the first month of life. If we consider 2007, the first year
when effects become statistically significant for total mortality, we observe a point
estimate of -8.7 for total mortality, -4.1 for deaths within the first 24 hours, and -6.3
for the remaining neonatal period. Taking a 10 p.p. increase in health spending, these
represent, respectively, reductions of 0.87 (corresponding to 3.8% of the baseline

average of this measure), 0.41 (7.4%) and 0.63 (4.6%).

While panels (a)-(d) of Figure 4 focus on average effects across all municipalities,
in principle these estimates could owe to the aggregation of a number of different
effects. It could be that municipalities which increased spending experienced IMR
declines, or it could be that IMR increased in areas where spending was cut, or it
could be a combination of both. Panels (e)-(h) of Figure 4 present results analogous
to panels (a)-(d), but now following equation (2). We observe clear mortality de-
clines occurring in below-target municipalities, and the pattern is similar to those
portrayed in panels (a)-(d). For example, in considering deaths within 24 hours, by

2006 point estimates suggest that a 10 p.p. increase in spending would result in 0.66
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Figure 4: Effects on Infant Mortality Rates, Total and By Timing of Death
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fewer deaths per 1,000 births (a 12% decline when compared with baseline mor-
tality). On the other hand, we do not observe any statistically significant changes
in mortality where spending was contracted, with point estimates generally being at
most one third of the magnitude of those in municipalities which increased spending.
These trends are important, indicating that municipalities reduced spending without
measurable adverse consequences for health outcomes, at least in terms of extreme

outcomes such as infant mortality.

Effects by Cause of Death. Figures E1-E2 present estimates of impacts on in-
fant mortality by cause of death. While such exercises imply challenges in terms
of power given the lower counts of cause-specific deaths, we observe that mortal-
ity declines are primarily concentrated on perinatal conditions. We also find sug-
gestive evidence pointing to smaller effects on IMR for infectious, respiratory and
nutritional causes. Perinatal mortality refers to death in late pregnancy and very
early in life. It is often related to maternal conditions, and is potentially modifi-
able with interventions provided to women in the pre-natal and intra-partum period
(Allanson et al., 2016). On the other hand, causes that are unlikely to respond to

'[.20

investments such as external causes are observed to be fla Effects are observed

to be entirely driven by below-target municipalities (Figure E2).

Implied Elasticities. In Appendix E.2 we document elasticities of health spending
on IMR implied by EC/29 effects. Elasticities vary considerably depending on the
horizon studied, but point to smaller estimates than previously found from two-way
fixed effect models, ranging from close to 0 in the immediate aftermath of the re-

form, to around —0.2 ten years following the reform. Even 10 years out upper ends

201n panel (h) we see a transitory increase in ill-defined mortality, specifically in the first years fol-
lowing the reform, reverting to zero over time. This may reflect that deaths which had not been
detected started being recorded, although records still faced quality issues in the first years after the
reform.
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of confidence intervals can rule out elasticities greater than —0.5. Yet, elasticities
documented to this point refer to mean responses to EC/29. We further explore het-
erogeneity in returns to spending in Section 7, in particular considering how such

returns depend upon health spending patterns as well as on institutional factors.

6 Mechanisms and Other Pathways

How do spending changes map into changes in health outcomes? We start by con-
sidering reform effects on intermediate outcomes in the public sector. This includes
measures of health inputs, access to health services, and health production outputs.
Figure 5 presents impacts on an index that measures access to health and the pro-
duction of health services (panel (a)), and on an index of health inputs (panel (d)).?!

Indexes are expressed in standard deviations, so are comparable across plots.

We see immediate and large increases in access to services and production outputs
as well as in health inputs. In the case of access and production outputs, we observe
flat trends in the pre-EC/29 period, and then a sharp increase in the year following
reform implementation, which is then maintained thereafter. In panel (d) we ob-
serve a single pre-reform period, but estimates suggest that the EC/29 reform led to
substantial increases in health inputs. In panels (g) and (j) we observe that increases
in access and production as well as in health inputs owe to increases in municipal-
ities which were below the target. A representative municipality 10 p.p. below the
target experienced a similar increase of approximately 10% of a SD in both indexes
by 2005. For those municipalities above the target, while the health input index
experiences a small and imprecisely estimated reduction, the access and production

output index remains relatively stable around zero during the entire period.

21 Access to services and production outputs refer to factors such as the number of family visits per
capita by health teams, the coverage of prenatal care, and so forth. Health inputs include factors such
as the number of doctors per capita and the number of public hospitals per capita. The complete list
of index components is available in Table A.2.
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Figure 5: Effects on Access to Services, Production and Health Inputs
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Aggregate indexes are considered to avoid excessive multiple testing, however we
can further separate these into sub-indices. The access and production index can be
separated into elements related to primary care access and production (e.g. ambula-
tory care, household visits, and outpatient primary care), and non-primary care (e.g.
high complexity procedures). The health inputs index can similarly be separated
into factors related to human resources (e.g. doctors, nurses, and administrative pro-

fessionals per capita), and infrastructure (e.g. hospital availability).

Panels (b) and (c¢) of Figure 5 show that results are driven by increasing access to
primary care and related production outputs, which is suggestive of changes occur-
ring at the point of entry to the system, and in increasing access to low complexity
outpatient procedures. In panel (h) we observe that increases in primary care owe
to the group of municipalities below the target — the representative municipality ex-
perienced increases in this sub-index of greater than 14% of a SD right in the first
year after the reform. In the case of non-primary care access, effects remain around
zero, with little evidence suggestive of a shift in more highly complex procedures. In
both cases, we do not observe evidence to suggest significant differential pre-trends,

though note that confidence intervals are wide.

Turning to health inputs, in panel (e) we observe large and immediate effects on
human resources. We also observe smaller, though still large, impacts on hospital
infrastructure. The impact on physical inputs is relatively smaller in magnitude than
changes in spending, despite the fact that the increase in spending on infrastructure
surpassed the increase in spending on human resources. This reflects that human
resource spending is largely a flow, and so baseline resources reflect the yearly cost,
while infrastructure is a stock, requiring upfront and large investment per unit, and

so any increases in infrastructure inputs will require large increases in spending.
We do not observe any clear variation in access to services nor in production outputs
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for municipalities above the target. We nevertheless see an imprecisely estimated
but large decline in human resources in the first years after the reform, reverting to
zero afterwards. We also observe small decline in the availability of public hospitals.
In the next section we break the availability of public hospitals into municipal versus
state and federal facilities, and detect for municipalities above the target a clear
reduction in municipal hospitals specifically. Results therefore suggest that these
municipalities managed to reduce spending, at the cost of reducing inputs, however

without substantially affecting access to health nor production outputs.

Other Pathways. In Appendix F we group a series of results testing for other
relevant pathways. Section F.1 shows that the expansion of municipal services in
below-target municipalities was complemented by an expansion in private services
during the initial increase of public spending, consistent with an increase in con-
tracting out of services in the profit and not-for-profit sectors. Private services also
expanded in municipalities above the target, where spending was reduced and the
supply of municipal hospitals decreased. Yet, that expansion is not significant in
the first years after the reform, and we do not observe changes in private insurance
coverage. As production outputs remained stable in these municipalities, the sta-
bility in mortality rates after spending cuts may have been partially sustained by
efficiency gains in the public sector. In Section F.2 we find that improvements in
infant mortality are not achieved at the cost of other population groups. In partic-
ular we document suggestive evidence of mortality declines at older ages. Section
F.3 shows that spending expansions appear not to generate geographical spillovers
and congestion effects, but rather, to slightly increase rates of individuals referred
for hospitalization in other municipalities for causes not amenable to primary care,

suggestive of improved referral to higher complexity care providers.
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Finally, we consider a number of robustness checks in Appendix G. These checks
consist of examining the sensitivity of estimates to alternative time-varying con-
trols, including specifications with no time-varying controls, and considering re-
weighting methods given concerns related to the estimation of treatment effects

based on a dose response design. Overall, results are stable.

7 Heterogeneity in Spending Returns

Up to this point, we have focused on documenting the average impacts of health
spending and their corresponding elasticities. We now turn to examining hetero-
geneity in spending returns. This analysis enables us to characterize public health-
care production functions and identify input complementarities, non-linearities, and
constraints. This analysis is also important as it allows us to shed light on margins

of spending effectiveness and its potential mediators, thus informing policy design.

7.1 Mediators and Constraints to Spending Returns

We start by testing for differential responses to spending shifts by estimating models

that allow for gradients in impacts by specific municipal characteristics, namely:

IMRy; = PBo(Disty,pre X PostEC29t) + B1(Disty,pre X PostEC29; x Characty, pre)

+ X5 T + Ot + P + €mi €)

where Charactm,pre refers to municipal characteristics, such as state capacity, elec-
toral competition and politicians’ characteristics, spending levels at baseline, and
socioeconomic determinants of health, all systematically scaled as Z-scores. The

indicator Post EC29; takes 1 in years following EC/29’s passage, presenting a single-
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coefficient version of equation (1), with all other details identical to equation (1).2?
We will also examine gradients in spending themselves, by replacing the outcome
IMR;; in equation (3) with the log of health spending on human and physical re-
sources. Any gradient in responses to spending shifts will be captured by B1. These
coefficients all refer to differential effects by the characteristic of interest, and thus
positive values may not imply increases in infant mortality, but rather just smaller
declines. In Section 7.2 we discuss marginal effects themselves.

Figure 6: Gradients in Mortality by Municipal Characteristics
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Figure 6 documents estimates for El- Panel (a) presents results for infant mortality.

When considering municipal characteristics such as development levels, poverty,

221n these models we consistently control for the same baseline variables interacted with linear time
trends as we did previously, but then include one Characty, pre interacted with EC29; at a time.
Results are generally stable to omitting controls (results upon request).
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inequality and rurality, we observe relatively little evidence to suggest differential
impacts. We do observe some weak evidence suggestive of larger infant mortality

declines in more populated areas, potentially indicative of returns to scale.

The most relevant gradients are observed in measures of political or state capac-
ity. Though imprecisely estimated, we observe large declines as the mayor’s ed-
ucation increases, while municipalities with greater management capacity experi-
ence the largest declines in mortality. These effects are large, and are observed as
both larger infant mortality declines in high-capacity areas (top quartile based on
management quality) and smaller declines in low-capacity areas (bottom quartile).
A municipality whose exposure to the EC/29 amendment was 10 p.p. larger and
which had a high management capacity would bring about a decline of about 10
more infant deaths per 1,000 than in all other areas, while a similar distance in a
low capacity area would essentially erase the entire decline observed. Importantly,
municipalities found to have committed corruption are those where observed de-
clines are most eroded, with a 1 SD increase in this variable erasing all estimated
IMR declines. This coheres with evidence that reductions in corruption improve lo-
cal service provision (Funk and Owen, 2020), and justifies electoral penalisation of
mayors in corrupt municipalities (Ferraz and Finan, 2011). Finally, areas with the
largest mortality declines were those which were spending less on investments and
personnel at baseline, in line with larger increases in spending in these areas. We
further discuss the role that management capacity plays, and how this interacts with

resources and health production functions, in the next section.

