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Abstract

Rocha, Amanda de Albuquerque Jardim; Assunção, Juliano (Advi-
sor); Ferraz, Claudio (Co-Advisor). Essays on Development Eco-
nomics and Public Policy: Sustainable Agriculture, Management in
Health, and Political Accountability. Rio de Janeiro, 2022. 150p. Tese
de Doutorado – Departamento de Economia, Pontifícia Universidade
Católica do Rio de Janeiro.

This thesis is composed of 3 chapters in development economics, all
of which relate to the role of public policy either in promoting sustainable
policies for long-run maintenance of natural resources, or meeting citizens’
needs through efficient service delivery or questioning the accountability of
current political institutions. The first paper shows that, by adopting a tech-
nology that incorporates sustainable agricultural practices, farmers have
positive dynamic effects on productivity and climate resilience. We provide
evidence of the mechanism of these dynamic effects: soil improvement. The
second one presents the results of an RCT designed to test whether a man-
agerial intervention in health centers in Mozambique can reduce coordina-
tion failures, increasing HIV patients’ retention in care and quality of care
provided. Finally, the third one look at the large street protests that took
place in Brazil in 2013 to analyze whether protests can work as an account-
ability mechanism for elected politicians. Using Twitter historical data, we
create a measure of protest intensity and how noisy protesters’ demands
were in each municipality. We present evidence that protests may work as
accountability mechanism only if messages sent by protesters are sharp and
clear, and politicians face reelection incentives.

Keywords
Development Economics; Public Policy; Sustainable Agriculture;

Management in Health; Protests.

DBD
PUC-Rio - Certificação Digital Nº 1813258/CA



Resumo

Rocha, Amanda de Albuquerque Jardim; Assunção, Juliano; Ferraz,
Claudio. Ensaios sobre Economia do Desenvolvimento e Políticas
Públicas: Agricultura Sustentável, Gestão em Saúde e Responsabi-
lidade Política. Rio de Janeiro, 2022. 150p. Tese de Doutorado – De-
partamento de Economia, Pontifícia Universidade Católica do Rio de
Janeiro.

Esta tese é composta por 3 capítulos em Economia do Desenvolvi-
mento, todos eles relacionados com o papel das políticas públicas, quer na
promoção de políticas sustentáveis para a preservação de recursos natu-
rais no longo prazo, quer na prestação de serviços públicos eficientes ou
no questionamento do accountability das atuais instituições democráticas. O
primeiro artigo mostra que, ao adotar uma tecnologia que incorpora práti-
cas agrícolas sustentáveis, os agricultores têm efeitos dinâmicos positivos na
produtividade e na resiliência climática. Apresentamos evidências do meca-
nismo dessas externalidades: melhorias no solo. O segundo artigo apresenta
os resultados de um RCT desenvolvido para testar se uma intervenção ge-
rencial em centros de saúde em Moçambique pode reduzir falhas de co-
ordenação, aumentando a retenção de pacientes com HIV ao tratamento e
a qualidade do atendimento prestado. Por fim, o terceiro analisa os gran-
des protestos de rua ocorridos no Brasil em 2013 para analisar se os pro-
testos podem funcionar como mecanismo de accountability de políticos elei-
tos. Usando dados históricos do Twitter, criamos uma medida da intensi-
dade dos protestos e quão ruidosas foram as demandas dos manifestantes
em cada município. Apresentamos evidências de que os protestos podem
funcionar como mecanismo de responsabilização apenas se as mensagens
enviadas pelos manifestantes são nítidas e claras e os políticos enfrentam
incentivos à reeleição.

Palavras-chave
Economia do Desenvolvimento; Políticas Públicas; Agricultura Sus-

tentável; Gestão em Saúde; Protestos.
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"E quando a dor vem encostar-se a nós,
enquanto um olho chora, o outro espia o tempo

procurando a solução."

Conceição Evaristo, Olhos d’Água.
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1
Introduction

This thesis is composed of 3 essays in development economics, aimed
to directly contribute to the debate on different areas of public policy and
institutions.

The first essay shows that, by adopting a technology that incorporates
sustainable agricultural practices, farmers have positive dynamic effects on
productivity and resilience. There is a large body of empirical research in
social sciences studying the effects of the environment on agriculture. How-
ever, there is much less evidence on the effects of agriculture on the environ-
ment despite growing recognition that agricultural practices influence soil
properties, affecting productivity and resilience. Chapter 2 documents dy-
namic effects associated to sustainable agricultural practices which affects
productivity in the state of Mato Grosso (Brazil) – an agricultural hub of
global importance. Specifically, we use within-farm variation on the timing
of adoption of double cropping to examine it dynamic effects on soil quality,
climate resilience, and, ultimately,

Our analysis explores rich satellite-based information on technology
use, productivity soil properties, and fire incidence. First, we document that
the length of exposure to double cropping increases productivity. Second,
we tie this increase in productivity to changes in soil properties: longer ex-
posures to double cropping increase soil’s ability to store carbon and wa-
ter. Third, we document that these changes in soil properties lead to lower
fire incidence. Our results have immediate consequences for public poli-
cies. Reconciling food production and climate change mitigation requires
identifying technologies that simultaneously increase productivity, carbon
sequestration, and climate resilience. Our findings indicate the potential of
double cropping for achieving these three goals. This has the potential of
reverting some of the negative effects of climate change on agriculture and
well as to help it to become a leading sector in climate change mitigation.

The second essay presents results of an RCT designed to test whether
a managerial intervention in health centers in Mozambique can reduce co-
ordination failures, affecting HIV retention in care, utilization of antenatal
care services and improving quality of care. Provision of health services is
one of the greatest challenges for the government of Mozambique, being
one of the countries with the highest HIV prevalence in the world (12.3%)
and worst maternal mortality rates. Even though the country has overcome
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Chapter 1. Introduction 17

challenges in initially enrolling patients in treatment, patients’ retention to
treatment is currently a major barrier to control the spread of HIV - only 66%
of patients who start treatment remain active after 12 months of enrolling in
treatment. We hypothesize that poor quality and general unresponsiveness
of services provided at public health clinics can be an important reason for
low patient retention to treatment. Through an RCT at 80 health centers,
we tested whether a managerial intervention that implemented an appoint-
ment scheduling could increase patients’ adherence to medical treatment
and also improve quality of care from the providers’ side. We find hetero-
geneous effects, with the intervention affecting more positively patients en-
rolled for longer periods in antiretroviral therapy (ART) treatment. More-
over, even though patients do not report improvements in their perception
on their patient experience visiting the facility, we see relevant improve-
ments in performance of clinical procedures during antenatal care visits.

This research significantly enhances the global knowledge about
strategies to address the long-standing problem of long waiting time for
care in public health clinics in Sub-Saharan Africa. The problem of misman-
agement of patient inflows at public clinics goes well beyond the Mozam-
bican context. From a cost-effectiveness viewpoint, the proposed interven-
tion is very timely as countries in the developing world face the prospect
of increased patient flows into already strained health systems. Particularly
for HIV, the universal move towards a WHO-endorsed test-and-start strat-
egy that requires starting all patients on treatment immediately after an
HIV-positive diagnosis is already adding considerable pressure on Mozam-
bique’s health system. The findings from this research are therefore likely
to have important policy implications for other health systems in low and
medium-income countries, as it is easily scalable and transferable to other
areas of health care provision, requiring minimal staff training and limited
financial resources.

Finally, the third one look at the large street protests that took place
in Brazil in 2013 to analyze whether protests can work as an accountability
mechanism for elected politicians. Using Twitter historical data, we create
a measure of protest intensity and how noisy protesters’ demands were in
each municipality, and measure federal legislators’ response to protests. De-
spite the increasing occurrence of street protest, it is still unclear if they have
been successful to work as an accountability mechanism. We propose a the-
ory of protests as a Bayesian persuasion mechanism and we ask what are
the conditions such that protests can be a successful tool for accountabil-
ity. We think about accountability in two ways. First, we see accountabil-
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ity purely as persuasion, as incumbents responding to the demands from
the street. Secondly, we think about accountability in the sense of citizens
reelecting incumbents that are responsive to voters demands with higher
probability. Our model shows that protests that do not have a clear demand
– and so face a noisy communication channel, are not only less successful,
but they can be ex-ante inefficient as persuasion mechanism. Interestingly,
noisy protests help to separate politicians that deliver the demands from the
street from the ones that did not deliver, improving electoral accountability.
We take the model’s findings to the data. We empirically analyse the effects
of the large street protests that took place in Brazil in 2013 in both voters
and federal legislators behavior. Using twitter historical data, we compute
a measure on how noisy protesters’ demands were in each municipality.
Consistent with the model, we find that noisier protests are less effective in
persuading politicians to allocate resources to protests demands, showing
there is empirical evidence that protests are less effective as an accountabil-
ity mechanism in the persuasion sense.
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2
Reconciling Environmental Sustainability and Agricultural
Productivity: Evidence from Double-Cropping in Brazil

Amanda de Albuquerque (PUC-Rio)
Juliano Assunção (PUC-Rio)
Arthur Bragança (PUC-Rio)

Ricardo Dahis (PUC-Rio)

Abstract
Standard models in agriculture economics assume the soil to be a fixed input of

the production function. In this paper, we document how agricultural practices indirectly

affect soil quality, climate resilience, and, ultimately, long-term productivity. Using rich

satellite data, we explore within-farm variation in double-cropping, a practice increasingly

adopted in Brazil’s biggest crop producer state (Mato Grosso), to show that its adoption

increases water availability, soil carbon, and productivity. We further provide evidence that

double cropping decreases fire occurrence. We explore the intensive margin rather than the

intensive one and find that all the effects are increasing in the number of years of exposure

to double cropping. These results are consistent with exposure to double cropping having

dynamic effects on soil quality and resilience.

2.1
Introduction

There is a large body of empirical research studying the effects of the
environment on agriculture. However, there is much less evidence on the
effects of agriculture on the environment (Dias et al. (2019)). This paper con-
tribute to the growing literature that shows that agricultural practices affect
environmental outcomes, affecting thus productivity. As both food security
and climate change become more pressing issues globally, it is important
to bring evidence on the use of technologies that increase productivity, en-
hance resilience to climate change, and reduce the GHG emissions.

In this paper, we estimate the dynamic effects associated with the use
of agricultural practices in Brazil. Agricultural economics typically treats
soil as exogenous and static input in the production function (Mendelsohn
et al. (1994). Broader use of soil quality as control in other research fields
also does consider that the soil is fixed, not considering that its properties
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can change in the short-run (Bustos et al. (2016)). However, a growing body
of research from biological sciences suggests that the soil is a complex
and dynamic structure which is influenced by land use and agricultural
practices. Because soil is one of the key inputs in the agricultural production
function, it is therefore fundamental to empirically investigate whether
technologies and practices influence this input and how it affects farmers’
productivity and climate resilience.

Historically, single-cropping has been the main technological choice
in most crop producer countries. Classical trade theories, that advocate
for specialization, account this on scale gains with standardization (dur-
ing planting, management and harvesting), enhanced by technological
advances in mechanization, chemical fertilizers and genetic engineering.
Nonetheless, single-cropping has also proved to dismantle soil properties,
by decreasing nutrient cycling and increasing erosion rates. The depletion of
some soil properties impacts crops’ productivity, adding pressure on farm-
ers to land conversion from forest to cropland. Moreover, landscape simpli-
fication presents strong effects on regulation of ecosystem services such as
biological regulation services and biodiversity (Bianchi et al. (2006); Rusch
et al. (2016); Tscharntke et al. (2005)).

Here, we focus on the adoption of double-cropping, a widespread
technology used in Mato Grosso, Brazil’s main agricultural hub and respon-
sible for the production of 8% of the world’s soybeans (Roy et al. (2016)).
Mato Grosso makes an interesting place to study as it is one of the world’s
most extensive agricultural frontiers, being the largest state of Brazil, with
an area of 90.3 million ha. Double-cropping has become increasingly popu-
lar among Brazilian farmers in the past 30 years. It basically means that two
different crops are planted in the same plot during an agricultural cycle (1
year) in a staggered way. In this paper, we use data that combined machine
learning and satellite data to create measures of double-cropping adoption
at the 250m pixel level.

To empirically measure dynamic effects related to this technology, we
need to overcome the challenge that technology adoption is endogenous to
farmers’ characteristics (such as know-how and credit access) and farms’
characteristics (market access and soil properties). Using a detailed dataset
from satellite images from Mato Grosso, Brazil’s biggest crop producer,
we count on a rich set of controls that allow us to clean our analysis
from bias due to self-selection on technology adoption. Our results are
identified by making comparisons of different plots within the same farm,
thus cleaning out the effect of farmers’ characteristics that would confound
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the effect of the technology on our outcomes. Our identification comes from
comparing how different time exposure to the treatment (double-cropping)
has different impacts on agricultural and environmental outcomes. Our
results show that, conditional on adopting the technology, double-cropping
has positive effects on productivity and fire resilience.

We draw from the increasingly available satellite data (Donaldson and
Storeygard (2016); Burke and Lobell (2017); Jain et al. (2019); Lee et al. (2020);
Kubitza et al. (2020)) to build a rich pixel-level panel connecting double-
cropping, evapotranspiration, plants’ carbon uptake, vegetation health in-
dex, and fire occurrence. We then exploit within-farm variation in length
of adoption of the double-cropping technology to estimate its effects on
the various outcomes. We begin by documenting that longer exposure to
double-cropping leads to a small average increase in the vegetation health
index (Normalized Difference Vegetation Index, NDVI) for crops during the
first harvest, but a large one during the second harvest. We then show this
increase in productivity is connected to changes in soil carbon and water
availability. One additional year under double-cropping leads to about a
1.4% increase in plants’ carbon uptake and a 3.4% increase in evapotranspi-
ration. We further document a large negative 14.8% effect of accumulated
double-cropping on fire occurrences at the pixel level.

Providing rigorous evidence that this sustainable technology gener-
ates positive impacts due to its dynamic effects on soil features is the main
contribution of this paper. Large-scale assessment of the relation between
double-cropping and soil quality and productivity is missing. Previous
studies have shown that double-cropping can increase yields due to im-
proved soil conditions (dos S. Cordeiro et al. (2021); Pereira et al. (2007);
Nivelle et al. (2016); Williams et al. (2018); da Silva et al. (2020)). Improve-
ments in soil fertility are the result of increases in soil organic carbon and
soil aggregate stability, which protects soil from runoff of sediments and
nutrients into waterways. However, most of the studies implement exper-
iments in a restricted number of field sites (Tadesse et al. (2021); Williams
et al. (2018); Mitchell et al. (2015); Dean and Weil (2009); Laloy and Bielders
(2010); Gaudin et al. (2015); Blanco-Canqui et al. (2015)).

The mechanism we explore here is the connection between the wa-
ter and the carbon cycles. As carbon stocks in the soil rise, there are im-
provements in soil structure due to root and microbiological development
(McDaniel et al. (2014)), which affects aeration and water-holding capac-
ity. Thus, besides positive effects on fertility, double-cropping can improve
water infiltration, which will then affect plots’ resilience to natural fire oc-

DBD
PUC-Rio - Certificação Digital Nº 1813258/CA



Chapter 2. Reconciling Environmental Sustainability and Agricultural
Productivity: Evidence from Double-Cropping in Brazil 22

currence, a phenomenon typical in Mato Grosso during the dry season.
The mechanism we find here is that the technology is capable of

affecting relevant inputs of the production function. Water availability in
the system seems to be the key driver of the positive effects. As the soil
changes its structure after years implementing “conservative agriculture”
practices present on double-cropping technology it increases its capacity of
water retention.

This paper contributes to a few strands of literature. First, most of
the literature that connects climate change and agriculture goes in the di-
rection of measuring how the environment affects agriculture: mainly, how
changes in the temperature and rainfall and occurrence of extreme climate
events affect agricultural production (Assunção and Chein (2016); Schlenker
and Roberts (2009); Auffhammer et al. (2006); Schlenker and Lobell (2010);
Welch et al. (2010); Carleton and Hsiang (2016); Auffhammer and Schlenker
(2014)). Research focus on yields alone may miss the assessments of agri-
culture vulnerability to climate change in broader terms, such as cropland
available area (Hornbeck (2012); Rattis et al. (2021)), cropping frequency
(Cohn et al. (2016)) and quality of crops (Dalhaus et al. (2020)).

We present evidence to balance the knowledge in the opposite direc-
tion: how agriculture affects the environment? Most papers looking on the
impact of agriculture on the environment focus on how pressure to expand
the agriculture frontier leads to deforestation (de Sá et al. (2013); Kastens et
al. (2017); Nepstad et al. (2014); Song et al. (2021)). Massive native vegeta-
tion loss (such as the 50% loss of Cerrado biome in Mato Grosso since 1970)
translates into change in rainfall, which reflect back on agricultural produc-
tivity by shortening the growing season (Spera et al. (2020); Leite-Filho et
al. (2019); Leite-Filho et al. (2021); Araujo (2021)). These results point out to
the increasing risk farmers may face in the near future as clearing of natural
vegetation can create a regional climate that hinders the successful cultiva-
tion in rain-fed systems.

Nonetheless, deforestation and water cycle disturbance do not encom-
pass all negative environmental externalities agriculture can bring to the
environment. There are key ecosystems services that are at stake, such as
carbon sequestration (Sommer and Bossio (2014); Smith et al. (2008); Lal
(2011); Paustian et al. (2016)), preservation of biodiversity and genetic ma-
terial of flora and fauna (Kehoe et al. (2017); Zabel et al. (2019); Wätzold et
al. (2016)), and water quality (Dias et al. (2019); Elbakidze et al. (2022); Tay-
lor and Heal (2021); Schläpfer and Erickson (2001)). We contribute to this
literature by documenting positive externalities of sustainable agricultural
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practices on resilience to fire occurrences.
Our work also relates to the literature on technology adoption in agri-

culture. The majority of research provides analysis at the extensive margin,
modeling the drivers of farmers’ decision to adopt or not a new technol-
ogy. Providing estimates of partial equilibrium effects, a major challenge
on the micro-empirical studies in the intersection of agriculture and the en-
vironment (Jayachandran (2022)), a gap is presented here on what is the
effect of the proposed technology not only on agricultural output, but en-
vironmentally and in the long-run, as most of the proposed interventions
apply techniques on single-cropping systems (Duflo et al. (2011); Emerick
et al. (2016); Hanna et al. (2014); McArthur and McCord (2017); Beaman et
al. (2013)). However, considering the interplay between agriculture and cli-
mate change, before designing a policy focused on increasing the adoption
of any technology, it is extremely relevant to understand the impacts of this
technology on environmental outcomes.

The rest of the paper proceeds as follows. Section 2.2 presents back-
ground knowledge on double-cropping. Section 2.3 describes the different
datasets used in our analysis. Section 2.4 presents our empirical strategy
to evaluate the effect of longer periods continuously adopting the technol-
ogy. Section 2.5 presents results and Section 2.6 robustness checks. Section
2.7 concludes by proposing policy implications of our findings and briefly
discussing future paths for research.

2.2
Background - Double Cropping

In the 1970s, Brazil was a net importer of food commodities. Over
the past five decades, however, the country passed through major transfor-
mations in the agriculture sector and has emerged as a global agricultural
player, responsible for roughly 30% of the world’s soybeans and 15% of its
beef (FAOSTAT 2018). Mato Grosso, third largest state of Brazil, with an area
of 90.3 million ha, was one of the states where this change was most pro-
nounced: in fifty years, the annual grain production in the region increased
from 1.7 to over 40 million tons (PAM-IBGE).

The initial agricultural model of the 1970s was based on intensive
tillage, monoculture, and high inputs of fertilizers for controlling pests and
diseases. As a result, soil erosion and nutrient exhaustion appeared and
led to a decline in productivity (Polidoro et al. (2021))1. In the 90s, farm-

1Soil erosion affects soil health and productivity by removing the highly fertile topsoil
and exposing the remaining soil (FAO (1998))
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ers started to adopt new agriculture practices expecting to reverse the his-
torically accelerated soil erosion and degradation (Kassam et al. (2019)).
Farmers incorporated soil management techniques that today are encom-
passed as “conservation agriculture”, whose key principles are minimum
soil disturbance during planting, permanent soil cover with crop residues,
and crop rotation (FAO (2021)).

Double-cropping started to be adopted by farmers, being a technology
that incorporates all these three principles. First, the no-till concept, with
the direct placement of the seeds under the residues of previous crops,
allowed crops to grow without disturbing the soil with tillage use. Second,
the overall land management system incorporated permanent soil cover.
Finally, crop rotation, a planned sequence of crops growing in a regularly
recurring succession on the same area of land. By revealed preference, we
have evidence that farmers expect this technology to be more profitable than
single-cropping. On our sample, 98% of the pixels had an experience with
double-cropping at some point. During the study period, chose based on
data availability, as explained in Section 2.3, double cropped area increased
from 81% to 99% of the total soy-cultivated land in Mato Grosso.

The mechanism we explore as an explanation of double-cropping dy-
namic effects in productivity and fire resilience combine these three fea-
tures of double cropping (no-tillage, soil cover and crop rotation) and can
be summed up in its capacity to i) retain water in the soil and ii) increase
fertility by improving nutrient cycling. Specifically, no-tillage reduces soil
compaction and conserves soil moisture, allowing root penetration and in-
creasing water exchange from the soil to the atmosphere. Soil cover im-
proves soil structure and water penetration because adding organic matter
increases soil aeration and the percentage of water-stable aggregates. Crop
rotation affects soil microbiology and makes nutrients in the soil more avail-
able through nitrogen fixation. In sum, enhancement of soil structure, im-
provement on water infiltration and conservation, soil temperature balance
and maintenance of soil organic matter characterize the mechanism we ex-
plore to explain increase in productivity and fire resilience combine these
features of double cropping (Williams et al. (2018); Bank (2012); Lal (2003)).

In Mato Grosso, the use of double-crop systems involves soybeans in
the first cycle and mainly maize or millet in the second cycle. For both crops,
the plant cycle is usually of 120 days. With public investment, technology
keeps advancing to facilitate the adoption of double-cropping. For instance,
Embrapa (Brazilian agricultural research national center) has developed an
adapted soybean seed that matures in only 110 days, thereby facilitating the
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cultivation of two crops in the same agricultural cycle.
The first harvest is usually planted in October-November, being har-

vested in January-February. The second crop sowing shortly follows the har-
vest of soy in order not to enter into its growing cycle when the dry season
(winter, May-August) is harsher. Termination time of the first harvest may
interfere with planting of the second crop.

2.3
Data

Our analysis is done at the pixel level, using satellite data at 250-
meter spatial resolution for Mato Grosso, spanning from 2001 until 2017.
The advent of multiple satellite systems capable of capturing rich data
from a broad spectrum (spatial and temporal) at the plot level have raised
research possibilities and brought significant advances in measuring and
understanding agricultural output in many different contexts.2 Below we
describe our double-cropping variable, the 4 outcome variables and controls
we use.

1. Double-cropping. To create our measure of double-cropping, we
use a dataset of yearly land use and land cover classification maps for
Mato Grosso State, from 2001 to 2017, constructed by Simoes et al. (2020)
and available at Câmara et al. (2019). Using innovative machine learning
methods on satellite image time series provided by NASA from Moderate
Resolution Imaging Spectroradiometer (MODIS), authors classify each pixel
in one out of nine land cover classes: forest, cerrado, pasture, soybean -
single crop, cotton - single crop, soybean-cotton (double crop), soybean-
corn (double crop), soybean-millet (double crop), and soybean-sunflower
(double crop). The satellite time series was coupled with 1,892 ground
samples to train the algorithm. For pixels classified as double-cropping,
user’s accuracy was 90%. Figure 2.1 shows how the double-cropping spread
over the state between 2001 and 2017.

2In agriculture, remote-sensed vegetation indices coupled with rainfall estimates are
key inputs to track agricultural growing conditions and estimate crop output. For instance,
short-term forecasts for food insecurity can directly inform food aid and other humanitar-
ian resource allocation (Morss et al. (2008)). Forecasts are also used in a wide array of tasks,
including in early government warning alerts and analysis of commercial trends (Fritz,
2019) . See Lobell et al. (2020) for a review.
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Figure 2.1: Double-cropping development between 2001-2017 in Mato
Grosso.

2. Productivity (NDVI - Normalized Difference Vegetation Index). For
our outcome variables, we have 4 different outcomes. First, we use a vegeta-
tion index as an already validated proxy for agriculture productivity. Com-
puted from simple ratios of reflectances at different wavelengths captured
by satellite, the numerous vegetation indexes that exist are known to be re-
lated to vegetation health. Here we use the NDVI (Normalized Difference
Vegetation Index), extract from MODIS/NASA (product MOD13Q1), which
has commonly been used as a proxy for productivity (Lobell et al. (2019);
Burke et al. (2021); Chivasa et al. (2017)). This variable has increasingly been
used in Economics due to the facility of having productivity metrics with-
out counting on collecting data on the ground through field surveys or on
government estimates. 3 Farm-scale yield prediction is useful for a range
of development applications, such as the targeting and evaluation of agri-
cultural interventions and the rapid monitoring of rural livelihoods. We use
the 95th percentile instead of the maximum to get rid of outliers and satellite
measurement errors.

3. Soil Carbon (GPP - Gross Primary Production). To evaluate the
mechanism of the dynamic effects of double cropping on the soil, we use the
gross primary production (GPP) as a proxy for soil fertility. GPP measures
the gross uptake of CO2 through plant photosynthesis, which is the main

3Indeed, satellite greenness metrics, measured as the growing season peak value of the
green chlorophyll vegetation index, correlates much more strongly with real yields (using
crop cut samples) than with self-reported by farmers. See Lobell et al. (2020).
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driver of carbon sink in dryland,4 accounting for the removal of over one
quarter of the anthropogenic CO2 emissions each year (Spielmann et al.
(2019)). GPP is the basis of vegetation growth and food production globally
and plays a critical role in regulating atmospheric CO2 through its impact
on ecosystem carbon balance (Imhoff et al. (2004); Xu et al. (2019)). Soil
represents the most important storage of carbon on earth: soil carbon pool
(2,500 Gt) is more than 3 times the size of the atmospheric pool (760 Gt) and
about 4.5 times the size of the biotic (vegetation) pool (560 Gt) (Bank (2012)).

