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T he year 2020 imposed historic challenges for Brazil
and the rest of the world, while dramatically accelerating
the arrival of the future. The coronavirus pandemic
caused changes to the economy and society in a matter

of months, which would otherwise have taken decades
to materialize.

A L EA I I N I o In this context, FGV, which was founded 76 years

ago in order to promote Brazil’s development, mobilized
all its forces, in various areas of activity, from research
T H E F U T U R E to teaching, from economics to public health, in order to
innovate. Much more than just adapting to the pressing
needs generated by the pandemic, FGV invested to

make a leap forward in its scientific production and in
the implementation of new processes and technologies.
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Today, it is necessary to generate more
effective and efficient public and employment
policies. It is necessary to move toward a
more modern and inclusive health system, an
education structure that embraces technology
and puts Brazilians on an equal footing with
developed nations and a regulatory framework
that makes the country competitive and attracts
investments continuously.

Without a doubt, the year 2020 highlighted
the need to start building Brazil in the next 50 years.
And to achieve this goal there is only one path: to
generate, teach and apply cutting-edge knowledge.

Based on this principle, FGV was able in
just one week to digitize its entire teaching and
research infrastructure, in a process that involved
support and training for professors and students
regarding the implementation of new technological
and educational tools.

The results were seen throughout the year, as FGV’s schools maintained and improved
their performance at the top of the Brazilian Education Ministry’s General Course Index, in
unprecedented circumstances. FGV was also rated the world’s third best think tank and the
best administered think tank in the University of Pennsylvania’s 2020 Global Go To Think Tanks
Index Report.

Also in 2020, FGV obtained more maximum scores for its courses in Guia da Faculdade,
a university guide published by Quero Educac¢ao in partnership with the O Estado de S. Paulo
newspaper, than any other private sector institution in Brazil. Internal evaluations of students also
gave all FGV’s schools and teaching centers (which operated completely remotely) top marks.
In another clear reflection of its commitment to excellence and innovation, FGV became the first
education institution in Brazil to use cloud-based virtual laboratories.

This is a legacy that will extend far beyond the past year. In order to face and overcome the
harsh effects of the pandemic, multidisciplinary coordination between FGV’s different spheres and
national and international partners has been expanded exponentially, as well as the scope of various
broad initiatives and projects in areas such as applied mathematics, epidemiological mapping,
security, artificial intelligence, data protection legislation, public and private administration, national
defense, macroeconomics and urban mobility.

The ability to leverage new forms of communication and knowledge production, imposed at
a speed that was previously unthinkable, will result in an organization that is infinitely more agile,
accessible and global.

In this way, FGV is better prepared to make major contributions to Brazil’'s economic productivity,
quality of life, social inclusion, the efficiency of public and private sector services and sustainable
development, helping put Brazil at the international forefront of scientific development and
applications, for the benefit of all Brazilians.
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n order to pursue its mission, which is to promote
Brazil’'s socioeconomic development, FGV carries out
research and studies that underpin public discussion
between researchers and representatives of the public
and private sectors.

Evenin an atypical year like 2020, the dissemination
of knowledge through academic research produced by
FGV’s different areas did not stop.

Among this extensive intellectual output, 15 applied
research projects were selected by FGV’s Research and
Innovation Commission, which deserve to be highlighted
due to their contribution to the advancement of social
sciences and their impact on society.

APPLIED RESEARCH PROJECTS
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O WATER RESOURCES
REGULATION IN BRAZIL

his paper examines the desirability and feasibility of creating water markets to promote
Tthe efficient reallocation of water in Brazil, a country with abundant but unevenly
distributed water. A first-principles analysis shows that water markets may dominate other
instruments, including water pricing (that is, a price above and beyond the cost of storing

and transporting water, to reflect water scarcity).

(@ OBJECTIVE

e To examine the advantages and feasibility of

creating water markets in Brazil as to promote
efficient reallocation of the resource.

Author:
Joisa Dutra

Researches:
Flavio Menezes, Juliana Smiderle,
Morganna Capodeferro and Pedro Engel

Organization:
Center for Studies and Regulation
of Infrastructure (CERI)

Support:
Inter-American
Development Bank (IDB)

® ANNUAL REPORT 2020
L]

@ RESEARCH METHODOLOGY

The paper presents an analysis of the legal, regulatory and political frameworks of water resource
management in Brazil. To assess the feasibility of water markets, a readiness assessment is
conducted to identify the main barriers to the creation of water markets in Brazil considering the
following components: (i) regulatory structure of water use rights; (ii) institutional governance;
(iii) availability of data; (iv) operational rules; (v) existence of a market for trading water use
grants; and (vi) provisions to deal with externalities. Policy recommendations are then provided
on how to overcome the barriers identified in the analysis. For illustration purposes, the gains
are simulated from a water market in the Sao Marcos River Basin, where agriculture and
hydroelectricity generation activities compete for existing water resources.

(@ RESULTS

The first-principles economic analysis shows that water markets can dominate water pricing
mechanisms. The readiness assessment undertaken identifies some legal and institutional barriers
to the creation of water markets in Brazil. Hence further reforms are advisable to promote efficient
water markets. Policy recommendations are then provided to overcome the barriers identified in
our analysis. The case study of the S&do Marcos River Basin indicated that the creation of a water
market could lead to more efficient allocation and welfare gains.

@ WHAT’S NEW

Aiming to assess the potential gains from the implementation of water markets in
Brazil, we simulate a market for the Sdo Marcos River Basin. Assuming a scenario
where the market regulator imposes a restriction on the use of water that generates
30 percent excess demand with prices set to zero, we find that, if a linear rationing
system is applied, total loss of welfare would be 30 percent. However, if a market for
water exists and works in a competitive way, we estimate that the total loss of welfare
would be only 2.5 percent. The case study highlights how the creation of a water
market can overcome inefficient allocation.

APPLIED RESEARCH PROJECTS




@ LATIN AMERICAN URBAN BIG DATA:

A PANORAMA OF THE PUBLIC AND PRIVATE DATA —
AVAILABLE ON THE CITIES OF SAO PAULO,
(@ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY MONTEVIDEO, QUITO, XALAPA AND MIRAFLORES

Conflicts over water use have become increasingly frequent in many areas across
Brazil, and they are likely to be aggravated by climate change and soaring demand.
Additionally, the existing mechanisms for addressing water scarcity are inefficient
in that they do not incentivize the reallocation of water towards its highest value
use. In this sense, this paper examines the desirability and feasibility of creating anaging cities and conceiving public policies in a context of increasingly fast social
water markets to promote the efficient reallocation of water. The readiness M

assessment developed in the paper can be adapted and extended to improve
water management in areas plagued by conflicts among multiple uses.

and technological changes are challenges that have led to debates and reflections
in various sectors of society. But at the same time new technologies are introduced,
many cities have low capacity to transform the data generated into relevant information.
This causes loss of an opportunity to resolve public problems and promote social and
economic development based on these data. This investigation identifies to what extent
the urban data are available and accessible regarding five Latin American cities - Sao
Paulo, Montevideo, Quito, Xalapa and Miraflores - and verifies the quality of these data
for the purposes of planning sustainable urban policies. Based on this analysis, the study
describes a consistent prognosis and makes a set of recommendations to improve the
publication of data and create opportunities to model public policies for open innovation

and generate public value attributed to the available open data.

(@ OBJECTIVE

e The general objective of this study was to
identify opportunities to use data to resolve
complex public problems on themes that
are strategic for the development of five
Latin American cities: Miraflores (Peru),
Montevideo (Uruguay), Quito (Ecuador),
Sao Paulo (Brazil) and Xalapa (Mexico).

Author:
Ciro Biderman

Researchers:
Fernanda Campagnucci,

Luiz Fantozzi Alvarez, Lycia Lima
and Patricia Alencar Silva Mello

Organization:
Sao Paulo School of Business Administration
(EAESP), Rio de Janeiro Law School (Direito
Rio) and School of Applied Mathematics (EMAp),
all of Fundacao Getulio Vargas (FGV)

Support:
Applied Research Fund of Fundacao
Getulio Vargas (FPA FGV) and Inter-
American Development Bank (IDB)
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(@ RESEARCH METHODOLOGY

Detailed mapping was carried out on the availability of data on the five cities studied, along with
in-depth analysis of the quality of the data of interest.

Preliminary investigation and analysis:
* Interviews with key public officials to identify government programs, open data projects and
themes of potential interest.