Importantly, the clear gradients in management capacity are not reflected in differ-
ential spending responses in panels (b) and (c). We also do not observe that ar-
eas found to be corrupt spend in significantly different ways across broad spending

classes. This is perhaps not surprising given that corruption audits consider the pro-
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cedures by which spending occurs rather than spending patterns themselves, rooting
out irregular (likely inefficient) spending. In general, municipalities act to increase
spending in personnel (panel b) and investment (panel c) in similar ways. They also
act to invest where funds are lowest at baseline, consistent with closing the most
acute gap in spending areas—personnel (investment) spending increases most in

areas which at baseline have lowest personnel (investment) spending.??

7.2 Returns to Health Inputs and Complementarities

Consider a standard production function in which population health depends flexi-
bly upon inputs (human and physical capital) and the efficiency with which these
resources are deployed: health = « - f(L,K). In Section 7.1 we documented that
spending effects scale linearly in these factors, but in fact complementary effects
may exist. For example, spending on human capital is unlikely to affect health
without corresponding investment in physical capital. One unique element of the
EC/29 reform is that even across the distribution of baseline health spending, mu-
nicipalities had considerably different amounts spent on particular elements. Thus,
some municipalities which were spending relatively large amounts at baseline were
24

spending relatively little on personnel, or relatively little on physical resources.

This allows us to exploit how spending impacts vary by baseline levels. To exam-

23To understand effect sizes, consider two municipalities whose distance to the spending threshold
is 10 p.p., but one of which spends 1 standard deviation less on personnel at baseline. This lower
spending municipality would increase spending on personnel by around 20% more than its higher
spending counterpart. Similarly, the same is true for investment spending: subject to the same 10 p.p.
distance to the EC/29 spending threshold, a municipality spending | standard deviation less would
increase investment spending by around 60% more than its higher spending counterpart.

24Figure H1 makes clear that across the distribution of distance to the spending target at baseline, there
are municipalities which spend large and small amounts on personnel, idem for physical capital.
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ine whether spending complementarities and non-linearities exist, we estimate:

Y = 0+ Y0EC29mt + Y1EC29mt X N0y pre + Y2EC29p X Personnelm,pre
+7v3EC29,¢ X Personnelm,pre X Iy, pre + Xétf + P+ Ast + Eme (4)

where for simplicity we write Disty, pre X PostEC29; as EC29,,;. This specifica-
tion allows us to estimate gradients once again, however now in terms of baseline

investment spending (1), personnel (7) and their interaction (y3).

Figure 7(a), presents marginal effects on IMR across the distribution of investment
and personnel spending.”> We observe substantial non-linearities. Effects are largest
when municipalities had the lowest rates of spending on both investment and per-
sonnel at baseline. For example, in a municipality spending in the 10™ percentile
of both personnel and investment spending, a 10 p.p. increase in spending is esti-
mated to reduce IMR by around 20 deaths per 1,000. However, for a municipality
spending at the 50" percentile, this effect is reduced to around 16 deaths per 1,000.
We also observe substantial, though declining, returns to spending increases if mu-
nicipalities spend very little on one input, but considerable amounts on the other.2%
Where results become effectively null are areas which spend substantially on both
dimensions.?’” Table H.I provides a tabulation of these results, along with block

bootstrap standard errors, at a number of points of baseline spending distributions.

23Because equation (4) allows for non-linear effects of the reform, marginal effects 9Y;,: /OEC29,¢
depend on both values of personnel spending and investment spending. This figure presents marginal
effects across percentiles of baseline personnel spending (x-axis), and investment spending (i/-axis).
All effects are scaled in terms of a 10 p.p. distance from the EC/29 target.

26For example, even among municipalities spending in the 90™ percentile of investment, substantial
declines in IMR are observed if they are spending in the 10" percentile on personnel (14 fewer
deaths per 1,000), with slightly smaller values (9 per 1,000) for municipalities spending in the 90™
of personnel, but only the 10™ percentile of investment.

Z"Note that because spending targets refer to proportional amounts, municipalities can be spending
above the 80™ percentile in both dimensions, and still be below the spending target at baseline. In-
deed, across virtually the entire distribution of baseline spending in investment and human capital,
estimates are identified off both above and below target municipalities.
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Figure 7: EC/29 Policy Responses and Baseline Spending
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Notes: Marginal effects are presented of a
10 p.p. increase in health spending across the
baseline distribution of spending on invest-
ment and personnel. Values on horizontal axes
refer to baseline percentiles of spending in
each dimension (1 is lowest baseline spending
percentile, 99 is highest), and values on the
vertical axis refer to estimated changes in out-
comes owing to exposure to EC/29 for munici-
palities at these values. To avoid large scaling
on the vertical axis in panel (c), estimated val-
ues are capped at -0.2 for very high levels of
personnel and investment spending.

Figure 7(b) shows that municipalities moved towards greater balance between in-

puts. Those spending little on personnel increased personnel spending, regardless

of their spending on investment, while the inverse is seen on investment in Fig-

ure 7(c). We also observe sharp gradients as spending levels at baseline increase.

At low levels of baseline investment (personnel) spending, personnel (investment)

spending rapidly falls off. This suggests municipalities optimally temper spending
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in personnel when they have substantial needs for investment.?®

Finally, if we consider management as a scale factor, we may expect that quality
management lifts up the efficiency with which resources are used, in line with the
factor a in the production function discussed above. To test for this, we consider
identical models as in equation (4), however allowing for factors of production to
act differentially in high and low-management capacity areas. We thus re-estimate

equation (4), stratifying by areas above and below the median management score.?’

Results are summarised in Table H.2 (full graphic results in Figure H4). Two key
patterns emerge. Firstly, across the board, municipalities tend to spend more on ar-
eas where need is supposedly most acute. However, the way which this spending
maps into infant mortality is remarkably different. In areas with high management
capacity large increases in spending are observed to result in large declines in infant
mortality, following the patterns observed in Figure 7. In areas with poor manage-
ment practices, even subject to similar spending, no such decline in infant mortality
is observed (all results in Table H.2 being close to zero). These results are impor-
tant as they indicate substantial returns to improvements in management practices,
and line up with an emerging literature on management practice in the public sector

(Hollingsworth et al., 2024; Rasul and Rogger, 2017).

8 Final Remarks

In this paper we studied the relationship between public spending in health, health

care provision, and population health outcomes. We did this using a constitution-

28This negative gradient in personnel spending is evident nearly everywhere except for at very high
levels of investment spending. In these cases, we observe that when municipalities are spending both
large amounts on investment and personnel, then marginal spending is directed to personnel, though
note from panel (a) that this spending appears to have null effects on infant mortality.

2We discuss this measure at more length in Appendix H.2, noting that it does not simply proxy
income, municipal resources, nor does it correlate considerably with baseline health outcomes.
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ally defined health spending reform in Brazil. We argue that this paper has provided
two contributions to the understanding of how government health spending shapes
health outcomes. Firstly, we isolated the effects of a spending shock on downstream
health outcomes, and examined the implications of this shock as it flows through the
health production function. Secondly, we uncovered non-linearities and input com-
plementarities in the production function of public healthcare, which also allowed
us to map margins of spending effectiveness, its potential mediators and constraints.
In particular, we empirically documented significant gradients in spending returns

due to institutional and management capacity measures.

We find that for municipalities spending below the target at baseline, health spending
sharply increased, resulting in an expansion of inputs including infrastructure and
human resources for health. Access to health care services increased, ultimately
leading to improvements in health, measured by infant mortality rates. For mu-
nicipalities spending above the target we observe spending reductions, but weaker

contractions in outputs, and no measurable decline in health outcomes.

Combining our average elasticities with the most recent estimates for the value of
a statistical life (VSL) in Brazil, which is calculated as 1.16 million USD (2010-
adjusted) by Lavetti and Schmutte (2018), suggests that the reform pays for itself,
and would still pay even if the VSL were considerably lower. To see this we consider
below-threshold municipalities, which increased health spending. On average these
municipalities increased the proportion of their budget dedicated to health by 7.03%
in response to the EC/29 reform, which induced an increase in aggregate spending
from around R$8 billion in 2001 to R$60 billion in later years (around US$2 billion
to US$12 billion).3° If we scale estimated infant mortality effects in an analogous

way, this suggests declines of approximately 900 infant deaths 3 years post-reform,

30We use year-specific values to scale estimated effects on spending and mortality from equation (1).
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up to 3,000 fewer deaths 10 years post reform. These figures combined suggest
mortality benefits exceed total costs by approximately US$6.7 billion aggregated
over all post-reform years, and that the reform would pay for itself provided any VSL
greater than US$640,000. Given the heterogeneity in spending returns, benefits
may extend far beyond costs in settings where increases in spending moved along

balanced combinations of inputs starting from relatively low baseline levels.

These results may be informative for many other contexts worldwide. In particular,
decentralization of health care to local governments has been embraced as a manner
to improve access as well as health system responsiveness. To name just a few exam-
ples, Mexico, India, Indonesia, and Colombia have decentralized elements of health
care provision or health insurance provision. Moreover, the results suggest that ev-
idence from higher income settings, in which a decoupling is observed between
health care spending and health care outcomes, need not be seen as informative for
lower income settings with low baseline health expenditure. Rather, our results sug-
gest that increases in health care spending can lead to cost-effective improvements
in health outcomes, specifically in settings where healthcare is most needed, where

mean life expectancy is generally lower and unmet social demands are greater.
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A Descriptive Figures and Summary Statistics

Figure A.1: Health Spending Trends
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Figure A.2: Geographic Variation in Exposure to EC/29 Spending Floors
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Notes: Baseline health spending as a proportion of total expenditures is plotted at the municipality level. Red, orange
and beige colours are municipalities spending below minimum targets imposed by EC/29 (< 15%); blue colours are
municipalities spending above minimum targets. Each range indicated in legend labels holds with equality at the lower
bracket, and with inequality at the upper end of the bracket. Municipalities are distinguished by shading, and states are
distinguished by gray borders.
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Table A.1: Descriptive Statistics (at baseline)

Mean  Std. Dev. Obs. Source of Data Coverage
EC 29 Variables
Own Resource Spent in Health 0.138 0.068 5224 Datasus/SIOPS 1998-2010
Distance to the EC29 Target 0.012 0.068 5224 Datasus/SIOPS 1998-2010
Public Revenue
Total Revenue per capita 1267.676  711.906 5067 FINBRA 1998-2010
Public Spending
Total Spending per capita 1252.373  696.065 5067 FINBRA 1998-2010
Spending by Category — per capita
Health and Sanitation 214.636 134.64 5054 FINBRA 1998-2010
Non-Health Spending 1038.288 600.319 5067 FINBRA 1998-2010
Non-Health Social Spending 584.39  332.338 5067 FINBRA 1998-2010
Non-Social Spending 453.898  313.107 5067 FINBRA 1998-2010
Public Health Spending
Health Spending per capita 192.138  108.326 5184 Datasus/SIOPS 2000-2010
Health Spending by Source (p.c.)
Own Resources Spending 119.333 94518 5184 Datasus/SIOPS 2000-2010
Transfers Spending 72.805 49.949 5184 Datasus/SIOPS 2000-2010
Health Spending by Type (p.c.)
Personnel Spending 71.291 61.295 5184 Datasus/SIOPS 2000-2010
Investment Spending 14.566 26.687 5184 Datasus/SIOPS 2000-2010
31 parties services Spending) 32.967 42.602 5184 Datasus/SIOPS 2000-2010
Admin, Management, Other 73.315 52.253 5184 Datasus/SIOPS 2000-2010

Notes: Summary statistics are presented at baseline with observations referring to the number of municipalities with ob-
served data. All measures presented here capture municipal spending or revenue. Baseline for variables drawn from
IBGE/AMS data (“FINBRA”) are measured at year 1999 and statistics for all remaining variables (“SIOPS”) refer to the
baseline year of 2000. Coverage refers to the yearly coverage of each specific data source across our study period (1998—
2010).
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Table A.1: Descriptive Statistics (at baseline) — Cont.