In contrast with forests, where carbon stocks is present 50% at the
soil and 50% on vegetation (trees’ stems and leaves), in cropland, carbon
stocks are almost entirely (98%) stored at the soil (et al. Watson (2000);
Ravindranath and Ostwald (2008)). Carbon from the atmosphere becomes
soil carbon through the process of above-and below-ground decomposition
of materials (related to cover crop feature of double-cropping) and release of
sugars and amino acids, products from photosynthesis, from plant into the
soil through the roots (related to crop rotation feature) (Austin et al. (2017);
Lange et al. (2015)). We use GPP as a proxy for soil fertility as previous
evidence shows that there are increases in grain productivity due to increase
in soil organic carbon (Lal (2011, 2006), and that double-cropping promotes
carbon sequestration in agricultural soils (Maia et al. (2022)).

Ideally, to properly evaluate soil carbon content researchers would do
direct soil carbon assessment, which entails collecting soil samples in the
field and doing lab analysis. As field sampling at the scale we aim to eval-
uate in this paper would be technically impossible, we use MODIS-derived
GPP. Previous studies have shown that it is one of the most robust datasets
to quantify the spatiotemporal variability of GPP at global scales (Chen et
al. (2019)). In contrast with other dataset from MODIS that provide observa-
tions for every 8 or 16 days, GPP is only provided yearly, representing the
sum of kg C/m².

4. Water availability (ET - Evapotranspiration). Water is one of the
most important inputs in agriculture. In rainfed agriculture, water avail-
ability determines the start of the sowing period and affects the probability
of crop failure. Evapotranspiration (ET) is a major component in the hydro-
logic cycle because it is the main channel for returning precipitation that
falls annually over the global land back to the atmosphere. When water va-
por leaves a vegetated surface, it is generally difficult to distinguish between

4Carbon is also sequestred by oceans. The efficiency of oceans and lands as carbon
dioxide sinks has declined over time. These sinks currently remove an average of 55% of
all anthropogenic carbon dioxide emissions (Global Carbon Project 2009).
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transpiration from plants and evaporation from the soil surface. Therefore,
these combined processes have been commonly named evapotranspiration.

ET is an important soil water balance component, playing a major role
in determining the potential yields of cropland. Decreases in this important
channel of the water cycle can lead to increased precipitation variability
(Lee et al. (2012); Lee and Boyce (2010)), leaving farmers more exposed to
climate risk. Moreover, less evapotranspiration during the dry season can
delay the onset of the rainy season (Costa and Pires (2010); Spera et al.
(2020)), shortening the stable wet season needed to do double-cropping. In
a scenario of climate variability, estimating the amount of ET is becoming
increasingly common among farmers, who are interested in having better
estimates of the overall water budget in their systems. Information on ET
at the farm level allows for planning of the agricultural cycle and efficient
use of water resources, a useful tool during the dry season, when lack of
precipitation usually limits plants’ growth and yields.

Recent research shows that converting natural vegetation to agricul-
ture substantially modifies evapotranspiration rates (Caballero et al. (2022);
Silvério et al. (2015); Dias et al. (2015); Sampaio et al. (2007); Costa et al.
(2007)). In general, evapotranspiration is lower in agricultural ecosystems
compared with natural ecosystems. However, there is evidence that changes
in rainfall regime after deforestation depend on the type of land cover that
replaces the forest. For instance, compared to single-cropping, ET under
double-cropping is higher, since it extends plants’ growing season by 3- 4
months (Spera et al. (2016)).

A key factor to determine ET amounts in agriculture is the supply of
water in cropland. Low water availability during plants’ growing period
may limit the crop development and reduce the evapotranspiration (FAO
(1998)). When soil moisture is lacking, plants can present premature aging,
resulting in leaf loss and decrease in transpiration of water. As plants
grow, they develop roots downwards deep into the soil to draw water
and nutrients up into their structure. As mentioned in Section 2, double-
cropping has the capacity to retain water in the soil, thus diminishing
the part of evaporation from the soil surface from ET (evaporation plus
transpiration). However, as plants grow stronger, they can develop deeper
roots, being able to access water located deeper in the soil (Kell (2011)).

We use ET as a proxy for the amount of water available for plants
across the annual planting cycle. Scarcity of ground-based data led to the
emergence of remote sensing methods to estimate ET, as satellite observa-
tions provide several of the land and atmospheric parameters needed for
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estimating ET5. Here, we make use of data provided by NASA MODIS
(product MOD16A2) that provides estimates of 500-m 8-day accumulated
values of ET , extending from 2001 to present. We re-project this data set to
a 250m dataset and use the sum of observations to get total estimates of total
mm/m3.

5. Climate resilience (Fire occurrence). Finally, we collect data on fire
occurrence from Mapbiomas, which tracks whether a pixel presents evi-
dence of vegetation burning. MapBiomas Fire project uses machine learning
algorithms (deep learning) and provides annual maps of fire scars based on
mosaics of images from the Landsat satellites with a spatial resolution of 30
meters 6.

In some cropping systems, burning is incorporated as a practice gen-
erally adopted by farmers. For instance, even though it represents a severe
environmental and public health problem (Shindell et al. (2012)), the burn-
ing of stubble left in the ground after crop harvesting has become widely
adopted in India to allow the use of mechanical harvesters (Behrer (2019)).
However, considering the double-cropping technology, which implies using
harvest leftovers as input for the next crop cycle (as soil cover), we assume
fire occurrence to be undesirable from the perspective of farmers, and, thus,
not intentionally initiated in their farm.

Natural fires are common in biome Cerrado as part of its ecological
cycle. Especially during the wet season, natural small fires caused by light-
ning are part of some plants’ growing cycle and also a natural tool to avoid
the occurrence of bigger wildfires. However, Figure 2.9 in Appendix shows
that most of the fire occurrence in our sample occurs during the months of
May and December, concentrated in July-September, which represents the
peak of the dry season. Even if the second crop has already been harvested
by September, fire occurrences are undesirable for farmers as it decreases
soil fertility (Pellegrini et al. (2018); Doerr and Santín (2016)).

Widespread fires are expected to become even more common if the fre-
quency of extreme weather events increases (Brando et al. (2014); Baldocchi
(2014); Alencar et al. (2015); Brando et al. (2020)). In a climate change sce-
nario with higher temperature and higher frequency of droughts episodes,
we analyze the effect of double-cropping adoption on fire at the pixel level
as a proxy for climate resilience.

6. Controls.To increase the refinement of our analysis, we merge our

5ET depends on land surface characteristics such as the type of vegetation, soil moisture,
available heat energy from sunlight, and atmospheric weather conditions.

6We re-projected that data to match our 250m resolution
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double-cropping data with public data on farms’ geographic location and
officially registered boundaries at the Rural Environmental Registry of pri-
vate properties (Cadastro Ambiental Rural (CAR) data, from Sparovek et al.
(2019)). This allows us to identify in which farm each pixel we analyze is lo-
cated, which will be essential to clean our estimation from the endogeneity
coming from farmers’ characteristics correlated to technology adoption and
productivity. Figure 3.5 present the result of the combination of our detailed
geo-located datasets.

Figure 2.2: Double-cropping and CAR data
Note: Farms’ limits in Canarana - MT.

Figure 2.3 presents the average of these variables across time. When
possible, we broke them into first and second harvest - that is, from October
to March for the first harvest, and from April till September for the second
harvest. 7 Looking at the NDVI we see that there was a trend in productivity
increase across all plots. We also notice that the second harvest seems to be
more sensitive, with higher variance and some important breaks in years

7For GPP, this was not possible as NASA only provides annualized data. For fire, it did
not make sense to break into as most of the fire occurrences happen in the second harvest
time, as shown in Figure 2.3.
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with extreme weather occurrences. In 2005, for example, there was a major
drought that led to crop failure with losses of around 47%. That is consistent
with the fact that the second crop cultivation is more constrained, as its
beginning depends on the timing of the first one and its ends depends on
weather, as the dry season starts in the middle of the growth period of the
usual crops (maize and millet).

Figure 2.3: Time series of the average of outcomes variables.
Note: Average of outcome variables at the pixel level per year.

At the margin, the second harvest is more sensitive as it is more con-
strained on optimal planting time and it is also exposed to more challenging
weather conditions. Being so, we see that when farmers invest in a tech-
nology that bring positive effects for the quality of the soil, the marginal
dynamic effect from time exposure is bigger for the second harvest.

2.4
Empirical Strategy

Main specification. Technology is a choice in farmers’ production
function. Farmers’ characteristics can be associated both with the decision
to adopt a better technology and with the outcomes we will measure, such
as productivity. To handle the endogeneity that is present on the decision
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to adopt the technology in the first place, we use the richness of a panel
at the pixel-farm level. We run regressions at the pixel-year level and add
two sets of fixed effects that bring robustness to our estimates. First, we add
pixel fixed-effects, which cleans our results from the possibility that some
plots have soil structures that are naturally more productive or adaptable
than others to the technology we study.8 Thus, any soil intrinsic fixed (or
slow changing) characteristic can not be an explanation on the results we
measure.

Second, we add double farm-year fixed-effects, ruling out any concern
on more sophisticated farmers being the ones who decide to adopt a more
innovative and with higher entry-costs technology. These fixed effects also
safeguard our estimates from variation on weather, that would affect the
productivity of crops especially in years with negative weather shocks.
Since our estimation comes from comparing pixels within the farm, which
will face the same weather, effects of weather variables will be captured by
the farm-year fixed effect.

For our selected sample of pixels, described below, we estimate the
following regression:

Outcomep f t = αp + γ f t + βADCp f t + θDCp f t + εp f t (2-1)

where Outcomep f t refers to one of the outcome variables of pixel p
from farm f at year t; αp controls for pixel fixed effects and γ f t controls
for farm-year fixed effects. ADCp f t refers to the accumulated years a pixel
p stays under double cropping at each period t. Through this equation,
instead of comparing units that use double-cropping with units that do not,
we use the trajectory of the unit, thus comparing similar units that have
been managed by the same farmer, but have a different trajectory as they
started using double-cropping at different times.

We also add a dummy DCp f t for double-cropping at time t, captured
by θ , which compares units that are both doing double-cropping, but are ex-
posed differently to it. To account for spatial correlation, we clustered stan-
dard errors at the farm level. Variation across space displays significantly
less “randomness,” especially at smaller spatial scales (Auffhammer et al.
(2013)), thus units managed by each farmer are probably correlated across
time (in terms of weather shocks and farmers manager skills).

The coefficient of interest, β, refers to estimates of the effect of higher
time exposure to treatment on our outcomes. One concern in this specifica-

8Few factors delimit the physico-chemical maximum limit to storage of carbon in the
soil, such as texture, mineralogy, depth, bulk density and aeration.
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tion is that farmers might be learning along the time how to better imple-
ment the treatment. This would lead to plots having better results over time
due to farmers’ learning process and subsequent improvements on the use
of the technology. An assumption behind our specification is that farmers
will transport the knowledge he acquired in the first cohorts into the next
plots he starts to treat. That is, the results found here can not be explained
by pure learning – pixels longer in treatment would perform better because
farmers are learning as time goes by.

First vs. Second harvest. In this analysis, it is relevant to separate the
first harvest (soy) from the second (maize or millet) as they present different
restrictions on farmers’ production function. The first one is usually the
preferred crop and the main focus of farmers’ production. The second
harvest comes as a surplus on the agricultural cycle as it is usually more
exposed to climate shocks – it occurs closer to the dry season. Moreover, the
second cycle is time-restricted on the performance of the first crop: if the
rainy season is delayed for the beginning of the first cycle, the second crop
will have a shorter window to grow before the dry season comes. In rainfed
agriculture, the rainy season determines the start of the sowing period and
affects the probability of crop failure.

When data was available, we created separate variables for the two
crops, estimating equation 2-1 above separately for the first harvest and the
second one. For instance, in the analysis of productivity (NDVI) and water
availability (ET) we estimate the effects of double cropping for different
harvests. We can not do it for carbon uptake (GPP) – due to data availability
– and fire occurrence – due to concentration of fire occurrence in the dry
season (second harvest).

Sample selection. Our dataset faces two important restrictions. First,
it is truncated, due to data availability to previous years. Our panel on
double-cropping adoption starts in 2001, however, double-cropping started
to be widely adopted in Mato Grosso in the 1990s. Figure 2.10 in Appendix
shows we have a left-side truncated database: from departure, 20% of
all pixels doing agriculture were already incorporating double-cropping
technology. Second, and related to the issue of self-selection in technology
adoption, we have a discontinuity on treatment that we can not control
for. Pixels switching on and off on treatment status makes unclear how to
interpret the coefficients of our main regressor, which is years accumulated
in double-cropping. Biological dynamics happening at the soil are complex
and probably not linear, which make it unclear how soil would react to stops
on treatment after some consecutive years on it.
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To overcome that, we decide to look at plots that were absorbed into
the technology, that is, plots that once started using double-cropping, they
never stopped it. With a total of 275,533 pixels, these sample represents
13.2% of total pool of pixels that adopted double-cropping at least once
in our panel. To measure the dynamic effect of the technology on the soil,
we look at plots that started double-cropping in 2006 onwards. This allows
us to ensure that for at least 5 years, those plots were not treated and
the effect we measure is not coming from previous use of the technology
on the plot. For robustness, we present in Section 6 results of our main
specifications for two different groups 1) those that were switching on-and-
off on treatment status and 2) pixels that did double-cropping continuously
but stopped sometime before our end-year. With the exception of the effect
on soil absorption (GPP), coefficients remain significant and in the same
direction as our selected sample, even though with considerably smaller
coefficients.

To handle concerns related to these selected sample, table 2.1 presents
a comparison of baseline characteristics for units that started double-
cropping at different years. To test whether farmers might have selected the
best plots to start using the technology, we run a regression, adding farm
fixed effects, of the average of our measured outcome variables at baseline
(between 2001-2005) on dummies for whether that plot was in the first co-
hort, second cohort, third, fourth, fifth, sixth, or more. Our main concern
is that different time exposure to double cropping, which is the variation
we exploit in our specification, would be related to plot-selection within-
farm, with longer periods in double-cropping correlated to selection of bet-
ter plots in the first cohort of treated plots within-farm. Results in table 2.1
points that, if anything, plots that entered later on the treatment are better
off than the first plot in terms of soil fertility (GPP) and water availability
(ET) during the baseline, ensuring that the results presented in the next sec-
tion can not be explained by first plots being more better off at baseline.

Table 2.2 presents the descriptive statistics for our selected sample of
pixels. On average, farms have 1590 hectares, which put them at the 90th
percentile among farms in Mato Grosso in terms of total area. We estimate
our results on a panel composed of 275,533 pixels from 9,725 farms. On
average, farmers present 2.19 different cohorts of plots starting double-
cropping at different years within their farm. In terms of treatment intensity,
by the end of the time studied here, on average, plots have been doing for
4.5 years, adopting the technology in 50.7% of the total area of their land. We
added an extra column with the same averages for the whole set of pixels
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Table 2.1: Pixels’ baseline characteristics

NDVI ET GPP P(fire)
1st harvest 2nd haverst 1st harvest 2nd haverst

(1) (2) (3) (4) (5) (6)

2nd cohort -5.166*** 18.14*** 4.907*** 18.48*** 39.62*** 0.000461
(1.312) (1.853) (0.699) (1.713) (5.070) (0.000476)

3rd cohort -6.507*** 38.49*** 10.94*** 38.86*** 91.23*** -5.63e-05
(2.086) (2.583) (1.090) (2.266) (6.071) (0.000700)

4th cohort -9.759*** 57.00*** 16.63*** 61.08*** 143.8*** -0.000969
(3.132) (4.259) (1.565) (4.698) (13.46) (0.00104)

5th cohort -14.21*** 71.39*** 23.35*** 82.21*** 193.2*** -0.000885
(3.977) (6.037) (2.316) (7.167) (21.79) (0.00230)

>6th cohort -16.52** 93.28*** 26.01*** 105.2*** 246.9*** -0.00107
(7.073) (8.952) (3.632) (7.487) (21.09) (0.00290)

Constant 596.2*** 485.3*** 122.2*** 202.2*** 940.8*** 0.0151***
(1.156) (1.540) (0.579) (1.434) (3.753) (0.000407)

Observations 273,892 273,892 273,868 273,868 273,868 273,892
Farm fixed-effect Y Y Y Y Y Y
Adjusted R-squared 0.539 0.625 0.620 0.720 0.757 0.501

Notes: This table reports the mean of our main outcome variables on baseline (2001-
2005), comparing different cohorts within-farm. Observation unit is pixel p from farm
f . Each column presents the result of an OLS regression with farm fixed-effects in each
the dependent variable appears on top of the column. Standard errors are clustered by
farm and displayed in brackets.

that experienced double-cropping at least once in the time period of our
panel, from which we see that our sample is composed with lager farms
and with less experience with double-cropping.

2.5
Results

This Section presents the results of our estimations. First, we show that
longer periods continuously adopting double-cropping result in productiv-
ity gains. To understand the mechanism behind this, we show how the tech-
nology is related to increases in the amount of carbon stored in the soil, and
how that reflects improvements on soils’ water holding capacity. This in-
crease in water retention explains the final result we present in terms of fire
resilience.

2.5.1
Productivity

First, Table 2.3 presents the results from our estimation of the dynamic
effect of technology adoption on productivity. Columns (1) - (2) show the ac-
cumulated effect of doing double cropping at that pixel during the first har-
vest (soy cycle). Controlling for farmers’ characteristics using farm × year
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Table 2.2: Summary Statistics

Selected sample Other pixels doing double-cropping
N mean sd min max N mean sd

Farm characteristics
Area total CAR 9,725 1,589 4,307 2.97 158,040 30,421 1,169 3,396
% area double cropping (endline) 9,725 .507 .294 0 1 30,419 .288 .355
# treatment groups by farm 9,725 2.19 1.50 1 11

Pixel characteristics
Years in double cropping (endline) 275,533 4.57 2.88 1 11 1,760,888 7.80 5.45

Outcome variables (baseline)
Veg index (1st harvest) 275,533 78.15 10.39 20.92 99.97 1,760,888 83.19 10.01
Veg index (2nd harvest) 275,533 73.56 12.35 13.34 99.94 1,760,888 67.9 15.06
Gross Primary Production 275,509 13,267 4,827 2840 29602 1,760,888 10,463 3,517
Evapotrans. (1st harvest) 273,312 1,981 911 4 7311 1,760,888 1.681 790
Evapotrans. (2nd harvest) 275,496 2,782 1582 8 9610 1,760,888 1783 1.287
Dummy fire 275,533 .142 .349 0 1 1,760,888 .071 .257

Notes: Data on double-cropping from Camara et al (2019). NDVI, GPP and ET from
MODIS-NASA. Fire from Mapbiomas. Farm data was computed using information
farms’ officially registered boundaries at the Rural Environmental Registry of private
properties (Cadastro Ambiental Rural (CAR) data, from Sparoveka et al (2019).

fixed effects presents a positive coefficient (column 1). However, its mag-
nitude is small. One additional year of double cropping increases NDVI in
the first harvest by 0.13% relative to the average (0.0985/78.15 = 0.0013).
This finding is considerably different when we focus on the second harvest.
Column (3) show that the effect is considerably higher. On average, each ad-
ditional year doing double-cropping increases productivity by 3.89% during
the second harvest. This implies that pixels that adopt double cropping for
one decade have productivity gains about 40% larger than pixels that just
started. This is a large effect, comparable to the mean return to fertilizer use
estimated in other settings (Duflo et al. (2008); Suri (2011)).

These results show that plots exposed to double-cropping for longer
periods present better productivity. One remaining concern is that an alter-
native explanation is that farmers selected the best plots to start using the
technology, meaning that the longer exposure to double cropping would
present best results due to plot-selection within-farm for the first treated
plots. To account for that, columns (2) and (4) include baseline character-
istics of the dependent variable as a linear trend. We include the average
of NDVI between 2000-2005 interacted with the year variable, to take into
account pre-trends of each pixel at baseline, cleaning our results of accumu-
lated years in double-cropping from pixel selection at baseline.

We see that the results sustain after taking into account the selection
that could happen within-farm. Column (4) show productivity gains of
3.21% for each additional year in double-cropping. Taken together, the
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Table 2.3: Effect of accumulated years in DC on vegetation health index

1st harvest 2nd harvest
Dep. var: NDVI (1) (2) (3) (4)

Accum. double cropping 0.0985** 0.232*** 2.864*** 2.367***
(0.0426) (0.0350) (0.106) (0.0926)

Dummy double cropping 4.979*** 4.877*** 6.502*** 6.171***
(0.148) (0.147) (0.253) (0.238)

Constant 80.45*** 74.12*** 67.38*** 61.43***
(0.0662) (0.684) (0.145) (0.706)

Observations 4,656,164 4,656,164 4,656,164 4,656,164
Adjusted R-squared 0.715 0.744 0.688 0.711
Number of periods 17 years 17 years 17 years 17 years
Number of farms 9725 9725 9725 9725
Number of pixels 275533 275533 275533 275533
Pixel FE X X X X
Farm-year FE X X X X
Baseline trend X X
Mean Dep. Var. baseline 78.15 78.15 73.56 73.56

Notes: This table reports the effects of the accumulated years doing double-cropping on
NDVI. Observation unit is NDVI of pixel p at farm f in year t, where t refers to 17 years
(2001-2017). Each column presents the result of an OLS regression with pixel and farm-
year fixed-effects. Standard errors are clustered by farm and displayed in brackets.

results from Table 2.3 are consistent with the idea that adopting double
continuously increases productivity. The effects are much larger for second
harvest productivity than for first harvest productivity. This is consistent
with second harvest being much more sensitive to shocks, in general, and
to improvements in soil properties, in particular. This is largely due to the
fact that farmers have much more flexibility to mitigate shocks (by adjusting
planting and harvest dates and input use) in the first than in the second
harvest.

One final discussion on the differences between results in the first vs.
second cycle is related to a crop-specific property that would account for
these differences. Considering that the mechanisms discussed above related
to soil improvement (carbon uptake and water availability), we expect all
crops considered here (soy, maize and millet) to benefit from improvements
in the soil. That is, if data were available with variation on the type of crops
used in the first vs. second cycle, we do not expect for a crop-specific fixed
effect to change our results. We interpret the different results across harvests
as farmers having less degrees of freedom to mitigate shocks in the second
harvest. Adjusting sowing and focusing input use in the first cycle seems
to be the reason why marginal improvements in the soil does not majorly
affect productivity in first cycle.

The results discussed above constrains the effect of accumulated years
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of double cropping on NDVI to be linear. However, it is possible the ef-
fects changes over time. To analyze this, we replace the linear variable on
accumulated years of double cropping by dummies of years of exposure to
double cropping to estimate the effects non-parametrically. Figure 2.4 plots
the coefficients for different categorical dummies of the number of years ac-
cumulated in double-cropping adoption at each pixel-year observation. We
focus on the specifications with farm × year fixed effects and baseline trend
(columns (2) and (4)). For the first harvest (blue circles), the figure indicates
doing double cropping does not increases productivity substantially for all
levels of exposure. However, for the second harvest (red diamonds), the
use of the double cropping consistently increases on the amount of years
using the technology. The effects are almost linear although we observe a
small levelling for longer exposures. Comparing units that experienced 3
years of double-cropping with those that experienced 8 years, we estimate
an increase of 80% on productivity of the second crop for the units longer in
double-cropping.

Figure 2.4: Coefficients for categorical dummies from ADCp f t on NDVI.
Note: Including pixel and farm-year fixed effects, and controlling for pixel’s baseline characteristic. Standard

errors clustered at farm level.

2.5.2
Mechanisms

To understand the mechanisms leading to the productivity gains doc-
umented in Table 2.3, we explore detailed data on soil properties to test
whether longer exposure to double cropping influences it. We focus on two
properties: soil fertility and water availability. We begin examining the ef-
fects of exposure to double cropping on soil fertility. Soil fertility is an imme-
diate consequence of the amount of soil organic matter (and hence carbon)
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a soil contains (Lal (2011); Gough (2011); van Groenigen et al. (2017)). We
proxy it using GPP, a measure of the amount of carbon stored in the soil.
Table 2.4 reports the results.9

Column 1 indicates that accumulated years of double cropping signif-
icantly increase GPP. In our preferred specification that take into account
baseline characteristics (colum (2)), the estimates suggest one additional
year adopting the double cropping generates a 1.4% increase in GPP. To
evaluate whether the effect of exposure to double cropping is linear, Figure
2.5 plots exposure-specific coefficients of double cropping on GPP. Similar
to what we found for productivity, we see the effects of exposure to double
cropping increase almost linearly over time.

Table 2.4: Effect of accumulated years in DC on carbon uptake

Dep. var.: GPP (1) (2)

Accum. double cropping 276.5*** 191.8***
(20.02) (13.23)

Dummy double cropping 745.5*** 725.1***
(40.62) (36.93)

Constant 13,514*** 11,422***
(29.12) (177.2)

Observations 4,655,756 4,655,756
Adjusted R-squared 0.911 0.916
Number of periods 17 years 17 years
Number of farms 9,725 9,725
Number of pixels 275,533 275,533
Pixel FE X X
Farm-year FE X X
Baseline trend X
Mean Dep. Var. baseline 13,981 13,981

Notes: This table reports the effects of the accumulated years doing double-cropping
on GPP. Observation unit is GPP of pixel p at farm f in year t, where t refers to 17
years (2001-2017). Each column presents the result of an OLS regression with pixel and
year or farm-year fixed-effects. Standard errors are clustered by farm and displayed in
brackets.

9As explained in Section 2.3, it is not possible to break GPP into first and second harvest
as this information is only available yearly.
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Figure 2.5: Coefficients for categorical dummies from ADCp f t on GPP.
Note: Including pixel and farm-year fixed effects, and controlling for pixel’s baseline characteristic. Standard

errors clustered at farm level.