» Classification into five thematic groups (Social and Human Development; Urban Development;
Economic Management and Development; Environment; and Mobility) and creation of 13
categories and 51 subthemes.

e Active search for data pertaining to each subtheme in each city at the portals indicated by city
managers and various administrative bodies and entities responsible for public policies in each
city that could potentially present disaggregated databases.

Analysis of the quality of the databases:
* Validation of the mapping with representatives of the cities.

» Definition and validation of the scope of analysis to detail the quality of available databases.

 Construction of a matrix for evaluation of the data quality, according to international open
data standards.

Consolidation:
e Analysis of the quality of the databases according to the evaluation matrix constructed.

*  Formulation of recommendations to qualify and publish the data.

* l|dentification of opportunities for analysis of public policies and generation of public value
with the available data.

(@ RESULTS

The quantity and quality of the open data found for each city investigated varied widely. However,
the problems initially diagnosed are common among all of them: (i) discontinuity of programs and
projects due to changes in the political cycle and interruption of programs; (ii) inoperable links,
obsolete databases or websites that no longer publish data or do not update existing data; and (iii)
dispersion of data in many websites, including in cities that declare they have open data portals.

All told, 289 open databases were found in the five cities, on themes related to local sustainable
development. Given the characteristics of these, five groups were formed: mobility and environment;
social and human development; urban development; management; and economic development.
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Each of these bases were evaluated according to the degree of availability, by municipality
and by theme. Recommendations were formulated to improve the process of publishing data
in these cities:

¢ Declaration of frequency.

This is fundamental information for effective publication - including for alignment of the
expectations of users and to avoid individual requisitions of data. Seventy-six percent of the
databases analyzed in the cities did not specify the frequency of updating. In cases when data
are produced promptly, without forecast for new publications, it is important to indicate this
information to users. It is recommended to make a distinction between the last update of data
on the platform and the last date of checking the data at its source, which can be very useful
for users of these data.

e Specification of the license.
For data to be considered open, the data must be covered by an open license, allowing its reuse
without the need without the need to request permission. It is important for this permission
to be specified at the site of publication, in the metadata archives or in both places. Some
governamental bodies can opt to use different types of licenses, as long as they allow freedom
of redistribution and reutilization. The only recommendation is that the declaration of license
should be easily locatable in the context of publication of the data.

¢ Availability of open format alternatives.
In general, the databases analyzed are machine processed, i.e., data are published in a
structured format that allows automated reading. It is necessary, however, that the file format
also be open, or not proprietary. The open standards allow access by free software or any
other program intended for that purpose.

e Documentation and metadata.
It is necessary to provide good documentation so as to avoid mistaken interpretation of users,
in the form of a data dictionary containing description of the variables and other fundamental
information, such as its source, where the data were collected, the body responsible for
collection and other characteristics. Gathering information about the data in a metadata file
would be an important improvement in various situations.

e Completeness.
It is possible for databases to
contain gaps (missing data).
These cases should receive some
type of treatment, so that users
are informed of the reason for the
absence of values in databases.




CREATION OF A CONSUMER PRICE INDEX

@

(@ WHAT’S NEW

In the past decade, a debate has been growing about the so-called “evidence-based public
policy”, which can be defined as the formulation and evaluation of policies guided by data,
massive (big data) or not, and the use of digital analysis methods. In this context, data can be
used in innovative ways for characterization, analysis and resolution of public problems.

Initiatives are under way for joint use of open databases from administrative sources (such as
statistical microdata) and private sources of information, only sometimes publically available. This
potential connection, however, is little explored, as is the use of advanced analyses of information
and techniques for data mining and segmentation of profiles, predictive analysis and other tools
currently available.

The evaluation of the availability and quality of data, the identification of gaps and indication
of replicable practices and strong points are opportunities for cities to improve their open
data policies.

@ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY

The investigation allowed identifying opportunities for analysis, formulation and
evaluation of public policies based on evidence. With the mapping of the open
data in the five cities, information was obtained that can potentially allow the
realization of analyses of policies on use of these tools, aiming to resolve pressing
problems in the areas of mobility, environmental quality, education and health,
etc. For example, these data can be enriched if connected to external tools and
made available to the public, such as via Waze, a mobile phone application used
by millions of people around the world to trace out routes - and present in the five
cities. In particular, it would be possible to construct a model to forecast accident
rates based on the high-frequency data on speed obtained from the application
and historical georeferenced data on traffic of the cities.

Notwithstanding the various possibilities for application, these will not be possible
without a first step, consisting of the investigation of data said to be open. This was
the scope of the present investigation, representing a starting point from which
mapped and evaluated data have their state of openness carefully demonstrated
so that it will be possible to envision their potential use as inputs for production of
studies and tools for other initiatives that make use of cross-referencing data in the
ambit of the cities involved in this study.
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BASED ON WEB INFORMATION (IPC-W) —

Based on the initiative called “The Billion Prices Project” (BPP), developed by Professor
Alberto Cavallo of MIT, as described in Cavallo and Rigobon (2016)', the project has
created the potential to reduce the costs of gathering data and calculating traditional

indexes, besides providing more disaggregated information with higher frequency regarding

price levels.
(@ OBJECTIVE (@ RESEARCH METHODOLOGY
e To construct a price index using only The first stage of the project was to collect
data collected online. data. For this purpose, we identified the most

important dimensions of the current Consumer
Price Index (IPC - calculated by FGV IBRE)
and data providers. Then we defined a robust
and scalable process for gathering data on
prices available online. The second stage was
calculation of the index numbers using the
collected data. Therefore, we classified the
products within the structure of products used
by FGV IBRE, treated them to deal with the
idiosyncratic characteristics of these data, and
finally aggregated them to calculate an index
number. These steps are described in more
detail below.

Authors:
Eduardo Fonseca Mendes,
Renato Rocha Souza and Vagner Ardeo

Researchers:
Antdnio Luiz Sombra de Medeiros,

Delson Barros, Julio Cesar Vieira, Luiz Geron,
Pedro Guilherme Ferreira, Renato Aranha,
Taise Ferraz Lyra and Yasmin Ferreira

Organization:
School of Applied Mathematics (EMApP)
and Brazilian Institute of Economics (IBRE)

Support:
Applied Research Fund of
Fundacdo Getulio Vargas (FPA FGV)

'Cavallo, Alberto, and Roberto Rigobon. 2016. “The Billion Prices
Project: Using Online Prices for Measurement and Research”.
Journal of Economic Perspectives, 30 (2): 151-78.
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Choice of the dimensions and providers

We determined that the first dimension covered by the project would be “foods”, because these
products have heavy weighting in household budgets. Subsequently, other groups can be included,
such as white goods (refrigerators, stoves, etc.), pharmaceuticals, stationery and clothing.

We selected online supermarkets - some with regional presence and others national - to start the
process of extracting prices.

Collection of prices - “Price Collector”

The web scraping of the data is the most critical stage of the project, and also the one that demands
the greatest maintenance efforts. To enable the extraction of prices from the original welbsites, it is
necessary to circumvent some protection measures, such as blocking of IPs, restriction on access
of robots or random listing of products, among others.

FGV’s School of Applied Mathematics (EMAp) developed “Price Collector”, a tool that automates
and unifies the process of gathering data, with the objective of obtaining the largest number of prices
with the minimum requisitions, in distributed form. The software’s functioning is simple:

1. It builds a daily list of data providers (sites-departments) and allocates robots to carry out
the price collection process.

2. New products are added to the database and prices are updated in case of changes. Products
not found are marked as “removed”.

3. Additional information (SKU, description etc.) also is collected.

4. At the end of the process, statistics from the extracted data are generated.

Only the deltas (differences) of prices since the last visit are stored. Therefore, if a price remains
the same, only the date of the visit is updated. This strategy keeps the database cleaner. However,
to obtain the history of prices, it is necessary to “hydrate” the database. It is possible to determine
if a product needs to have the price normalized by the weight, which is done during the process of
reconstructing the analytic base.

Database

The extractionstructure requires a high-performance database server, because with eachinteraction,
the robot inserts a large quantity of data. The structure of the database and the computer programs
take into consideration the reduction of its size and minimization of requisitions.