Mean Std. Dev. Obs. Source of Data Coverage
Infant Mortality Rate (per 1,000)
Infant Mortality Rate (all cause) 23.044 26.086 5224 Datasus/SIM 1998-2010
Within 24h 5.554 10.193 5224  Datasus/SIM 1998-2010
1 to 27 days 13.769 15.865 5224  Datasus/SIM 1998-2010
27 days to 1 year 9.275 16313 5224  Datasus/SIM 1998-2010
Infectious 2.005 7.149 5224  Datasus/SIM 1998-2010
Respiratory 1.52 4501 5224  Datasus/SIM 1998-2010
Perinatal 11.107  16.497 5224  Datasus/SIM 1998-2010
Congenital 2.15 5.011 5224  Datasus/SIM 1998-2010
External 0.38 1.959 5224  Datasus/SIM 1998-2010
Nutritional 0.595 3.207 5224  Datasus/SIM 1998-2010
Other 0.882 3.664 5224  Datasus/SIM 1998-2010
[1l-Defined 4.406 10.31 5224  Datasus/SIM 1998-2010

Notes: Summary statistics are presented at baseline with observations referring to the number of municipalities with
observed data. All measures presented here refer to deaths per 1,000 live births. Baseline periods refer to years 1998-

1999. Coverage refers to the yearly coverage of each specific data source across our study period (1998-2010).
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Table A.1: Descriptive Statistics (at baseline) — Cont.

Mean  Std. Dev. Obs.  Source of Data Coverage
Primary Care Coverage
Extensive Margin (share)
Population covered by ACS 0.627 0.41 5224  Datasus/SIAB 1998-2010
Population covered by PSF 0.315 0.385 5224  Datasus/SIAB 1998-2010
Intensive Margin (per capita)
N. of People Visited by PCA 0.273 0.288 5224  Datasus/SIAB 1998-2010
N. of People Visited by ACS 0.119 0.181 5224  Datasus/SIAB 1998-2010
N. of People Visited by PSF 0.153 0.254 5224  Datasus/SIAB 1998-2010
N. of Household Visits and Appointments 1.849 2.571 5224  Datasus/SIAB 1998-2010
N. of Household Visits and Appointments by ACS  1.036 2.171 5224  Datasus/SIAB 1998-2010
N. of Household Visits and Appointments by PSF 0.809 1.524 5224  Datasus/SIAB 1998-2010
Health Human Resources (per capita x 1,000)
N. of Health Professionals 5.156 4.889 5224 IBGE/AMS ‘99, ‘02, ‘05, ‘09
N. of Doctors 1.567 2435 5224 IBGE/AMS ‘99, 02, ‘05, ‘09
N. of Nurses 1.173 1.663 5224 IBGE/AMS ‘99, 02, ‘05, ‘09
N. of Nursing Assistants 1.25 1.451 5224 IBGE/AMS ‘99, ‘02, <05, ‘09
N. of Administrative Professionals 1.165 1.267 5224 IBGE/AMS ‘99, ‘02, <05, ‘09
Primary Care Related Infrastructure & HR
N. of Health Facilities (per capitax 1,000) with:
Ambulatory Service and ACS Teams 0.14 0.197 5211 Datasus/SIA 1998-2007
Ambulatory Service and Community Doctors 0.083 0.156 5211 Datasus/SIA 1998-2007
Ambulatory Service and PSF Doctors 0.078 0.151 5211 Datasus/SIA 1998-2007
Ambulatory Service and ACS Nurses 0.071 0.155 5211 Datasus/SIA 1998-2007
Ambulatory Service and PSF Nurses 0.076 0.15 5211 Datasus/SIA 1998-2007
Ambulatory Service and PSF Nursing Assistants ~ 0.051 0.124 5211 Datasus/SIA 1998-2007
Ambulatory Production (per capita x 1000)
N. Outpatient Procedures 8.824 4518 5224 Datasus/SIA 1998-2007
N. Primary Care Outpatient Procedures 7.42 3942 5224 Datasus/SIA 1998-2007
N. Low & Mid Complexity Outpatient Procedures  9.478 5.827 5224 Datasus/SIA 1998-2007
N. High Complexity Outpatient Procedures 0.005 0.052 5224 Datasus/SIA 1998-2007
Access to Health Services (share)
Prenatal Visits: Unknown 0.043 0.094 5177 Datasus/SINASC 1998-2010
Prenatal Visits: None 0.05 0.073 5155 Datasus/SINASC 1998-2010
Prenatal Visits: 1-6 0.525 0.216 5224 Datasus/SINASC 1998-2010
Prenatal Visits: 7+ 0.383 0.235 5224 Datasus/SINASC 1998-2010
Hospitalization (per capita x 1000)
Maternal Hospitalization Rate 50.778  36.571 5224 Datasus/SIH 1998-2010
Infant Hospitalization Rate — APC 207.897 256.175 5224 Datasus/SIH 1998-2010
Infant Hospitalization Rate — non-APC 74.183 121.99 5224 Datasus/SIH 1998-2010

Notes: Statistics presented at baseline with observations referring to the number of municipalities with observed data. All measures presented

here are components of indexes measuring health care access, production and inputs. In each case, units are indicated in headings. ACS refers

to Community Health Agents. PSF refers to agents in the Programa Saude da Familia. PCA refers to Primary Care Agents. In most cases,

per capita figures are reported per all population, with the exception of the maternal hospitalization rate (per female 10-49 year-olds) and infant

hospitalization rate (per 0-1 year-olds). APC and non-APC refer to causes amenable to primary care and not amenable to primary care respectively,

classification based on Alfradique et al. (2009). Coverage refers to the yearly coverage of each specific data source across our study period (1998—

2010).
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Table A.1: Descriptive Statistics (at baseline) — Cont.

Mean  Std. Dev. Obs. Source of Data Coverage
Health System (per capita x 1000)
N. of Municipal Hospitals 0.06 0.139 5224 IBGE/AMS ‘99, <02, 05, ‘09
N. of Federal and State Hospitals 0.014 0.079 5224 IBGE/AMS ‘99, 02, 05, ‘09
N. of Private Hospitals 0.03 0.059 5224 IBGE/AMS ‘99, ‘02, ‘05, ‘09
Private Insurance Coverage 0.047 0.088 5129 Datasus/SIOPS 2000-2010
Adult Hospitalization (per capita x 1000)
Adult Hospitalization 359.734 223.819 5224  Datasus/SIH 1998-2010
Adult Hospitalization — APC 132.108  90.474 5224  Datasus/SIH 1998-2010
Adult Hospitalization Rate — non-APC 227.626 159.116 5224  Datasus/SIH 1998-2010
Adult Mortality (per capita x 1000)
Adult Mortality 14.653 5367 5224  Datasus/SIM 1998-2010
Adult Mortality — APC 3.951 243 5224  Datasus/SIM 1998-2010
Adult Mortality — non-APC 10.702 4.141 5224  Datasus/SIM 1998-2010
Hospitalization Flows (per capita x 1000)
Total Hospitalization Inflow 10.359  25.642 5224  Datasus/SIH 1998-2010
Inflow Amenable to Primary Care 2.988 8.483 5224  Datasus/SIH 1998-2010
Inflow Not Amenable to Primary Care 7.371 19.869 5224  Datasus/SIH 1998-2010
Total Hospitalization Outflow 40.329 55369 5224  Datasus/SIH 1998-2010
Outflow Amenable to Primary Care 9.583 14228 5224  Datasus/SIH 1998-2010
Outflow Not Amenable to Primary Care 30.745 43.026 5224  Datasus/SIH 1998-2010

Notes: Summary statistics are presented at baseline with observations referring to the number of municipalities with observed data.

All measures presented here are components of indexes measuring health care access, production and inputs. In each case, units for

variables are indicated in headings. In most cases, per capita figures are reported per all population, with the exception of the infant

hospitalization rate (per 0-1 year-olds). APC and non-APC refer to causes amenable to primary care and not amenable to primary care

respectively. Coverage refers to the yearly coverage of each specific data source across our study period (1998-2010).
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Table A.1: Descriptive Statistics (at baseline) — Cont.