We then turn attention to water availability. By increasing organic mat-
ter in the soil, double cropping might improve physical properties such as
water infiltration and water holding capacity (Paustian et al. (2016); Smith et
al. (2008)). We use data on evapotranspiration (ET), a measure of the amount
of water is released through water evaporation or plant transpiration, to ex-
amine whether exposure to double cropping affects water availability. Table
2.5 reports the results.

Columns (1) - (2) report that accumulated years of double cropping in-
crease ET during the first harvest.Quantitatively, in our preferred specifica-
tion, we find each additional year of double cropping increases ET by a 1.6%
in the first harvest. Columns (3) - (4) document the effects of accumulated
years of double cropping on ET are much larger during the second harvest.
Our estimates indicates that each additional year generates an increase of
3.4% in ET (≈ 95mm).

Figure 2.6 provides graphical evidence of the resuls presented in Table
2.5. The effects of exposure to double cropping during the first harvest are
basically zero up to five years of exposure, becoming positive after. The
effects of exposure to double cropping on the second harvest, on the other
hand, are roughly linear.

Overall, these results are consistent with earlier evidence that the
adoption of double cropping can minimize the impacts of land-use conver-
sion from forest to cropland on the hydrologic cycle (Spera et al., 2016). The
increase in ET can be explained by several mechanisms: it might increase
leaf area and root depth. Increases in leaf area increase transpiration while
deeper roots mean plants acquire water at higher soil depth, enabling more
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continuous access to deep water. This last mechanism might explain higher
transpiration even throughout the dry season in Cerrado (Costa and Pires
(2010); Oliveira et al. (2005); Garcia-Montiel et al. (2008)).

Table 2.5: Effect of accumulated years in DC on ET

1st harvest 2nd harvest
Dep. var.: Evapotranspiration (1) (2) (3) (4)

Accum. double cropping 36.57*** 32.56*** 143.2*** 94.85***
(4.599) (4.558) (9.508) (6.542)

Dummy double cropping -74.21*** -81.79*** 153.7*** 147.3***
(10.63) (10.41) (16.32) (15.46)

Constant 1,892*** 1,634*** 2,981*** 2,446***
(7.008) (22.75) (11.91) (49.04)

Observations 4,631,156 4,631,156 4,655,536 4,655,536
Adjusted R-squared 0.710 0.719 0.830 0.841
Number of periods 17 years 17 years 17 years 17 years
Number of farms 9,725 9,725 9,725 9,725
Number of pixels 275,533 275,533 275,533 275,533
Pixel FE X X X X
Farm-year FE X X X X
Baseline trend X X
Mean Dep. Var. baseline 1980.1 1980.1 2782.1 2782.1

Notes: This table reports the effects of the accumulated years doing double-cropping
on ET. Observation unit is NDVI of pixel p at farm f in year t, where t refers to 17
years (2001-2017). Each column presents the result of an OLS regression with pixel and
year or farm-year fixed-effects. Standard errors are clustered by farm and displayed in
brackets.

Figure 2.6: Coefficients for categorical dummies from ADCp f t on ET.
Note: Including pixel and farm-year fixed effects, and controlling for pixel’s baseline characteristic. Standard

errors clustered at farm level.
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2.5.3
Climate resilience: fire occurrence

Finally, we estimate the effect of higher exposure to double-cropping
on the probability of fire occurrence at the pixel-level. Besides spark and
fuel, fire occurrence depends on the quality of the flammable fuel. Crops
themselves and cover crops are natural fuels. However, their flammabil-
ity will depend on the amount of water available at the system. The more
dry the soil and crops are, the easier it will be for fire to carry at cropland
. As cover cropping decreases direct sunlight at soil, preserving soil mois-
ture, and soil carbon increases water retention capacity, we expect double-
cropping to prevent burning in plots that have been doing it for longer.

Table 2.6 shows that, conditional on adopting double-cropping at some
point, each additional year doing it decreases the probability of fire occur-
rence at the pixel level - even though the size of this effect is considerably
lower when we add the farm-pixel fixed effect. Finally, breaking the analysis
across time non-parametrically, Figure2.7 confirms that the effect is decreas-
ing. The coefficient on Column (2) might be low as the first years on double-
cropping do not have a significant effect on diminishing the probability of
fire occurrence. This is consistent with the fact that some biological process
at the soil takes more time than the usual 1-year period of the agricultural
cycle. Indeed, from carbon uptake by plants through photosynthesis until
forming soil organic carbon in its more stable form can take over 4 years
(FAO (2021)).

Figure 2.7: Coefficients for categorical dummies from ADCp f t on fire.
Note: Including pixel and farm-year fixed effects, and controlling for pixel’s baseline characteristic. Standard

errors clustered at farm level.

Under the assumption that farmers would implement fire prevention
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Table 2.6: Effect of accumulated years in DC on fire occurrences

Dep. var.: Dummy fire (1) (2)

Accum. double cropping -0.00693*** -0.00661***
(0.00171) (0.00143)

Dummy double cropping -0.0118*** -0.0108***
(0.00409) (0.00384)

Constant 0.116*** 0.0978***
(0.00244) (0.00270)

Observations 4,656,164 4,656,164
Adjusted R-squared 0.454 0.500
Number of periods 17 years 17 years
Number of farms 9,725 9,725
Number of pixels 275,533 275,533
Pixel FE X X
Farm-year FE X X
Baseline trend X
Mean Dep. Var. baseline .141 .141

Notes: This table reports the effects of the accumulated years doing double-cropping on
Fire. Observation unit is Fire occurrence in pixel p at farm f in year t, where t refers
to 17 years (2001-2017). Each column presents the result of an OLS regression with
pixel and year or farm-year fixed-effects. Standard errors are clustered by farm and
displayed in brackets.

techniques in all plots similarly, not favoring plots that started double-
cropping earlier, we estimate that for the median pixel in terms of double-
cropping exposure at endline (4.6 years), there is a decrease of 14.8% on fire
probability due to the use of technology when compared to baseline fire
estimates.

2.6
Robustness

1. Event Study. The focus of this research is not on understanding
the decision to use or not the double-cropping technology (extensive mar-
gin), but actually on the intensive margin: what happens over time after the
longer a plot adopted double-cropping. To complement the evidence pre-
sented before, we make use of a staggered diff-in-differences approach to
study the dynamics effect of double-cropping in the long-run. We use Sun
and Abraham (2021) approach and present the results in Figure 2.8. As ref-
erence periods, beside t=-1, we aggregate all periods prior to 5 years before
treatment and 8 years onwards after treatment at the coefficients in the tails.
Even though the figures present pre-trends for all variables, recent litera-
ture shows that causal inference is valid even when endogeneity leads to
pre-event trends in the outcome (Freyaldenhoven et al. (2019)).
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For NDVI and ET we break the analysis into first and second crops.
We see that our key results sustain. After the adoption of double-cropping,
there are increasing gains in productivity during the second harvest, carbon
accumulation, more water availability and diminishing probability of fire
occurrence. For all variables we see a break in the trend before and after
technology adoption. However, differently from results in Figures 2.4 to
2.7, these Figures show that the dynamic positive effects of double-cropping
adoption take 4-5 years to peak, which is consistent with previous evidence
that carbon soil accumulation can take time to happen. We also see that GPP
tends to stabilize after 5 years, and the effect on fire seems to be relevant only
after 7 years on double-cropping.

Figure 2.8: Event-study estimation.

2. Testing other samples. One of the reasons to select a sample of pixels
that were absorbed into treatment is the challenge that comes in estimating
the effect of higher exposure to treatment in units that interrupted treatment
in the middle. They might have interrupted once and never come back, or
they might interrupt and come back after some periods out. Because we do
not have the detailed chemical-biological knowledge to estimate how dy-
namics of the soil would react to discontinuities on double-cropping adop-
tion, we decided to focus our analysis on units that are continuously treated.
However, in this Section we present the results from our specifications in
two different samples.

First, we present the effect of higher exposure to double cropping for
pixels that were switching on-and-off into treatment in our panel. Table 2.7
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shows us that even though most of the coefficients keep the signal and
significance, the size of the coefficient decreases considerably. GPP is the
only coefficient that changes sign, but the coefficient now is 10% the size
from the estimate in our preferred sample.

Table 2.7: Testing other sample: pixels switching on and off

NDVI ET GPP P(fire)
1st harvest 2nd haverst 1st harvest 2nd haverst

(1) (2) (3) (4) (5) (6)

Accum. double cropping -0.00211*** 0.0128*** 5.768*** 6.189*** -27.83*** -0.000821***
(0.000140) (0.000334) (1.025) (2.129) (3.481) (0.000277)

Dummy double cropping 0.0145*** 0.0346*** -14.07*** 58.63*** 202.2*** -0.00390***
(0.000361) (0.00111) (1.753) (3.421) (7.788) (0.000605)

Observations 20,468,816 20,468,816 20,428,857 20,459,860 20,460,095 20,468,816
Adjusted R-squared 0.653 0.660 0.680 0.865 0.911 0.397
Number of periods 17 years 17 years 17 years 17 years 17 years 17 years
Number of farms 23226 23226 23226 23226 23226 23226
Number of pixels 1205994 1205994 1205994 1205994 1205994 1205994
Pixel FE Y Y Y Y Y Y
Farm-year FE Y Y Y Y Y Y
Mean Dep. Var. (baseline) .8710 .6424 1710.9 1736.2 10533.7 .049

Notes: This table reports the effects of the accumulated years doing double-cropping
on different outcome variables for the sample of pixels that were intermittently imple-
menting double-cropping. Observation unit is pixel p at farm f in year t, where t refers
to 17 years (2001-2017). Each column presents the result of an OLS regression with farm
fixed-effects in each the dependent variable appears on top of the column. Standard er-
rors are clustered by farm and displayed in brackets.

Second, we test our specification in a sample of pixels that give up
treatment in the middle of our panel. That is, they started and stayed
continuously for a period, but stopped at some time before 2017. In Table
2.8 we see again that, with exception of GPP, the signal and significance
are sustained. In both this sample and the selected one, we need to make
a discretionary decision on how to construct the variable of accumulated
years in double cropping. For instance, based on the findings of positive
dynamic effects of double-cropping in our preferred sample, we assume
that once out of treatment, the benefit of the treatment sustains for the
following years.

2.7
Conclusion

The design of effective climate policies in Brazil needs to encompass
one sector that has a direct and important connection with the environment:
agriculture. On one hand, agriculture is one of the main sources responsible
for greenhouse gas emissions in Brazil, accounting directly for 20% of
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Table 2.8: Testing other sample: pixels that started double-cropping and
stopped

NDVI ET GPP P(fire)
1st harvest 2nd haverst 1st harvest 2nd haverst

(1) (2) (3) (4) (5) (6)

Accum. double cropping -0.00151*** 0.0115*** 9.747*** 16.53*** 16.79 -0.00286***
(0.000290) (0.000582) (2.305) (5.161) (10.83) (0.000612)

Dummy double cropping 0.0379*** 0.0167*** -78.26*** -43.51*** 146.7*** -0.00617***
(0.00161) (0.00227) (6.761) (12.77) (25.00) (0.00224)

Observations 1,861,687 1,861,687 1,857,317 1,861,387 1,861,415 1,861,687
Adjusted R-squared 0.715 0.727 0.744 0.882 0.940 0.478
Number of periods 17 years 17 years 17 years 17 years 17 years 17 years
Number of farms 10005 10005 10005 10005 10005 10005
Number of pixels 112272 112272 112272 112272 112272 112272
Pixel FE Y Y Y Y Y Y
Farm-year FE Y Y Y Y Y Y
Mean Dep. Var. (baseline) .8725 .6739 1901.9 2716.2 12994.9 .050

Notes: This table reports the effects of the accumulated years doing double-cropping
on different outcome variables for the sample of pixels that were continuously imple-
menting double-cropping but that stopped before endline (2017). Observation unit is
pixel p at farm f in year t, where t refers to 17 years (2001-2017). Each column presents
the result of an OLS regression with farm fixed-effects in each the dependent variable
appears on top of the column. Standard errors are clustered by farm and displayed in
brackets..

total emissions.10 On the other hand, the sector presents the uniqueness
of contributing positively to the global carbon budget as its fundamental
input of productivity, plants’ growth through photosynthesis, removes CO2
from the atmosphere. As both food security and climate change become
more pressing issues globally, it is important to converge the dual-role
that agriculture presents by finding technologies that increase productivity,
enhance resilience to climate change, and reduce the GHG emissions.

In this paper, we document dynamic effects associated to agricultural
practices in the state of Mato Grosso (Brazil) – an agricultural hub of global
importance. Specifically, we use within-farm variation on the timing of
adoption of double cropping to examine it dynamic effects on soil quality,
climate resilience, and, ultimately, long-term productivity.

Our analysis explores rich satellite-based information on technology
use, productivity soil properties, and fire incidence. First, we document that
the length of exposure to double cropping increases productivity. Second,
we tie this increase in productivity to changes in soil properties: longer
exposures to double cropping increase soil’s ability to store carbon and
water. Third, we document that these changes in soil properties lead to
lower fire incidence.

10Data from SEEG 2020.
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Our results have immediate consequences for public policies. Recon-
ciling food production and climate change mitigation requires identifying
technologies that simultaneously increase productivity, carbon sequestra-
tion, and climate resilience. Our findings indicate the potential of double
cropping for achieving these three goals. This has the potential of reverting
some of the negative effects of climate change on agriculture (e.g., Hsiang
et al. (2013) and Burke et al. (2015)) as well as to help it to become a leading
sector in climate change mitigation (e.g., Northrup et al. (2021)).

In this context, subsidizing the adoption of this type of technologies
might be an important tool for governments to promote a just transition in
agriculture. Nevertheless, designing the correct subsidies requires a better
understanding on the constraints for double cropping adoption. First, it is
important to understand to what extent farmers are internalizing the long-
term benefits of adopting double cropping, in particular, and sustainable
technologies, in general. Second, if they are not internalizing this, it is
important to understand the drivers of their behavior (Atkin et al. (2017).
Are they uniformed about the technologies’ benefits (e.g., Jacopo et al.
(2020))? Are they present-biased (e.g., Duflo et al. (2011))? Or, alternatively,
do lack access to credit or insurance to precludes adoption (e.g., Karlan et
al. (2014))?

Proper policies will depend on the response to these questions. For
instance, intense training (e.g., Grimm and Luck (2020) and Beaman et
al. (2021)) or farmer-to-farmer technology extension (e.g., Kondylis et al.
(2017) or Bragança et al. (2022)) might reduce information barriers while
earmarking more resources for “low-carbon agriculture” as proposed by
Brazil’s Low Carbon Agriculture (ABC) Program (which now represents
only 2% of total rural lending) might reduce credit constraints. Regardless
the mechanism, the evidence presented in this paper clearly documents the
potential of sustainable technologies to help transform agriculture in a way
that helps it to simultaneously meet climatic and development goals.
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2.8
Appendix

Figure 2.9: Fire occurrences by month in selected sample.

Figure 2.10: Distribution of pixels by year that started double-cropping.
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Abstract
Provision of health services is one of the greatest challenges for the government

of Mozambique, being one of the countries with the highest HIV prevalence in the world

(12.3%) and worst maternal mortality rates. Even though the country has overcome

challenges in initially enrolling patients in treatment, patients’ retention to treatment is

currently a major barrier to control the spread of HIV - only 66% of patients who start

treatment remain active after 12 months of enrolling in treatment.We hypothesize that

poor quality and general unresponsiveness of services provided at public health clinics

can be an important reason for low patient retention to treatment. Through an RCT at 80

health centers, we test whether a managerial intervention that implement an appointment

scheduling can increase patients’ adherence to medical treatment and also improve quality

of care from the providers’ side. We find heterogeneous effects, with the intervention

affecting more positively patients enrolled for longer periods in antiretroviral therapy

(ART) treatment. Moreover, even though patients do not report improvements in their

perception on their patient experience visiting the facility, we see relevant improvements

in performance of clinical procedures during antenatal care visits.

3.1
Introduction

Long waiting time in public health clinics is a long-standing problem
in low-income countries. In this paper we hypothesize that poor quality
and unresponsiveness of the healthcare system can be an important reason
for low patient adherence to treatment. Existing WHO guidelines state
that reasonable waiting time and prompt attention are key components of
responsive health systems, as long queues can lead to the perception of

DBD
PUC-Rio - Certificação Digital Nº 1813258/CA



Chapter 3. Waiting time, Wasted time: Increasing State Capacity in Health Care
Delivery 50

poor-quality care and pressure on providers, affecting patients’ behavior
and health outcomes. However, few studies have directly examined how to
improve patient experience in settings extremely constrained in human and
financial resources, and its impact on key outcomes such as the utilization
of care and the quality of health care delivery (Contreras-Loya et al. (2021);
Dunsch et al. (2021); Atnafu et al. (2015); Mahomed and Bachmann (1998)).
We test whether a managerial intervention at primary healthcare clinics
in four provinces in southern Mozambique can decrease waiting time and
increase patients and providers’ satisfaction, affecting HIV retention in care
rate.

The current first-come first-serve model dictates that patients can only
be seen at a public health center if they arrive in the early hours of the morn-
ing, at 7 am or even before the center is open. Data from the pilot study we
conducted between 2016-2017 shows that 66% of patients seeking antena-
tal care arrive at the clinic before 8 am, and by 10am 94% of all patients
have arrived. Although queues start early in the day, patients can spend
several hours waiting before being seen (the average waiting time in our
pilot project was over 4h, for a consultation that would last on average 12
minutes). From a patient perspective, long queues compromise the effec-
tiveness of the care provided as it can signal that the national health system
is disrespectful and unresponsive to the needs of the patients, weakening
the relationship between the patient and the system. From a provider per-
spective, long queues also have a negative effect. Under pressure and stress-
ful settings, health providers may pay less attention to each individual case
and neglect relevant procedures.

This coordination failure that results in long waiting times can be
particularly constraining for patients who need to seek frequent care, such
as pregnant women or patients with chronic diseases such as HIV. Indeed,
these two groups are the main target of the Mozambican national health
system structure. First, being one of the countries with the highest HIV
prevalence in the world, ranking 8th with a rate of 12.3% (2016 data), the
HIV program receives the biggest share of the health sector funds. The
significant investments aimed at increasing coverage of HIV treatment in
the past decade have been quite successful. The share of HIV positive
patients who initiated antiretroviral therapy (ART) has increased from 13%
in 2010 to 81% in 2021, with 96% of the health clinics providing HIV
treatment (Ministry of Health, 2021).

However, even though the government has overcome challenges re-
garding testing and enrolling HIV patients in treatment, patient retention is
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currently the major obstacle to control the spread of the disease. Retention in
care is key because the use of ART reduces the chance of transmission to oth-
ers and because poor adherence can lead to ART resistance. Notwithstand-
ing, only 66% of patients who start treatment remain active after 12 months
of starting the treatment. And this rate continues to drop in the following
years, with a retention rate of 49% at 36 months (Ministry of Health, 2015),
a rate that is among the lowest in Sub-Saharan Africa (Global AIDS Mon-
itoring 2018). A meta-analysis of studies conducted in 42 low- and middle
income countries in Africa shows that, after 36-months of follow-up, only
65% of those on ART were retained on treatment (Fox and Rosen (2015)).

Second, while the majority (91%) of women visit a health center to seek
antenatal care (ANC) over the course of their pregnancy, only about half
(55%) receive the WHO-recommended minimum four antenatal care visits
(Demographic and Health Survey Mozambique, 2011). On the technical
side, even when women do receive the recommended number of antenatal
care visits, they do not always receive high-quality care as core procedures
do not always take place. For example, only 43.6% of women receive the
necessary three doses of intermittent preventive treatment for malaria, just
51% of HIV+ pregnant women receive antiretroviral treatment, and only
18.6% of HIV+ pregnant women receive care ensuring the prevention of
mother-to-child transmission of HIV (IMASIDA, 2015).

To understand whether improvements in the management of patient
flow in public clinics could positively affect both patients and providers, we
conducted a randomized controlled trial in 80 high-volume public health
clinics. We aimed to test whether an appointment scheduling system could
be effective to reduce waiting time, improve patients’ and provider’s satis-
faction and affect health outcomes. Half of the clinics were selected to the
treatment group in which all patients enrolled in HIV-treatment and preg-
nant women seeking antenatal care were given a date and a specific time
interval when they should return to seek treatment. The remaining clinics
were assigned to the control group, which continued with the standard of
care where patients wait in line for a first-come first-serve visit.

Our intervention proved to positively affect both patients and
providers. First, we found significant results on the Medication Posses-
sion Ratio (MPR), a widely used measure of adherence to antiretroviral
therapy. The intervention had a heterogeneous effect regarding the years
enrolled in ART treatment. For newly enrolled patients (who enrolled into
ART after the scheduling system was already in place), the intervention led
to an increase of 4.4% on average on the probability of having adequate
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MPR across visits when compared to the control group (3.2 pp). For patients
longer in treatment (enrolled before 2017), the effect is three times bigger,
with an increase of 12.2% relative to the control group. Moreover, although
the intervention had no effect on the probability of missing the day and
being delayed for a ART refill pick-up for the newly enrolled patients, it
caused a decrease of 20% compared to the baseline mean for patients on the
control group for the older cohorts.

Second, from the provider side, the intervention was successful in im-
proving their performance regarding quality of care provided during ANC
visits. The scheduling system increased in 8.2 pp the share of “extra” pro-
cedures performed during a first ANC visit, which represents an increase
of 17.7% relative to the control mean. This is consistent with the fact that
the design of the invention allows providers to have more time and be less
stressed in the first two hours of the day, when there is typically the high-
est peak of patients. Finally, relative to implementation effectiveness, we
present evidence that the system was successful in decreasing the peak of
patients on specific days of the week (Mondays). Moreover, one major con-
cern about the intervention is that patients would self-select into treatment,
switching from the control group to the treatment one, as previous evidence
shows that patients can self-select into better managed clinics (McConnell
et al. (2016)). We show that such unintended composition effect did not take
place in our setting.

A broad literature exists on how to improve public service delivery
by motivating civil servants’ performance improvements. Although there
is interesting evidence on how the design of the selection process affects
the pool of selected officials (Deserranno (2019); Ashraf et al. (2014, 2020);
Dal-Bó et al. (2013)), the interventions designed to increase performance
once officials are hired mainly involve financial incentives (Donato et al.
(2017); Khan et al. (2016); Miller et al. (2012); Basinga et al. (2011); Olken
et al. (2014); de Walque et al. (2015)) or costly monitoring infrastructures
(Dal-Bó et al. (2021); Olken (2007); Callen et al. (2020); Dhaliwal and Hanna
(2017); Pomeranz (2015); Muralidharan et al. (2016)). For instance, even the
evidence on the effect of monetary incentives in the context of Education
finds markedly mixed results (Duflo et al. (2012); Lavy (2002); Muralidha-
ran and Sundararaman (2011); Glewwe et al. (2010)). We complement the lit-
erature that highlights non-financial mechanisms to improve public agents
performance (Ashraf et al. (2014); Khan et al. (2019); Bertrand et al. (2019)),
presenting evidence on how management practices can affect performance
of healthcare providers.
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Second, this paper contributes to the literature establishing a relation-
ship between management practices and health outcomes, which has been
primarily drawn from high-income countries and has poorly been explored
in low-income countries (Contreras-Loya et al. (2021); Dunsch et al. (2021)).
While there is a growing literature suggesting that managerial capital is as-
sociated with significant productivity increases in the private sector (Bloom
et al. (2014); Tsai et al. (2015); Jiang et al. (2009)), less is known about how
it can affect the quality of service in the public sector (Rasul and Rogger
(2018), particularly in the developing world where levels of managerial cap-
ital tend to be lower. Overall, findings suggest that management practices
are both strongly related to a clinics’s performance and provide a unique
target for quality improvement interventions reaching across multiple clin-
ical domains (Lega et al. (2013); Hoof et al. (2012)). The findings from our
research enhance these findings, bringing knowledge on the costs imposed
by inefficient management of health services and its impact on patient de-
mand for health care.

Finally, we provide some of the first evidence about whether a man-
agerial intervention improving patients’ experience can impact patients’
behavior regarding adherence to medical treatment. Previous studies con-
ducted in Sub-Saharan Africa have shown that appointment scheduling can
be effective in reducing waiting time and improving patient satisfaction (At-
nafu et al. (2015); Mahomed and Bachmann (1998)). However, these studies
have not measured the effect on health indicators, such as our outcomes on
treatment adherence and quality of care provided. In settings where digital
scheduling is possible, the system proved to positively affect not only pa-
tients affected by the intervention, but also patients ineligible to be sched-
uled, due to better patient flow management related to timely cancellations
and re-scheduling capacity (Boone et al. (2022)).

The rest of the paper proceeds as follows. Section 3.2 presents back-
ground knowledge on provision of healthcare for HIV patients and preg-
nant women seeking ANC. Section 3.3 explains details of the interven-
tion implemented through an RCT and Section 3.4 describes the different
datasets used in our analysis. Section 3.5 presents our empirical strategy to
evaluate the effect of the intervention on both patient and providers, along
with the effectiveness of the implementation. Section 3.7 concludes by pre-
senting the relevant policy implications of our findings.
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3.2
Background - Patient Flow Management

1. National Health System. Provision of health services is one of the
greatest challenges for the government of Mozambique. The country is
among the countries with the worst health indicators in the world, ranking
170th in under-5 mortality rate, 163th in maternal mortality ratio and 185th
in life expectancy (World Development Indicators). With the concentration
of private health investment happening in Maputo and few other provin-
cial capital cities, the population living outside major cities relies only on
public provision of health, which consists of over 1600 primary care clinics
and 60 hospitals for over 31.3 million people. Besides having an insufficient
number of clinics to provide health services, Mozambican clinics face seri-
ous constraints on human resources. The country still needs to increase its
physicians-population ratio 7 times to meet WHO’s minimum recommen-
dations and this gap is not expected to change in the short run. Finally, being
one of the poorest countries, an important barrier to increase capabilities of
the national health system is financing. The sector is systematically under-
funded and dependent on external resources, with foreign aid accounting
for over 55% of the Ministry of Health budget (UNICEF 2016).