Post-processing of the data

After collection, the products are classified within the structure supplied by FGV’s Brazilian Institute
of Economics (IBRE). Due to the large number of products extracted, it was necessary to develop
a process of whitelisting and blacklisting for each of the categories. In the first step, only the
products containing certain keywords in their name/description enter the process. Next, products
containing other keywords are removed. Although simple, this algorithm is robust, although it does
depend on human intervention to create these lists. A tool was developed to facilitate the creation
of lists for a base of products.
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Calculation of the index

After extraction and classification of the products, the next process is to calculate a price variation
index. Traditionally, a sampling plan is defined containing specific products about which data are
collected manually in stores and supermarkets. The BPP selects URLs for online collection of the
prices of these selected products. In this project, we extracted all the products listed, which posed
challenges about how to aggregate the products.

Some of these challenges are: possible sources of sample bias; lack of representativeness of some
products; identification of “gourmet” products; cost of delivery of products; and large quantities
of missing data, among others. The evaluation of the sample bias is a separate problem that
must be carefully studied in the future. The lack of representativeness of some products (such
as French bread) can be overcome by increasing the number of providers. However, this can still
generate a possible bias if the dynamic of prices of online and offline providers is different, such as
online supermarkets versus bakeries. In this study, the product delivery cost was ignored, but this
should be taken into account for precise calculation of the final price variation. The processing of
“gourmet” products requires a division in the classification of products and can be identified using
techniques for detection of groups. The aggregation of product prices requires a minimum number
of observations distributed in the period.

After the data has been aggregated, the price variation index is calculated following the same
formula utilized for calculation with the offline data. An application programming interface (API)
was created in the Python language to carry out these calculations.

(@ RESULTS

The project generated computer programs, a high-frequency price database and studies to
understand the nature of the extracted data. The two main products are the Price Collector and
the database of products and prices extracted from 13 information suppliers.

During the project, price data were collected on more than 50 million products from various
providers, with daily frequency.

(@ WHAT’S NEW

The characteristics of the project are pioneering, given that as yet there is no institution in Brazil
that computes this type of index of online prices. On the other hand, efforts in this respect are
occurring today in the United States (Horrigan, 2013)?, United Kingdom (Breton et al., 2015)3, New
Zealand (Krsinich, 2015)%4, Netherlands (Griffioen et al., 2014)> and Norway (Nygaard, 2015)¢, all
recent and performed by governmental institutions.

2Horrigan, Michael W. “Big Data: A perspective from the BLS”. AMSTAT news: the membership magazine of the American Statistical
Association 427 (2013): 25-27. *Breton, Robert, et al. “Research indices using web scraped data”. Office for National Statistics UK (2015).
“Krsinich, Frances. “Price Indexes from online data using the fixed-effects window-splice (FEWS) index”. Ottawa Group, Tokyo, Japan
(2015): 20-22. 5Griffioen, Robert, Jan de Haan, and Leon Willenborg. “Collecting clothing data from the Internet”. Proceedings of Meeting
of the Group of Experts on Consumer Price Indexes, May. Vol. 2628. 2014. ®Nygaard, Ragnhild. “The use of online prices in the Norwegian
Consumer Price Index”. Statistics Norway (2015).
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LOCATION AND OPERATION OF

As observed by Cavallo and Rigobon (2016), online indexes not only consistently reproduce the
official indexes, they also tend to anticipate them, possibly indicating they are more sensitive to
aggregated shocks. Besides this, they have the ability to approximate hedonically adjusted indexes
in sectors with products that have overlapping life cycles, as is the case of electronic products.

Indexes of online prices have been contributing to the understanding of phenomena related to the
rigidity of prices, as shown by comparing the studies of Cavallo and Rigobon (2015)” and Campbell
and Eden (2014)8, which indicates that the difference in the distribution of price variations depends
on the source used.

@ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY

The most natural extension is the diversification and expansion of the collection of prices to
calculate price indexes. Besides this, given the extensive nature of this collection, it is possible to
construct specific/contextualized indexes.

The most immediate extensions of the project include expansion of the collection of prices, in
relation both to the number of suppliers and the variety of products. The project was focused on
food products, but it could easily be extended to electronics, pharmaceuticals and other products.

The expansion of the price database and increase in the frequency of collection would allow a more
detailed and precise analysis of the spatial and temporal differences in the dynamic of prices at
disaggregated levels, not possible in official indexes, giving reason to continue developing the project.

With regard to the construction of indexes, the data collected online have some particular
characteristics, due to the sale platform, frequency of collection and choice to collect data on
all the products in detriment to an a priori sampling plan. Two of the most relevant points to be
studied in the future are the adherence of an online index to the offline index and the existence of
collection bias, which requires experiments.

Another challenge to be overcome is the maintenance of data collectors, because small changes
to the sites or protection systems can prevent the robots from collecting data. This demand for
continuous monitoring is one of the main challenges in maintenance of the extractors. Over the
long run, it will be necessary to implement a scraper for each provider.

Finally, the database constructed allows performing countless economic studies, such as analysis
of price rigidity, hedonic adjustment of prices, nowcasting of gross domestic product (GDP) and
the IPC, among others. The availability of the database to the academic community will have a
large impact on future studies. —

’Cavallo, Alberto, Brent Neiman, and Roberto Rigobon. “The price impact of joining a currency union: evidence from Latvia”. IMF Economic
Review 63.2 (2015): 281-297. 8Campbell, Jeffrey R., and Benjamin Eden. “Rigid prices: Evidence from us scanner data”. International Economic
Review 55.2 (2014): 423-442.

AN AMBULANCE FLEET UNDER UNCERTAINTY —

he management of ambulance fleets has relied on models and algorithms based on
Toperational research. The majority of the research tools use statistical optimization
models for strategic planning (allocation of ambulances to bases, choice of base locations)
and simulation tools for operational planning (control of routes, choice of ambulances to
be dispatched in response to emergencies and their destinations afterward). This study

proposes a method based on optimization to control the dispatch of ambulances.

(@ OBJECTIVE

¢ Tostudyandproposecomputationalimplementation
of mathematical models for management of
ambulance fleets, to shorten the time of response
and first aid of the Service for Urgent Mobile
Response (SAMU) in the city of Rio de Janeiro.

Authors:
Vincent Guigues and Renato Rocha

Organization:
School of Applied Mathematics (EMAp)

Support:
Applied Research Fund of Fundacao
Getulio Vargas (FPA FGV), National
Council for Scientific and Technological
Development (CNPq) and Service for
Urgent Mobile Response (SAMU)
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(@ RESEARCH METHODOLOGY

An operational model is proposed for resolution of the following questions: (1) after each
emergency call is received at a call center, to determine which ambulance(s) will be dispatched
for this call, or if the call should be put in a queue, waiting for availability of an ambulance; and
(2) after each ambulance that is dispatched concludes its task (treating the victim or taking him/
her to the hospital), to determine its status in the queue for future dispatch or to what ambulance
base to send it.

The formulation allows projections until the end of the relevant time horizon (e.g., the end of the
day), using forecasts of emergency calls in the region considered, i.e., it calculates the impact of
the current decisions on the objective function in the future.

Ambulances can be dispatched from bases and hospitals and from other locales when on the
way to a base, but not when they are in service (traveling to the scene of an emergency, treating
victims at the scene or transporting victims to a hospital). In other words, a “prospective” dispatch
of ambulances is modeled.

In the model, time and space are discretized. Each emergency call is characterized by its time of
occurrence, location and type (to determine the priority). Additional inputs include forecasts of
demand, travel time, service time and routes.

The variables for decision are binary, or can be by highest integer if more than one ambulance
is necessary to respond to a current emergency. All the decision variables are non-negative. The
optimization problems are resolved using the Gurobi™ solver.

Numerical experiments were performed to apply the method to the ambulance management of
the Service for Urgent Mobile Response of Rio de Janeiro (SAMU) using data furnished by SAMU
itself, in particular historical data on emergency calls over the preceding two years received by
SAMU and the locations of the bases and hospitals (10 locations, 33 bases and 9 hospitals).

The optimization model was executed for a planning horizon of one day, and various examples
corresponding to different combinations of number of locales, bases and hospitals.

Finally, the simulator was executed to compute the average waiting time with a strategy for
various examples (combinations of locales, bases and hospitals) in a set of simulated scenarios.
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(@ RESULTS

The average waiting time observed in the simulation with the model was low, much less than the
average waiting time obtained with the current strategy of SAMU.

The numerical results are thus encouraging and the proposed solution method is more efficient
than that currently used by SAMU to dispatch ambulances.

@ WHAT’S NEW

This is the first proposal of a dynamic model for planning ambulance operations that takes into
consideration nearly all the realistic constraints of this problem (to dispatch ambulances from bases
and to response locales according to the capacity of bases and equilibrium of flow at hospitals).

@ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY

Considering the numerical results obtained with the model, we recommend
the integration of the optimization tools developed in the software applied for
management of ambulances by SAMU Rio de Janeiro.

The research line initiated in the project can be developed considering the
following extensions:

1- considering two-stage models to be resolved with decomposition techniques
such as the L-shaped method,;

2 - considering multi-stage stochastic models and formulation of corresponding
dynamic programming equations to be resolved with Stochastic Dual Dynamic
Integer Programming (SDDiP) or ActiveX Data Objects (ADO);

3 -refining the statistical analysis to generate call scenarios that include regressors,
such as population density; and

4 - using decomposition techniques for generation of columns to resolve the
optimization problems identified in the study more quickly.

APPLIED RESEARCH PROJECTS




O THE IMPACT OF THE S/IMPLES TAX REGIME ON
THE PRODUCTIVITY OF BRAZILIAN COMPANIES —_—

The firms act competitively and receive prices for their products as given. They choose the
taxation system together with the choice of the amounts of capital and labor used in production.
The key variable to maximize in the choice of the taxation system is profit. In other words, it
is possible for a firm to choose lower sales revenue so as to be taxed at a lower rate, and thus
obtain higher after-tax profits.

Therefore, it is possible for the overall productivity of the economy to decline because highly

This study analyzes whether the tax incentives of the Simples regime (only applicable
productive firms choose to remain small to be eligible for a lower tax burden.

to small businesses, based on revenue) are generating any distortion in the size of

Brazilian companies, and thus negatively contributing to aggregate productivity in Brazil.

(@ RESULTS

OBJECTIVE RESEARCH METHODOLOGY . . - . . .
@ @ The Simples not only simplifies the assessment and collection of taxes by charging a single levy,

e To evaluate if the tax incentives
granted by simplified taxation regimes
are generating barriers to increased
productivity of Brazilian companies.

Authors:
Fernando de Holanda Barbosa Filho
and Melina Rocha Lukic

Organization:

Rio de Janeiro Law School (Direito Rio)
and Brazilian Institute of Economics
(IBRE)

Support:
Applied Research Fund of
Fundacédo Getulio Vargas (FPA FGV)
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Initially, a numerical evaluation was conducted
of the characteristics of the tax regimes in Brazil
(Real Profit, Presumed Profit, and Simples), with
simulations of the profitability of firms operating
under the three regimes.

Then the incentives were analyzed of the
different taxation systems regarding the choice
between labor and capital, by comparing the
capital/output ratio obtained under the three
different tax regimes.

Finally, to show the possible impacts that
different tax regimes can have on resource
allocation and economic productivity in general,
a simulation was carried out with distinct firms
that aim to maximize their profits.

r‘i.
B T g-'t
g =

it also strongly reduces the overall tax obligation, especially on labor. The lower taxation causes
the companies that opt for this regime to generate higher profits, making the system attractive
to them.

However, the Simples regime generates important distortions:

1 - For being a tax regime on gross revenue, it induces verticalization of the production steps,
since it does not allow using offsetting credits from the taxes on intermediate inputs. With this,
firms can perform tasks internally less efficiently due to the existing tax incentive.

2 - Firms opting for the Simples cannot deduct the ICMS (state value-added tax) on the acquisition
of capital goods, which increases the cost of capital and reduces the cost of labor in relation to
capital. This causes firms subject to the Simples regime to hire more labor and expend less on
fixed assets, resulting in a reduction of the capital per worker ratio, which winds up reducing the
labor productivity of companies.

In the simulation carried out, in which the firm simultaneously chose K and L and the taxation
system under which to operate, the results showed that the possibility of choosing the Simples
regime allowed the firms to increase their profits, but at the same time their labor productivity
declined, generating a negative impact on the aggregate productivity of the economy.
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FISH FARMING AND MALARIA: A MODEL TO

@

(@ WHAT’S NEW

The great majority of studies of the results of the Simples regime have mainly analyzed its
impact on the formalization of companies and workers. This study contributes to the literature
by analyzing the impact of the Simples regime on the labor productivity of firms and overall
productivity of the economy, to show how the incentives granted by this regime affect the
choices of companies.

@ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY

The study shows that the loss of labor productivity of companies that choose the
Simples regime occurs to the extent they increase their profits for the different
revenue brackets, more strongly distorting potentially more productive companies
that are in higher revenue brackets.

It also shows there can be loss of labor productivity to the extent firms invest more
in the labor factor (instead of capital) to remain “small” and remain eligible for the
Simples tax regime.

In this sense, given the distribution of productivity of companies, it would be
possible to estimate the loss of aggregate productivity of the economy, which can
be investigated in future studies.
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CONTROL THE POPULATION OF MOSQUITOES —

ish farming contributes to the transmission of malaria in some parts of the Amazon. It
Frelies on artificial tanks that become attractive sites for mosquitoes to lay their eggs.
This work analyzes the problem of malaria in the region of the Alto Jurud River basin, in the
state of Acre, proposing a system of differential equations for epidemiological modeling,
taking into account the relationship between the lack of maintenance of fish farming tanks

and the prevalence of malaria.

(@ OBJECTIVE

e To mathematically model the impact of the
frequency of cleaning fish farming tanks on the
evolution of malaria in the region of the Alto Jurua
River and to provide recommendations about the
frequency and intensity of this cleaning so as to
eradicate malaria.
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(@ RESEARCH METHODOLOGY (@ WHAT’S NEW
The model developed combines the vector-host dynamic of malaria, the life cycle of Anopheles In recent years, several studies have been published indicating the existence of a relationship
Darlingi mosquitoes, and the cleaning and growth of vegetation on the borders of fish farming tanks. between fish farming and the incidence of malaria, but this is the first work to quantify this

relationship through a mathematical model.
The system includes two types of larval load capacity, representing two classes of fish farming
tanks: those with and without larval predator fish. Both capacities depend on the percentage The study also measures the relationship between the periodic cleaning of fish farming tanks
of border covered by vegetation, which is modeled to obey a differential equation containing and the incidence of malaria. This is a groundbreaking finding.
jumps, more precisely called “impulses”.

The variables of the system are vegetation, susceptible mosquito population, infected mosquito

population, larval population in tanks with predatory fish, larval population in tanks without @ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY
predatory fish, proportion of susceptible human population, and proportion of infected humans.

The model can illustrate both real and possible situations, and it can be adjusted
whenever there are variations of the values of the parameters. It can also be
adjusted for application to similar situations in other places.

Theorems were developed on the asymptotic behavior of the proposed system of differential
equations, and the system was simulated and analyzed numerically.

The numerical values for the parameters of the system were obtained from a literature review and
from interviews and collective activities during a visit to the Alto Jurud River region together
with a team from Fundacdo Oswaldo Cruz (Fiocruz).

The results obtained can serve as the basis for educational campaigns. Greater
awareness of the relationship between malaria and vegetation on the borders of
fish farming tanks can affect people’s behavior, leading to more frequent cleaning
of these tanks.

(@ RESULTS

In theoretical mathematical terms, there were two main results of the study: the first refers to the
total population of mosquitoes, with respect to its convergence to a positive periodic solution or
convergence to zero; and the second refers to the proportion of the human population infected
with malaria, also with respect to its convergence to a positive periodic solution or convergence
to zero. Both theorems supply sufficient conditions in terms of the parameters of the system to
determine its asymptotic behavior.

Another important result of theoretical nature is the extension of previous results to dynamics that
are less regular. This extension provides the abstract backbone of the two previous theorems.

Besides the advances in terms of mathematical modeling, the analysis permitted concluding that
the cleaning of vegetation around the borders reduces the average mosquito population, and
this in turn reduces the rate at which malaria spreads through human hosts.

Numerical estimates of the model show it is biologically impossible to eliminate the population of
mosquitoes by removing the vegetation on the borders, but this removal can lead to a reduction
of the incidence of malaria or even its eradication .
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O THE IMPORTANCE OF PRECEDENTS IN THE
DECISIONS OF THE BRAZILIAN SUPREME COURT

he new Brazilian Civil Procedure Code (enacted in 2015, effective as of 2016) increased
Tthe importance of precedents in the process of judicial decisions, taking a significant
step toward the common law system. In this new context, a relevant aspect to legal practice
is the evaluation of the weight given to precedents in the decisions of the Federal Supreme

Court (STF).