Mean  Std. Dev. Obs. Source of Data Coverage

Controls
Baseline Socioeconomic Controls

Life Expectancy 68.543 3.931 5224 IBGE/Census 1998-2010

Expected Years of Study 8.416 1.772 5224 IBGE/Census 1998-2010

Iliteracy Rate (above 18y old) 23.175 13.439 5224 IBGE/Census 1998-2010

Income per capita 345.061 192.944 5224 IBGE/Census 1998-2010

Share of Population Below Poverty Line  0.401 0.226 5224 IBGE/Census 1998-2010

Gini Coefficient 0.546 0.068 5224 IBGE/Census 1998-2010

Access to Sewage Network 0.26 0.305 5224 IBGE/Census 1998-2010

Access to Garbage Collection Service 0.546 0.267 5224 IBGE/Census 1998-2010

Access to Water Network 0.59 0.239 5224 IBGE/Census 1998-2010

Access to Electricity 0.876 0.161 5224 IBGE/Census 1998-2010

Urbanization Rate 0.606 0.228 5224 IBGE/Census 1998-2010
Time-varying controls

GDP per capita (2010 RS) 9.754 11.417 5224 IBGE 1998-2010

Bolsa Familia transfers per capita 0 0 5224 Min. D.S. 1998-2010
Fiscal controls

Average Neighbor Health Spending p.c.  208.465 124.004 5222 FINBRA 1998-2010

Human Resources Spending (/Revenue)  0.415 0.107 5099 FINBRA 1998-2010
Weighting

Population (1,000s) 29.667 181.178 5224 IBGE/Census 1998-2010
Other Baseline Measures
Mayor’s Victory Margin (2000) 18.50 19.78 5217 TSE 1998-2010
Mayor’s Education Level (years) 11.53 4.00 5219 MUNIC 2003 1998-2010
Councillor’s Education 0.66 0.26 5160 MUNIC 2003 1998-2010
Government Regulatory Plan 0.45 0.50 5224  MUNIC 2003 1998-2010
Corruption (1=yes, 0=no) 0.34 0.31 1062 CGU 1998-2010
Corruption (1=yes, 0=no/no audit) 0.14 0.35 5224 CGU 1998-2010
Management Index 3.67 0.56 5224 Min. P&B 1998-2010

Notes: Summary statistics are presented at baseline with observations referring to the number of municipalities with observed data.
All measures presented here are controls included in certain models (top panel) or in heterogeneity and policy analysis conducted
in Section 7 (top and bottom panel). Baseline for variables drawn from the census are measured with the 2000 census, while
statistics from FINBRA are measured at 1999. Election data is at 2000, and the MUNIC survey was released in 2003, but collected
principally in 1999-2001. Corruption audits all occur from 2003 and beyond. Spending is measured in 2010 R$ unless otherwise
indicated. Human resource spending refers to the proportion of total municipal revenue dedicate to human resources. Min. D.S.
refers to the Ministry of Social Development, and Min. P&B refers to the Ministry of Planning and Budget. Coverage refers to the
yearly coverage of each specific data source across our study period (1998-2010). As measures are fixed by municipalities over

time, coverage is indicated as 1998-2010.
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Figure A.3: Distance to Spending Target at Baseline and Municipal Characteristics
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Notes: Each plot presents the raw correlation between each municipality’s distance to the EC/29 spending target at baseline, and proportional changes in municipal
level characteristics measured from the 2000 and 1991 censuses. On the vertical axis, changes in rates of measures indicated in the plot title between 1991 and 2000
(all pre EC/29 adoption) are presented and on the horizontal analysis, distance to the EC-29 target is presented (positive values imply spending below the target).
Each point is a single municipality. Linear fits are presented as orange lines with 95% Cls presented as shaded areas. In the interests of presentation, a very small
number of points with proportional changes above 500% are omitted from scatter plots, but are not omitted from formal tests or regression fit lines. Romano-Wolf
p-values provide the multiple-hypothesis corrected p-value of the bivariate regression plotted on the graph, and are based on 500 bootstrap replicates.



Table A.2: Definitions of Indexes

Index

Sub-Index

Variables

1. Access &
Production
of Health
Services
Index

2. Health
Inputs

Index

la. Primary Care
Access &
Production Index

1b. Non-Primary
Care Access &

Production Index
2a. Human
Resources

Index

2b. Hospitals
Index

Population covered by Community Health Agents

Population covered by Family Health Agents

. of People Visited by Primary Care Agents (pc)

. of People Visited by Community Health Agents (pc)

. of People Visited by Family Health Agents (pc)

. of Household Visits and Appointments (pc)

. of Household Visits and Appointments from Community Health Agents (pc)
. of Household Visits and Appointments from Family Health Agents (pc)

. of Health Facilities with Ambulatory Service and ACS Teams (pc)

. of Health Facilities with Ambulatory Service and Community Doctors (pc)

. of Health Facilities with Ambulatory Service and ACS Nurses (pc)

. of Health Facilities with Ambulatory Service and PSF Teams (pc)

. of Health Facilities with Ambulatory Service and PSF Doctors (pc)

. of Health Facilities with Ambulatory Service and PSF Nurses (pc)

N. of Health Facilities with Ambulatory Service and PSF Nursing Assistants (pc)
N. Primary Care Outpatient Procedures (per capita)

Proportion of births with unknown prenatal care coverage

Proportion of births with 0 prenatal visits*

Proportion of births with 1-6 prenatal visits*

Proportion of births with 7+ prenatal visitst

2222222272272 2Z27Z

N. Non-Primary Care Outpatient Procedures (per capita) (pc)
Maternal Hospitalization Ratet*

Infant Hospitalization Rate, non-APCH#

. of Doctors (pc)

. of Nurses (pc)

. of Nursing Assistants (pc)

. of Administrative Professionals (pc)

. of Municipal Hospitals (pc)
. of Federal and State Hospitals (pc)

zZ|z2ZzZ

Notes: Main indexes and sub-indexes are constructed from variables listed here, in each case following Anderson (2008). The abbrevi-

ation pe refers to per capita. Each variable is included in one and only one index, or one and only one sub-index. ¥ Variable has been

multiplied by minus 1 such that higher values refer to better outcomes from a public health policy point of view. ¥ All maternal and

infant hospital admissions computed in these indicators refer to conditions that are not amenable to primary care services, thus indicating

improved access and referral to healthcare services (e.g. as discussed in Bhalotra et al., 2019).
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B Further Details on Identifying Assumptions

Consider our measure of treatment intensity, which is the distance from the 15% spending target.
We refer to this value, which can in theory be as high as 15 (if municipalities were spending 0% of
their revenue on health at baseline), or as low as -85 (if municipalities were spending 100% of their
revenue on health at baseline). In practice, these values vary between around 15 and -35 (see Figure

2a). Refer to this distance measure for a particular municipality as d, and the set of all distances as
D.

Consider pre-spending reform period t — 1 and post-spending reform period ¢. The parallel trends
assumption in this setting is that for alld € D:

E[Y,(0) — Y;-1(0)|D = d] = E[Y;(0) - Y;_1(0)|D = 0] (B1)

In words, this is that observed trends in outcomes for untreated units (municipalities which were
complying with the spending target at baseline) are a good counterfactual for what would have
happened to units which were further from the target if there had been no spending reform. This is
a standard parallel-trends assumption, where we assume that municipalities close to the spending
target are a good counterfactual off of which to estimate outcome trends should other municipali-
ties not have been subject to spending reform changes, with the only difference being that this is
assumed to hold Vd € D, whereas in a model with binary treatment measures, it would be assumed
to hold between these untreated units, and units for whom D = 1.

Callaway et al. (2024) note that this assumption is sufficient to identify a series of parameters which
they refer to as ATT(d|d), the average effect of changing a spending target by d, for municipalities
which were effectively d units away from the target at baseline. In the case of the EC/29 spending
reform, such an estimand is unlikely to be of interest given that the reform caused all municipalities
to vary spending patterns. Instead, for a given unit, we are interested in estimating the impact of
spending shocks given higher or lower exposure to the reform. Specifically, we are interested in
dose response treatments. Individuals which were further from the spending cutoff at baseline are
more exposed to the reform, and we are interested in understanding the impact of marginal spending
by leveraging marginal shifts in distance to this spending target.

This is thus an average causal response (ACR), or the change in outcomes given a marginal change
in distance to the health spending target. Callaway et al. (2024) note that two-way fixed effect
estimates (and corresponding time-dependent quantities presented in dynamic models) are related
to average causal response functions. However, they note that without further assumptions, we
do not generically estimate ATE(d), and the more simple two-way fixed effect estimate which we
implement in specification (1) does not estimate an average of ATT(d|d) parameters for each lag
and lead. Specifically, under the parallel trends assumption in equation (B1), the two-way fixed
effect estimate captures the following, where the below refers to a particular lead, ie the estimate
at time 2000:

au
IBtwfe — /dL wl(l) {ACRT(Z“) 4 aATa];l(”h) wOATT(dleL)

L (B2)

Ja+
h=1

B1



where:

wi (1) = (E[D|D > 1] —ZE[D])P(D > 1) 0y — (E[D|D # 0] — EZ[D])p(D ” O)dL,
O'D O_D
and:

ACRT(d|d) = aE[Yt(lng =] g

The notation here follows Callaway et al. (2024), however note that we have generalised the formu-
lation such that D does not have strictly positive support: both positive and negative distances are
permitted. This quantity ACRT refers to the average causal response on the treated, which is the
change in outcomes given a marginal change in distance to the health spending target. The weights
wo and w1 (1) integrate to 1, where in this setting, wy will be very small given that E[D|D # 0] ~
E[D], and so we can focus on the first term in (B2). This first term suggests that under standard
parallel trends assumptions as in (B1), we will thus not necessarily capture a weighted average
of average causal response functions, given the existence of the second term: 0ATT (I|h) /h|;—;.
This term captures any possible selection into treatment effects. For example, if units which have
higher values of distance to treatment d generally have larger treatment effects for a specific treat-
ment value, this ATT term will be positive. In the range considered in this setting, it is not clear
whether such ATT terms will be non-zero. It is not clear, for example, that a municipality which
was 5 points from the target and so increased spending by 5 points would gain more or less from this
spending change than if a municipality which was 6 points from the spending target, had increased
its spending by 5 points. As this second term refers to changes in ATTs across small changes in
spending, it seems likely that this term may be negligible.

More specifically, as laid out in Callaway et al. (2024), if we are willing to make a stronger version
of the parallel trends assumption made above, the interpretation of the two-way FE estimator can
be simplified considerably. In particular, we require the “strong parallel trends assumption” which
states that for all d € D:

E[Y:(d) — Y;-1(0)] = E[Yi(d) — Y;—1(0)|D = d] (B3)

In our context, this assumption implies that for all distances to spending targets, the average change
in outcomes of interest over time across all units if they had instead had a baseline spending differen-
tial d equals the the average change in outcomes for all units which actually have baseline spending
differential d. For example, consider distance d = 5, which implies that a municipality was spend-
ing 10, rather than 15% of its own resources on health at baseline, and so needed to increase its
health spending by 5 percentage points. For this particular value d, equation (B3) states that what
happened to these municipalities in outcomes, between ¢ and t — 1, is what would have happened
to all other municipalities between these periods (those with d = 15,14,13,...,6,4,3,...,—35)
if instead of having their own baseline differential, they had a differential of d = 5.3! This is plau-
sible if we believe that an exogenous shift in health spending of different sizes would have similar
impacts if targeted to a municipality which spends relatively less or relatively more of its budget

31This strong parallel trends assumption is necessary given that each spending level d is being compared with each
other spending level, and so counterfactual mappings are required for each level d. It is thus the natural extension to
parallel trends with counterfactual untreated states in a binary treatment setting.
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Figure B1: Weights implicit in Two-way FE models and the Empirical Distribution of Spending
Target Distances

on health care. In our setting, empirical results do point to this being potentially plausible, given
that spending targets appear to bind quite tightly across a large range of values, and so it seems
plausible that had municipalities been presented with an alternative spending target, their behavior
would have adjusted to meet this target. Moreover, we do not observe evidence to suggest that mu-
nicipalities which spent greater or lower shares of their budget on health have observable measures
which are trending in systematically different ways in the pre-reform period (Appendix Figure A.3).
Should this assumption be reasonable, then it can be shown (Callaway et al., 2024, Theorem 3) that
the two-way FE estimate in equation provides a weighted average of average causal responses, as
laid out in the following:

du ATT(dy)
twfe __ - 7
B _/dL w1 (1) ACR(1l + w2, (B4)
where: SE[Y,(d)]
. t
ACR(d) = g

In this case, we can therefore interpret coefficient estimates as the weighted average of a marginal
changes in spending targets on the outcome of interest, where weights are laid out above.