2. HIV. Despite recent progress in enrolling patients living with HIV
on antiretroviral treatment (ART) and decreasing maternal mortality rates
in Mozambique, low adherence to treatment threatens to undermine these
advances. Previous research suggests that an adherence rate of 95% to ART
is required in order to achieve maximal viral suppression and lower the
rate of opportunistic infections (Turner (2002); Haas et al. (2016); Bisson et
al. (2008); Paterson et al. (2000)). From an individual perspective, retention
in care is relevant as ART can decrease the concentration of virus in the
blood and can ultimately render HIV-positive people sexually noninfectious
(Bavinton and Rodger (2020); Cohen et al. (2011)). Moreover, there is firm
evidence of the positive effect of antiretroviral drugs in the prevention of
mother-to-child transmission (Dao et al. (2007)).

Retention in ART is also relevant as poor adherence can lead to ART
resistance (Sethi et al. (2003); Bangsberg et al. (2003); Harrigan et al. (2005);
Parienti et al. (2004)). Drug resistance during first-line therapy increases
the risk of HIV-related transmission, morbidity and mortality (Harries et
al. (2001)). As a result, poor adherence increases the need for second-line
treatment options, which are often limited, considerably more costly, require
more complex regimens, and can be associated with new or unknown
toxicity. Consequently, in a context in which converting to second-line ART
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therapy may be an individual’s last chance of treatment, it is relevant to
prevent resistance emergence (Meresse et al. (2014)).

In addition to individual impacts, retention in care is critical as wider
and earlier initiation of ART can reduce population-level incidence of HIV.
Low adherence on the other hand can significantly and negatively impact
the health sector and the economy as a whole. Previous research shows that
ART can improve the productivity (measured as decreased absenteeism) of
workers in the short, medium and long-run (Habyarimana et al. (2010)).
From a human capital development perspective, there are around 2.1 mil-
lion people living with HIV in Mozambique, 125,000 of which are children
(aged 0 to 14), and over 35,000 people died due to HIV in 2021.

There are many reasons behind low adherence to HIV treatment. First,
there are patient-level factors, such as low education and perceived stigma.
Second, there are institutional factors such as the lack of privacy at health
clinics, poor healthcare professionals’ attitudes, poor communication, poor
quality of services, and the long time spent in queues to receive treatment
(Schacht et al. (2014); Govindasamy et al. (2012); Chesney (2000)). Even
though privacy, respect shown by staff and waiting times are not service
attributes that may seem to be clinically necessary, they can influence pa-
tients’ perceptions and their willingness to adhere to treatment (Hanefeld
et al. (2017)). Previous WHO research shows that patients’ decision not to
seek needed medical care are related to quality reasons, as opposed to cost
of care or distance to clinics (Kruk et al. (2018)).

3. Maternal health. Antenatal care (ANC) is a critical introduction to
the continuum of maternal and newborn health care. Access to affordable,
high quality antenatal care offers the opportunity to inform women about
potential danger signs to look for during their pregnancy, to identify and
treat illnesses such as malaria or tuberculosis (TB), and to promote healthy
behaviors such as healthy nutrition and breastfeeding. Medical monitoring
during the first trimester of pregnancy is essential to identify factors that
characterize a risky pregnancy and, under pressure, health providers may
pay less attention to each individual case and neglect procedures relevant to
the identification of risky cases. Indeed, only 40% of women who attended
an antenatal care visit in Mozambique were informed by the nurse of signs
that indicate possible complications during pregnancy (MOH 2012).

Mothers attending antenatal care likely have numerous other respon-
sibilities - the average woman in Mozambique has 5.6 children. Further-
more, the hassle costs of antenatal care may be relatively salient compared
to the benefits of care, which occur largely in the future. Moreover, ANC is
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often the first interaction a pregnant woman has with the health center. The
initial experience of waiting all day for poor-quality care is likely to have sig-
nificant downstream negative effects. A perception of non-responsive care
may also weaken the relationship between patient and provider, leading pa-
tients to be less likely to comply with medical advice. In the case of maternal
health, high-quality maternal care is associated with institutional delivery.
Women who have negative experiences during antenatal care may therefore
be less likely to return for delivery in the clinic.

4. Appointment scheduling. Patients receiving HIV treatment need to
visit health clinics frequently to obtain refills and clinical care. They can
only obtain ART refills by visiting a public health clinic, as this medicine is
not provided in private pharmacies. Most patients receiving HIV treatment
should visit the health clinic monthly for refills of ART and every three
months for clinical care. Similarly, WHO recommends pregnant women to
attend antenatal care visits every 30 days during the first 8 months and then
every 15 days when gestational age reaches the 34th week.

Currently, the experience of seeking care in public clinics often in-
volves waiting all day in a queue. According to survey data from 2012,
74% of individuals responding to a survey about problems with health sys-
tems report that they have experienced very long wait times in public clinics
(Afrobarometer, 2012). The opportunity cost of these patients’ time is often
not trivial. Patients incur indirect costs such as foregone income for the day
(if their employer agrees to let them miss a day of work), child care and/or
they have expenses with food as they usually leave home without even hav-
ing breakfast (Gong et al. (2019)).

Like most developing countries, tools for managing patient flow in
Mozambican public clinics, such as an appointment system for scheduling
next visits, are almost non-existent. There is no universal policy from the
Ministry of Health for how to prioritize the order of the queue with most
clinics taking patients on a first-come, first-served basis. Patients are pro-
vided with a return date for their next visit, without an appointment time.
As a result, most patients arrive in the early hours of the day, leading to
an inefficient coordination failure: patients queue for hours from early in
the morning, particularly on Mondays and Fridays 1, even though the clin-
ics have very few patients in the early afternoon or during the remaining
weekdays. The challenge therefore appears to be one of mismanagement

1See Figure 3.4. This usually happens as providers schedule patients to come 30 days
ahead without checking on the calendar which day of the week that will fall. Since primary
health clinics are closed during weekends, this forces patients assigned to Saturday and
Sundays to either come the business-day before (Friday) or the following one (Monday).
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of existing resources as opposed to the lack of resources altogether. This is
compounded by the fact that it rests on ingrained social norms on queuing
for social services. In fact, a first come first serve system has been utilized for
all other types of public services that require regular interactions for several
decades.

The system of queues represents a misuse of the most needed resource
of the healthcare system which is human capital. Data from the pilot study
shows that providers, who were supposed to work until 3h30pm, usually
stop seeing patients around 12am, with 80% of providers seeing their last
patient before 12am and none of them seeing a patient after 2pm. From the
providers’ perspective, an uneven distribution of patients along the hours
of the day has a significant impact on healthcare provision. Because almost
all patients arrive in the first 1-3 hours of the morning, providers are forced
to see patients under stressful conditions.

Moreover, concentration of patients in a short period of time results in
shorter consultations and empowers providers to deny service delivery to
patients after a certain time of the day. Patients then face not only significant
financial and personal costs when undergoing treatment but they must
also deal with significant uncertainties, such as not knowing whether they
would be seen at all. The social norm is to arrive at the clinic early in the
morning to minimize the waiting period, and most patients acknowledged
that not arriving early enough could result in being turned away (Gong et
al. (2019)).

3.3
Intervention

Sampling frame. Due to lack of microdata from ANC patients, we con-
structed our sampling frame based only on service delivery to patients en-
rolled in ART (power calculation can be found on Appendix 3.8.3). To target
high-volume clinics, we ranked the 230 clinics providing HIV treatment in
Mozambique’s four southern provinces (Maputo, Maputo city, Gaza and In-
hambane) by the average number of HIV clinic visits per day. We selected
the top 80 clinics, getting to a sample of clinics that had an average of at
least 17 HIV visits per day.

We then imposed a buffer zone of 2km between clinics to avoid treat-
ment contamination due to patient self-selection into treated clinics, even
though we expected that switching among treated and control clinics would
be extremely rare because patients’ files are kept in physical folders at the
clinic they enrolled in ART, and patients cannot easily request to transfer
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them.2 With an average of over 11,000 HIV patients enrolled in treatment in
each clinic, our sample covers over 50.5% of all patients enrolled in ART
in these 4 provinces (total 170,160 patients). Figure 3.5 in the Appendix
presents the location of the clinics in the map.

Intervention. The theory of change behind the designed intervention
is that improvements in the patient distribution along hours of the day and
days of the week would i) improve patient experience, reducing the oppor-
tunity cost of seeking clinical care and ultimately improving adherence to
treatment and retention in care; and ii) improve the working environment
for health providers, increasing the quality of care provided.

In partnership with the Ministry of Health, we designed a scheduling
system with time for appointments for HIV patients enrolled in ART and
pregnant women seeking antenatal care in public health clinics. Before the
intervention, patients were provided with a return date for their next visit,
chosen by the health provider at the end of their ANC visit or ART refill
pick-up, but no time of that date was assigned for their next appointment.
Our intervention introduced a scheduled appointment time for pregnant
women seeking ANC and HIV patients on ART. Providers, who kept an ap-
pointment book in the consultation room or at the pharmacy, informed each
patient of the date when they should return and checked the appointment
book on that day. In the appointment book, for each day of the year, there
were one-hour blocks with limited places for patients per block (for exam-
ple, 6 per hour). With this design, we expected patients to be seen within
one hour of their arrival. The patient chose the block-hour that better suits
her and the provider then recorded it on the patient’s appointment card and
also in the appointment book. Images of the card and the book are shown
in Figure 3.7 in the Appendix.

Randomization was stratified by province. Half of the clinics were
selected to the treatment group in which all patients enrolled in ART and
seeking ANC were given a date and a specific time interval when they
should return to seek treatment. The remaining clinics were in the control
group, which continued with the standard of care where patients wait in
line for a first-come first-serve visit.

Due to logistics, we organized clinics for the implementation of the
intervention in two groups, depending on the province they were located. In
the first group (Maputo Cidade and Maputo Province), 21 clinics started to
use the appointment scheduling on October 26th 2020. In the second group

2We present evidence in Section 2.5 that there was no composition effect regarding the
total number of visits per clinic after the intervention.
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(Gaza and Inhambane), 19 clinics started the scheduling on December 7th
2020. Figure 3.6 in the Appendix presents the timeline of the data collection
and implementation activities.

A special feature of the intervention for the ANC services is that the
appointment book was slightly different from the HIV one, to accommodate
a common practice in most clinics in which ANC patients coming for their
first ANC visit are given priority in terms of queuing, being the first one
to be seen even though they might have arrived after a patient that came
for their follow-up visit. As the first ANC visit is extremely important in
terms of clinical procedures (especially to check HIV status of the mother
and risky conditions on previous pregnancies), the Ministry requested all
clinics to implement this rule on giving priority to these patients. This led
us to design in each page of the appointment book a 2-hour block in the first
two hours of the morning, in order to incorporate this practice (see Figure
3.7 in the appendix for an illustration on the final design of the appointment
book).

3.4
Data

To examine treatment effects on both patients and providers, we rely
on a combination of survey and administrative data from the Ministry of
Health. Due to Covid-19, we could not run a baseline to interview patients,
as originally planned in our Pre-Analysis Plan. Results presented in this
research use data from the endline we conducted 12 months after the
intervention.

1. HIV administrative data. We collected administrative data ex-
tracted from electronic records of the Ministry of Health from all HIV pa-
tients enrolled in ART from 2001 until September 2021. These patient visit-
level records list the date that each patient was supposed to visit the clinic
for a consultation with a clinician and the date that they were supposed to
visit the pharmacy for an ART refill pick-up, the actual dates in which they
visited the clinic, and also the amount of pills that were given at each visit.
We used these data to create a longitudinal dataset that lists the dates of all
scheduled and actual visits to pick-up ART refills.

With this dataset we construct three outcomes related to patients’
adherence and retention in care: 1) dummy whether the patient is delayed
(≥ 7 days delayed to pick-up ART refills); 2) dummy whether the patient
present a loss to follow-up (≥ 60 days delayed to pick-up ART refills); and
3) a dummy indicating whether the Medication Possession Ratio (MPR) is
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above 95%. The MPR is the proportion of a time period where a medication
supply is available. Here, we calculated it as the number of pills a patient
received in his last visit and the amount of days between the last pick-up
and the following one.

Although we have data on clinical visits and ART pick-ups, we focus
our analysis using data from ART refills pick-ups at the pharmacy, as these
metrics on patient adherence refer to medication possession rather than
procedures received during a clinical visit. Moreover, previous research
shows that pharmacy refill adherence is a stronger predictor of virological
failure than self-reported adherence (Sangeda et al. (2014)) . We chose the
three outcome variables used to measure the effect on treatment adherence
based on previously validated metrics in the health literature (Messou et al.
(2011); Ridgeway et al. (2018); Martinez et al. (2014); Tirivayi (2012)).

Regarding the impact of Covid-19 in the implementation of the in-
tervention, Figure 3.8 in the Appendix shows how Covid-19 represented
a shock in the way clinics used to assist patients enrolled in ART. Following
WHO recommendations to avoid agglomeration of patients, the Ministry
mandated clinics to give a higher number of pills to patients in order to de-
crease the frequency and number of visits they would make to the clinic. Be-
cause of this major change, our analysis only considers data from the period
after the Covid shock (April 2020), until September 2021 (when adminsitra-
tive were available).

We restrict our analysis to a subsample of patients registered in our
selected clinics. To ensure we had a comparable group of patients affected
by the intervention, we measured the effect of the intervention on the
group of patients that came for a refill pick-up between 0-60 days after the
beginning of the intervention. We chose this period as most patients were
scheduled to return for a pick-up 60 days after the current pick-up, which
implies that during the first two months after the implementation of the
scheduling system all patients that came for a pick-up were being scheduled
for the first time - which would affect only the following visit. We describe
the characteristics of the sample in subsection below, where we present the
balance statistics between treatment and control groups.

2. ANC exit interview survey. To measure the effect of the intervention
on quality of care, we conducted short exit surveys with a random sample of
patients that visited the clinics seeking ANC. We decided to interview only
patients from ANC services using the exit interview instrument as there
are specific guidelines for clinical procedures that should happen during
an ANC visit. In comparison, for HIV patients, the procedures are less
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standardized, varying according to patients’ clinical condition.
Enumerators were instructed to recruit only 2 women per 2-hour

window to allow us to capture quality of care along different hours of the
day. With a sample of 1,933 patients, this tool allowed us to check whether
providers were complying with the clinical procedures guidelines during
ANC – self-reported by patient on exit interview. Table 3.9 in Appendix
lists the 21 procedures we assessed during the exit interviews. Besides
asking whether the patient received each of the 21 procedures listed on
the Ministry’s guidelines, we also assessed patients’ perception with care
received, such as satisfaction regarding waiting time, whether they incurred
income loss to visit the clinic that day and their willingness to deliver at that
clinic.

3. Controls. To ensure balance on clinic characteristics at baseline, we
used data from SARA 2018 (Service Availability and Readiness Assess-
ment). Using a methodology developed by the WHO, this health facility
assessment tool assesses the service availability and readiness among the
whole population of public clinics in Mozambique. Last occurring in 2017,
this major survey generated reliable information on service delivery ca-
pacity at the clinic level. With this dataset, we could check whether clin-
ics were comparable in terms of availability of basic equipment, essential
medicines, diagnostic capacities, and readiness of health facilities to provide
basic health-care interventions, considering their human and infrastructure
resources. Information on human resources at the clinic level was collected
by the research team at the time of the construction of the sampling frame
(2018), as this data is constantly changing due to high turnover across clin-
ics and the administrative data was outdated. We collected information on
the total number of clinicians providing healthcare at the clinic, identifying
the ones specifically assigned to see HIV patients and the number of rooms
in which patients could be seen.

3.4.1
Balance statistics

Tables 3.1 and 3.2 present summary statistics of clinics and patients’
characteristics, respectively. Regarding clinics’ characteristics, they have on
average 11,679 patients currently enrolled in ART, with on average 26.5 pa-
tients coming daily for a refill pick-up in 2020. These clinics are located
mainly in rural areas, consistent with the fact that 62% of the Mozambi-
can population lives in rural areas. Comparing the score for general infras-
tructure versus HIV dimensions, we see that the clinics are better scored in
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providing HIV related services. With on average 7.3 clinicians per clinic, the
majority of the staff (4.8) is assigned to see HIV patients. Regarding balance
across clinics in treatment vs. control groups, they are balanced on all di-
mensions, such as the average number of pick-up visits per day, the total
number of patients enrolled in ART, whether they are located in an urban
area, whether viral load testing can be done in the clinic, and number of
staff providing care for HIV patients.

Table 3.1: Summary and balance statistics - Clinics’ characteristics

All clinics Control Treatment Difference
N Mean N Mean SE N Mean SE (1)-(2)

HIV services
Total patients enrolled in ART 80 11,679 40 10,871 [2,287] 40 12,489 [1,266] -1,619
Average pick-up visits per day
(baseline)

80 26.502 40 24.653 [5.157] 40 28.352 [2.983] -3.699

Rooms chronic patients 68 3.294 33 3.212 [0.643] 35 3.371 [0.248] -0.159
Clinicians seeing HIV patients 64 4.843 31 4.871 [0.779] 33 4.818 [0.753] 0.053
Viral load testing capacity (SARA) 80 0.362 40 0.350 [0.142] 40 0.375 [0.133] -0.025
HIV counseling and testing readi-
ness index (SARA)

79 0.813 40 0.819 [0.018] 39 0.808 [0.054] 0.011

HIV/AIDS care and support
readiness index (SARA)

79 0.725 40 0.733 [0.037] 39 0.718 [0.024] 0.015

ART all items (SARA) 79 0.278 40 0.225 [0.098] 39 0.333 [0.105] -0.108

ANC services
Total ANC visit per month 78 404.12 39 412.7 [49.3] 39 395.2 [39.4] 17.5
Total ANC 1st visit patients per
month

78 124.1 39 124.6 [15.1] 39 123.5 [11.9] 1.1

ANC readiness index (SARA) 79 0.643 40 0.635 [0.042] 39 0.651 [0.057] -0.016

General
Clinicians total 70 7.3 33 8.212 [1.958] 37 6.486 [0.778] 1.726
Urban 80 0.375 40 0.350 [0.143] 40 0.400 [0.177] -0.050
General service readiness index
(SARA)

79 0.687 40 0.678 [0.022] 39 0.697 [0.011] -0.019

Basic equipment domain score
(SARA)

79 0.837 40 0.821 [0.022] 39 0.855 [0.009] -0.034

Infrastructure - Soap and running
water or alcohol based hand rub
(SARA)

79 0.544 40 0.525 [0.049] 39 0.564 [0.048] -0.039

Notes: Control group means are reported in column (4) and treatment group in column
(7). Standard deviations are reported in square brackets. Mean differences between
control and treatment arms reported in column (9), with standard errors clustered by
clinic. Significance on the difference based on p-value as *** p<0.01, ** p<0.05, * p<0.1.

Relative to patients, Table 3.2 shows that the majority of our subsample
of patients in ART are women, accounting for 63.3% of all patients. Half of
them completed primary school and the average age is 36.2. They have been
enrolled in treatment for 2.7 years on average, coming for 4.1 pick-up visits
after Covid-19 but before the intervention started. Examining the retention
in ART, they are on average delayed in 9.1% of their refills pick-up visits,
with an average delay of less than 1 day. However, they present a high MPR
(average 1.52), showing that they might be covered with medication even in
the times they might not come on time for the next pick-up.
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Table 3.2: Summary and balance statistics - Patients’ characteristics

All clinics Control Treatment Difference
N Mean N Mean SE N Mean SE (1)-(2)

HIV patients (administrative
data)
Years in treatment 25,388 2.744 11514 2.879 [0.115] 13874 2.633 [0.093] 0.246*
% newly enrolled patient (post-
intervention)

25,388 0.107 11514 0.101 [0.007] 13874 0.112 [0.006] -0.011

Woman 25,388 0.633 11514 0.633 [0.008] 13874 0.634 [0.006] -0.000
Age 25,388 36.191 11514 36.633 [0.254] 13874 35.826 [0.375] 0.807*
Education - Primary school 12,271 0.544 5787 0.548 [0.025] 6484 0.541 [0.021] 0.007
Household size 18,638 3.151 8257 3.242 [0.129] 10381 3.079 [0.164] 0.163
Number of kids 18,606 1.371 8238 1.468 [0.091] 10368 1.295 [0.107] 0.173

For older cohorts
Number of ART refills pick-up
(baseline)

22,697 4.151 10372 4.313 [0.164] 12325 4.013 [0.080] 0.300

% delayed pick-ups (baseline) 22,697 0.091 10372 0.093 [0.009] 12325 0.090 [0.008] 0.003
Average number of days delayed
(baseline)

22,697 0.979 10301 0.541 [0.584] 12243 1.349 [0.403] -0.808

% loss to follow-up pick-ups
(baseline)

22,697 0.009 10372 0.008 [0.001] 12325 0.009 [0.001] -0.002

Average MPR (baseline) 22,697 1.524 10284 1.542 [0.073] 12201 1.509 [0.132] 0.033

ANC patients (exit interviews)
Age 1,933 25.331 874 25.207 [0.347] 1059 25.433 [0.347] -0.226
Read and write 1,933 0.869 874 0.849 [0.034] 1059 0.887 [0.034] -0.038
Education - high school 1,933 0.247 874 0.239 [0.030] 1059 0.253 [0.030] -0.014
Married 1,933 0.657 874 0.666 [0.042] 1059 0.650 [0.042] 0.016
Num. kids 1,933 1.265 874 1.244 [0.079] 1059 1.283 [0.079] -0.040
Num. kids under 5 in the hh 1,933 0.618 874 0.620 [0.042] 1059 0.616 [0.042] 0.004
Income generating activity 1,933 0.165 874 0.165 [0.024] 1059 0.165 [0.024] -0.000
Dummy 1st ANC visit today 1,933 0.268 874 0.280 [0.020] 1059 0.258 [0.020] 0.023
Number of ANC visits 1,933 2.90 871 2.883 [0.071] 1039 2.933 [0.071] -0.050

Notes: Control group means are reported in column (4) and treatment group in column
(7). Standard deviations are reported in square brackets. Mean differences between
control and treatment arms reported in column (9), with standard errors clustered by
clinic. Significance on the difference based on p-value as *** p<0.01, ** p<0.05, * p<0.1.

Comparing patients in treatment and control groups, they are well-
balanced on a range of important characteristics, namely demographic char-
acteristics such as gender, education, household size and number of kids, as
well as our outcome variables at baseline. However, they slightly differ in
terms of years in treatment (the control group patients are 0.25 years longer
in ART than the patients in the treatment group) and age.

3.5
Empirical Strategy

First, to capture the impact of the scheduling system on patients, we
measure the effect of the intervention on treatment adherence. Given the
stratified random assignment of our intervention, we can obtain unbiased
estimates of the effect of the scheduling system by estimating the following
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equation:

ART treatment adherencevpct = θ Postt × Treatmentc + δc + γt + εpct (3-1)

where ART treatment adherencevpct refers to one of the outcome vari-
ables for HIV patients, v indexes each visit of patient p from clinic c at month
t; δc controls for clinic fixed effects; γt represent time fixed effects. θ is the co-
efficient of interest and captures the average effect of the intervention based
on intention to treat (ITT). t refers to any visit that happened 30 days after
the beginning of the intervention. In all regressions, we cluster standard er-
rors at the clinic level since treatment assignment was randomized at the
clinic level.

We estimate this equation for different cohorts of patients enrolled
in ART, considering the period between April 2020 (after Covid-19) until
September 2021 (due to data availability). Our sample is composed of
all patients that did a pick-up ART refill visit between 0-60 days after
the intervention started,3 which accounts for 25,203 patients in our 80
selected clinics. Among those patients, we separate the patients that started
treatment right after the start of the intervention from patients that were
previously enrolled in ART. Because newly enrolled patients do not present
pre-intervention data, we run a different estimation for them:

ART treatment adherencevpcdt = θ Treatmentc + δ Xc + δd + γt + εvpcdt

(3-2)

where ART treatment adherencevpcdt refers to the outcome variable
regarding visit v of patient p from clinic c located at district d at month t;

c controls for clinics’ characteristics (urban, number of patients in ART, HIV
diagnostic capacity index, ANC readiness index, laboratory exams capacity,
number of clinicians, hand wash infrastructure for patients). δd refers to
district fixed effects and γt represent time fixed effects.

We use three different outcomes to measure the effect regarding treat-
ment adherence. First, for each visit we create a dummy whether the patient
is 7 days delayed to their pick-up date. Second, since being delayed does not
mean the patient will run out of pills - it will depend on the amount they

3The scheduling system starts effectively to work not in the following day of the
beginning of the intervention, but actually only after a critical mass of patients that
were supposed to come pick-up their ART refills were given an appointment time in
their previous pick-up visit. Because of this special feature and the short period of post-
intervention data we have, our post variable is a dummy that turns on the day that at
least 50% of patients supposed to come that day had a previous visit when the scheduling
system was already in place.
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took home in their previous visit - we create a dummy indicating whether
the medication possession ratio (MPR) is 95%, which is a standard proxy
for the patient being effectively active on treatment. Finally, we use a more
strict outcome to measure retention in care by creating a dummy to indicate
whether the patient gave up on treatment, which is known as the loss to
follow-up and is defined as any 60-day delay to pick-up ART refills.

We complement the analysis on treatment adherence using data from
the exit interviews with ANC patients to measure the impact of the inter-
vention on patients’ overall experience. We estimate a similar regression to
measure the effect of the intervention on patient experience:

Patient experiencepc = θ Treatmentc + α Xp + δ Xc + εpc (3-3)

where Patient experiencepc refers to variables that capture patients’
satisfaction regarding waiting time and how the long queues might affect
patients’ work (eg: whether they suffered income loss due to the need to
attend an ANC visit that day).