@ OBJECTIVE @ RESEARCH METHODOLOGY
e Toevaluate the importance of precedents The database used in the study was created and
in Brazilian judicial decisions, by analyzing is maintained by the project “Supreme Court in
the set of precedents extracted from the Numbers”, sponsored by FGV Direito Rio.
decisions published by the STF between
2000 and 2018. The network of citations used is the result of

extracting citations from the 1,152,963 decisions
published by the STF between 2008 and 2018
- classified by the Court into 57 categories,
known as procedural classes.

Although the most logical procedure to create
a network of citations would be to use each
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decision as a “node”, since there is no formal

standard in the Brazilian legal system for

citation of precedents, it was not possible to
identify reliably which specific decision of a
determined case was being cited in the text. To
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overcome this limitation, we decided to group
all the voting opinions presented in a case and
use cases as the nodes.

Since each case had multiple decisions (interlocutory appeals, motions, etc.), this method created
some distortions in the network. To minimize the error in the dating of the nodes, we used the date
of the first decision by the STF as the date of the node.

The final representation of the network wound up with 543,759 nodes connected by 2,404,616 links,
where 90.6% of the nodes cited at least one other node, and 21.8% were cited at least once.

The cases and the decisions were grouped into five large groups: constitutional (dealing with the
constitutionality of laws in the abstract), appeals (seeking to reverse the grounds of decisions by
lower courts), criminal (in which the STF has original jurisdiction over accusations against certain
federal public agents), writs (writs of habeas corpus and mandamus) and others (all those not fitting
in any of the previous classifications).

(@ RESULTS

The first conclusion that can be extracted from the analysis is that multiple profiles for citation
exist in the STF, and that different types of cases present distinct behaviors.

In cases involving appeals and writs, the majority of the citations occurred very early in the life
of the case. After the first few years, there was a sharp decrease in the citation of prior decisions,
indicating that their content rapidly lost importance in decisions in new cases.

The activity to oversee constitutionality of the STF had much longer duration, and the decisions
of this type still received a relevant number of citations even 15 years after the original decision.
The majority of these occurred around 8 years after the decision. The citations of cases belonging
to the other groups mostly occurred in a shorter time frame.

The majority of decisions cited a relatively small number of other decisions, while a minority cited
a large number of precedents. Likewise, the vast majority of decisions were cited by a relatively
small number of others, and a very small number of decisions were cited with high frequency.

In any given year, it was more probable that the justices cited cases from recent years, indicating
that decisions had a relatively short life cycle, with the majority of citations being referred to soon
after being rendered.
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STANDARDIZATION AS A STRATEGY TO DEAL

@

(@ WHAT’S NEW

Until this study, no automated search had been conducted of relevant precedents in STF decisions,
partly due to the huge production of the Court and partly because of the technical challenges
resulting from the unstructured nature of STF practises.

This study is relevant regarding the reliance on precedents, considering the singularity of the
Brazilian legal system and the STF.

@ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY

The exploratory analysis developed in this study reveals important challenges to
be overcome by researchers in the future so that technology can have a greater
impact on the practice of law and academic research.

The traditional techniques to measure the centrality of networks cannot adequately
capture the legal relevance of the network of precedents of the Brazilian Supreme Court.

Future studies should quantify, if indeed this is possible, to what extent the
idiosyncratic characteristics of the practice of the STF impact the metrics of the
network of precedents.

® ANNUAL REPORT 2020
L]

WITH THE CASELOAD OF THE SUPREME COURT —

etween 2013 and 2018, each of the 11 justices of the Supreme Court (STF) produced an
Baverage of 9,000 decisions. This study reveals that to attain this result, besides using
the “general repercussion” mechanism - a filter created by constitutional amendment that
enables the STF to select leading cases involving constitutional issues it deems important,
with application to all other analogous cases - the justices have been adopting another

procedure: rendering virtually identical decisions in similar cases.

(@ OBJECTIVE

e Toinvestigate, by quantitative analysis, the textual
similarity among single-judge decisions in cases
involving constitutional review of the STF and its
relationship with the quantity demands for review
of judicial proceedings and the number of decisions
authored by each justice.
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(@ RESEARCH METHODOLOGY

(@ WHAT’S NEW

The dataset of the study was composed of nearly 250,000 individual decisions produced by the
STF over the past six years in constitutional review cases (appeals). The decisions of each justice
composed a separate collection.

Until now, no study had quantitatively and systematically evaluated the content of the huge
number of decisions issued by the STF to discover to what extent the justices use standardization
as a way to deal with their large caseloads.

The decisions were categorized by level of standardization, combining measures of similarity,
techniques for grouping and reduction of size.

o o ) ) ) o @ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY
Initially a process was developed to check the similarity of collections of single-judge decisions

related to constitutional review cases (appeals) of each justice. . ) ) . . o .
One possible application is to verify whether the similarity commonly occurs in

specific parts of decisions. In future works, we intend to use an approach based on
the Word Movers’ Distance method (WMD), which allows evaluating the “distance”
between two documents even when they do not have any words in common.

For verification of the similarity between pairs of decisions, each of them was represented by a
vector of characteristics, following the “bag of words” model, and the similarity was measured
using the “cosine similarity” metric.

We also intend to explore the similarities between the individual decisions of
different judges, to verify which ones tend to reuse each other’s decisions, to
indicate connections between members of the Supreme Court. ——

This was followed by a quantitative analysis covering six years (2013 to 2018), achieved by
hierarchical grouping for categorization of decisions.

The decisions were classified as having maximum, high or low similarity with any other decision,
and the limits of the categories were defined by means of notations made by four law students.

To allow visualization of the data, the vector representation of each decision was reduced to a two-
dimensional vector using the t-Distributed Stochastic Neighbor Embedding technique (t-NSE).

(@ RESULTS

The analysis according to the proposed approach revealed that the Supreme Court justices
produced a significant number of similar decisions.

Despite the recent movement to adopt new textual contents, the standardization was still present
in the years studied, although with less intensity than previously.

Besides this, the use of standardized decisions had a direct impact on the workload of each justice.
The justices who issued more repetitive decisions were those with the largest case load. This
strengthens the idea that writing similar decisions is a strategy to deal with the huge case load.

The justices were more repetitive in years with a larger number of cases, and there were indications
that the decisions tended to become more repetitive as justices’ tenure increased.
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THE TAX BARRIERS TO DONATIONS TO

@

CIVIL SOCIETY ORGANIZATIONS IN BRAZIL

n recent decades, civil society organizations (CSOs) have played an important role in
I Brazil to guarantee and affirm rights. However, their sustainability has been threatened by
low capacity to generate their own resources, the fragility of financing mechanisms and a
scenario of legal uncertainty in the relationship with the State. This study brings arguments
in support of eliminating tax barriers to donations to CSOs by means of improvement of

legislation on the Tax on Causa Mortis Transmission and Donation (ITCMD).

(@ OBJECTIVE

e To obtain a broad view of the taxation of
donations to CSOs from a compared perspective
and in the Brazilian experience (both legislative
and jurisprudential), as well as to provide
economic data for Brazil. Besides this diagnosis,
the study also includes recommendations for
improvements in the legal handling of this
subject in Brazil.
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(@ RESEARCH METHODOLOGY

A database was gathered with data on the taxation of inheritances and donations of 75 countries,
selected according to availability of data, covering all continents.

Two other public databases were structured and analyzed: one containing laws, decrees and other
normative acts related to ITCMD of each of the 26 Brazilian states and the Federal District; and the
other a systematized matrix of the main information regarding this legislation.

We also searched for and analyzed decisions issued by the Federal Supreme Court (STF) and
Superior Tribunal of justice (STJ, the highest court for non-constitutional matters) regarding
ITCMD, since the promulgation of the Federal Constitution of 1988. We sought to identify which
aspects (directly or indirectly) related to this tax were considered by the two courts and what
positions were established.

Finally, we arranged information related to revenues from ITCMD, with analysis of data from 10 states
that disclose the amount of revenue obtained from the ITCMD assessed on donations by legal entities
in 2016 and six states in 2017.

(@ RESULTS

The international experience suggests that the Brazilian system of taxing inheritances and donations
has two intrinsic mistakes: we undercharge those that should be taxed more (persons with greater
wealth in the case of bequests and donations of private interest) and overcharge those that simply
should not suffer taxation (CSOs, in the case of donations).

Since the ITCMD is a tax paid to state coffers, the various laws vary greatly from state to state. This
is aggravated by the absence so far of a federal complementary (enabling) law on the minimum
and maximum rates that can be assessed, so as to more closely harmonize treatment throughout
the country.