Thus, identification in our setting relists on the strong parallel trends assumption. However a sec-
ondary point of note is that the the weights w1 (I) implicit in two-way FE models do not necessarily
match those in the empirical distribution of distance to treatment. Indeed, as laid out above, these
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weights are mechanically related to variance of the treatment variable. We estimate these weights,
and document that, in general, two-way FE models tend to put relatively more weight on munici-
palities which were already spending above the treatment target, and where we observe the health
impacts are relatively smaller. Thus, in general, this weighting scheme is likely to be conservative.
In robustness figures discussed in Section G.1 we show an additional test where we re-weight two-
way FE models such that weights are now based on the empirical distribution of spending targets
(i.e. the ratio of the solid curve to the dashed curve in Figure B1). Specifically, given that we weight
models by population, in our reweighted models we use a weighted model where weights consist

. . d m . . o« . .
of weight,, = populatzonm%, with both fp) (d)m and TWFE,, referring to municipality-

(treatment dose-) specific values plotted in Figure B1.
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C Fiscal Reactions

Here we present the complete analysis of EC/29 impacts on total public revenue and spending,
public spending by category, and public spending on health, by source and type. For the sake
of conciseness, we will complement dynamic results, based on our main equations (1) and (2),
with estimates based on a single-coefficient specification to generate single coefficients for reform
impacts, namely:

Yiues = a+ B (Distm,pre X PostEC29:) + b5t + pm + G(Zm,pre X At) + 9 Xints + €mes. (C1)

All details follow those laid out in equation (1), with the exception of the single interaction term
based on PostEC29;, a dummy that equals one if the year is 2001 or later. Such single-coefficient
tabular results will complement event-study plots, and all outcomes will be measured as the natural
logarithm of Reais (BRL) per capita.

We start by presenting in column 1 of Table C.1 single-coefficient estimates from a specification
with only municipality and state-year fixed effects, and for consistency with later models, a data
quality control (in Column 5 we note that results are not sensitive to the inclusion of this data qual-
ity control). Column 2 adds baseline controls interacted with a linear time trend. Column 3 adds
socioeconomic time-varying controls, and column 4 adds time-varying fiscal controls. This spec-
ification is the most saturated, still, in our context fiscal controls may be considered endogenous.
For that reason, our preferred specification is that presented in column 3.

In Panel A, column 3, we observe that the EC/29 reform is positively associated with total spending
and total revenue collected by municipalities, with a point estimate for spending nearly threefold
greater in comparison to revenues, though coefficients are not statistically significant. Figure C1,
panels (a)-(b) show that dynamic impacts on revenues are flat around zero, while point estimates on
spending suggest an insignificant downward trend before EC/29, followed by marginally positive
effects of around 0.25 after the reform. This is consistent with municipalities beginning to spend
slightly more on average, while still complying with legal restrictions on spending and debt.

The Fiscal Responsibility Law establishes that municipal spending can exceed revenues by no more
than 20%, with municipalities having until 2016 to comply with the 20% target. According to
Federal Senate Resolutions n.40 and n.43, non-compliance with debt ceilings implies that munici-
palities can no longer receive public transfers, get access to federal loans and bank credit (Brasil,
2000; Rocha, 2007).3? Descriptive evidence also suggests that municipalities often face difficul-
ties in executing primary expenditure across the different government sectors, which may typically
lead to unspent budgetary funds (IFI, 2018). For instance, just after the EC/29 passage, and until
2005, average figures related to unspent funds ranged around 4.3% to 7.4% of government budgets,
potentially providing municipalities with budget flexibility to meet EC/29 requirements.

The remaining results from Panel A indicate that the EC/29 reform drives large increases in health
and sanitation spending, with no such effects in other classes. Note that in column 3 point estimates
for other spending classes are generally negative, although much smaller in magnitude and statis-
tically insignificant. These results point to municipalities re-optimising in order to increase the
fiscal space for health, smoothing across other spending classes such that drastic cuts are avoided.

32 Excess above the 20% target must be reduced by at least 6.6% per year.
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Table C.1: Fiscal Reactions to EC/29

With Data Quality Control Without Data
Quality Controls
(1) () 3) “) O]
Panel A: FINBRA
Total Revenues -0.118 0.001 0.040 0.063 0.040
(0.139)  (0.117)  (0.112)  (0.112) (0.112)
Total Spending -0.039 0.071 0.110 0.092 0.110
(0.137)  (0.115)  (0.111)  (0.111) (0.111)
Health Spending 1.109***  1.236™** 1.282*** 1.232*** 1.281***
(0.250)  (0.227)  (0.225) (0.224) (0.225)
Non-Health Spending -0.234* -0.134 -0.097 -0.111 -0.097
(0.130)  (0.109)  (0.105)  (0.105) (0.105)
Non-Health Social Spending -0.112 -0.058 -0.030 -0.049 -0.030
(0.163)  (0.136)  (0.134)  (0.133) (0.134)
Non-Social Spending -0.300* -0.170 -0.124 -0.135 -0.124
(0.174)  (0.147)  (0.141)  (0.141) (0.141)
Observations (Each cell) 62950 62950 62950 62886 62950
Panel B: SIOPS
Total Health Spending 2.200%**  2.303*** 2.328"** 2.316*** 2.329%**
(0.248)  (0.195)  (0.185)  (0.208) (0.186)
From Own Resources 5430 5.473%%  5501**F 5487 5.503***
(0.271)  (0.260)  (0.248)  (0.261) (0.248)
From Other Resources 1.594 1.558 1.558 1.590 1.559
(1.561)  (1.309) (1.298) (1.316) (1.299)
Personnel 2.544*%* 2. 581"  2.600"** 2.564*** 2.603%**
(0.428)  (0.365) (0.364) (0.370) (0.365)
Investment 5.691%%*  5353*** 5358** 5.304*** 5.360***
(1.044)  (0.744) (0.738)  (0.752) (0.739)
Outsourced (3™ party services) 0.771 1.117*  1.150**  1.123* 1.152**
(0.695)  (0.606)  (0.580)  (0.640) (0.580)
Admin, Management and Others 4.418%* 4308*** 4.332%**F 4355 4.331%
(1.081)  (0.975)  (0.972)  (0.990) (0.972)
Observations (Each cell) 54622 54622 54622 53685 54622
Data Quality Control Y Y Y Y N
Municipal FE & Time-State FE Y Y Y Y Y
Baseline Socioeconomic Controls x Time N Y Y Y Y
Time-Varying Controls N N Y Y Y
Fiscal Controls N N N Y N

Notes: Each cell represents a separate regression of spending or revenue on exposure to the EC/29 reform, following (C1). Column

1 presents the baseline model with municipality and state-year fixed effects, plus data quality controls. Column 2 adds baseline

socioeconomic controls from the Census interacted with time. Column 3 adds controls for GDP per capita and Bolsa Familia trans-

fers per capita. Column 4 adds fiscal controls; namely neighbouring municipality spending and exposgrg to the LRF. Covariates

are omitted for ease of presentation. Standard errors presented in parentheses are clustered at the municipality level. * p<0.10; **

p < 0.05; *** p <0.01.



Figure C2, panels (a)-(d) present the average dynamic effects for each of these four broad spending
classes.

SIOPS data considered in Panel B provides a richer break-down of impacts on health spending,
having both a dedicated measure of health spending, and measures of spending by classes within
health. Estimates are stable across columns. In column 3, we find a 23.3% increase in total health
spending per capita for our benchmark variation.>3 This effect comes almost entirely from increases
in spending from own resources (55% increase relative to baseline). All types of health spending
were observed to move as a result of the EC/29 reform, but increases in investments (54%) and in
administrative expenses (43%) are particularly large, followed by spending in personnel (26%) and
outsourcing (12%).34

We presented average dynamic effects in Figure 3 of the main text, panels (a)-(f). Even though
SIOPS is a more complete source of data on health spending, the system is only available after
the year 2000. Therefore, we used FINBRA data to evaluate the presence of pre-trends in health
spending. In panel (a) of Figure 3 we observed no significant pre-trends in spending and a clear
and significant pattern of spending increase, with each of the first years after the EC/29 presenting
larger effects, that stabilize around 2004 onwards. This is in-line with the nature of the reform,
which allows municipalities a period to achieve the mandated target. We also find that spending
on human resources and service outsourcing increases until at least 2004, while administrative
expenses and investments sharply increase from 2000, stabilizing in 2002 and 2005, respectively.
Figure C3, panels (a) and (b), complements the results by showing average dynamic effects on
spending by source of funding. We observe sharp increases specifically related to spending from
OWn resources.

Results documented to this point are based on all spending variation induced by the EC/29 consti-
tutional reform. However, this potentially masks heterogeneity in spending shifts. Figure 2 of the
paper showed that spending changes appear in municipalities which were below the 15% cut-off,
but also in those which were above the cut-off, acting to drive down spending in these municipal-
ities. As discussed in Section 4, results could thus be driven by a number of shifts in outcomes as
well as by the dynamic changes in patterns in one group relative to another after the reform. Panels
(g)-(1) of Figure 3 broke down the impacts of spending reforms on municipalities’ fiscal responses.
Here we followed equation (2) and separately considered municipalities which were above the tar-
get at baseline (red points and Cls), and those which were below the target at baseline (blue points
and Cls). We observed that municipalities below the target systematically increase health spend-
ing, across all spending classes. The opposite is documented for those municipalities above the
target, although point estimates (in absolute terms) are smaller in magnitude. These municipalities
may have used the target as a focal point around which health spending should be set, potentially
resulting in a reduction in total spending towards reform compliance.

Figures C1 (panels (c) and (d)), C2 (panels (e)-(h)) and C3 (panels (c) and (d)) present analogous
results for the remaining fiscal outcomes from FINBRA and SIOPS. Results are similar in qualita-

33This effect is almost twice as large as that on health and sanitation spending reported in Panel A, given that it focuses
exclusively on health spending.

34Note that baseline statistics in Table A.1 show relatively low shares of resources allocated to investments within total
municipality health spending, with the great majority of resources being allocated to human resources and administra-
tive expenses.
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tive terms, and suggest a tendency of total spending to decrease for those above the target. We also
note that point estimates for those below the target are often greater than the average effects. If con-
sidering total health spending as measured by SIOPS, from around 2004 onwards, point estimates
indicate that a 10 p.p. distance below the target is associated with increases in health spending by
around 35-38%. This is larger than the value of 23.3% in Table C.1, confirming greater spend-
ing increases for these municipalities, holding fixed changes that occurred in the group above the

target.