Second, to measure the impact of the intervention on providers’ per-
formance, we use data from the exit interview with ANC patients, described
in Section 3.4. Since we have a cross section of patients instead of a panel,
all of which were interviewed after the start of the intervention, we estimate
the following regression:

Quality o f carepc = θ Treatmentc + α Xp + δ Xc + εpc (3-4)

where Quality o f carepc refers to the outcome variable of patient p
from clinic c located at district d.Xp controls for patients’ characteristics
(age, education, marital status, number of kids, and number of kids under
5 in the household), and Xc are the same set of controls as discussed above.
Our main Quality o f carepc variable is an index that represents the share of
procedures realized among the 21 procedures listed on the ANC guidelines
from the Ministry. Once again, the coefficient of interest is θ, capturing the
ITT effect.

Finally, we estimate the effectiveness and unintended consequences of
the implementation. First, we test whether the scheduling system was ef-
fective in mitigating a coordination failure on patient inflow with peaks of
patients coming on Mondays and Fridays, estimating the following equa-
tion:

Week dayvpct = θ Postt × Treatmentc + αp + δc + γt + εvpct (3-5)
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where, for each day of the week (Monday - Friday), we estimate
the equation where Week dayvpct refers to a dummy on whether the visit
happened in that day of the week. Finally, we test whether there is a side
effect on the composition of patients across clinics, with patients from the
control group clinics crowding in after the start of the intervention. To
evaluate that, we run a regression on the number of patients coming each
week to each clinics, as following:

Total pick upsct = θ Postt × Treatmentc + δc + γt + εct (3-6)

where Total pick upsct represents the total number of ART refil pick-
ups per clinic per week.

3.6
Results

In this section, we present the results of the estimates on ITT effects
of the appointment scheduling, from patients and providers perspective.
We estimate the direct effect of poor service quality (in the form of long
queues) on treatment adherence, while further exploring the hypothesis that
poor management of patient flows contributes to low quality of healthcare
provided (specifically the number of clinical procedures accomplished). We
finish this section by presenting the results regarding the effectiveness of
the intervention to diminish the failure of scheduling patients for weekends
(when the clinics are closed), allowing the patient inflow to be less concen-
trated on Mondays (the following business day after the mistaken weekend
appointment).

3.6.1
Treatment adherence and patient experience

We estimate the impact of the appointment scheduling on treatment
adherence following the specification presented in equation 3-1 for older
cohorts, and in equation 3-2 for patients enrolled in treatment after the start
of the intervention . Table 3.3 presents the impact of the intervention for both
groups of patients regarding our first outcome variable, a dummy whether
the patient was delayed (7 days) for a pick-up. Columns 1-2 refer to the
impact on the newly enrolled patients, and columns 3-4 present the results
for older cohorts. Columns differ across them by the set of included controls
and fixed-effects, with our preferred specification presented in columns 2
and 4. The results points to no effect of the appointment scheduling, on
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average, on the probability of being delayed, regardless of how long the
patients enrolled into treatment.

Table 3.3: Effect on probability of being delayed

New patients Older cohorts
Dep. var.: P(delayed) (1) (2) (3) (4)

Treatment -0.0106 0.00589 -0.00629
(0.0150) (0.0163) (0.0153)

Post 0.0237 0.0596**
(0.0393) (0.0256)

Treatment x Post 0.00868 0.00889
(0.0119) (0.0111)

Observations 14,139 14,139 149,780 149,780
Adjusted R-squared 0.029 0.040 0.021 0.038
Number of patients 2,667 2,667 22,536 22,536
Mean dep. var. (control) 0.166 0.166 0.112 0.112
Month FE Y Y Y Y
District FE Y
Clinic controls Y
Patient controls
Clinic FE Y

Notes: This table reports the effects of the intervention on a dummy whether the patient
was ≥ 7-day delayed to a ART refill pick-up. Observation unit a visit v of patient
p at clinic c in month t. Columns (1) - (2) include the newly enrolled patients (who
enrolled after the introduction of the scheduling system and thus do not have pre-
treatment observation). Basic controls for this subsample include clinics’ characteristics
(urban, number of patients in ART, HIV diagnostic capacity index, ANC readiness
index, laboratory exams capacity, number of clinicians, hand wash infrastructure for
patients). Columns (3) - (4) include older cohorts in which we progressively include
fixed effects (clinic and patient). Standard errors in parentheses are clustered at the
clinic level.

Although being delayed for a refill pick-up represents a risk on the
continuation of the treatment, as patients might run out of pills, the outcome
that more safely ensures the patient is not at risk regarding treatment
adherence is the medication possession ratio (MPR), which captures the
period of time the patient is covered with pills available. Table 3.4 presents
the effect of the intervention on the probability of the MPR from the last
pick-up being ≥ 0.95, which means that since their last pick-up, the patient
had pills to cover at least 95% of the days before their following pick-up.
Our preferred specification in columns 2 and 4 present significant effects for
patients both newly enrolled and older cohorts. On average, patients from
the control clinics were safely covered with pills possession on 73.9% - 75.6%
of the time. Thus, the intervention caused an increase in these rates of 3.2 pp
for newly enrolled patients and 2.6 pp for older cohorts, which represents
an average increase relative to the clinics in the control group of 4.4% and
3.5%, respectively.

Regarding retention in care, we estimate the effect of the intervention
on the probability of giving up on ART. Table 3.5 shows the effect of the
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Table 3.4: Effect on Medication Possession Ratio (MPR)

New patients Older cohorts
Dep. var.: P(MPR >.95) (1) (2) (3) (4)

Treatment 0.0283** 0.0230* -0.00870
(0.0132) (0.0138) (0.0160)

Post 0.152*** 0.139***
(0.0213) (0.0165)

Treatment x Post 0.0260** 0.0272**
(0.0127) (0.0130)

Observations 14,048 14,048 148,170 148,170
Adjusted R-squared 0.039 0.047 0.014 0.026
Number of patients 2,667 2,667 22,536 22,536
Mean dep. var. (control) 0.739 0.739 0.756 0.756
Month FE Y Y Y Y
District FE Y
Clinic controls Y
Clinic FE Y

Notes: This table reports the effects of the intervention on a dummy whether patients’
MPR was ≥ 95%. Observation unit a visit v of patient p at clinic c in month t. Columns
(1) - (2) include the newly enrolled patients (who enrolled after the introduction of the
scheduling system and thus do not have pre-treatment observation). Basic controls for
this subsample include clinics’ characteristics (urban, number of patients in ART, HIV
diagnostic capacity index, ANC readiness index, laboratory exams capacity, number
of clinicians, hand wash infrastructure for patients). Columns (3) - (4) include older
cohorts in which we progressively include fixed effects (clinic and patient). Standard
errors in parentheses are clustered at the clinic level.

appointment scheduling on a dummy of loss to follow-up, defined as any
60-day delay to pick-up the ART refill. We find no significant effect on
average, neither for the newly enrolled nor for the older cohorts.

To investigate whether there are heterogeneous effects of the interven-
tion, we focus on the group of older cohorts to further analyze how the year
of enrollment in ART might correlate to the effect of the intervention. We
break the older cohorts group according to the year in which those patients
enrolled in treatment and estimate the same specification as before (equa-
tion 3-1). Figure 3.9 in the Appendix presents the distribution of patients by
the year in which they enrolled into treatment. We see that there was a ma-
jor change on service delivery in 2018, when the Ministry of Health started
to implement the WHO recommendation of enrolling all HIV positive pa-
tients immediately in ART (regardless of viral load or clinical stage, which
were the previous criterion). This strategy significantly increased treatment
reach-out and had great impact on the inflow of patients coming to ART
pick-ups in the following years, as can be shown in Figure 3.10 in the Ap-
pendix.

For patients enrolled in treatment before that change (which represents
11.2% of our sample), this was a negative shock on their experience visiting
a clinic for pick-up, due to the significant increase in the volume of patients,
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Table 3.5: Effect on loss to follow-up

New patients Older cohorts
Dep. var.: P(loss to follow-up) (1) (2) (3) (4)

Treatment -0.0120** -0.00861 0.000318
(0.00596) (0.00615) (0.00162)

Post 0.156*** 0.152***
(0.0196) (0.0182)

Treatment x Post 0.00451 0.00440
(0.00578) (0.00581)

Observations 14,139 14,139 149,780 149,780
Adjusted R-squared 0.003 0.012 0.026 0.034
Number of patients 2,667 2,667 22,536 22,536
Mean dep. var. (control) 0.041 0.041 .007 .007
Month FE Y Y Y Y
District FE Y
Clinic controls Y
Clinic FE Y

Notes: This table reports the effects of the intervention on a dummy whether the patient
was ≥ 20-day delayed to a ART refill pick-up. Observation unit a visit v of patient
p at clinic c in month t. Columns (1) - (2) include the newly enrolled patients (who
enrolled after the introduction of the scheduling system and thus do not have pre-
treatment observation). Basic controls for this subsample include clinics’ characteristics
(urban, number of patients in ART, HIV diagnostic capacity index, ANC readiness
index, laboratory exams capacity, number of clinicians, hand wash infrastructure for
patients). Columns (3) - (4) include older cohorts in which we progressively include
fixed effects (clinic and patient). Standard errors in parentheses are clustered at the
clinic level.

and could have had a significant impact on their treatment adherence.
To investigate how the introduction of an appointment scheduling can
represent a reverse back on their patient experience and affect their decision
regarding treatment adherence, we present the results for the different
cohorts in Figure 3.1. We see that the results on MPR found in Table 3.4 are
mainly driven by the patients that started treatment in 2017 or prior to that,
for whom the intervention caused an increase of 9.2 pp on the probability
of properly possessing medication, which represents an increase of 12.2% in
comparison to the control baseline mean. Moreover, we see that the effect on
the probability of being delayed is significant for this group, with a decrease
of 2.2pp on the probability of being delayed, representing a decrease of 20%
on the baseline mean for patients in the control group.

Overall, we interpret the findings of the intervention on treatment ad-
herence as the appointment scheduling positively affecting the effectiveness
of the ART policy strategy to ensure patients have medication available, for
all patients. However, the effect on complying with appointment dates and
not being delayed is only significant for old cohorts, who have been on ART
for over 3 years or more. To test whether the lack of effect on delays and
loss to follow-up relates to patients’ unchanged perceptions of quality of
services provided, we complement the analysis on patients with data from

DBD
PUC-Rio - Certificação Digital Nº 1813258/CA



Chapter 3. Waiting time, Wasted time: Increasing State Capacity in Health Care
Delivery 70

the exit interviews with ANC patients. Table 3.6 presents the effect of the
intervention on different dimensions of patient experience for the patients
that visited the clinic after the intervention. Panel A presents results for all
ANC patients where we see that the intervention had no effect on different
dimensions on satisfaction with the experience of coming to the clinic that
day.

Figure 3.1: Heterogeneous effects by cohort.
Note: Effect of the intervention for different cohorts. All regressions include patient and clinic fixed effects,

besides indicators for day of the week and month of the year. Standard errors clustered at the clinic level.

In order to check heterogeneities across patients who had interacted
with the scheduling system before with those who had not yet, we then
split the sample in Panel B and C between patients that came for their 1st
visit and patients that came for follow-up visits. The 1st visit patients would
not have experienced a visit in which the scheduling system was in place.
The follow-up patients would have experienced few visits (on average 3.6
visits) in which their experience was affected by the intervention. Panel
B shows that compared to patients in the control group, the intervention
has not affected new patients’ perception, which seems reasonable as they
did not have a previous experience to compare their experience that day.
In Panel C, follow-up patients report having experienced income loss on
that day they came for their ANC visit in the treated clinics. Even though
women who affirm to have any sort of income generating activity represent
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Table 3.6: Effect on patient experience

Satisfied wait-
ing time

Satisfied wait-
ing area

"Long waiting
time is a challenge
to attend ANC
visit"

"Long waiting
make it hard to
choose between
attend ANC or
work"

Income
loss

(1) (2) (3) (4) (5)

A. All patients
Treatment -0.0345 0.0748 -0.0267 -0.0601 0.0312

(0.0382) (0.0621) (0.0549) (0.0665) (0.0241)

Observations 1,902 1,902 1,902 1,902 1,902
Adjusted R-squared 0.023 0.057 0.101 0.075 0.050
Mean dep var (control) 0.839 0.728 0.181 0.234 0.098

B. 1st visit patients
Treatment 0.0197 0.0938 -0.0499 -0.104 -0.00218

(0.0567) (0.0631) (0.0630) (0.0692) (0.0561)

Observations 516 516 516 516 516
Adjusted R-squared 0.049 0.098 0.115 0.077 0.077
Mean dep var (control) 0.801 0.731 0.187 0.221 0.143

C. Follow-up visits patients
Treatment -0.0516 0.0645 -0.0190 -0.0411 0.0438**

(0.0348) (0.0655) (0.0568) (0.0687) (0.0215)

Observations 1,386 1,386 1,386 1,386 1,386
Adjusted R-squared 0.024 0.046 0.099 0.077 0.044
Mean dep var (control) 0.855 0.728 0.178 0.241 0.081

Notes: Each column reports the effect of the intervention for a different outcome from
the ANC exit interview survey. Observation unit patient p from clinic c. Panel A refers
to the full sample, Panel B to the subsample of patients coming for their first ANC visit
on the day of the interview, and Panel C to patients coming for a follow-up ANC visit.
Basic controls include patients’ characteristics (age, education, marital status, number
of kids, and number of kids under 5 in the household), and clinics’ characteristics
(urban, number of patients in ART, HIV diagnostic capacity index, ANC readiness
index, laboratory exams capacity, number of clinicians, hand wash infrastructure for
patients). Standard errors in parentheses are clustered at the clinic level.

a small sample (only 15.7% of follow-up patients), this evidence points
in the opposite direction of the scheduling system allowing patients to
organize their day not to miss a work day. We interpret this finding as the
scheduling system increasing patient empowerment to complain about the
system, as they update their prior about the health system responsiveness’
to their needs.

3.6.2
Quality of care

To evaluate the effect of the intervention from the provider side, we
use data from the exit interview to check whether the appointment schedul-
ing could improve the probability of providers complying more with the
clinical protocol. To capture providers’ performance dimension, we focused
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on ANC visits, since for HIV patients clinical visits are considerably hetero-
geneous, depending on each patient’s health status that day and making it
hard to clearly create comparable measures on quality of the service pro-
vided.

Similarly to the analysis on patient experience, Table 3.7 show results
for the full sample (column 1), and also split it into first visit patients vs.
patients coming for follow-up visits. On average, for the full sample of ANC
patients, the intervention had no effect on the share of procedures realized
among the 21 procedures listed on the ANC guidelines from the Ministry.
However, when we break it whether they came for their first visit or not, we
see that there is a significant effect of 7.98 pp for patients on their first visit,
which represents an increase of 16% on the control group mean.

Table 3.7: Effect on ANC clinical procedures

All patients 1st visit Follow-up visits
Dep Var: % procedures performed (1) (2) (3)

Treatment 0.0304 0.0798*** 0.0187
(0.0219) (0.0233) (0.0200)

Observations 1,902 516 1,386
Adjusted R-squared 0.079 0.215 0.128
Clinic controls Y Y Y
Patient controls Y Y Y
Day-of-week FE Y Y Y
Mean dep var (control) .398 .506 .357

Notes: This table reports the effects of the intervention on the share of procedures
performed the ANC visit. Observation unit patient p from clinic c. Column (1) refers to
the full sample, column (2) to the subsample of patients coming for their first ANC
visit on the day of the interview, and column (3) to patients coming for a follow-
up ANC visit. Basic controls include patients’ characteristics (age, education, marital
status, number of kids, and number of kids under 5 in the household), and clinics’
characteristics (urban, number of patients in ART, HIV diagnostic capacity index,
ANC readiness index, laboratory exams capacity, number of clinicians, hand wash
infrastructure for patients). All regressions include include day of the week fixed
effects. Standard errors in parentheses are clustered at the clinic level.

To further investigate what kind of procedures explain the positive
results of the intervention for the group of first visit patients, we split the 21
procedures we tracked in two groups. We separated the procedures that are
exclusive to the first ANC visit (such as HIV and syphilis tests, provision
of malaria net, collect urine and blood sample, calculate estimated delivery
date and ask about past pregnancies), from any other procedure that could
happen in a follow-up visit (such as blood pressure, malaria test, tetanus
vaccine, folic acid pills, measure weight and uterine height, mention signs
of pregnancy complications and nutrition advice, an discuss how to prepare
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for delivery). We then test how providers perform these clinical procedures
for each patient group.

Figure 3.2 plots the coefficient θ of the specification on equation 3-
4, but estimating separate regressions for different groups of procedures
and type of patients as follows: 1) all procedures among the sample of all
patients; 2) procedures exclusive to first ANC visit among patients coming
for their first ANC visit; 3) procedures that typically happen in a follow-up
visit among patients coming for a follow-up visit; and 4) procedures that
typically happen in a follow-up visit among patients that came for their
first ANC visit. We see that among all comparisons, the one that presents
significant results is the procedures that would typically happen in a follow-
up visit, but are carried out for the first-visit patients in the treated clinics.
The intervention increased in 8.2 pp the share of “extra” procedures done
during a first ANC visit, which represents an increase of 17.7% relative to
the control mean.

Figure 3.2: Effect on quality of care.
Note: Effect of the intervention on share of clinical procedures performed during ANC visit, for different group

of procedures and type of patients. All regressions include patient and clinic controls and day of the week fixed

effects . Standard errors clustered at the clinic level.

We hypothesize two possible explanations for this result. First, the
scheduling system decreased the peak of patients in the first hours of the
day. With follow-up patients scheduled to block-hours only after 10am, as
described in detail in Section 3.3, providers could have had more time with
each new patient, who would typically come in the first hours of the day
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as they were not introduced to the scheduling system yet. Second, besides
extra time with the new coming patients, the disruption on overwhelming
lines and disgruntled patients waiting outside the consultation room could
decrease the over-stress providers usually mentioned prior to the interven-
tion, which would positively affect their performance.

3.6.3
Implementation effectiveness

Finally, this section presents results on the implementation side. First,
we show the effectiveness of the scheduling system in improving patient
inflow along days of the week. As presented in Figure 3.4 in the Appendix,
there is a peak of patient visits on Mondays and Fridays. Estimating equa-
tions similar to the ones presented in Figure 3.1, Figure 3.3 presents the effect
of the intervention on a dummy for whether the pick-up happened on that
day, for each day of the week. We see that the introduction of appointment
scheduling was effective in reducing the probability that a patient would
come for a pick-up on Monday, representing a decrease of 5.2% relative to
the control baseline mean.

Figure 3.3: Effect on the effectiveness of the intervention.
Note: Effect of the intervention on dummy for visit happening at that week day. All regressions include patient

and clinic fixed effects, besides indicators for month of the year. Standard errors clustered at the clinic level.

Second, considering this policy will scale-up to national-level, it is im-
portant to analyze whether the intervention presented unintended conse-
quences, such as the scheduling system changing the pool of patients across
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clinics. As treated clinics become more attractive for patients due to lower
waiting time and better quality of care, the scheduling system could have
changed the total number of patients enrolled in those clinics. This composi-
tion effect of crowding in patients into treated clinics is tested by estimating
the effect of the intervention on the total number of pick-up visits at the
clinic level per week. Table 3.8 shows that there was no increase in the num-
ber of visits after the implementation of the scheduling system in the treated
clinics. Previous evidence for the USA (McConnell et al. (2016)) shows that
a patient’s choice on which hospital to seek care is associated with the man-
agement score of the hospital. However, this result only appears conditional
on patients having access to publicly reported performance measures. Con-
sidering the rural context of this study, we hypothesize that patients in the
control group were potentially not aware of the introduction of the schedul-
ing system in the treatment group.

Table 3.8: Composition effect

Dep var: Number of pick-ups per clinic per week (1) (2) (3)

Treatment 16.71
(16.13)

Post 47.29** -0.217 -0.275
(19.31) (4.248) (4.258)

Treatment x Post 2.728 5.259 5.322
(5.210) (3.846) (3.851)

Observations 5,883 5,883 5,883
Adjusted R-squared 0.072 0.898 0.898
Number of facilities 80 80 80
Number of weeks 74 74 74
Mean dep var (control baseline) 103.7 103.7 103.7
Week FE Y Y Y
Clinic FE Y Y
Month of the year FE Y

Notes: This table reports the effect of the intervention on the number of pick-up visits.
Observation unit clinic c at week t. Columns (1) - (3) progressively include fixed effects
(clinic, week, and month of the year). Standard errors in parentheses are clustered at
the clinic level.

3.7
Conclusion

This research significantly enhances the global knowledge about
strategies to address the long-standing problem of long waiting time for
care in public health clinics, which is quite common in Sub-Saharan Africa,
but is also a challenge in high income countries, such as for the NHS in
England (Giuntella et al. (2018)). The problem of mismanagement of patient
inflows at public clinics goes well beyond the Mozambican context. From
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a cost-effectiveness viewpoint, the proposed intervention is very timely as
countries in the developing world face the prospect of increased patient
flows into already strained health systems. Particularly for HIV, the uni-
versal move towards a WHO-endorsed test-and-start strategy that requires
starting all patients on treatment immediately after an HIV-positive diag-
nosis is already adding considerable pressure on Mozambique’s health sys-
tem. The findings from this research are therefore likely to have important
policy implications for several other health systems in low and medium-
income countries, as it is easily scalable and transferable to other areas of
health care provision, requiring minimal staff training and limited financial
resources.

More broadly, the experimental evidence on interventions specifically
designed to affect the quality of health care without adding additional re-
sources to health systems is growing (Björkman and Svensson (2010); Ashraf
et al. (2020); Contreras-Loya et al. (2021); Dunsch et al. (2021)). Alternative
approaches to improving the quality of health care have been tested previ-
ously, such as providing financial and non-financial incentives to providers,
and involving community health workers in providing interventions that
were previously only available in health clinics (Larson et al. (2018)). Evi-
dence suggests these programs can have substantial positive impacts. How-
ever, they require increasing financing for health and often impose a sig-
nificant administrative burden, which is challenging in most Sub-Saharan
African countries. Instead, the intervention presented here can improve the
allocation and productivity of the resources that are already available in the
National Health System. Taking in consideration that the sector is system-
atically under-funded and dependent on external resources, the project has
been pushed to the forefront of the government agenda as a critical and fea-
sible reform.

From a public health perspective, low retention and adherence rates
pose a significant threat to recent progress achieved in HIV testing and
care over the last several years, and leaves Mozambique a long way from
achieving the goals of the 90-90-90 strategy set by the Joint United Nations
Programme on HIV/AIDS (UNAIDS): that 90% of all people infected with
HIV are conscious of their status; that 90% of those that were diagnosed
receive ART; and that 90% of people receiving treatment have suppressed
their viral loads so that they are no longer infectious.

Loss of treatment can increase the spread of the disease and intermit-
tent treatment can build drug resistance, reversing past gains.The lack of
effect for newly enrolled patients points to the fact that improving patient
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experience when picking-up ART refills is not enough to affect their deci-
sion to stay on treatment. The requirements to keep on treatment at the be-
ginning of ART might represent a big shock big, which might not be coun-
terbalanced by marginal improvements in patient experience. However, for
those patients who already present themselves as good compliers, improve-
ments in the daily experience at the clinic can increase their treatment ad-
herence.

Even though we find no significant effects of the intervention on
patients’ self-perception of patient experience, we find relevant positive
results of the appointment scheduling on the quality of care provided. Our
intervention proved to increase the quality of care in ANC for the new
patients, who are the target group assigned by the Ministry to receive better
care (in most clinics, first coming ANC patients are given priority in terms
of queuing).

The lack of an appointment scheduling system relates to significant
coordination failures that lead to the inefficient spacing of appointments.
Existing international healthcare guidelines state that reasonable waiting
time and prompt attention are key components of responsive health sys-
tems, with WHO calling for more patient-responsive high-quality care, as it
affects patients’ behavior and health outcomes (Larson et al. (2018)). Though
short waiting time represents a key component of health system perfor-
mance in several prominent guidelines, few resources exist that systemat-
ically describe interventions to reduce waiting time. We bring knowledge
with practical guidance describing a simple and low-cost solution that can
be used to decrease waiting time. Moreover, the scheduling system tested in
this project is easily transferable to other areas of public service provision,
requiring minimal staff training and limited financial resources.

The success of any policy change designed to increase service utiliza-
tion and reach the goal of universal coverage of quality maternal health ser-
vices may also require interventions that target the core components of the
health system. Previous health system reforms such as the integration of
HIV services into antenatal care, have resulted in longer waiting time and
increased provider workloads. Improving patient flow through scheduling
may be a useful area to trigger improvements in overall health system per-
formance.
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3.8
Appendix

3.8.1
Figures

Figure 3.4: Distribution of ART pick-ups per weekday.
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Figure 3.5: Location of study clinics.
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Figure 3.6: Timeline.

Figure 3.7: Scheduling book for antenatal care patients.
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Figure 3.8: Covid-19 and change in the ART regime.

Figure 3.9: Distribution of year of enrollment in ART treatment (all pa-
tients).
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Figure 3.10: Distribution of number of refill pick-up visits (all patients).
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3.8.2
Tables

Table 3.9: List of clinical procedures according to Ministry’s ANC guide-
lines

1st ANC visit exclusive procedures Follow-up ANC procedures

1. HIV test 1. Malaria test
2. Syphilis test 2. Malaria pills
3. Malaria net 3. Tetanus vac.
4. Urine sample 4. Blood pressure
5. Blood sample 5. Folic acid
6. Height 6. Uterine height
7. Calculated estimated delivery date 7. Weight
8. Ask past pregnancies 8. Examine belly

9. Discussed place to delivery
10. Discussed how to prepare for delivery
11. Nutrition advice
12. Mention signs of pregnancy complications
13. Mention what to do in case of complications
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3.8.3
Power calculation

We consider the statistical power for three key outcomes powered at
80% and with a significance threshold of 5%. Throughout we assume that
all patients in clinics assigned to the treatment arm have their return care
scheduled. We used administrative data from clinic records from 2016 to
calculate a baseline measure of delays of 7 days or more in returning for
ART of 72% and an intra cluster correlation of 0.07. Delays were measured
by calculating the number of days between the scheduled clinical or ART
pick-up visit, and the date of the next visit recorded in the administrative
data. Delay is an indicator of whether each patient had any delay of 7 days
in either a clinical visit or ART pick-up over a year-long period. Assuming
we were able to observe the records of 500 unique patients per clinic who
attended an HIV visit during the first two months of the intervention over
a period of one year, we would be powered to detect a minimum reduction
in adherence delays of 9 percentage points (12.5%).