In this context, it is hard for a CSO that wants to be sure it is strictly complying with the rules on
ITCMD. This applies both to CSOs that need to pay the tax and those benefited with constitutional
immunity or some other type of state exemption, especially in the case of interstate donations.
In a setting of legal uncertainty, the costs of satisfying all the complex legal parameters are often
simply too great.

The decisions of the STF and STJ on this question are clearly limited, which is revealed in two
main aspects: i) a large number of decisions not judging the merit of the case due to procedural
impediments; and ii) sparse foundations of the decisions addressing the merit, mainly those of the
STJ. But in general, the tendency, especially of the STF, is to assure effectiveness of the immunity
of social assistance and educational institutions, by as broad an interpretation as possible.
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DO DISAGGREGATED DATABASES

®

The low availability of open public data on the ITCMD hamper the understanding of the “profile”
of the associated revenue - the relative weights of inheritances and donations, for example, as
well as the participation of individuals and legal entities in the payment of taxes on donations.

The amount of ITCMD obtained from donations to legal entities (which includes CSOs) represents
a very small portion of the state’s tax revenues. In simulations carried out with three states (Sao
Paulo, Parana and Mato Grosso do Sul), possible recomposition of the revenue forgone from
ITCMD on donations to legal entities would require adjustments below 0.09 percentage point in
the rates assessed today on transmission causa mortis.

Based on this observation, it can be assumed that expansion of tax immunity and exemption
applied to donations to CSOs (in comparison with what happens today) would not produce
relevant fiscal effects.

In summary, the taxation of donations to CSOs in Brazil differs from international practices,
creates an environment of legal uncertainty to organizations and does not generate relevant
revenue to compose the state budgets. It can thus be described as an anachronism of the
Brazilian taxation system.

@ WHAT’S NEW

The study is an innovative academic initiative that seeks to meet the demands of CSOs,
governments and companies for production of data, analysis and proposals, in a scenario where
little attention is being paid to the subject.

@ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY

The results of the study can serve as support for public debate about the legal treatment given
to the ITCMD in the country, and help efforts to improve the legislation, a pressing task in Brazil.

The results can also support advocacy in favor of bureaucratic simplification and the debate
about cases of immunity or exemption, given the public character of the donees.

Two questions not addressed in the study deserve future research: (i) Where does the burden
rest to prove the requirements for exercise of immunity: the CSO or the tax authority?; and (ii) Is
it legitimate to require prior administrative recognition for the purpose of enjoying tax immunity?
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HELP EXPLAIN BRAZILIAN INFLATION? —

he use of disaggregated data to forecast inflation, in theory, can improve the predictive
Tpower over various horizons in relation to models that only use aggregated data. This
study employs information from databases of the FGV’s Brazilian Institute of Economics
(FGV IBRE) to evaluate whether the use of disaggregated data and large databases brings

additional gains to explain inflation, as measured by the Consumer Price Index (IPCA).

(@ OBJECTIVE

e Analyze the explanatory power for inflation by
synthesizing information from public databases
plus the IBRE to evaluate the possible gains in
explaining the IPCA.
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(@ RESEARCH METHODOLOGY

The analysis covers two types of databases kept by the IBRE: the public one (which includes 31
variables); and the expanded one (with a total of 8,007 variables), which besides public data,
contains restricted data that require paying a subscription fee to access.

We considered all the variables starting up to January 2000. Besides this, we included all the
variables with data up to December 2018.

The number of factors extracted from each database was determined using the procedure
described by Bai and Ng (“Determining the number of factors in approximate factor models”,
Econometrica, 70 (1):191-221, January 2002), resulting in six factors from the public database and
15 factors from the expanded database.

The factors were extracted from three different datasets, containing: (i) only public data; (ii) only
restricted data; and (iii) a combination of public and restricted data.

Mainly due to the large number of variables present in the part of the database with restricted
data, it was necessary to reduce the dimensionality. We used a factor model, which is useful when
variables contain common components, as in the case of this study.

The factors extracted were used as variables to explain inflation measured by the IPCA. From the
initial set of variables, which was ample, we selected a subset that was relevant to explain the
evolution of inflation. The algorithm used for data selection was given by Autometrics, developed
by Doornik and Hendry (“PcGive 13”, Timberlake Consultants Press, 2009). This algorithm allows
to detect outliers and structural breaks. The estimated model has a dynamic structure of the
dependent and independent variables.

(@ RESULTS

The factors extracted from the public database brought gains to explain inflation in relation to
an autoregressive model.

However, the use of factors linked to the restricted database led to even greater gains of the
power to explain inflation compared to the model only with factors extracted from the public
database of the autoregressive model. The model using only the public database also presented
gains in relation to the autoregressive model.

This gain in the power to explain inflation when using factors extracted from the restricted
database was about 3 percentage points better than using only factors from the public database.
In other words, it was possible to explain about 75% of variations in inflation with use of factors
extracted from the public and restricted databases.
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(@ WHAT’S NEW

Evidence exists that disaggregated models improve the predictive power in relation to those
that only use aggregated data. This has already been the topic of research for the IPCA, but only
public data were used. This study tries, for the first time, to examine the interaction between
restricted IBRE data and the data from the IPCA.

@ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY

The obtainment of models to predict inflation using aggregated and disaggregated
data from IBRE price indices, as is the case of this study, can enable the creation of
tools to be used by economic agents like government agencies, banks and other private
institutions to improve predictions of these important Brazilian economic indices.

A wide avenue for future research exists. A natural extension of this work would
be to simulate the out-of-sample predictive performance of the cited bases. As
more indicators are made available in the sample, new prediction models would
be estimated and their performance evaluated. In this exercise the gain would be
simulated by using bases in real time. Another possible extension would be to use
the base to estimate indicators of economic activity such as Brazilian GDP and
industrial output. Finally, a large number of econometric techniques can be applied
to construct prediction models and evaluate which perform best based on IBRE
databases. This can help market analysts to extract the full potential of the base,
providing a guide on how to use these data.
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O EVALUATION OF THE IMPACT OF
THE PUBLIC DIGITAL BOOKKEEPING SYSTEM —_
(SPED)/ELECTRONIC INVOICE (NF-E)

(@ RESEARCH METHODOLOGY

Employing an exclusive panel dataset at the level of sectors of economic activity (5-digit CNAE
codes) for 10 states, provided by the local tax authorities, and data from the Annual List of Social
Information (RAIS, submitted by companies to the Ministry of the Economy), empirical strategies
were applied by the difference-in-differences method and an event study was conducted to examine

The adoption of the Public Digital Bookkeeping System (SPED) in Brazil, particularly
the Electronic Invoice (NF-e), has enabled tax authorities to obtain real time the effects of implementing the NF-e in different sectors and states with different timing.

information on taxpayers and their transactions. This study takes advantage of the
The final dataset was consolidated in a panel structured by CNAE Sector - State - Year/

Month, covering the period from January 2002 to December 2018. After this consolidation,
economic impacts of their implementation. new variables were constructed: i) sales; ii) purchases; iii) fiscal debits; iv) fiscal credits; and v)
total value added (sum of the values of the firms that adhered to the NF-e with the values of
the firms that did not adhere).

variation of adhesion to the SPED in sectors/states over time to analyze the fiscal and

The effects of implementing the NF-e are measured by two variables: i) monetary adhesion, which

@ OBJECTIVE corresponds to the proportion of sales recorded by firms that already adhered to the NF-e in the
reference month; and ii) a dummy variable of adhesion that assumes value 1in the first month in which
*+ Toinvestigate the impacts of the introduction of the CNAE Sector of a state presents sales values of firms adherent to the NF-e and zero otherwise. All
the Public Digital Bookkeeping System (SPED) the monetary variables were adjusted for inflation, transformed into constant values (base year 2018)

- with emphasis on the Electronic Invoice (NF- and converted into six-month moving averages to deal with the question of economic seasonality.

e) - on the variables that reflect the added value
recorded by companies, tax revenues generated
and the dynamics of the formal labor market.

(@ RESULTS

Author:
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The advent of the NF-e had a positive effect on all the fiscal dimensions considered in the study
- there were statistically significant increases of fiscal debits, fiscal credits and tax revenue. But
these results should be interpreted with caution because there is evidence for some of them that
their trends before implementation of the NF-e were not similar.
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An indirect effect of implementing the NF-e was increased formalization of the economy as a
whole. This result is more robust because it is not possible to reject the hypothesis of similar
trends among the sectors before implementation of the NF-e.