Figure C1: Dynamic Effects on Health Spending, Total Revenues and Total Spending — FINBRA
Data
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Notes: Data from FINBRA. Panels (a) and (b) present estimates from equation (1), and panels (c) and (d) present
estimates from equation (2). In each specification lags and leads to the EC/29 passage are presented, controlling for
data quality, baseline socioeconomic controls from the Census interacted with time trends, and time-varying controls
as defined in Section 4. Panels (a) to (b) present global estimates from spending shifts, where point estimates are
presented as black squares, and 90% and 95% confidence intervals are presented as dark and light grey shaded areas
respectively. Panels (c) to (d) present spending impacts separating by municipalities located below and above the
spending threshold (15%) at baseline. Point estimates are presented as blue and red squares, with blue referring to
the below target baseline while red refers to the above target baseline group. In each case 90% and 95% confidence
intervals are presented as darker and lighter shaded areas respectively. Population weights are consistently used, and
standard errors are clustered by municipality.
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Figure C3: Dynamic Effects on Health Spending by Source of Funding — SIOPS Data

(a) From Own Resources

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

Above © Below

Number of observations: 54622

(b) From Other Resources

9 9
g s g s
7 P
g 7 8 7
3 o 3
@ 6 o o = o P 26
x 5 . % 5
g o o g
? 4 o ? 4
g S
a 3 = 3
] @
5 2 > 2 a °
5 o
s g B 2 e o 2 o
g1 g1 o
3 5
§ Or--mmommoenoeees o R B
=3 j=3
@ 2]
s-1 -1
k] K
£-2 8-2
-3 -3
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year Year
Number of observations: 54622 Number of observations: 54622
(c) From Own Resources (d) From Other Resources
pu g 14
3 12 o @ B o 8 & g 12
S 10 = S 10
o
8 3 ° 3 8
& ¢
g © g °
2 e
I
o
£ 2 g 2
2 5 o © o @
L T T EE R [ T S S— (- I, - P . n____f - I
@ o g
22 2 2
g 2
g -4 g -4
& -6 a -6
s _ £ -
g E
I -10 £-10

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

Above © Below

Number of observations: 54622

Notes: Refer to Notes to Figure 3. Identical models are estimated, however here considering total health spending by
source (from own resources, or from other resources) as measured by SIOPS.

C6



D Measurement of IMR Prior to 1998 and Pre-Trends

Our analysis considers the 1998-2010 period, allowing for three years for inspection of pre-trends
(1998-2000). In this section we extend the analysis until 1996, the year when the National System
of Mortality Records (SIM) adopted the ICD-10 classification of cause of deaths. While exist-
ing research indicate that the quality of data on vital statistics in Brazil indeed improved from
1996 onward, descriptive evidence, qualitative interviews with experts as well as examination of
the raw data indicate concerns related to data quality in initial years, particularly in 1996 and 1997.
Szwarcwald et al. (2002), for instance, document that the coverage of death records decreased from
1996 to 1998 in the most developed regions of Brazil, where data should supposedly be of higher
quality, thus pointing to concerns related to SIM records in these initial years. Given these con-
cerns, in what follows we examine ways of identifying data quality issues and of improving the
measurement of mortality rates as an effort to provide an extended analysis of pre-trends from
1996 onward.

As a first method of examining data quality issues and to remove sample observations with abnor-
mal values we consider the relative variation of IMR over time. We first identified municipalities
with abnormally high variations in IMR across years by calculating the standard deviation of IMR
within-municipalities. While we would expect to observe substantial variation in IMR both across
municipalities and over time, we should not observe abnormal variation in IMR from year to year
for a given municipality. We thus estimated the within-municipality IMR standard deviation (SD)
for the whole sample, and flagged the municipalities above the 95™ percentile of the SD distribu-
tion.

Figure D1(a) plots by year the share of municipalities with IMR values greater than 2 standard devi-
ations from the mean (within municipalities), and the same measure for the group of municipalities
that were flagged through the procedure described above. We observe that outliers were far more
common in 1996 and 1997 (green line) exactly for those municipalities which were flagged as hav-
ing questionable measures in early years based on the extreme variability of rates over time. For
instance, among municipalities with abnormal variation, nearly 80% of those had abnormally high
mortality rates exactly in 1996 — with average IMR for this group of municipalities reaching an
implausible figure of 1,964 per 1,000 live births in that year, versus an average of 28.9 for the rest
of the sample. A relatively high proportion is also observed for 1997, then followed by a relatively
flat and low trend from 1998 onward.

Second, we also identified municipalities with abnormally high variations in IMR across years by
looking directly at year-to-year percentage variation in mortality rates. To avoid extremely high
variations from small municipalities, for which we may observe infant mortality rates switching
from zero to 1,000, or vice-versa, we dropped from the sample those municipalities that recorded
zero birth, IMR equal to zero or equal to 1,000 in at least one year from 1998 onward, when
data quality can be considered higher. We then calculated the year-to-year percentage variation in
IMR and flagged those municipalities with any extreme variations, i.e., we marked those above
the 95™ percentile (> 1.75 in In(IMR;)—In(IMR;_1)) or below the 5™ percentile (< -1.23 in
In(IMR;)—In(IMR;_1)) of the distribution of the IMR annual percentage variation. Figure D1(b)
plots by year the IMR for those municipalities with (n = 1,243) versus without (n = 1,134)
extreme variations. We observe abnormal values exactly in 1996 and 1997 among those munici-
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palities with extreme variations, then once again followed by a relatively flat and lower trend from
1998 onward.

Figure D1: Identification of Municipalities with Data Quality Issues
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Notes: Plots document rates of irregular variation in IMR (left-hand panel), and rates of IMR by municipalities flagged

as being highly variable or not highly variable (right hand panel). These correspond to the first and second methods
discussed to identify irregular rates of infant mortality respectively.

Next, in Figure D2 we extend our analysis to also consider the 1996-1997 years. Figure D2(a) plots
the estimates from our benchmark specification for three different samples: (1) our benchmark
sample, which starts in 1998 and covers all municipalities; (2) our alternative sample, which starts
in 1996 and remove those municipalities with abnormal observations as identified based on the
first method laid out above (275 out of 5507 municipalities were removed); (3) our sample that
starts in 1998, but that excludes the same municipalities as in (2). In Figure D2(b) we follow
an analogous series of specifications, but now in steps (2) and (3) exclude municipalities with
abnormal variation in IMR based on the second procedure described above. Overall, we observe
some scattered variation and large standard errors for the 1996-1997 period, even upon the removal
of outliers, but without any systematic pattern. This is then followed by estimates around zero and

smaller standard deviations just around the pre-reform years, and patterns similar to our benchmark
estimates thereafter.
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Figure D2: IMR Analysis: Extended Pre-trends
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Notes: Refer to Notes to Figure 4. Identical models are estimated, however here extending the sample for 1996 and
1997 and conducting data quality checks as laid out above. Point estimates are presented as dots, and 95% confidence
intervals are presented as vertical lines. Line types indicate the regression samples.
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E Infant Mortality by Cause of Death and Elasticities
E.1 Mortality by Cause of Death

Figure E1: Infant Mortality and Public Health Spending (By cause)
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Figure E2: Infant Mortality and Public Health Spending (By cause): Above and Below Threshold
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E.2 Elasticity Calculations, Benchmarking and Discussion

Papers estimating the causal relationship between health spending and mortality often run log-log
regressions and present estimates for the elasticity of mortality with respect to health spending. We
explicitly choose not to apply transformations to our health outcomes variables due to the number
of observations with values equal to zero.>> We can nevertheless back out elasticities of spending
on IMR based on proportional changes in spending and infant mortality as a result of EC/29. To do
so requires estimates of the impact of EC/29 on both spending and infant mortality. Each of these
quantities is directly estimated in equation (1) at various post reform years j = 2001, ...,2010. By
scaling estimated reform effects on health with estimated reform effect on spending, we isolate a
time-specific elasticity defined as follows:

OIMR ¢
<8Distm,pye><n;:"sc29t+]-) /IMRP”

Elasticity; =

oHealth Spending,,,; .
(a Distypre X E ng”:jj /Health Spending,,,

OIMR ;15 /IMR .
) (AIMR s/ IRy | -
(aHealth Spending,,,;; / Health Spendingpre)

-

Note that this elasticity is explicitly dependent on the reform effect at time j, and needs not be
constant across j. Time variation of elasticity estimates may occur given that at different horizons
the reform affects spending at different margins, which may have larger or smaller effects on health
outcomes like infant mortality. Effects of increases in spending have also been observed to vary by
time, potentially reflecting delays between investments in lumpy health inputs such as infrastructure
and human capital being complete, and hence reflected in outputs. Similarly, health effects may
accumulate over time as past health spending has inter-temporal spillovers, allowing municipalities
to enter improved paths for health outcomes. The quantities in parentheses in the numerator and
denominator in equation (E2) are simply estimated effects of the EC/29 reform estimated from
equation (1). These are scaled by baseline values of these measures to estimate a proportional
change in infant mortality, and health spending. Elasticities are then estimated by scaling these two
proportional changes. Along with point estimates of elasticities estimated following equation (E2),
we present confidence intervals on these estimates. These confidence intervals are estimated by
block bootstrap where municipalities are resampled, the numerator and denominator of equation
(E2) are re-estimated, along with baseline outcomes for the resampled units, and the elasticity is
then re-estimated. The 95% confidence intervals are then constructed as the point estimate + 1.96
X the standard deviation of estimated bootstrap resamples.

As a benchmark, the elasticities in previous studies vary greatly. While Filmer and Pritchett (1999)
find a very small elasticity of —0.08, Gupta et al. (2002) find an elasticity of —0.31, and Bokhari et al.
(2007) estimate elasticities ranging between —0.4 and —0.5. In the micro studies, Crémieux et al.
(1999) find large elasticities between —0.8 and — 1.1, Bhalotra (2007) finds an elasticity of —0.24
for rural populations, and Castro et al. (2021)’s elasticities range between —0.5 and —0.9. In Ta-

330ur data comprises all the Brazilian municipalities with available data for the period of analysis, some with population

sizes as small as 700 inhabitants, and it is common to find null infant mortality rates. Running log transformations
would therefore discard relevant information for several outcomes. The consistent use of rates also avoids problems
inherent in log transformations with zero outcomes described by Chen and Roth (2023).
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ble E.1 we present estimates of elasiticity in this setting considering the entire post-EC/29 period,
while in Figure E3 we present elasticities by time. These estimates suggest values well below
many of these correlational parameters, towards the lower end of values reported in the literature
(Filmer and Pritchett, 1999; Bhalotra, 2007). Interpretation is discussed in Section 5.2.