3.8.4
Implementation details

Pilot. A pilot of this intervention was evaluated between September
2016 and July 2017 in four high-volume urban and peri-urban clinics located
in different provinces in southern Mozambique, covering over 8,000 pa-
tients. This pilot focused on antenatal care provision only. Evidence from the
pilot study showed that scheduling appointments reduced waiting times for
antenatal care. Despite concerns that, even after scheduling, patients might
continue to arrive early in the morning to guarantee a place in line, the study
found that most patients arrived before or during their scheduled time, thus
reducing an important coordination failure across patients and providers
that rested on decades of social norms around queuing. Scheduling was
also found to have increased the number of patients to have received com-
plete (WHO- recommended four visits) antenatal care during pregnancy.
This study was the first to provide evidence that appointment scheduling
can increase service utilization, suggesting that poor patient experience may
contribute to poor health outcomes by decreasing utilization.

Covid. Participating clinics implemented a scheduling system with the
support of the training provided by the research team, and patients and
providers in HIV clinics were also encouraged to follow the scheduling
of appointments through IVR messaging. Three messages were deployed
between February and June 2021.
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Alongside the intervention, a wider programme of capacity-building
has been deployed to ensure the sustainability of the intervention beyond
the project timeline. Staff at both province and district level, who can in
turn train nurses and clinicians at the selected clinics, have been trained by
the research team and digital assets were developed that could be used in
a potential scale up of the intervention. This “training of trainers” strategy
ensures continued feasibility and quality. Community mobilization events
have also been held to raise awareness among patients, while supervisory
networks have also been established and trained among health authorities
at the central, provincial, and district levels. This has been a considerable
challenge to implement in times of COVID and has worked with varying
degrees of success. This experience will also be procedurally assessed in the
final report that will discuss fidelity to the implementation of the scheduling
system.
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Abstract
Despite the increasing occurrence of street protest, it is still unclear if they have

been successful to work as an accountability mechanism. We propose a theory of protests

as a Bayesian persuasion mechanism and we ask what are the conditions such that protests

can be a successful tool for accountability. We think about accountability in two ways.

First, we see accountability purely as persuasion, as incumbents responding to the demands

from the street. Secondly, we think about accountability in the sense of citizens reelecting

incumbents that are responsive to voters demands with higher probability. Our model shows

that protests that do not have a clear demand – and so face a noisy communication channel,

are not only less successful, but they can be ex-ante inefficient as persuasion mechanism.

Interestingly, noisy protests help to separate politicians that deliver the demands from

the street from the ones that did not deliver, improving electoral accountability. We take

the model’s findings to the data. We empirically analyse the effects of the large street

protests that took place in Brazil in 2013 in both voters and federal legislators behavior.

Using Twitter data, we compute a measure on how noisy protesters’ demands were in each

municipality. Consistent with the model, we find that noisier protests are less effective in

persuading politicians to allocate resources to protests demands, showing there is empirical

evidence that noisy protests are less effective as an accountability mechanism in the

persuasion sense.

4.1
Introduction

Political protests have been a common mechanism for citizens to signal
their preferences or simply to express their lack of satisfaction with the
incumbent government. Ortiz, Burke, Berrada and Cortés (2013) report
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that the number of political protests has increased over time.1 Despite this
increase, it is still unclear if protests have been somehow successful. In fact,
the literature indicates that protests vary in how effective they can be. From
843 protests studied in the 2013-2016 period in their study, only 37% of them
achieved in some way their stated demands.2

Despite a burgeoning literature on what determines protests and how
citizens coordinate to solve the collective action to mobilize, little is known
about the effects of protests on politicians actions and electoral outcomes.
In this paper we study the effects of the political protests that took place
in Brazil in June 2013 to analyze the effects of these political phenomena
in both politicians and voters. For over 2 weeks, more than 2.8 million
people went out to the streets to demand changes in a huge range of areas,
starting with the revocation of an increase in the bus fare, and going through
education, health and prevention of corruption.

Given this political context, we test whether political protest can work
as accountability mechanism in two ways. First, we see accountability
purely as persuasion, with incumbents responding to the demands from the
street. Elected politicians may act in divergence to the people’s will because
there is a conflict of interests - and voters are poorly informed of politicians
actions (Ferraz and Finan (2008)), or because the politicians themselves are
lacking information about voters preferences. The first studies on protests
propose an information-driven model of the effectiveness of political ac-
tivism and emphasize its role of revealing private information to the public
at large and to policymakers (Lohmann (1993, 1994)).

Secondly, we think about accountability in the sense of electoral ac-
countability, with citizens voting in incumbents that are responsive to vot-
ers demands. Institutions that perform audits and other types of checks and
balances are important mechanisms that can complement electoral account-
ability by providing more information for voters to evaluate a politicians’
performance. There is a vast literature on the impact of those formal mecha-
nisms on electoral accountability, but less is known on political engagement
by the civil society and, importantly, what are the political mechanisms

1Ortiz, Burke, Berrada and Cortés (2013) recorded 843 protests during the period of
2006-2013. The authors note a "steady increase in the overall number of protests every
year, from 2006 (59 protests) to mid-2013 (112 protests events in only half a year)". A
more updated list of protests and riots kept by Wikipedia indicates that, while the peak of
protests and riots registered in the world happened in 2011, the average number of protests
per year increased to 28 in the 2010’s from 18 in the 2000’s.

2For Ortiz, Burke, Berrada and Cortés (2013), an an achievement is "taken to be the set
of direct-, mixed- and indirect-responses from targeted opponents or by society to a protest
episode, responding in some measure to the grievances raised by protesters".
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through which this type of civil engagement can work for accountability.3

Using data from federal legislators’ performance, related to pork bar-
rel (budget amendments allocation), legislative duty (proposal of bills) and
rent-seeking behavior (presence in plenary), we explore variation on the
share of the electorate of each legislator that went out to the streets to test
whether political protests can make politicians’ behavior more responsive
to citizens’ demands. Our results show that the average effect of the protest
on legislators are null. With this result, we then explore whether the success
of protests as an accountability mechanism is related to the quality of the
messages voiced by protesters. We build a theoretical model to understand
how protests that do not have a clear demand – and so face a noisy commu-
nication channel – would affect 1) legislators response to protest demands
and 2) voters’ decision to reward politicians that heard demands from the
street.

To measure quality of the protests, we use Twitter data to measure how
noisy was the messages sent out from protesters, in a sense of not asking
for clear actions from politicians. Brazil 2013 protests are a particularly
interesting case since protests started with a very clear demand, which was
related to lower transportation fares in the main cities in Brazil. However, as
protests evolved, social demands started to become more widespread, from
the rejection of Brazil’s hosting the World Cup and the Olimpic Games, to a
general lack of satisfaction with incumbent politicians and even popular
rejection to bills that were being discussed in the Congress that could
limit the investigative power of the Prosecutor’s Office (PEC 37/2013).
We collected over 5,3 million tweets posted in June 2013 identified by the
municipality where the user was posting it. With this database we created,
for each municipality, a noise index – which accounted for the number of
tweets related to protest that had no clear demand stated.

Using this index that measure how noisy the demands from the
protests were, we re-estimate the effect of protests on legislators’ perfor-
mance. Our results show that protest are only effective in changing legisla-
tors’ behavior after we account for the quality of it: without controlling for
how noise the messages sent by protesters were, we do not find effect of
street protests on legislators’ actions. However, we only find relevant and
significant effects for the pool of candidates who run for reelection, who in-
deed would be the ones facing reelection incentives (career concerns), the
main source of accountability identified by the literature for Brazilian legis-

3For a more detailed discussion on this topic, refer to Khemani, Dal Bó, Ferraz, Finan,
Stephenson Johnson, Odugbemi, Thapa and Abrahams (2016).
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lators (Bertholini, Fajardo, de Faveri and Pereira (2013); Leoni, Pereira and
Renno (2004)). Our results points that clear messages are more effective in
persuading politicians to allocate resources to protests demands, showing
that protests can an accountability mechanism in the persuasion sense un-
der certain circumstances. At low levels of noise, protests led to an increase
of 22.5% on their pork barrel performance relative to the pre-protest mean.
We conclude from this exercise that protest may work as accountability ex-
ercise only if the messages sent by protesters are sharp and clear.

Considering that protesters’ demands has not been completely con-
sidered in politicians’ actions, we evaluate the second layer of protest as ac-
countability mechanism. Using elecotral data from 2010 and 2014 election,
we look for differential effects of voters who lived in a municipality which
experienced a protest, and find that there is negative significant correlation
on the share of votes that goes to an incumbent politician in the election after
the protest. However, once we include legislators’ performance in votes for
the incumbents following the protest, we find that voters are not taking into
account legislators’ response to protests when taking their vote decision.

The political economy literature has focused mostly on the determi-
nants of protests. Protests can be a mechanism that allows citizens to inform
an incumbent government of their private preferences (Lohmann (1993),
Lohmann (1994)). Citizens may also decide to go out on the streets to express
their demand motivated by a sense of unfairness (Passarelli and Tabellini
(2017)), motivated by the sense of belonging to a group of citizens (Barbera
and Jackson (2016)), because they are unsatisfied with their income under-
performance (Campante and Chor (2012)), or because there are no strong
institutions through which citizens can participate in the political process
(Machado, Scartascini and Tommasi (2011)). Moreover, part of the literature
on protests has focused on the size of protests as a measure of their success
(Battaglini (2016) and Correa (2020)), since size can improve information
aggregation from heterogenous voters. For us, protests are taken as given.
Our citizens are motivated because they want to signal their preferences
to the incumbent and tilt the government’s actions towards their preferred
outcome. Our main contribution is discussing the quality of the messages
coming from protesters, rather than the size of the protest.

With regard to the effects of political protests on politicians’ behavior, a
smaller piece of literature show that political protests can affect policymak-
ing and voting behavior. For instance, there is evidence that the Tea Party
Movement in the United States (Madestam, Shoag, Veuger and Yanagizawa-
Drott (2013)) made incumbent representatives vote more conservatively.
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Different than the american democracy, in which legislators represents and
has a direct mapping with voters from a specific location (county), in the
Brazilian case, legislators are elected on a proportional open-list scheme, in
which legislative elections occur with various parties and candidates elected
within multimember districts. Regarding the differences between these two
systems, there is evidence that legislators elected by majoritarian rules be-
have more accordingly to their constituencies’ will, being more accountable,
while on the other hand representatives elected by proportional rules be-
have more as rent-seekers, since they are less accountable (Gagliarducci,
Nannicini and Naticchioni (2011)). We contribute to this literature by in-
cluding a quality dimension of the message transmitted by protests. For
us, protests that has no clear demand will less likely be more persuasive to
make legislators accountable.

Our paper adds strong support to the value of informal mechanisms of
accountability, and we find results consistent with the political economy lit-
erature that examines the role of "social accountability" in promoting trans-
parency and political efficiency. While our focus is on mass street protests,
the mechanisms through which protests may work as accountability are all
political. Therefore, we contribute to the discussion on what are the condi-
tions such that citizens direct participation in democracies may be effective
in improving accountability. How effective civil engagement can be, such as
street protests, will depend on the capability of leaders to respond to citi-
zens, as our model and empirical evidence suggests, and on other institu-
tions that determine the political process in a country (Khemani, Dal Bó, Fer-
raz, Finan, Stephenson Johnson, Odugbemi, Thapa and Abrahams (2016),
Grandvoinnet, Aslam and Raha (2015)).

Finally, a relevant contribution of our work is that we focus on quality
of information delivered by protests. Both the theoretical and the empirical
literature on protests tends to focus on the share of the population that went
to protest as a measure of the ”quality” of the demonstration. Although we
agree this is certainly an important driver of protests working as an social
accountability mechanism, our work focus on the quality of the information
delivered by protesters and disentangle the pure occurrence of protests from
the quality of these protest, allowing us to say something about effectiveness
of protest as accountability mechanism.

The paper is organized as follows. Section 4.2 provides a brief back-
ground on Brazil’s 2013 mass street protests. Section 4.3 presents the theo-
retical model of protests as Bayesian persuasion and its results. Section 4.4
describes the data used in the empirical analysis. Section 4.5 presents our
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empirical strategy, Section 4.6 presents the results and Section 4.7 concludes
the paper. Moreover, section 4.3 presents the theoretical model of protests
as Bayesian persuasion which completed and guided the empirical work.

4.2
Background - The 2013 Protests

Initiated mainly by the “Movimento Passe Livre” (MPL, Free Fare
Movement), a social movement that advocates for free public transporta-
tion, the demonstrations were initially organized to protest against an in-
crease in bus and metro fare in some Brazilian cities. The protests were vi-
olently repressed by the police in São Paulo, Brazil’s largest city, and what
seemed to be just another series of acts among several others organized by
the MPL, took nationwide repercussion and protests spread throughout the
country. Between June 17th and 30th, the movement had grown to become
Brazil’s largest protests since the 1992’s against former President Fernando
Collor de Mello.

More than 775 protests happened in 433 municipalities (around 7,8%
of total number of municipalities), leading at least 2.8 million individuals
to the streets from all over the country. Figure 4.26 depicts a map of the
municipalities that had at least one protest. Although the protests did not
occur uniformly across the territory, they took place in every state of the
country. Table 4.7 in the Appendix shows the percentage of the population
from each state that lives in a municipality that had a protest. Despite being
concentrated in Southeast and South regions, the state less affected by the
protests had 18% of its population experiencing a protest. We can see that
there is a huge variability among the brazilian states in what refers to the
occurrence of protests. Disregarding Distrito Federal (DF), that has just one
municipality, citizens from the state of Rio de Janeiro (RJ) are the ones that
experienced more protests: over 80% of the population live in a municipality
that had a demonstration.

Besides the fact that these protests were the biggest ones over the
last two decades, it is interesting to notice that the protesters, composed
mainly by youngsters, had a wide agenda of demands. However, most
of the demands refers to disappointment with the inadequate provision
of public services and widespread corruption affecting most of Brazilian
governmental institutions. Although the raise in the bus fares were revoked
or postponed in several municipalities, the protests kept going for a few
more days. We see in figure 4.27 that at the most intense day of the protests
(June 20th) citizens were demonstrating in over 120 municipalities, taking
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more than 1.5 million people to the streets.
Most of the demands were directed to the executive branch (presi-

dent Dilma Rousseff, governors and mayors) and just a couple of days after
protesters have set fire in front of the Presidential Palace, the president made
a public announcement of a wide set of proposed policies, contemplating
themes such as public services, urban mobility, fiscal discipline and a polit-
ical reform. However, there were also demands referring to the legislative
competence. In Brasilia, the national capital, protesters decided to demon-
strate in front of the National Congress and when the police could not hold
them back anymore, they went up and took control over the rooftop of the
Congress.

The demands related to the legislative branch include the revocation
of a constitutional proposal that limited the power of prosecutors to conduct
criminal investigations (PEC 37), the criminalization of all forms of corrup-
tion as heinous crimes, the end of the secret vote in Congress to expel a
legislator, the destination of 10% of the Brazilian GDP to education and of
petroleum royalties to education (75%) and Health (25%). There were also
some themes that were not a consensus among the protesters, like the end of
all taxes on public transport, the implementation of free public transporta-
tion to the students enrolled regularly, and the revocation of "Gay Cure" bill
authorizing sexual orientation conversion therapy by psychologists.

4.3
Theoretical Model

4.3.1
Summary

In our theoretical model, protesters and incumbent may disagree on
their preferred outcome for a public policy or a set of policies. A political
protest is an information mechanism designed to persuade the incumbent
government to deliver the protesters’ preferred action. Formally, our model
follows the Bayesian persuasion literature (Kamenica and Gentzkow (2011))
where a sender – the protesters, will design an information device that will
produce a message that aims to tilt the receivers believes up to the point in
which this is consistent with the receiver’s prior. While protesters can design
this information mechanism to maximize the chances of persuading the
government, the delivered message can go trough a noise communication
channel (Tsakas and Tsakas (2017)), misleading the government. A protest
that has no single clear demand will be considered a noisy protest.
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The model points that protests can increase accountability in the two
ways mentioned above, but the impact of noise on accountability is not
straightforward. First, protests improve accountability in the sense of per-
suasion by increasing the chances that the incumbent delivers the preferred
action of the protesters. The noisier the protest, however, the lower the im-
pact on the incumbents action. Importantly, if noise is "big enough", protests
can be ex-ante inefficient as an accountability mechanism, since they won´t
be able to tilt the incumbent´s actions towards the one preferred by voters
above the threshold of 50%.

Secondly, protests can work also as electoral accountability. Going
against the common wisdom, noisy protests may be better to help voters
distinguish high and low quality politicians. By attending the demand from
the street the incumbent government has higher chances of being reelected
because it will be perceived as a high quality politician – and this will be
increasing with noise. If the politician does not deliver the demands from
the streets, it will be perceived as a low quality politician, facing lower
chances of reelection – and this will be also increasing with noise. In other
words, the greater the noise, the higher is the separation of types condition
on the actions taken by politicians after protests.

4.3.1.1
Protests as Noisy Bayesian Persuasion

Our modeling strategy is to model protesters as information design-
ers that want to persuade a benevolent, yet uninformed incumbent gov-
ernment, to take their preferred action. Therefore, protest is an informa-
tion mechanism. While protest participants have room to design features
of the production technology that will generate such information, they are
not able to completely control the final result or even to completely manipu-
late the government to take their preferred action. This means that protests
will generate messages that are Bayes plausible in the sense of Kamenica and
Gentzkow (2011).4

Both protesters and the government share a common lack of informa-
tion regarding a true state of the world that is relevant for the government’s
actions. Protests are taken as given and we abstract from explaining the
emergence of protests. A key feature of our model is that governments dif-
fer on their capability of understanding the message designed by protesters.
While high quality governments hear messages designed by protesters with

4In political terms, this also means we are thinking about protests in a democratic
environment and not on protests that will lead to regime changes, as in the empirical work
of Cantoni, Yang, Yuchtman and Jane Zhang (2019), for example.
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no noise, low quality ones may observe a different message than the one that
was actually transmitted. The noise that low quality governments may face
is connected to the intrinsic quality of the protest itself.

In fact, when asking the question when, or if, protests are an efficient
tool to persuade governments, it is also important to focus on the quality of
the message that was transmitted by the protest. While some protests have
a clear focus in terms of demand (costly public transportation or education,
against police abuse or even against a reform of a public policy), other
protests quickly expand to become a simple repudiation of the incumbent
government or a general dissatisfaction with the status quo. Therefore, in
our theoretical environment, a noisy protest is one such there is no specific
clear demand or as so many demands that makes it harder for politicians to
understand the demands from the street and respond accordingly.

4.3.1.2
Players, policy and state

There are two players in this economy, an incumbent government (G)
and an interested group of protesters (P). There is an unknown state of the
world ω ∈ Ω = {0, 1}. The incumbent is benevolent to the extend that
she cares about policy a ∈ A = {0, 1} that matches the state of the world.
Therefore, her payoff depends on her action and on this unknown state of
the world. An example of payoff function that satisfies this requirement
would be uG = 1a=ω. The incumbent has an unknown quality, τ ∈ Γ =

{L, H}. Her quality only matters for her capability of understanding the
relevant information that will form her belief about the state of the world.
High ability governments interpret signals about the state of the world
without any noise, while low ability ones may interpret signals with noise.
More details of this will be explained in the information structure part
below. Protesters are self-motivated and only extract utility when a =

1, ∀ω ∈ Ω. One may think that a = 0 represents a pension reform to an
overly benevolent pension system and a = 1 represents keeping the status
quo. While the government would like reform the pension system (a = 0)
if the state of the world is such that a reform would be better (ω = 0), the
government would like to keep the system as it is (a = 1) if the state of
the world is such that no reform is better (ω = 1). Protesters would always
want the government to keep the system as it is, i.e., a = 1. Therefore, the
payoff function of protesters can be given by uP = 1a=1.

The payoffs we present above are an extreme case of conflict of in-
terests between government and protesters. The extreme case we study is
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the most interesting one for analysis, since it reveals results for the biggest
disagreement that can exist between the two parts. We could follow a mod-
eling strategy in which both players would care, to different extents, about
the true state of the world and to some specific policy. This would only re-
duce the importance of protests as a persuasion mechanism and would not
change qualitatively our theoretical findings.

4.3.1.3
Information structure

Our modeling strategy is to define protesters as information designers
that aim to persuade the rational incumbent to take the protester’s desired
action, as in the Bayesian persuasion literature, following Kamenica and
Gentzkow (2011). One may think that protesters would gather to decide
how they will inform the government on which action to take. Protesters
are farsighted and take into account how the government will react to the
protest and how likely it will be for the government to take the desired
action, a = 1. As information designers, protesters design a signal device
that will deliver signals such that the chances the government will be
persuaded are maximized. In other words, protesters will design the signal
structure in such a way they can choose from the set of all possible posteriors
the government can form after they observe the realization of the protest.

Therefore, a protest consists of a finite realization over the space S
– that define all possible signal realizations, and a family of distributions
{π(s|ω)ω∈Ω} – that define the probability attached to each signal realiza-
tion. Following Kamenica and Gentzkow (2011), we restrict our attention to
a specific class of signals s ∈ S, the ones that are straightforward, i.e., S ∈ A.
This means that that s ∈ S can be reduced to an action recommendation
to the incumbent.5 Both government and protesters have a common prior
µ0 = Pr(ω = 1) and λ0 = Pr(τ = H).6 In our example of binary states that
follow with signals and types that are also binary, the information struc-
ture that will be designed can be represented by a pair of probabilities for
t ∈ Γ = {H, L}:

5This is not without loss of generality in the environment where signals are noisy. A
richer signal-space would be beneficial to protesters, as shown by Tsakas and Tsakas (2017).
We abstract from this to keep the model tractable and easier to communicate with the
empirical analysis performed later in the paper.

6The government also doesn’t know her type. This is a common assumption in the
literature to prevent another layer of strategic interaction between the government and
the protesters.
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π(s = 0|ω, τ = t) π(s = 1|ω, τ = t)
ω = 0 1 − qt

0 qt
0

ω = 1 1 − qt
1 qt

1

Table 4.1: Signal structure π ∈ Π : (Ω, Γ) → ∆(S).

From Table 4.1 we see that protesters want to maximize qt
0 and qt

1, i.e.,
they want to maximize the chances that the protest signal will be such that
it recommends the government to take action a = 1. The protesters cannot
set qt

0 = qt
1 = 1 because that would not be Bayes plausible in the sense of

Kamenica and Gentzkow (2011). This means that protesters cannot ignore
the previous information that the government already has - her prior. This
is clear in the solution for the optimization problem solved by protesters,
shown in Appendix C

But not all governments are alike. Some high ability incumbents (τ =

H) may interpret with clarity the information received from the signal
device of protests, while low ability types (τ = L) may mistake the signal
received. For the low ability case, we follow Tsakas and Tsakas (2017)
adding noise to the classic Bayesian persuasion model. Differently from
them, noise can only happen when the politician is low quality. In fact, the
low type of government mistakes a signal s = 1 for one of s = 0 and a signal
s = 0 for one of s = 1 with probability ϵ. We assume ϵ < µ0 for consistency
of results.

Therefore, a noisy signaling mechanism consists of a message from
protesters π ∈ Π : (Ω, Γ) → ∆(S) optimal to the sender, and an exogenous
noisy channel p : (S, Γ) → ∆(S) that may distort the message that was
produced by the protest. Thus, p(s′|s, ω) denotes the probability that the
receiver observes s′ when s has been realized by protesters. A signaling
structure (π, p) induces a signal σ : (Ω, Γ) → ∆(S) such that

σ(s|ω) = ∑
t∈Γ

∑
i∈S

p(s|i, t)π(i|ω, t) (4-1)

The set of feasible signals is denoted by ∑p ⊂ Π, for a given p. Each
feasible signal σ ∈ ∑p induces a mapping from the state space ω × τ to
∆(Bp) ⊂ ∆(S), with Bp = {p(.|s = 0, t), p(.|s = 1, t)}.We borrow from
Tsakas and Tsakas (2017) an illustration of the set of feasible signals ∑p for
our binary example:
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0 1
σ(s=1|ω=1,τ=H)0

1

σ(s=1|ω=0,τ=H)

Figure 4.1: High quality government

ϵ 1-ϵ 1
σ(s=1|ω=1,τ=L)

ϵ

1-ϵ

1

σ(s=1|ω=1,τ=L)

Figure 4.2: Low quality government.

Figure 4.3: The set of feasible signals ∑p for the binary channel p and for
both high and low quality governments. We borrow the figure on the right
from Tsakas and Tsakas (2017).

The figure above depicts the set of feasible signals for each type of
government. On the left side of Figure 4.3, we show the the feasible message
space of the high quality government, which is the entire message space.
Each element of this space represents a probability attached to s = 1. The
low quality government τ = L receives a signal from protesters with noise.
This means that the message space that is feasible is the convex hull of
Bp = {ϵ, 1 − ϵ} where σ(s = 1|ω, τ = L) = 1 − ϵ if π(s = 1|ω, τ = L) = 1
and σ(s = 1|ω, τ = L) = ϵ if π(s = 1|ω, τ = L) = 0.

After the protesters have designed the signaling mechanism and given
a type τ and a noise mechanism ϵ, the government of type τ will update her
belief about the true state of the world. For each signal realization s ∈ S ∩ A
there will be a posterior belief µτ

s ∈ ∆(Ω), found by Bayes rule. For each
ω ∈ Ω

µτ
s (ω) =

σ(s|ω)µ0(ω)

∑ω′∈Ω σ(s|ω′)µ0(ω′)

Following, we will denote µτ
s (ω = 1) simply as µτ

s for the sake
of clearer notation. Each signal σ induces a two-dimensional profile of
posteriors (µτ

1(ω), µτ
2(ω)), ∀τ ∈ {H, L} – since we are focusing on signals

that are straightforward. Also, each posterior µτ
s (ω) happens, from an ex-ante

perspective, with probability given by
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τ(µτ
s (ω))) = σ(s|ω)µ0(ω)

An illustration of the probability trees that the protesters face is de-
picted in Figure 4.6 below.