The number of workers expanded with a similar magnitude as the total labor earnings, with
no positive variations of mean real wages. The possible gains were restricted to administrative
activities, which do not appear in a global analysis as carried out in this study. The inspection of
the effects during the years following the entry of the NF-e suggests they occur from one to two
years afterward, and cease being relevant as of the third year.

In relation to total purchases, total sales and value added, the results suggest that the behavior
of these variables in the period before adhesion was different among the sectors that adhered
to the program, in turn suggesting caution in causal interpretation of the results, since a positive
association exists between the advent of the NF-e and the values of those variables, both for

Brazil as a whole and for each state separately.
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@ MINING JAMS INTO POLLUTION: HOW WAZE DATA
HELP ESTIMATING AIR POLLUTION INLARGE CITIES —

(@ WHAT’S NEW

Various studies of Latin American countries have indicated positive effects resulting from the
implementation of instruments similar to the Electronic Invoice (NF-e). This is the first study to . luti has b . . - . | dical L d
evaluate the fiscal and economic impacts of the adoption of the NF-e in Brazil. ‘s U7 fprellitel el [oeEn & Eieeilig) el @ I iiEieisl el eiephlEtlers e
governments due to its relation with a large number of respiratory diseases, among
other effects. This work proposes an open, crowdsourced, scalable methodology to model

spatial air pollution in cities worldwide. This methodology is used to estimate the air quality
@ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY

in Montevideo, Uruguay, using as a proxy the city of Oakland, CA, in the United States, and
The adoption of the Public Digital Bookkeeping System - in particular the NF-e - was to observe adherence to what is expected in practice.
the main administrative innovation in public finance implemented in Brazil in recent
years. It permits the tax authorities to obtain information about taxpayers and their
transactions in real time, while also reducing transaction costs of firms to comply
with tax obligations.

(@ OBJECTIVE

A contribution of this study is precisely to show the state tax authorities themselves
how to use the data generated by the NF-e. Curiously, despite the potential of the
NF-e for planning and management of taxing policies, the richness of this information
has been relatively underused by the State Revenue Secretariats (SEFAZs) for
planning purposes. Its use has been largely restricted to oversight and auditing.
Evidence in this respect is provided by the difficulty of the SEFAZs to generate the
dataset requested for this study. Various secretariats indicated inability to generate
that information even though it was available.

e To propose an open, crowdsourced, scalable
methodology to model spatial air pollution in
cities worldwide.

Considering the gains estimated in this study, plus the indirect effect the increase
of formalization, which in turn increased tax revenues on income, the return of this
policy appears to be highly positive. The task now is to find ways to innovate fiscal
and tax management of the states to continue obtaining returns in this area. —
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(@ RESEARCH METHODOLOGY

The study uses data from Waze and OSM to build a set of features designed to model vehicle
emissions in large cities. Waze data provide information about all congested road segments
in a region every two minutes, and OSM is an open source database, detailed and dynamically
updated, of the mapped characteristics. The data are aggregated in a hexagonal mesh covering
the region, obtained from the H3 base of Uber.

The mathematical model is calibrated using data from an area of 30 km2 in Oakland, California,
USA. The dependent variables are the annual concentration of fine particles of black carbon (BC),
nitric oxide (NO) and nitrogen dioxide NO2.

Pollution data were collected in 2015 and 2016, while Waze data are from March 2019. Based on
other studies, we assumed that traffic patterns did not change significantly between these periods.

Finally, the model is extrapolated to Montevideo, Uruguay, and in practice adherence to what is
expected is observed.

(@ RESULTS

Air pollution is closely related to the presence of expressways and streets with large flows of
vehicles, mainly emitting BC and NO. The relationship between the decay of the concentration
of pollutants and the distance to these roads, dictated by the interaction of the pollutants with
atmospheric factors, drastically alters the distribution of pollutants in the hexagons of the map.
NO2 is more uniformly distributed than BC and NO. On the other hand, BC and NO, which decay
faster with distance, are distributed irregularly, depending on vehicular traffic on the roads in
question. These distinct patterns of behavior were observed and mapped.

Land use regression (LUR) models are used for modeling surface air pollution using both land use
information (farm, urban area, etc.) and geographic predictors (latitude, altitude, distance to sea,
etc.). Results suggest that traffic data from Waze and OSM are good candidates as predictors in
LUR models, which are often not replicable across regions.

(@ WHAT’S NEW

Due to its simplicity, the model can be improved in various ways. For instance, one can investigate
other features constructed using both Waze and OSM data, or experiment with different versions
of the model.
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The study opens a new path to deal with the transferability problem of the LUR model, i.e., it
applies the knowledge learned in one city to others. Traditionally, the predictor variables have
been highly localized and not standardized, preventing model extrapolation to other regions. The
databases used are available for the majority of cities in the world and are adequately maintained
and updated.

@ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY

The use of the proposed method enables planners in cities undergoing rapid deve-
lopment, with little or no air quality metrics, to obtain this information at low cost
compared to the installation of sensors.

Projects like OpenAQ compile air quality data from more than 10 thousand loca-
tions. Most of the datasets are from sparse fixed monitors of air concentration.
But, due to the large number of different locations, standard LUR models can be
trained using only Waze and Open Street Maps features. In this way, the lack of
high resolution data is compensated by the volume of different locations. Different
validation settings can take place, using entire cities as validation sets. This might
be a solution to the transferability problem and a way to establish a global intra-
-urban air pollution estimation method.

Different validation scenarios can be adopted, using datasets from entire cities
for validation. This could be a solution to the transferability problem and a way to
construct a global method to estimate urban air pollution.

Finally, the study can be applied for the development and evaluation of health po-
licies in large cities. Demographic data, bus routes and origin-destination data can
help understand the population flow in the city. By combining this information with
air pollution, one may estimate its impact on the population’s health. —
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O MONEY, ELECTIONS
AND CANDIDATES

consensus exists among researchers that in Brazilian elections, the candidate that
Aspends the most tends to receive the most votes - but not regarding what type
of candidate or party benefits the most from election spending. This uncertainty can be
explained by the narrow scope of the data and the absence of comparisons over time and
between regions. To help fill this gap, this study presents descriptive statistics that explore
the temporal and spatial variation of campaign spending of the candidates who were

victorious in elections for the Chamber of Deputies (the lower house of Brazil’s Congress).

(@ OBJECTIVE

e To analyze the evolution of election spending of
candidates for the Chamber of Deputies in the
four elections held in Brazil from 2002 to 2014.
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@ RESEARCH METHODOLOGY

The election spending data analyzed refer to the four general elections in Brazil held between 2004 and
2014. Every four years, elections are held for Congress (Chamber of Deputies and Senate), president/
vice president, governors and state legislators, while mayors and municipal council members are also
elected every four years, with the elections for national and statewide offices being staggered with
those for local offices. All the data utilized were supplied by the Superior Electoral Tribunal (Tribunal
Superior Eleitoral, TSE), which has systematically recorded national campaign spending since 2002.

Modifications were made in the TSE data to assure compatibility over time and to transform the
values from Brazilian currency (the real, plural reais, R$) to American dollars. The data were first
deflated to reais of December 2016 using the National Comprehensive Consumer Price Index (IPCA)
estimated by the Brazilian Institute of Geography and Statistics (IBGE), and then were converted to
U.S. dollars using the average exchange rate of each month.

The following comparative tables were organized:

e Average campaign spending of all elected candidates (federal deputies, senators, state governors
and presidents);

e Average campaign spending of presidents elected (in this case from 1994 to 2014);

Only for federal deputies:

* Average campaign spending of elected candidates;

* Average campaign spending of candidates not elected;

* Average campaign spending of candidates considered to have high quality, which includes
elected candidates and a selected group of non-elected candidates (whose vote tallies were at
most 10% lower than the last candidate elected from the respective party slate);

e Gini index of the concentration of spending by candidates;

*« Average campaign spending of candidates elected from the seven most traditional parties;

* Average campaign spending of elected candidates broken down by state.

(@ RESULTS

Corroborating previous studies, the results showed that campaign spending is an essential
tool for the success of candidates for political offices in Brazil.

The spending of all candidates for federal deputy increased by 51.4% in the period studied,
and for elected candidates it grew by 227% - i.e., the ratio between the campaign spending
of elected and non-elected candidates rose from 6.4 in 2002 to 16.4 in 2014.