Figure E3: FElasticity Estimates for Infant Mortality
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Notes: Elasticity estimates are plotted (black squares) along with their 95% ClIs (grey shaded area). Elasticities are
presented over all post-reform years studied (2001-2010), capturing reform-mediated effects at various horizons. Elas-
ticity estimates are calculated following equation (E2), with components estimated following equation (1). Standard
errors are calculated by block (clustered) bootstrap resampling accounting for uncertainty in both elements of elasticity,
with 500 bootstrap resamples.
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Table E.1: Back of the Envelope Infant Mortality Rates Elasticity

Health and Sanitation Spending Health Spending
(FINBRA) (SIOPS)
(1) 2 3 4) (©) (6) (7 8)
Infant Mortality Rate
Total -0.121 -0.100 -0.087 -0.072 -0.249 -0.200 -0.154 -0.134
Amenable to Primary Care -0.034 -0.158 -0.151 -0.166 -0.069 -0.314 -0.266 -0.309

Non-Amenable to Primary Care -0.130 -0.095 -0.081 -0.063 -0.267 -0.188 -0.143  -0.116

By Timing

Within 24 hours -0.155 -0.148 -0.146 -0.163 -0.317 -0.295 -0.258 -0.302
1 to 27 days -0.141 -0.102 -0.090 -0.094 -0.290 -0.202 -0.158 -0.175
27 days to 1 year -0.091 -0.099 -0.084 -0.040 -0.187 -0.196 -0.148 -0.074

Notes: Elasticity of Infant Mortality is estimated following (E2), based on aggregate single coefficient estimates of EC/29 impacts
on infant mortality and health spending following (C1). Alternative columns correspond to control sets indicated in Table C.1,
and measures of health spending calculated from FINBRA (columns 1-4), and SIOPS (columns 5-8).
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Figure E4: Distributional Elasticity Estimates: Infant Mortality
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Notes: Back of the envelope elasticity estimates are plotted for above and below spending threshold municipalities
along with their 95% Cls (red for above threshold municipalities, and blue for below threshold municipalities). Elas-
ticities are presented over all post-reform years studied (2001-2010), capturing reform-mediated effects at various
horizons. Elasticity estimates are calculated following (E2), with both spending and infant mortality estimates being
group-specific to above and below threshold municipalities, estimated following (2). Standard errors are calculated
from block (clustered) bootstrap accounting for uncertainty in both elements of elasticity, with 500 bootstrap resamples.
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F Discussion on Other Pathways

In this Appendix we group results examining whether the spending reform affected other potential
pathways connecting variation in spending and health outcomes. We first examine impacts on
private provision and insurance coverage as well as on the provision of state and federal hospitals.
We then assess effects on adult outcomes, to further test for crowding out effects within health care
services, and geographical spillovers across municipalities, to check for changes in service referral
and patient mobility across local health systems.

F.1 The Private Sector and Other Public Providers

Figure F1 sheds light on whether changes in municipal spending affected private health care demand
or supply, and whether other public providers responded to the spending reform. Crowding out of
private services could be observed as long as municipal health services improve and start absorbing
demand. This could be particularly the case of individuals covered by private insurance, who
may start substituting private services with municipal health services. Moreover, the expansion of
municipal services may have induced a contraction of services provided by states and the federal
government. On the other hand, the public sector often outsources to private services provided
by profit and not-for-profit providers, thus potentially inducing private supply. We now examine
whether there is evidence of such shifts based in the expansion of public spending flowing from
the EC/29 reform, and discuss implications for health outcomes.

We focus on private insurance coverage and availability of hospitals given the availability of com-
parable and systematically measured data. Top panels of Appendix Figure F1 present aggregate
estimates, while bottom panels consider distributional effects. Panels Fla-F1c present estimates of
impacts on the supply of hospitals. All variables are measured as hospitals per 1,000 residents, and
are presented on a common scale. Panel F1a, in line with increased infrastructure spending, shows
clear evidence of increases in availability of hospitals administered by municipalities.>® In the case
of federal and state hospitals, which are not directly affected by municipal spending shares, we see
no evidence of crowding out, with flat and approximately zero effects.

361t is important to recall that municipal hospitals are typically small-scale facilities, providing inpatient services but
often having on average around 50 or fewer hospital beds.
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Considering private hospitals, there is some relatively weak evidence in favour of complementar-
ities in the short term. Distributional results in panels Fle-F1g suggest that such complementari-
ties between public and private hospital expansions are driven by municipalities below the target,
and are consistent with increases in spending in outsourcing among these municipalities (see Fig-
ures 3c, 31). These results are also consistent, at least in the short term, with effects observed in
other settings, where private investment has been noted to be complementary to public investment
(Corbi et al., 2018). On the other hand, there is a weak but upward trend in the availability of
private hospitals in municipalities above the target, where the supply of municipal hospitals was
contracted. As we do not observe any changes in outsourcing spending among these municipalities,
results suggest a potential role for substitution effects. Finally, in panel F1d, we observe relatively
little evidence to suggest that the EC/29 resulted in changes in individual coverage by private insur-
ance providers. Estimates are broadly flat and insignificant. Distributional effects in Figure F1h
similarly point to largely flat patterns at least in the 7 years following the passage of the EC/29
amendment — except for a downward trend after 2007 for municipalities below the target, though
imprecisely estimated.

Based on the available data, evidence therefore suggests an expansion of municipal services specifi-
cally, complemented by weak evidence of an expansion in private services during the initial increase
of municipal spending in municipalities below the target at baseline. This is where we observe the
reduction in infant mortality rates. On the other hand, there is some evidence pointing to an expan-
sion in private services in municipalities above the target, where spending was contracted and the
supply of municipal hospitals decreased. Yet, that expansion is not significant in the first years after
the reform, and we do not observe any changes in private insurance coverage. Moreover, access
to public services and production outputs remained stable in these municipalities after the reform.
This suggests that the stability in infant mortality rates after spending cuts may have been partially
sustained by efficiency gains in the public sector.

F.2 Effects on Adult Health Outcomes

In Section 5.2 we focused primarily on infant mortality as this outcome is well characterized in
terms of timing and health service needs. Yet, we can extend the analysis to examine adult mortality
outcomes. In particular, this allows us to consider the concern that spending changes may improve
certain outcomes which are amenable to being targeted by resources, such as prenatal care, at the
cost of other outcomes, such as chronic conditions among adults, which require continuous support
and inputs. In that case, for instance, reform impacts in municipalities below the target may lead
to improvement in infant mortality, but could potentially lead to deterioration in other outcomes.
Alternatively, sharp improvements in adult outcomes could suggest that spending changes did target
services more related to adult rather than infant health, eventually limiting greater improvements
in birth outcomes.

In Figure F2 we present results on adult mortality rates, which consider all adults aged 40 years and
above, and are standardized as rates per 1,000 individuals. We do not observe evidence consistent
with crowding out of health outcomes. If anything, and in particular among municipalities below
the target at baseline, there is weak evidence suggestive of mortality declines at older ages too.
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Figure F2: Impacts on Adult Mortality Rates

(a) Adult Mortality (b) Mortality - APC (¢) Mortality — Non-APC
2 g 2 E 2
= < %
$o0 50 fo
£ & g
z-2 £ 52
ER g e
3 : g
g 3
8 9 8 8 v
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
(d) Adult Mortality (Distributional) (€) Mortality — APC (Distributional) (f) Mortality — Non-APC (Distributional)

Rate (40+ y) - APC

Adult Mortality Rate (40+ y)
Adult Mortality Rate (40+ y) - non-APC

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

target = Above = Below Above & Below Above & Below

Number of observations: 67184 Number of observations: 67194 Number of observations: 67184
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socioeconomic controls from the Census interacted with time trends, and time-varying controls as defined in Section
4. APC refers to conditions amenable to primary care. Panels (a) to (c) present global estimates from spending shifts,
where point estimates are presented as black squares, and 90% and 95% confidence intervals are presented as dark and
light grey shaded areas respectively. Panels (d) to (f) present spending impacts separating by municipalities located
below and above the spending threshold (15%) at baseline. Point estimates are presented as blue and red squares, with
blue referring to the below target baseline while red refers to the above target baseline group. In each case 90% and 95%
confidence intervals are presented as darker and lighter shaded areas respectively. Population weights are consistently
used, and standard errors are clustered by municipality.
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F.3 Geographical Spillovers

An alternative consideration is whether greater spending in a given municipality may reduce the
rate of individuals seeking treatment in other municipalities, or attract residents from other munic-
ipalities to receive treatment. Both such phenomena could lead to greater congestion, as a result
limiting any positive effects on health outcomes, despite changes in spending.

Geographical spillovers are not expected in primary care services, as access is restricted to catch-
ment areas defined within the municipality of residence. We therefore focus on relatively higher
complex services by taking advantage of the information contained in the hospitalization microdata,
which allows us to track patient flows across municipalities. We examine patient outflows and in-
flows as measured based on the rate of individuals from a given municipality treated in hospitals in
other municipalities (hospitalization outflows), as well as the rate of individuals from other munic-
ipalities receiving treatment in a given municipality (hospitalization inflows). In Appendix Figure
F3 we observe positive changes only in outflows, mainly driven by residents in municipalities that
were below the target at baseline, and receiving care outside of their municipality for conditions
that are not amenable to primary care services. The expansion of primary care coverage allows
for greater detection and timely treatment of health problems, which should lead to demand-driven
declines in hospitalizations for causes that are amenable to primary care. However, such a pattern
would not be reflected in causes which are not amenable to primary care and that require more
complex treatment, and we may even expect hospitalisation rates to increase through better referral
if primary care coverage and quality improves (Bhalotra et al., 2019). The increase in outflow rates
for conditions not amenable to primary care may thus reflect this. Although imprecisely estimated,
we observe negative changes for patient inflow rates for both groups of municipalities, below and
above the target. Among municipalities where spending increased, in particular, this pattern may
reflect an improved municipal capacity to organize patient flows within the health system and to
increase the referral of primary care services for local residents. Moreover, unlike outflows which
occur relatively uniformly in all municipalities in the country, inflows are skewed, with certain ar-
eas with greater capacity of absorbing high complexity cases concentrating patient inflows. Overall,
if anything, results point against the conjecture that spending increases bring about an increase in
congestion via inflows.
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Figure F3: Patient Mobility and Geographical Spillovers
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socioeconomic controls from the Census interacted with time trends, and time-varying controls as defined in Section
4. APC refers to conditions amenable to primary care. Panels (a) to (f) present global estimates from spending shifts,
where point estimates are presented as black squares, and 90% and 95% confidence intervals are presented as dark and
light grey shaded areas respectively. Panels (g) to (1) present spending impacts separating by municipalities located
below and above the spending threshold (15%) at baseline. Point estimates are presented as blue and red squares, with
blue referring to the below target baseline while red refers to the above target baseline group. In each case 90% and 95%
confidence intervals are presented as darker and lighter shaded areas respectively. Population weights are consistently
used, and standard errors are clustered by municipality.
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G Robustness Checks and Additional Results
G.1 Additional Robustness Checks

In principal models displayed in the paper we control for baseline municipality characteristics
measured from the census and a data quality proxy interacted with a linear time trend, as well
as time-varying municipal controls. Here we document the stability of principal dynamic estimates
to alternative control variables as laid out in Table C.1. This includes models where we include
no time-varying controls, and versions progressively controlling for data quality measures, census
characteristics interacted with time trends, time-varying measures of municipal development and
fiscal spending controls such as neighboring municipalities’ health spending.