𝜔 = 1

𝜔 = 0

𝑠 = 1

𝑠 = 0

1 − 𝜇

𝜇

𝑠′ = 1

𝑠′ = 0

q1
𝐻

1 − q1
𝐻

𝑠 = 1

𝑠 =0

𝑠′ = 1

𝑠′ = 0

q0
𝐻

1 − q0
𝐻

Figure 4.4: High quality government – probability λ0

𝜔 = 1

𝜔 = 0

1 − 𝜇

𝜇

𝑠 = 1

𝑠 = 0

𝑠′ = 1

𝑠′ = 0q1
𝐿

1 − q1
𝐿

𝜖

1 − 𝜖

𝑠′ = 0

𝑠′ = 1𝜖

1 − 𝜖

𝑠 = 1

𝑠 = 0

𝑠′ = 1

𝑠′ = 0q0
𝐿

1 − q0
𝐿

𝜖

1 − 𝜖

𝑠′ = 0

𝑠′ = 1𝜖

1 − 𝜖

Figure 4.5: Low quality government – probability 1 − λ0

Figure 4.6: The noise structure depends on the quality of the government.

4.3.1.3
Protests as persuasion mechanism

Our benchmark case is the classic Bayesian persuasion model from
Kamenica and Gentzkow (2011), which corresponds to the high type τ = H
incumbent. Following their result, we find that protests are an effective per-
suasion tool for protesters. The addition of noise, however, makes protests
a less efficient tool for the protesters.
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Proposição 4.1 The optimal signaling structure is given by:

qL
1 = qH

1 = 1

qL
0 =

µ0 − ϵ

(1 − p)(1 − 2ϵ)

qH
0 =

µ0

1 − µ0

This signaling structure induces the following set of posteriors from the
government:

µL
1 = µH

1 = Pr(ω = 1|s′ = 1) = 0.5

µL
0 = Pr(ω = 1|s′ = 0, τ = L) =

ϵµ0

1 − 2 (1 − ϵ) µ0

µH
0 = Pr(ω = 1|s′ = 0, τ = H) = 0

All the proofs can be found in the Appendix C. When the state is such
that ω = 1, there is no incentive for protesters to deliver any other action
recommendation rather than s = 1. Therefore, qL

1 = qH
1 = 1. When the

state is such that ω = 0, protesters have an incentive to persuade until the
government is indifferent, in expected terms, between choosing a = 0 or
a = 1, which delivers qL

0 = p−ϵ
(1−µ0)(1−2ϵ)

and qH
0 = µ0

1−µ0
. This signal message

probabilities will induce posteriors.
The intuition for the result of Proposition 4.1 can be found below. If

there are no protests, the probability that the government behaves accord-
ingly to protesters interest, that is to take a = 1, is given by their prior
probability µ0 as shown in the dashed black line. When protests happen
and all governments are high type (τ = H) – meaning there is no noise
in the communication channel, protesters are an effective persuasion tool,
doubling the probability that the government delivers the preferred action
of protesters – as shown in the garment solid line with circles. When all
governments are of low type (τ = L), protesters are less efficient. When all
governments are high type (τ = H), this probability can be reached from
µ0 > 0.25 on – the intersection between the gray dashed line and the gar-
ment solid line with circles. However, when all governments are low type
(τ = L), this can only be achieved from the point µ0 > 0.42 on – the intersec-
tion between the gray dashed line and the blue solid line with squares. In
this case, if protesters face a noisy communication channel, unless we start
from a point in which governments are pretty inclined to already deliver
a = 1, protesters are less likely to be an effective persuasion mechanism.
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It is ex-ante optimal for the government to choose a = 1 if and only
if her posterior µs(ω) ≥ 0.5. While µ1(1) = 0.5, it is easily shown that
µ0(1) < 0.5 for ϵ < 0.5 – a reasonable assumption.7

In fact, we could think that protesters would like to persuade the
government until, from an ex-ante perspective, she is indifferent between
taking a = 1 or a = 0, which would be at the point in which Pr(a = 1|s) =
0.5 – represented by the gray dashed line above. We formalize how noise can
reduce the efficiency of protesters as a persuasion mechanism for different
levels of λ0, the prior probability that the government is high type.

Corolário 4.2 The optimal signaling structure induces a set of posteriors and the
following action behavior from the government:

Pr(a = 1|s′ = 1) = 2µ0 (1 − ϵ(1 − λ0))

Pr(a = 1|s′ = 0) = 0

Since the government will choose a = 1 if and only if her posterior is
higher than 0.5 and this happens only when s′ = 1, the probability that the
government will choose a = 1 is the same as the one that s′ = 1 is delivered.
Therefore, we can think about the effectiveness of protests is measured by
the probability that protesters persuade the government, i.e., the probability
that the government chooses a = 1, or that s′ = 1 is delivered. This can
happen when protesters intended to say that s = 1 and there was no noise
in the communication channel, or when protesters said s = 0 but there was
noise in the communication. How the signaling mechanism will impact this
effectiveness will depend on (i) the size of the noise, ϵ; and (ii) on the mass
of governments that are low type, λ0.

7One could think that ϵ ≥ 0.5. This would mean the mistake is so significant that
there are higher chances that the message sent by protesters will be misunderstood by
the government. If that is common knowledge – as it is the case in our environment, the
protesters would take into account and would choose a signal device that would take this
into account, swapping the optimal signaling structure we saw above.
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Figure 4.7: Efficiency of protests for µ0 and ϵ = 0.1.
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Figure 4.8: Efficiency of protests for ϵ0 and µ0 = 0.3.

Figure 4.9: How protests are efficient depend on initial prior and noise size.

From the right plot depicted in Figure 4.9, we can see that the probabil-
ity that the protest is successful - in the sense of increasing the chances that
the government takes the preferred action from protesters which is a = 1, is
decreasing with the size of the noise ϵ and increasing with the probability
that the government is high type λ0, an intuitive result. Since our measure
of ex-ante successful is such that the probability that the government takes
the preferred actions of protesters a = 1 at least with probability 1

2 , we plot
below the whole parameter space of ϵ and λ0 such that protests are ex-ante
successful:
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Figure 4.10: Efficiency of protests for pairs of ϵ and λ0 and for selected priors
µ0.

4.3.1.3
Persuasion, anti-establishment bias and accountability

So far in our analysis we have asked how protests could be a useful
persuasion tool. We have seen that there are higher chances of success the
less noisy protests are. Now, we focus on how protests can change the
perception of the electorate regarding the quality of the government. In
order to do that, we have added a third player to this game, a citizen (C)
that wants a high quality government and that shares the common priors µ0

and λ0. The citizen observes the action a of the incumbent and updates her
prior belief on the quality of the government λ0. If the posterior probability
that the incumbent is high quality (λ1 = Pr(τ = H|a)) is higher than the
probability from an opponent from the common pool of candidates – that
are high quality with probability λ0 – the incumbent is reelected. Otherwise,
the incumbent is replaced.

Corolário 4.3 The updated belief of the citizen after observing the action of the
government a is given by:

Pr(τ = H|a = 1) =
λ0

1 − ϵ(1 − λ0)

Pr(τ = H|a = 0) =
(1 − 2µ0)λ0

1 − 2(1 − ϵ(1 − λ0))µ0
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The ex-ante posterior equals the prior, i.e.

λ1 = Pr(τ = H|a = 1)Pr(a = 1) + Pr(τ = H|a = 0)Pr(a = 0) = λ0

The result still holds ex-post if there is no noise in the communication channel,
λ1 = λ0. When there is noise, however, λ1 > λ0 if a = 1 – and the incumbent is
reelected, and λ1 < λ0 if a = 0 – and the incumbent is replaced.

The intuition from Corollary 4.3 can be better given in the set of
Figures 4.13 and 4.16. In the absence of noise, ϵ = 0, regardless of the action
a taken by the government, λ1 = λ0, as we can see by the initial point of
the garment line with circles and the blue line with squares in both plots
on Figure 4.13. When noise increases, the perception that the government is
high quality τ = H increases if a = 1 and decreases if a = 0. This shows
that, conditioning on the action taken by the government, the citizen will
update her believes on the quality of the government in different ways.
Noisy protests, therefore, can improve separation of low and high quality
politicians conditioning on their actions after the protest.
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Figure 4.11: λ1 for µ0 = 0.3 and λ0 = 0.5.
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Figure 4.12: λ1 for µ0 = 0.4 and λ0 = 0.5.

Figure 4.13: Efficiency of protests to separate low and high quality politi-
cians depends on initial prior and noise size.
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Figure 4.14: Pr(s′) for µ0 = 0.3 and λ0 = 0.5.
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Figure 4.15: Pr(s′) for µ0 = 0.4 and λ0 = 0.5.

Figure 4.16: Probability that each signal is delivered.

In the empirical section, we focus on how the level of noisy in protests
impacts accountability. We characterize accountability in two ways. First,
we define accountability as having politicians answering to protests de-
mands, since we assume protests work as a channel for voters to voice their
preferences. In the model, we measure this as the probability incumbents
will deliver a = 1, the preferred action of protesters. In the data, our proxy
for this will be the category of bills signed by deputies and a reallocation of
pork barrel spending between municipalities. We also focus on the second
dimension of accountability which is to have voters rewarding incumbents
that delivered the demands from protests with reelection. In the model, this
was measured by the ex-post probability of a high type politician to be re-
elected given the action taken by the incumbent, Pr(τ = H|a). In the data,
we study how the vote share of deputies is impacted by noise in protests –
controlling for deputies actions in Congress.
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4.4
Data

1. Protest occurrence. we use information collected by a Brazilian
news website, G1, which is one of the biggest news site in the country.
Few days after a police brutality at a protest in São Paulo, the website
created a special session to cover issues related to protests that started
taking place all over the country. The data compiled at the website contains
information on whether a municipality had a protest or not, how many
people attended it according to police estimates and how many days with
protests a municipality had during our period of interest. The website
covered the protests that happened between June 17th and June 30th.

Although it is relevant to know not only if there was a protest but the
intensity of it, in terms of percentage of the population that participated in
it, we use a binary variable reflecting whether there was at least one protest
at the municipality instead of using the number of protesters. The reason
is lack of precision on data about the intensity, since the protest attendance
was measured by different sources, usually local police departments, and
the access to the methodologies used to compute how many people showed
up in each protest is limited. Thus, our analysis will be based on protest
incidence, rather than protest intensity.

2. Tweets. We constructed a dataset of tweets to capture how noisy
the protests were. We collected over 5.3 million tweets for all municipalities
that had an active place id in Twitter platform between June 1st - 30th,
2013 (4,086 municipalities). Since the Twitter API requires a keyword for
the query to be made, to construct a random sample of tweets for each
municipality we set the query on Twitter Academic platform to search for
tweets that had any vowels (a, e, i, o, u).8 In this way, we aimed not to bias
our sample by collecting tweets that were related to protests. This allowed
us to collect a random general sample of tweets for all municipalities, with
which we created a measure of the twitter activity related to protest on each
municipality.

To identify the tweets that were related to protest in this random sam-
ple of tweets, we looked for keywords such as: Movimento Passe Livre, "não
é só por 20 centavos", "o gigante acordou", "vem pra rua", protesto, manifestação,
democracia, governo, prefeito, deputado, senardor, vereador, Congresso Nacional,
Senado and eleição. The full list of keywords used in our query can be seen
in Table 4.8 in the Appendix. To get to this list of words, we constructed a
pre-test sample of tweets by querying for tweets that had the word "protest"

8We have collected tweets following a 10% of the population rule to not bias our sample.
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or "manifestation" during the days that most cities registered protests (June
17th). Indeed, some of those words became famous hashtags at the time of
protests, such as "vem para a rua" (come out to the street) or "o gigante acor-
dou" (the giant has awaken).

Figure 4.17 illustrate how we used our random sample of tweets,
showing also evidence that Twitter activity regarding tweets with our se-
lected protest words peaked during the week the G1 dataset registered oc-
currence of protests.

Figure 4.17: Set of tweets and Protest activity on Twitter during June 2013.

Among the tweets identified as related to protest, we then proceed to
identify the tweets that had clear demands from the ones that were pure
noise. To do that, we once again used our pre-test sample of protest tweets
and were able to defined 5 demand categories: transportation, education,
health, corruption, and security. A list of words on each category can be
found on Table 4.8 in the Appendix. Having classified all protest tweets into
whether or not they presented any demand, we get to our measure of noise
at each municipality, which we use as a proxy for quality of protest, further
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explained in Section 4.5.

Noise Indexm =
∑i 1No Demandi,m

∑i 1Protest Tweetsi,m

(4-2)

3. Legislators’ behaviour. we extracted information on three different
performance variables: presence in plenary sessions and proposed bills
(from the Chamber of Deputies’ website), and data on the legislators’ pork
barrel spending (”emendas parlamentares´´ or federal budget amendments
in a free translation) (from the Federal Senate’s website). We have data
on 642 legislators that had a seat between 2011-2014, but we restrict our
analysis to the 513 legislators who exercised their mandate during the
protests’ period. First, to analyze pork barrel spending, we collected data
on the federal budget amendments from 2011 to 2013, using the share
of the total amount of these amendments made by each legislator that
relates to the protesters’ demands. To classify an amendment as related to
protests, we analyzed which ministry was assigned as the responsible for
implementing the amendment. Amendments assigned to the Ministry of
Health, of Education, of Transports, and of Cities were classified as related
to the protests. Table 4.2 shows that on average, 17.8% of all individual
amendments were related to the protesters’ demands.

Furthermore, the main goal of the protesters was to get changes in
substantial matters, such as the creation of new bills, like the one that re-
serves 10% of the GDP to education, and the repeal of laws, like PEC 37
discussed earlier. Given this context, besides using the total number of bills
proposed by each legislator by quarter, we also look at the amount of these
bills that relates to the protesters’ demands and use a dummy whether the
legislator proposed one. To classify a proposal of bill as related to protests,
we identified for which commission in the Chamber of Deputies the pro-
posal was assigned. If it was assigned to the Commission of Education, of
Social Security, of Urban Development, and of Public Security, we classified
it as a proposal related to protests. Between February 2011 and September
2014, legislators proposed 8.151 bills: 949 (12%) related to health, 319 (4%)
to education, and 437 (5%) to urban development or public security.

Finally, we look at the frequency of presence of the legislator in all
the plenary sessions by week. The period considered February 2013 to
December 2013.9 Table 4.2 presents the summary statistics of all variables,

9Although we have information from the beginning of the legislature, there were a
change in the rules of the Chamber in October 2012, by which presence in plenary were
mandatory from Tuesday till Thursday, instead of from Monday till Friday. This might
have changed the dynamics of presence rate and, thus, we consider the legislative year of
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where we see that the mean of the presence rate is 0.84.

Table 4.2: Summary Statistics

Variables N mean sd

Legislators’ characteristics
Protest Exposure Index 513 0.469 0.280
Noise Exposure Index 513 0.894 0.104
Run for reelection 513 0.713 0.452

Electorate’s characteristics
Urban (%) 513 0.817 0.127
Internet penetration (%) 513 0.267 0.128
Literate (%) 513 0.885 0.067

Legislators’ performance - baseline
% budget amend. related to protests by year 579 0.178 0.210
Dummy bill related to protests’ demands by quarter 4,236 0.103 0.303
Presence rate by week 9,646 0.840 0.285

Municipalities that had protest’ characteristics
Noise index 384 0.930 .105
Incumbent’s vote share 29,446 1.086 5.42

Notes: Data on legislators were taken from TSE, Chamber of Deputies and Federal Senate
websites. Protest Exposure is an index reflecting the percentage of the legislator’s electorate
that lives in a municipality that had a demonstration: the higher the index, more exposure
to the protests the legislator had. Noise Exposure is an index that refers to the share of
tweets related to protest at each municipality that present no clear demand. Municipal
and Electorate’s characteristics use data from the 2010 census and from TSE.

4. Electoral outcomes. we use data from the Superior Electoral Court
(Tribunal Superior Eleitoral, TSE), which is the highest judicial body of
the Brazilian electoral system, responsible for organizing and publicizing
information relative to elections. From this database, we constructed two
panels. First, we have constructed a panel of the legislators’ vote share in
each municipality in 2010 and 2014 elections. That is, we look at the vote
share a legislator obtained in a municipality with respect to the total votes

2013
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of the municipality.10

5. Controls. To test for heterogeneity on protests’ effects, we use mainly
data from 2010 census. Access to Internet refers to the share of households in
a municipality with at least one computer with access to Internet. Education
level uses information on the share of citizens with at least 10 years of age
that are literate. We also use data from IDEB and IDSUS, which are indexes
constructed to test quality of public education and health systems.

4.5
Empirical Strategy

1. Protests and the Accountability of Legislators. We start our empir-
ical analysis focusing on the impact of protests on legislators’ actions. Tak-
ing into account that rational politicians expect that street protests would
be translated into dissatisfaction also during the elections, whereby voters
would punish politicians that did not respond to their demands, we look
at data from the Chamber of Deputies to measure whether legislators were
acting accordingly or not to protests’ demands.

We argue that legislators more or less exposed to protest would re-
spond differently to protests and explore variation in how much each legis-
lator was affected by the protests. We construct an index for each legislator
that measures protest exposure taking into account the vote distribution she
received in the previous elections.11 The index was created according to the
following equation, which in words represents the share of the legislator’s
electorate that lives in a municipality that had at least one protest in June
2013:

Protest Exposure Indexd =
M

∑
1

Vote sharemd.1protestm (4-3)

where 1protest is an indicator function whether municipality m had at
least one protest; sharemd is the weight giving to each municipality, referring
to the vote share coming from municipality m in the total votes to legislator
d; and M refers to all municipalities of the state she was running for.

Legislators have incentives to act accordingly to meet their electorates’
expectations. Using the variation in the legislators’ share of voters that live
in a municipality that had a protest, which is exogenous to protests from the

10We use this variable instead of using the vote share relative to the total votes of the
legislator, since the variation in the treatment is at the municipal level.

11Exposure here does not refer to the share of a legislator’s electorate that protested. As
pointed before, information on the number of protesters is not reliable, and, thus, we use a
dummy to indicate the municipalities that had at least one protest.
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legislator standpoint, the index captures the influence of the protests over
the legislators. Thus, to estimate the effect of the protests on legislators we
begin by estimating the following OLS specification:

Per f ormancedt = θPostt × Protest Exposure Indexd + αd + γt + εdt (4-4)

where Per f ormancedt refers to one of the three performance outcomes,
Postt is a dummy equal to 1 if period t is after the first week of protests,
and Protest Exposure Indexd is the variable capturing protest exposure for
legislator d. Furthermore, αd controls for legislators’ time-invariant char-
acteristics and γt controls for time fixed effects, and εdt is a random er-
ror term for the legislator d at period t. In all regressions, standard errors
are clustered at the legislator level. Figure 4.19 plots the distribution of
Protest Exposure Indexd for the pool of the 513 legislators we have in our
sample.

Figure 4.18: Distribution of Protest Exposure Index

Our identification strategy relies on the fact that since legislators were
elected, they have been taking into account their electorate’s preferences. In
this sense, our index is exogenous conditional on past behavior, since legis-
lators were not expecting protests to happen in June 2013. After the protests,
then, the only reason why a legislator behaves differently conditional on his
protest exposure index is because she responds to protests. Thus, this equa-
tion identifies whether the protests affected the legislators’ behavior by the
estimation of θ. If after the protests there was a difference in the behavior
of those legislators whose electorate protested more, that is, if θ is statisti-
cally significant, then we can conclude that politicians responded to political
protests.
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With regard to Per f ormancedt, first, we look at pork barrel spending. In
Brazil, the federal government has the prerogative to elaborate the annual
budget proposal and legislators are allowed to amend the budget bill and
propose individual amendments that transfer funds – which normally favor
their electoral strongholds (Leoni, Pereira and Renno (2004)). They can
propose a limited number of amendments, that can go up to a total of R$
15 million per year (nearly US$5.8 million).12 Congress only authorizes the
budget. It is the federal government, however, who decides if and when to
disburse the funds. In this regard, we look at data on the federal budget
amendments proposed by each legislator – considering that looking at the
amendments that were actually implemented by the Executive could bias
the analysis. The idea is that legislators might have used these amendments
as political tools to please voters from municipalities that had protests.

Although there is evidence that there is no direct link between pork
and electoral success, Samuels (2002) shows that instead of trading pork
for votes, Brazilian legislators trade pork for money, what then affects their
electoral prospects. Albeit the link is indirect, we can still expect legislators
to use pork and barrel to respond to protesters’ demands. Firpo, Ponczek
and Sanfelice (2015) find that politicians tend to favor municipalities that
represents a bigger share of the votes obtained by politicians. Also, they pro-
vide evidence that voters support candidates who have brought resources
to their localities, what explains why should legislators use pork barrel to
fulfill protesters’ demands. Moreover, delivering what voters want is the
key accountability as persuasion outcome in our theoretical model. It seems
that, even if indirectly, pork barrel spending would be a good proxy for this.

Second, we look to a variable related to the legislative duty of propos-
ing bills, using the share t of these bills that relates to the protesters’ de-
mands. Third, we look at the frequency of presence of the legislator in all the
plenary sessions by week. Following Nannicini, Stella, Tabellini and Troiano
(2013), we use this variable to measure rent-seeking behavior. Legislators re-
ceive a salary and what it is minimally expected from them is participation
in the parliamentary debate so as to contribute to the legislative procedure
of elaborating relevant laws. Otherwise, if they are not contributing to the
legislative activities, albeit being paid by society, then they are allocating
their time in other personal activities that might be not related to a legisla-

12These values are from the period of analysis, 2013-2014. The rules for pork barrel
spending have changed in 2021, increasing the amount of spending that can be redirected
to it. The name of the legislator that will receive the fund is mandatory anymore, since
the transfer can be made from the legislator responsible for proposing the Budget, which
reduced transparency and accountability in Brazil. This does not impact our analysis,
however.
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tor’s duty. The period considered February 2013 to December 201313.
Due to the different nature of the three dimensions of legislators’ per-

formance, t will refers to different time periods depending on the vari-
able used as dependent variable. For presence in plenary rate, we aggre-
gated data weekly, for the federal budget amendments we use data annu-
ally and for the proposed bills we did it quarterly. This is due to the differ-
ence response time a legislator can have relating to these different variables.
Changing their behavior with respect to attend a plenary session is much
less demanding than elaborating a new bill.

It is important to highlight that even if we estimate a statistically sig-
nificant coefficient of Postt, we can not conclude from it that the protests
were a relevant factor for altering the legislators’ behavior. That is, the legis-
lators’ electorate protested all at the same time and we can not disentangle
the effects of the protests from other events that occurred after June 2013
and that might have affected all legislators similarly, likewise the 2014 elec-
tions. The identification strategy relies on the hypothesis that a legislator
responds differently according to a higher or lower level of protest exposi-
tion. This limits our findings if, instead of responding accordingly to their
electorate, all legislators responded similarly regardless of the behavior of
their electorate.

Finally, although the comparison between legislators more or less ex-
posed to protests identifies the average impact of protests on performance
outcomes, it does not capture the fact that these effects might depend on
legislators’ characteristics. For instance, some literature argues that leg-
islators behave accordingly either to maximize the chances they have to
be reelected, as there are no term limits for legislative positions in Brazil,
or to maximize the chances when running for higher positions (Leoni,
Pereira and Renno (2004); Gagliarducci, Nannicini and Naticchioni (2011);
Pereira, Hungria, Franchini, Kaschuk, de Oliveira Chueire, Campo and Tor-
res (2007)). To test whether there is such differential effect, we estimate equa-
tion 4-4 splitting our legislators sample between those who would run in the
2014 election (that took place in October 2014, 1.25 year after the protests)
from those would not.

2. Quality of protests. Complementing recent research that uses Twit-
ter data to classify messages and relate it to political outcomes (Fujiwara

13Although we have information from the beginning of the legislature, there were a
change in the rules of the Chamber in October 2012, by which presence in plenary were
mandatory from Tuesday till Thursday, instead of from Monday till Friday. This might
have changed the dynamics of presence rate and, thus, we consider the legislative year of
2013
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et al. (2022), to incorporate a dimension on quality of the protest in the
accountability effectiveness analysis of protests, we then include infor-
mation on how noisy the messages from the streets were, including the
Noise Indexm for each municipality in our analysis. That is, to disentangle
the effect of protest exposure from how the noise in the messages sent by
protesters (measured by the share of protest tweets with no clear demands),
we create the following index for each legislator:

Noise Exposure Indexd =
M

∑
1

Vote share protestmd.Noise Indexm (4-5)

where Vote share protestmd refers to the vote share legislator d received
from municipality m among the pool of municipalities where there were
at least one protest. This index capture the lack of clarity on the messages
sent by the electorate that experienced a protest to each legislator. Table
4.2 present the distribution of the noise, in which we see it is skewed to
the right, as most of the tweets represent pure noise in the sense of not
presenting any clear demand to politicians. Figure 4.19 plots the distribution
of Noise Exposure Indexd for the pool of the 513 legislators we have in
our sample. With a right-skewed shape, we see that most of the messages
directed to legislators were noisy.

Figure 4.19: Distribution of Noise Exposure Indexd

With this index, we then test the response of legislators to protests,
conditional on the quality of the message transmitted by protests, estimat-
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ing the following equation:

Per f ormancedt = θPostt × Protest Exposure Indexd (4-6)

+βPostt × Noise Exposure Indexd (4-7)

+δPostt × Protest Exposure Indexd × Noise Exposure Indexd

(4-8)

+αd + γt + εdt (4-9)

where all variables are as in equation 4-4. δ is the coefficient of interest,
and captures how the noise of the messages coming from her electorate
interplay with the effect of protest exposure.