The number of “high quality” candidates not elected - those that attained at least 90% of
the votes of the last one elected on the respective party list - was on average 60.

Considering these candidates plus the 513 elected ones suggests that elections for Chamber
of Deputies have been much less competitive than expected, considering the total number

of candidates per seat, which varied from 9.5 to 16.5.
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The spending of both groups of high-quality candidates was far above that of the candidates not
elected, demonstrating the association between money and the number of votes in Brazilian elections.

Important variations were found among states and within each state, suggesting that the magnitude
of the electoral district and regional characteristics have limited influence on spending.

Aggregation of candidates by party suggested a complex situation that cannot be explained by
the traditional government-opposition dichotomy.

(@ WHAT’S NEW

The influence of money on electoral performance was confirmed by the unquestionable
relationship between the highest-spending candidates and those elected. Although a campaign
that spends a lot does not assure election, this appears to be a characteristic shared by high-
quality candidates, since the campaign spending was concentrated in a small group of candidates
during the entire period studied.

These conclusions cast doubt on the assumption that a large number of candidates automatically
translates into more intense competition. In other words, the elections for the Chamber of
Deputies are less competitive than the existing literature has predicted.

@ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY
Our findings open a new agenda for research into the costs of Brazilian elections.

First, since the campaign spending did not undergo any discernible impact of the magnitude or the
electoral districts, new comparative studies are necessary to establish the relationship between size
of the district and campaign spending.

Second, as argued by Samuels (“Money, Elections, and Democracy in Brazil.” Latin American Politics
and Society 43(2): 27-48), candidates are stimulated to increase their campaign spending not by
the sheer number of competitors, but rather by the number of high-quality competitors on the list
of their party, as determined by the results of past elections. The rule adopted in this study to define
high-quality candidates is perhaps extreme. But the choice of an adequate rule for selection depends
on knowing the real level of competition. The choice of a rule for adequate selection in proportional
elections is a topic that needs further research.

Campaign spending in this study was treated as an aggregate, but the reports of candidates to
the TSE allow detailed discrimination of the types of spending. These data can, for example, allow
investigation about whether some types of spending are more effective than others and in what
context these differences occur. ——
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OF THE SECURITIES COMMISSION —

otivated by the fortieth anniversary of the creation of Brazilian Securities Exchange
M Commission (CVM), this research project proposed a new scientific discourse about
the CVM: comprehend the institution’s history according to the narrative of its former
chairpersons, to mine the memory, trajectory and versions of these actors in relation to the

period they presided over the institution.

(@ OBJECTIVE

e To tell the history of the Brazilian Securities Exchange
Commission (CVM) by means of interviews with its
formerchairpersons, withthe purpose ofunderstanding
the institution’s trajectory since its creation, as well as
its participation in the development and regulation of
the capital market in Brazil.
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(@ RESEARCH METHODOLOGY

Oral history can be thought of as a hybrid genus of investigation that encompasses articulations
among individual trajectories, institutional history and national history.

By means of the source-technique method of oral history, the goal is to treat the target institution as a
dual exercise of incorporation: both the individual in the institution and the institution in the individual.

Interviews were conducted in which we sought to relate the personal paths of the former CVM
chairpersons with its formation and structuring process, with attention to studying the contextual
aspects of Brazil and the world in each period analyzed.

To guide the interviews, we prepared general scripts, with reference to national and international
episodes, from 1940 to 2000, focusing on Brazilian and the institution’s history, especially in the areas
of economics and law.

The individual profiles of the respondents were produced from information on their backgrounds
available to the public, such as websites and books.

The interviews were recorded on video and audio and the words were transcribed and submitted for
standard processing, according to the method of the Oral History Program developed and applied
by FGV CPDOC (Center for Research and Documentation of Contemporary History of Brazil): such
as verification of fidelity, standardization of interviews and summaries preparation.

(@ RESULTS

The narratives produced through the interviews with the former chairpersons of the CVM
demonstrated intense relations between the personal spheres - i.e., regarding aspects of social
formation and professional training of individuals - and the context of the period, expressed not
only by the CVM, but also by the market, government, society, and the wider world.

Besides the history of CVM itself, the study of the history of Brazilian economic and political
thinking, especially bearing in mind the need to confer intelligibility to the so-called major social
processes, in search for the diversities subsumed in the catalytic logic of large concepts like “the
market” and “the law”.
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(@ WHAT’S NEW

The reconstitution of Brazilian Securities Exchange Commission through descriptions of its
former chairpersons, besides following its institutional route, sheds light on the development of
relations in the country’s securities market beyond the formal historical records, enriching the
CVM historical framework.

@ APPLICATIONS OF THE RESULTS AND POSSIBLE EXTENSIONS OF THE STUDY

The research engendered the publication of the book, A invencdo do mercado de
capitais no Brasil: a formacdo da CVM segundo seus primeiros presidentes (1976-1988)
[“The invention of the capital market in Brazil: The formation of the CVM according to
its first chairpersons”], by Izabel Saenger Nuiez and Paulo Augusto Franco.

All the information gathered in the study is available on the FGV CPDOC website,
in the scope of the Oral History Program. The audio and video recordings of the
interviews are also part of the school’s repository.

The products of the study can be utilized in particular by students who are pursuing
a Master’s Degree in the Law of Regulation at FGV Direito Rio, besides being of
general interest to society and having a large impact on the practice of business
law in general. Additionally, these products can serve as the base for discussion
about a new Commercial Code and reform of the Law of Corporations. —-

APPLIED RESEARCH PROJECTS




QUARTERLY PRODUCTIVITY

®

OF THE BRAZILIAN ECONOMY

With the end of the demographic bonus, the only way to increase per capita income
in Brazil in the coming decades will be by increasing average worker productivity.
This study provides an important contribution to understand the evolution of Brazilian

productivity, by constructing, for the first time, quarterly indicators of aggregate and

sectoral productivity.

(@ OBJECTIVE

e To construct a quarterly series of productivity
indicators for Brazil using as measures of labor
input for the employed population and the
number of hours worked.

Authors:
Fernando Veloso, Silvia Matos
and Paulo Peruchetti

Organization:
Brazilian Institute of Economics (IBRE)

Support:
Applied Research Fund of
Fundacdo Getulio Vargas (FPA FGV)

® ANNUAL REPORT 2020
L]

(@ RESEARCH METHODOLOGY

We constructed a quarterly series productivity indicators for Brazil from the first quarter of 2012 to
the last quarter with available information.

We calculated labor productivity measures for the aggregate of the economy for three main
economic sectors (agriculture, industry and services) and their subsectors.

The productivity indicators were calculated using two measures of the labor factor: employed population
and number of hours worked. The second measure was chosen because during the economic cycle the
hours worked can vary, which affects the productivity indicators of employed workers.

Productivity per occupied persons was defined as the result of dividing the value added at 2016
prices of a determined activity in a particular year by the occupied population in the same year. In
the productivity per hour worked metric, the divisor was the total number of hours worked in the
activity in the same period.

The data on value added for the aggregate production and that of the 12 sectors of the Brazilian
economy were obtained from the Quarterly National Accounts - which are integrated in the National
Accounts - reference 2010, of the Brazilian Institute of Geography and Statistics (IBGE).

The data on employed population and number of hours worked in all occupations were extracted
from the Continuous National Household Survey (Continuous PNAD).

(@ RESULTS

The trajectory of quarterly labor productivity in Brazil has been very disappointing. The
productivity level is still very low by international standards, and its growth in 2018 and 2019,
although better than in 2015 (period of largest decline), was still negative.

After a sharp decline in 2015, productivity per employed person experienced a recovery in
the three large economic sectors and the economy as a whole between the second quarter of
2016 and the second quarter of 2017. However, the shows that since then there has been of a
deceleration of the growth rate of aggregate productivity.

The cumulative labor productivity in four quarters, which had been recovering since 2016, suffered
a decline of 0.9% in the fourth quarter of 2019, when calculated per occupied worker, and 1.0%
when considering the average productivity per hours worked.

Of particular note was the weak performance of labor productivity in the service sector, which
when measured both per employed person and by hours worked, has been falling since 2014.
Since this sector concentrates about 70% of the employed population and of the hours worked,
this finding helps understand why labor productivity has made little progress in recent years.
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(@ WHAT’S NEW

Although there are estimates of labor productivity with yearly frequency in Brazil, before this
study there was no public information with quarterly frequency. The aim of this study was to fill
this gap.
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