Across outcomes, we observe that results are not particularly sensitive to control sequences, and,
fundamentally, even if one prefers to consider models with no time-varying controls, dynamic re-
sults are qualitatively similar to models which we report as our principal specification which do
include data quality measures. We present these models in Figures G1 (spending measures), G2
(infant mortality), and G3 (input and health service measure). In the interests of space, robustness
checks are presented only for outcomes included in principal analyses, but stability is also observed
for all results presented in Appendix F. For example, when considering spending, across all out-
comes the inclusion of controls virtually does not affect coefficients or confidence intervals at any
time frame. For infant mortality, the inclusion of controls makes the largest difference for deaths
in the first month, with our preferred control specification being the most conservative, at most
attenuating results by around 20% by year 10 post-reform. Across all outcomes considered, we do
not observe cases where models with and without covariates lead to changes in the rejection of null
hypotheses. A similar robustness to control specifications is observed for distributional models.
Estimates are presented varying covariates in distributional models in Figures G1(g)-G1(1) (spend-
ing measures), G2(e)-G2(h) (infant mortality), and G3(g)-G3(1) (input and health service measure).
Again, across outcomes, estimates are observed to be relatively stable across control sequences.

In Section 4.1 we stressed that the validity of our research design relies on a strong parallel trends as-
sumption. While we generally present pre-reform coefficients based on the same continuous spend-
ing measures, we additionally consider an alternative specification which re-weights to avoid po-
tentially non-representative weighting given the particular distribution of treatment doses. Specif-
ically, and in line with the discussion in Callaway et al. (2024), we present models re-weighting
such that the estimand is matched to the true treatment effect distribution rather than the weights
implicit in fixed effects models (refer to Appendix B). These results are presented as dashed lines in
Figures G1, G2, and G3. In nearly all cases, re-weighted estimates are similar, if not slightly larger
in magnitude than standard population weighted counterparts. This is perhaps not surprising given
that implicit two-way FE weights place slightly less weight on municipalities spending below the
target where effects are observed to be larger (Figure B1).
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Figure G1: Robustness to Control Specification: Spending and Revenue
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(a) Total

Figure G2: Robustness to Control Specification: Infant Mortality
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Figure G3: Robustness to Control Specification: Services, Production and Inputs
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H Municipal Behaviour

H.1 Descriptive Figures and Marginal Effects with Standard Errors

Figure H1: EC/29 Exposure and Health Spending at Baseline
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Table H.1: Distributional Responses to Spending Reforms

Personnel Spending Percentile: 10t percentile 50 percentile 90t percentile

Investment Spending Percentile: ~ 10™ 50th 90th 10t 50t 90th 10t 50th 90t

Panel A: Mortality

Infant Mortality -20.05**  -19.40** -14.49** -16.73* -16.20"* -12.16™* -9.03 -8.77 -6.74
(10.22)  (9.66) (5.88) (8.67) (8.23) (5.38) (9.94) (9.406) (7.15)

Infant Mortality (24 hours) -3.80 -3.71 -3.03**  -3.18 -3.11F -2.58% -1.74 -1.72 -1.54

(2.47) (2.35) (1.53) (1.96) (1.87) (1.33) (1.98) (1.89) (1.50)
Panel B: Health Spending

log(Total Health Spending) 0.27*** 0.27***  0.23** 0.24*** 0.23*** 0.19*"* 0.15*** 0.15"* 0.10***
(0.02)  (0.02)  (0.03) (0.02) (0.02)  (0.02) (0.02) (0.02) (0.02)
log(Personnel Spending) 0.30"**  0.30***  0.28** 0.17*** 0.17"** 0.20"** -0.13** -0.11** 0.01
0.05)  (0.04)  (0.04) (0.04) (0.04)  (0.03) (0.06) (0.05)  (0.05)
log(Investment Spending) 051 0.51"*  0.52*** 0.50"** 047" 021" 047" 036" -0.49***
(0.08) (0.08) (0.09)  (0.07)  (0.07) (0.09)  (0.10) (0.09)  (0.15)
log(Other Health Spending) 0375 036"*  025%% 0395 (.38 024" 0445 0420 .22%

(0.05)  (0.05)  (0.06)  (0.04) (0.04)  (0.04) (0.07) (0.06)  (0.06)

Notes: Each row consists of a separate regression following equation (4), with each cell reporting the marginal effect of EC/29 on the outcome indicated
in row titles at specific percentiles of the baseline distribution of personnel and investment spending per capita, with percentiles indicated in table headers.
Each estimate refers to the scaled effect of being 10% from the EC/29 spending threshold. Standard errors estimated by a municipal-level block bootstrap
are reported in parentheses. * p< 0.10; ** p< 0.05; *** p< 0.01.



H.2 A Measure of Management and Institutional Quality

The Municipal Institutional Quality Indicator (IQIM) was collated by the Ministry of Planning and
Budget, and has been employed in a range of settings to proxy management capacity. Among oth-
ers, this has been employed by Pereira et al. (2011) and Brassiolo et al. (2024), also see references
therein. We provide descriptive figures below capturing its overall and geographic dispersion, as
well as correlates between this measure with a range of baseline municipal measures, which make
clear that while this measure correlates with factors such as income levels and spending, this is
not simply proxying for development. As laid out in Figure H3 there are municipalities with very
high levels of GDP per capita with quite low IQIM scores, and municipalities with quite low levels
of GDP per capita, but high IQIM scores. Similar patterns are observed when considering total
municipal expenditure, infant mortality rates, and total health expenditures.

Figure H2: Management and Institutional Capacity Descriptives
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Notes: Descriptive patterns of the IQIM measure are documented for all municipalities as a simple distribution (panel
(a)), and across space (panel (b)). Data is sourced from the Ministry of Planning and Budget. This measures is observed
to be stable over time, see Brassiolo et al. (2024).

This variable is reported by the Ministry of Planning and Budget based on an underlying instrument
designed to capture a range of factors measuring institutional quality. This includes measures of
political participation such as the existence of municipal councils where citizens can air concerns
and monitor municipal officials, measures of coordination between municipalities in the provision
of public services, and measures of the cost effectiveness of systems to collect taxes as well as
the existence of planning and regulatory instruments. A full list of items as well as weighting is
provided in Sachsida (2014), and we use this index directly as defined by the Ministry of Planning
and Budget.
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Figure H3: Correlates of Municipal Management and Institutional Capacity
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Notes: Municipal level values of the IQIM measure calculated by the Ministry of Budget and Planning are plotted
against other municipal level variables in year 2000. Each point refers to a single municipality, with point sizes indica-
tive of municipal populations.
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Figure H4: Policy Responses and Baseline Spending by Municipal Management Quality
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Table H.2: Distributional Responses to Spending Reforms by Management Capacity

Personnel Spending Percentile: 10t percentile 50t percentile 90" percentile
Investment Spending Percentile: 10t 50t 9t 10t 50t 90th 10th 50th 90th
Panel A: High Management Capacity
Infant Mortality -31.82**  -30.68** -23.42** -23.61* -22.88% -18.20% -6.92 -7.01 -7.59
(15.98) (15.10) (10.54) (12.39) (11.81) (9.36) (12.15) (11.58) (10.18)
Infant Mortality (24 hours) -6.36* -6.17* 499"  -4.61* -452% -393* -1.05 -1.15 -1.80
(3.34) (3.17) (2.34) (241 (232) (2.03) (248 (2.35) (2.12)
log(Total Health Spending) 0.27** 025"  0.18*** 0.23** 0.22*** 0.15"* 0.15* 0.14***  0.07**
(0.03) (0.03) (0.05)  (0.02) (0.02) (0.04) (0.03) (0.03) (0.03)
log(Personnel Spending) 0.29*** 0.28***  0.25** 0.16*"* 0.16*** 0.17***  -0.11 -0.09 0.01
(0.05) (0.04) (0.04)  (0.04) (0.04) (0.03) (0.07) (0.07) (0.06)
log(Investment Spending) 0.56***  0.54*** 040" 0.53** 047" 0.09 045 0.32"* -0.56"**
(0.10) (0.09) (0.12) (0.07)  (0.06) (0.11)  (0.10) (0.10) (0.15)
log(Other Health Spending) 0.43*** 041  0.28"* 043** 041" 0.25"* 043" 040**  0.20"*

(0.08)  (0.07)  (0.08)  (0.06) (0.06) (0.07)  (0.09)  (0.09)  (0.09)

Panel B:Low Management Capacity

Infant Mortality 4.95 4.84 3.81 1.39 1.48 2.39 -8.22 -7.59 -1.41
(5.44) (5.21) (4.12) (349 (3.31) (293) (11.26) (10.91) (8.90)
Infant Mortality (24 hours) 2.59 2.46 1.17 1.19 1.16 0.87 -2.58 -2.34 0.06
(1.83) (1.76) (1.20)  (1.10)  (1.06)  (0.75)  (3.39) (3.30) (2.60)
log(Total Health Spending) 0.28***  0.28***  0.28"** 0.25""* 0.25** 0.24***  0.17"*"  0.17"*"  0.11"*F
(0.02) (0.02) (0.02)  (0.01) (0.01) (0.01)  (0.02) (0.02) (0.02)
log(Personnel Spending) 0.33*** 0.32** 027*** 0.15*** 0.15*** 0.17*** -0.34*** -0.32***  -0.08
(0.04) (0.04) (0.04)  (0.03) (0.03) (0.03) (0.06) (0.06) (0.06)
log(Investment Spending) 0.56***  0.55%**  0.50*** 0.58*"* 0.55*** 0.19"* 0.65"** 0.53"** -0.67"**
(0.11) (0.10) (0.09)  (0.08) (0.08) (0.09) (0.14) (0.13) (0.21)
log(Other Health Spending) 0.28*** 027"  0.19"** 0.30*** 0.29*** 0.21"** 035" 034" 0.27"**

(0.04)  (0.03)  (0.03) (0.02) (0.02) (0.03) (0.06) (0.06)  (0.05)

Notes: Each row consists of a separate regression following (4), with each cell reporting the marginal effect of EC/29 on the outcome indicated in row titles at
specific percentiles of the baseline distribution of personnel and investment spending per-capita, with percentiles indicated in table headers. Each estimate refers
to the scaled effect of being 10% from the EC/29 spending threshold. Panel A reports results for municipalities above the median based on the nationally collected
IQIM management score, while Panel B reports results for below-median municipalities. Standard errors estimated by a municipal level block bootstrap are reported
in parentheses. * p< 0.10; ** p< 0.05; *** p< 0.01.
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