3. Protests and Electoral Accountability. We follow to the second layer
of accountability, the electoral accountability. We use data from the elections
to test whether, in the sample of municipalities where there was a protest,
those legislators who decided to run for reelection who responded more
positively to protests were rewarded in the 2014 elections. We construct a
balanced painel and estimate the following equation:

Vote Sharedmt = θPostt × Per f ormanced + αdm + γt + εdmt (4-10)

where Vote Sharedmt refers to the share of votes that went to legislator
d relative to the total votes of municipality m. Per f ormanced refers to the
legislators’ actions analyzed in Equation 4-4. More precisely, we calculate
the mean in the period post protest of presence rate and in share of federal
budget amendments related to protests, and create a dummy whether the
legislator proposed a bill related to protesters’ demands after the protests.
Considering the panel we have, we include αdm which refer to legislator-
municipality fixed-effect. We weight the observations by the number of
voters who participated in the 2014 elections, to take into account that we
aggregate individual voting behavior by municipalities and we aim to give
higher weight in the estimation to those municipalities with more voters.

Different than the previous estimation of protests effects on legislators’
behavior, in which we have exogenous variation coming from combining
the timing of the protests with different protest exposure levels for each
legislator, Equation 4-10 do not present casual evidence. As this analysis is
done only in municipalities where there were a protest and the protest time
shock is equal to all municipalities, these results can only be interpreted as
correlations. That is, we can not clean our results from cofounders that could
potentially affect the occurrence of the protest and voters’ decisions in 2014

DBD
PUC-Rio - Certificação Digital Nº 1813258/CA



Chapter 4. Protests as Accountability Mechanism: Evidence of Brazil Mass
Protests 116

elections.
Through the estimation of θ, we can test whether voters considered

incumbents’ actions when they voted in the 2014 elections. We hypothesize
that the underlying mechanism for this effect is that a lack of response on
legislators’ behavior after the protests shifted the electorate toward more
gripped voters (Bidner and Francois (2013)), which ultimately changed their
political behavior.

Finally, our theoretical model indicates that protests themselves do not
impact electoral outcomes, but noise protests help voters to separate high
type from low type politicians by observing who acted accordingly to voters
demand and so, reelecting with higher chances this politician. To estimate
the effect of noise protests on votes behavior, we estimate the following OLS
for the same sample of municipalities where there was a protest:

Vote Sharedmt = θPostt × Per f ormanced (4-11)

+βPostt × Noise Indexm (4-12)

+δPostt × Per f ormanced × Noise Indexm (4-13)

+αdm + γt + εdmt (4-14)

where Noise Indexm refers to the share of tweets with no clear de-
mands at municipality m. Through this equation, we test the hypothesis
that the quality of the protest (more vs. less noise) would support voters to
reward the legislators that perform more accordingly to protests demands,
or punish those one that did not. Conditional on the noise of the protest at
each municipality, the coefficient θ captures whether voters in each munici-
pality are punishing or not incumbents. The coefficient δ tell us whether this
rewarding-punish effect depends on the quality of the protest.

4.6
Results

4.6.1
Protests and Legislators’ Accountability

We begin by presenting estimates of the effect of the level of
protest exposure experienced by each legislator – captured by the
Protest Exposure Index, on our three performance outcomes. Table 4.3
presents the results from estimating Equation 4-4 and 4-6. The results in
columns (1), (3) and (5) show that there is no effect of protest exposure on
legislators’ performance: regardless of the share of the electorate that lived
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in a place with protests, legislators do not change their pork barrel strategy,
bills proposal and presence in plenary to respond to protesters demands.

However, the figure changes once we account for the quality of the
protest. Columns (2), (4) and (6) include our noise exposure index in the
estimation. Columns (2) and (6) show that, for budget amendments and
presence rate, once we account for the quality of the protest, protests seem
to positively affect legislators’ behavior. Even more, the negative sign on
the coefficient of the triple interaction goes in the direction that there is a
interplay between noise exposure and protest exposure, with more noise
decreasing the persuasion effect of protests on legislators’ behavior.

Table 4.3: Effect of protests on legislators’ behavior

% budgt. amend. Dummy bill rel. prot. Presence rate
(1) (2) (3) (4) (5) (6)

Post x Protest Exposure -0.00871 0.691* 0.0263 -0.582 -0.0152 0.219**
(0.0421) (0.414) (0.0292) (0.373) (0.0144) (0.0863)

Post x Noise 0.165 -0.221 0.0915*
(0.129) (0.173) (0.0545)

Post x Protest Exposure x Noise -0.754 0.664 -0.257***
(0.468) (0.404) (0.0962)

Observations 901 901 6,698 6,698 21,767 21,767
Adjusted R-squared 0.553 0.553 0.116 0.117 0.226 0.226
Number of periods 3 years 3 years 14 quarters 14 quarters 43 weeks 43 weeks
Number of legislators 322 322 513 513 513 513
Mean Dep. Var. pre-protest 0.178 0.178 0.103 0.103 0.840 0.840
Time FE Yes Yes Yes Yes Yes Yes
Legislator FE Yes Yes Yes Yes Yes Yes

Notes: This table reports the effects of the protests on legislators’ performance. Observation
unit is performance variable of legislator d at time t. Each column presents the result of
an OLS regression where the dependent variable is listed in the column. Column 1 is
at the week level, column 2 at the year level and columns 3 and 4 at the quarter level.
Post is a dummy indicating periods after the protests and Protest Exposure is an index
reflecting the percentage of the legislator’s electorate that lives in a municipality that had
a demonstration: the higher the index, more exposure to the protests the legislator had.
All regressions include time and legislator fixed-effects. Standard errors are clustered by
legislator and displayed in brackets.

To check the significance of these estimates considering we have
a triple interaction with two continuous variables, Figure 4.22 plots the
marginal effect of protest exposure, for five different noise exposure lev-
els (respectively, values of the 10th, 25th, 50th, 75th, and 90th percentiles of
Noise Exposure Index distribution), considering 95% confidence intervals.
We see that although the marginal effect of protest exposure is decreasing
on the noise exposure index, those estimate are not statistically significant.
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Figure 4.20: % budget amendments

Figure 4.21: Presence rate

Figure 4.22: Marginal effect of Protest Exposure Index for Post = 1 and
different levels of Noise Exposure Index. CI at 95%.

We then look on the how reelection incentives work when legislators
are exposed to protest. Table 4.4 presents the result of the same specification
presented in 4-6, but splitting the sample between legislators that decided
to run for reelection in 2014 (N = 366) and those that did not (N = 147).14 We
see in columns (1) and (5) that the previous results for the full sample were
mainly driven by the pool of legislators that decided to run reelection.

14Estimates of Equation 4-4 (without the inclusion of Noise Exposure Index) can be found
at Table 4.9 in the Appendix.
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Table 4.4: Effect of protests on legislators’ behavior - reelection incentives

% budgt. amend. Dummy bill rel. prot. Presence rate
reelection=1 reelection=0 reelection=1 reelection=0 reelection=1 reelection=0

(1) (2) (3) (4) (5) (6)

Post x Protest Exposure 0.856* -1.303 -0.578 -0.602 0.279** 0.370
(0.453) (1.525) (0.518) (0.447) (0.111) (0.263)

Post x Noise 0.137 -0.116 -0.195 -0.280* 0.170** 0.0534
(0.171) (0.318) (0.278) (0.158) (0.0719) (0.0936)

Post x Protest Exposure x Noise -0.898* 1.301 0.634 0.742 -0.319*** -0.433
(0.519) (1.648) (0.562) (0.475) (0.123) (0.290)

Observations 658 243 4,879 1,819 15,635 6,132
Adjusted R-squared 0.575 0.482 0.117 0.112 0.218 0.229
Mean Dep. Var. pre-protest 0.18 0.18 0.18 0.18 0.18 0.18
Time FE Yes Yes Yes Yes Yes Yes
Legislator FE Yes Yes Yes Yes Yes Yes

Notes: This table reports the effects of the protests on legislators’ performance. Observation
unit is performance variable of legislator d at time t. Each column presents the result of
an OLS regression where the dependent variable is listed in the column. Column 1 is
at the week level, column 2 at the year level and columns 3 and 4 at the quarter level.
Post is a dummy indicating periods after the protests and Protest Exposure is an index
reflecting the percentage of the legislator’s electorate that lives in a municipality that had
a demonstration: the higher the index, more exposure to the protests the legislator had.
All regressions include time and legislator fixed-effects. Standard errors are clustered by
legislator and displayed in brackets.

Once again, to test the significance of our protest variable on leg-
islators’ behavior, we plot in Figure 4.25 the marginal effects of our
Protest Exposure Index for the pool of candidates running for reelection.
For presence rate, we do not find significant coefficients. However, results
for the share budget amendments show that, for low levels of noise, protests
affect the pork barrel behavior of legislators. For the median legislator af-
fected by protest ( Protest Exposure Index = 0.451) who was running for re-
election and who faced such low noise level (10th percentile), protests led to
an increase of 4.01 pp on the share of budget amendments related to protests
demands, which represents an increase of 22.5% relative to the pre-protest
mean.
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Figure 4.23: % budget amendments

Figure 4.24: Presence rate

Figure 4.25: Reelection incentives: marginal effect of Protest Exposure Index
for Post = 1 and different levels of Noise Exposure Index for legislators who
run for reelection in 2014. CI at 95%.

This result is in line with our theoretical finding that protests may
work as an accountability mechanism in the persuasion sense by impacting
legislator´s choices, with higher noise leading to worst performance from
legislators. Moreover, the rigidity of Brazil´s budget and the fact that the
federal government has a lot of influence in most of the budget´s decision
and execution still makes the pork barrel dimension would our preferred
measure to explore legislator´s response to protests. Regarding the legisla-
tive duty, there is no significant effect of protest on bills that are related
to protesters’ demands. Elaborating more or less bills, in terms of number
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of bills, does not necessarily mean that protesters had their requests an-
swered. Legislators may introduce legislation with no intention of ensuring
that their bills are passed. Previous studies argue that Brazilian legislators
submit bills, the Chamber registers them, and printed versions are sent to
constituents as proof of legislative effort from the legislator (Novaes (1994)).
However, the fact that legislators are not putting effort in proposing a bill
even if it is just to show it at his bailiwick is an evidence that they do not use
an easy margin to send positive signals when their electorate demonstrates.

With these results from legislators’ behavior, where we find positive
effects of protests only when reelection incentives exist and protesters de-
mands are not noisy, in the next section we then analyze whether voters
decided to punish legislators for their general lack of response in the 2014
elections.

4.6.2
Protests and Electoral Accountability

Considering rational voters, we expect them to condition their voting
decision on incumbents’ behavior. In this section we test whether legislators
who responded more positively to protests were rewarded in the national
elections following protests occurrence. To test the electoral accountability
mechanism of protests, we analyze how each municipality that experienced
a protest distributed its votes among incumbents who had a seat at the Na-
tional Congress during June 2013. We constructed a balanced panel, present-
ing vote share in a 0-100 scale. Table 4.5 present the result of equation 4-10.
Column (1) shows that, conditional on legislator-municipality fixed charac-
teristics, incumbents were punished in municipalities with protests occur-
rence: on average, they lost 0.17 pp, which represents a decrease of 15.7%
regarding the votes they received in the previous election.
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Table 4.5: Effect of legislators’ behavior on electoral accountability

Dep. Var.: vote share (1) (2) (3) (4)

Post -0.174*** -0.273 -0.254*** -0.478***
(0.0282) (0.212) (0.0357) (0.119)

Post x % budg. amend. protest 0.131
(0.258)

Post x Dummy bill rel. protest 0.181***
(0.0442)

Post x Presence rate 0.369***
(0.140)

Observations 26,344 25,960 26,344 26,344
Adjusted R-squared 0.870 0.869 0.870 0.870
Number of periods 2 elections 2 elections 2 elections 2 elections
Number of legislators 366 360 366 366
Mean Dep. Var. pre-protest 1.11 1.12 1.11 1.11
Legislator-municipality FE Yes Yes Yes Yes

Notes: This table reports the effects of the protests on legislators’ performance. Observation
unit is performance variable of legislator d at time t. Each column presents the result of
an OLS regression where the dependent variable is listed in the column. Column 1 is
at the week level, column 2 at the year level and columns 3 and 4 at the quarter level.
Post is a dummy indicating periods after the protests and Protest Exposure is an index
reflecting the percentage of the legislator’s electorate that lives in a municipality that had
a demonstration: the higher the index, more exposure to the protests the legislator had.
All regressions include time and legislator fixed-effects. Standard errors are clustered by
legislator and displayed in brackets.

As our main interest is on whether legislators’ responses to protest
correlate to voters’ decision to punish or reward incumbents, columns (2)
- (4) present the result of the interaction between legislators performance
measured by the post-protest average on the outcomes previously evalu-
ated. We find positive and significant effect of legislators’ response in form
of proposal of bills and presence in plenary. For legislators who proposed
at lest 1 bill related to protest in the period after the protest, we see that
voters still punish incumbents in the 2014 elections, but they punish less –
the decrease of the votes from a municipality with protest is 0.07 pp, which
represents a decrease of 6.6% relative to the 2010 election. Regarding pres-
ence in plenary, we see that the median legislator receives 0.16 pp less votes
in , while legislator at the 90th percentile on the presence rate post-protest
average distribution gets 0.12 pp.

To end up, we incorporate our measure of noise in each municipality
to check how noisy demand might have positively allow voters to separate
legislators with high performance after the protest vs. legislators with low
performance. To do that, we split our municipalities sample into those ones
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that present high level of Noise Indexm (above median) from municipalities
with low Noise Indexm. Our theoretical model predicts that in municipalities
where protesters messages were more noisy, voters would more easily
distinguish between legislators that respond more positively to protests’
demands. Thus, we expect municipalities above the median on the noise
index to have bigger coefficients for the correlation of performance with
vote share.

Table 4.6 presents the results, in where we only find significant coeffi-
cients for regression that refer to the legislative duty of legislators. Columns
(3) and (4) show that legislators that presented at least one bill related to
protest demand after June, were rewarded with 0.04 pp on the vote share,
which represents an increase of 3.3% in the vote share from past elections.
On the other hand, in the municipalities that presented less noisy demands,
the increase is smaller, of 0.02 pp, representing an increase of 2.2% in the
pre-protest vote share.

Table 4.6: Noise and electoral accountability

High noise Low noise High noise Low noise High noise Low noise
Dep. Var.: vote share (1) (2) (3) (4) (5) (6)

Post 0.0111 6.34e-05 -0.0801*** -0.136*** -0.206 -0.259*
(0.0782) (0.0879) (0.0281) (0.0341) (0.130) (0.151)

Post x % budg. amend. protest -0.0598 -0.0918
(0.0987) (0.107)

Post x Dummy bill rel. protest 0.117*** 0.161***
(0.0354) (0.0442)

Post x Presence rate 0.216 0.237
(0.158) (0.182)

Observations 14,826 11,134 15,050 11,294 15,050 11,294
Adjusted R-squared 0.885 0.892 0.884 0.894 0.884 0.893
Number of periods 2 elections 2 elections 2 elections 2 elections 2 elections 2 elections
Number of legislators 326 353 332 359 332 359
Number of municipalities 241 192 241 192 241 192
Mean Dep. Var. pre-protest 1.12 1.13 1.11 1.13 1.11 1.13
Time FE Yes Yes Yes Yes Yes Yes
Legislator-municipality FE Yes Yes Yes Yes Yes Yes

Notes: This table reports the effects of the protests on legislators’ performance. Observation
unit is performance variable of legislator d at time t. Each column presents the result of
an OLS regression where the dependent variable is listed in the column. Column 1 is
at the week level, column 2 at the year level and columns 3 and 4 at the quarter level.
Post is a dummy indicating periods after the protests and Protest Exposure is an index
reflecting the percentage of the legislator’s electorate that lives in a municipality that had
a demonstration: the higher the index, more exposure to the protests the legislator had.
All regressions include time and legislator fixed-effects. Standard errors are clustered by
legislator and displayed in brackets.
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4.7
Conclusion

Although the political economy literature has extensive work on elec-
tions as an accountability mechanism, less is known about other social ac-
countability mechanisms, such as protests. In particular, to the best of our
knowledge, no work has analyzed the effect of the quality of the informa-
tion delivered by protesters on accountability.

Theoretically, our modelling strategy was to model protests a noisy
Bayesian persuasion mechanism. We show that while protests can be suc-
cessful as an accountability mechanism from a persuasion perspective –
protests can induce government´s to behave as voters want. However, the
noisier the protest message, the less successful protest would be. In fact,
they can ex-ante unsuccessful if the level of noise is ”too high”. We then fol-
lowed with how noise impacts electoral accountability. Interestingly, noisier
protests can help protesters to separate high from low quality politicians –
and so, improve electoral accountability, conditionally on the policy action
delivered by politicians after the protest. The intuition from the result is
the following. Noisier protests are harder to read from the perspective of
the politicians. Therefore, if the voters observed the politician has delivered
their preferred action, they attach higher probability that this is a high qual-
ity politician.

We then followed to estimate the effect of Brazil mass street protests
on both legislators and voters behavior. We have found empirical evidence
that the quality of information provided in protests matter for accountabil-
ity, in particular to accountability as persuasion – voters getting what they
want from the government. In fact, we find positive significant effects from
protests only for low levels of noise and when reelection incentives are at
stake: "sharper" protests mean higher pork barrel spending by legislators
that were exposed in their congressional basis protests. This evidence goes
in line with recent research that show that street movements with clear
goals, such environmental concerns, can lead to long-term effects on citi-
zens’ beliefs and behavior (Hungerman and Moorthy (2022)).

We see our findings as important for understanding the effects of
social accountability mechanisms, such as mass street protests, on political
accountability. In particular, it is important to disentangle the intensity of
protests from the how clarity of the message that is delivered by them to
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politicians. If citizens go out to protest, some level of coordination seems
required so that protests can be a success persuasion mechanism.
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4.8
Appendix

4.8.1
Figures

¨

Figure 4.26: Municipalities that experienced at least one protest in 2013.
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Figure 4.27: Number of protesters and municipalities that had a protests
from June 17th till June 30th.

Note: Data from G1.
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4.8.2
Tables

Table 4.7: Protest occurrence by state

State % municipalities that had a protest
% population that lives in a
municipality that had a protest

DF 100,0% 100,0%
RJ 41,3% 84,4%
RS 19,8% 70,7%
SP 16,3% 69,5%
RR 13,3% 68,5%
AP 6,3% 59,5%
SC 10,9% 52,6%
AM 3,2% 52,5%
MS 7,7% 51,9%
ES 12,8% 50,9%
AC 9,1% 47,8%
GO 6,9% 47,7%
RO 9,6% 45,8%
MG 5,5% 44,4%
PR 4,3% 43,5%
RN 1,8% 40,0%
AL 2,0% 36,7%
CE 2,2% 35,6%
PI 1,8% 34,3%
TO 3,6% 34,3%
BA 2,6% 33,2%
PB 1,8% 31,0%
PE 4,3% 28,4%
SE 1,3% 27,6%

MA 2,8% 23,8%
PA 0,7% 18,4%
MT 0,7% 18,2%

Notes: Data from protests collected from G1, a news website. Population data extracted from 2010
census.
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Table 4.8: List of words used for Twitter query

Protest tweets Demands
(1) (2)

protest educacao
manifest saude

movimento passe livre hospitais
democracia hospital

nao e so por 20 centavos medico
nao e por 20 centavos corrupcao
naoesopor20centavos copa
naoepor20centavos estadio

ogiganteacordou roub
o gigante acordou pec37

vemprarua transporte
vem pra rua passagem de onibus

govern passagem do onibus
prefeit preco do onibus

deputad seguranca
vereador

congresso nacional
senado
politico

presidente
eleicao

Notes: Twitter API uses a "fuzzy matching" technique for it queries, which allow us to find tweets
using only the root of the words.
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Table 4.9: Effect of protests on legislators’ behavior - reelection incentives

% budgt. amend. Dummy bill rel. prot. Presence rate
reelection=1 reelection=0 reelection=1 reelection=0 reelection=1 reelection=0

(1) (2) (3) (4) (5) (6)

Post x Protest Exposure 0.0188 -0.0800 0.00463 0.0734 -0.00874 -0.0343
(0.0497) (0.0776) (0.0349) (0.0543) (0.0160) (0.0314)

Constant 0.175*** 0.184*** 0.109*** 0.0824*** 0.840*** 0.797***
(0.00858) (0.0121) (0.00618) (0.00856) (0.00430) (0.00751)

Observations 658 243 4,879 1,819 15,635 6,132
Adjusted R-squared 0.575 0.485 0.117 0.112 0.218 0.229
Mean Dep. Var. pre-protest 0.18 0.18 0.18 0.18 0.18 0.18
Time FE Yes Yes Yes Yes Yes Yes
Legislator FE Yes Yes Yes Yes Yes Yes

Notes: This table reports the effects of the protests on legislators’ performance. Observation unit is
performance variable of legislator d at time t. Each column presents the result of an OLS regression
where the dependent variable is listed in the column. Column 1 is at the week level, column 2 at
the year level and columns 3 and 4 at the quarter level. Post is a dummy indicating periods after
the protests and Protest Exposure is an index reflecting the percentage of the legislator’s electorate
that lives in a municipality that had a demonstration: the higher the index, more exposure to the
protests the legislator had. All regressions include time and legislator fixed-effects. Standard errors
are clustered by legislator and displayed in brackets.
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C
Proofs

C.0
Proof of Proposition 4.1

Prova. Fix µ = Pr(ω = 1) ∈ (0, 0.5) and a = 1 the action protesters would
prefer the government to choose. The protesters will choose the fourthuple
(qL

0 , qL
1 , qH

0 , qH
1 ) of probabilities:

π(s = 0|ω, L) π(s = 1|ω, L)
ω = 0 1 − qL

0 qL
0

ω = 1 1 − qL
1 qL

1

π(s = 0|ω, H) π(s = 1|ω, H)

ω = 0 1 − qH
0 qH

0

ω = 1 1 − qH
1 qH

1

Table 4.10: Signal structure for low and high types of government.

The choice of the fourthuple (qL
0 , qL

1 , qH
0 , qH

1 ) is such that the expected
payoff of protesters is maximized. Recall that the protesters only receive
payoff of 1 when a = 1 and the government delivers a = 1 whenever
Pr(ω = 1|s′) > 0.5. Therefore, the protesters will solve this system of
four inequalities Pr(ω = 1|s′ = 0, τ = H) ≥ 1

2 , Pr(ω = 1|s′ = 1, τ =

H) ≥ 1
2 , Pr(ω = 1|s′ = 0, τ = L) ≥ 1

2 , Pr(ω = 1|s′ = 1, τ = L) ≥ 1
2 .

We will use Baye’s rule for the updates. Let’s start with the high type of
government, recalling that the type of government and the true state of the
world are independent. Let’s start with s′ = 1 recalling that for the high
type of government, s′ = 1 can only happen when s = 0, since there is no
noise in the communication channel:

Pr(ω = 1|s′ = 1, τ = H) =
Pr(s′ = 1|ω = 1, τ = H)Pr(ω = 1)

Pr(s′ = 1)
≥ 1

2

=
qH

1 µ0

qH
1 µ0 + qH

0 (1 − µ0)
≥ 1

2

µ0

1 − µ0
≥

qH
0

qH
1

(4-15)
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Now let’s assume s′ = 0:

Pr(ω = 1|s′ = 0, τ = H) =
Pr(s′ = 0|ω = 1, τ = H)Pr(ω = 1)

Pr(s′ = 0)
≥ 1

2

=
(1 − qH

1 )µ0

(1 − qH
1 )µ0 + (1 − qH

0 )(1 − µ0)
≥ 1

2

µ0

1 − µ0
≥

1 − qH
0

1 − qH
1

(4-16)

First, note that the likelihood ratio delivered by the inequality 4-15
is inconsistent with the inequality delivered by 4-16. However, since the
payoff of the protesters is increasing in qH

0 and qH
1 , we find that the solution

of this problem is given by qH
1 = 1 and with 4-15 holding with equality,

which delivers qH
0 = µ0

1−µ0
.

Now we have to find the optimal solutions for the case in which the
government is low type. We start with s′ = 1. Now, since τ = L, s′ = 1
because there was no noise and so s = 1 or because there was noise and
s = 0. Recall that the noise process is independent of the type of the
government and of the state of the world and note that and Pr(s′ = 1|ω =

1, τ = L)Pr(ω = 1) = (Pr(s′ = 1|ω = 1, τ = L, s = 1) + Pr(s′ = 1|ω =

1, τ = L, s = 0))Pr(ω = 1) Pr(s′ = 1) = (Pr(s′ = 1|ω = 1, τ = L, s =

1) + Pr(s′ = 1|ω = 1, τ = L, s = 0))Pr(ω = 1) + (Pr(s′ = 1|ω = 0, τ =

L, s = 1) + Pr(s′ = 1|ω = 0, τ = L, s = 0))Pr(ω = 0).

Pr(ω = 1|s′ = 1, τ = L) =
Pr(s′ = 1|ω = 1, τ = L)Pr(ω = 1)

Pr(s′ = 1)
≥ 1

2

Using the definitions for Pr(s′ = 1|ω = 1, τ = L) and for Pr(s′ = 1)
from above and the fact that the payoff of the protesters is increasing in qL

0

and qL
1 , with simple algebra we find that the optimal probabilities are qL

1 = 1
and qL

0 = µ0−ϵ
(1−µ0)(1−2ϵ)

. For qL
0 to be a probability we require that (i) µ0 > ϵ

and ϵ < 0.5 or (ii) µ0 < ϵ and ϵ > 0.5. Since ϵ < 0.5 is not only the most
intuitive assumption – a small error – but also the only one that matches the
equilibrium we are describing here, we follow with (i).

Since we have the fourthuple (qL
0 , qL

1 , qH
0 , qH

1 ), we can go back and
compute the posteriors for all types of government. With simple algebra
we find the posteriors mentioned in Proposition 4.1. ■
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