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Air pollution is recognized as one of the greatest
challenges of our time. Besides being an important
contributor to climate change, several epidemiological
studies indicate the association between air pollution
and mortality (fatal diseases) and morbidity (nonfatal
diseases). These impacts have implicit (unobservable)
costs, such as hospitalization expenditures and
productivity losses. The assessment and valuation of air
pollution impacts is essential to make observable the
implicit costs (or savings) of certain choices of economic
agents (population, companies, and governments) that
can increase or reduce air pollution levels. In Brazil,

the transport sector accounts for the largest share of
outdoor air pollution emissions, impacting the number
of hospitalizations, deaths, and public and private
expenditures, among other impacts.

Within the Brazilian transport sector, public urban

bus fleets, dominated by diesel-powered technologies,
contribute significantly to high levels of air pollution,
especially particulate matter (PM). Transitioning urban
bus fleets from less efficient in terms of pollutant emissions
to cleaner technologies, however, can present higher
investment costs because the up-front purchase price of
more developed technologies is often higher compared to
less efficient ones. This can discourage the improvement
of a city’s bus fleet. In order to promote a more accurate
benefit-cost analysis of fleet renewal projects, it is crucial
to measure the direct and indirect costs of premature
mortalities, morbidities, workforce loss, and the associated
monetary loss due to fatal and nonfatal diseases associated
with variations on air pollution levels.
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This technical note presents the Valuation Tool for
Health Impacts of Air Pollution (ImpactAr), a tool

that aims to assess the impacts of urban air pollution
on health and economy. It evaluates these health
impacts and the associated monetary costs of changes
in emissions levels linked to modifications in urban

bus fleets in four Brazilian cities: Sao Paulo, Rio de
Janeiro, Belo Horizonte, and Nitero6i. Focused on public
managers—but also available for politicians, private
sector operators, academics and researchers—it works
as a support tool for the decision-making process,
demonstrating the potential costs and returns of air
pollution externality connected with investments in
different transport technologies. This tool is the first step
in measuring the implicit costs and benefits of changes
in urban transport fleets in terms of different effects

on PM,, and PM, ; emissions and concentration levels
and their impacts on fatal and nonfatal diseases. The
ImpactAr tool was developed with the financial support
of the Children’s Investment Fund Foundation (CIFF).

Atmospheric air pollution is the contamination of the
external or internal environment by any chemical,
physical, or biological agent that modifies the natural
characteristics of the atmosphere (air quality). Outdoor
air pollution originates from natural and anthropogenic
sources.' The most prominent polluting anthropogenic
sources include fuel combustion for transport, power
generation, heating, and industry (WHO 2018).

Among the main pollutants, particulate matter (PM) is
commonly used as an indicator for air pollution because
it affects more people than any other pollutant (WHO
2018). PM is a mixture of solid and liquid particles

of organic and inorganic substances suspended in

the air, including sulfate, nitrates, ammonia, sodium
chloride, black carbon, mineral dust, and water. PM
vary in size, composition, and origin. Whereas particles
with a diameter of 10 micrometers or less (< PM,,)

can penetrate and lodge deep inside the lungs, the

even more health-damaging particles are those with a
diameter of 2.5 micrometers or less (< PM, ;) (WHO
2018). According to epidemiologists, air pollution
represents a risk factor; this means it is not the direct
cause of individual deaths (Roy and Braathen 2017),
diseases, or injuries, but it significantly increases the
likelihood of an individual dying or developing disease
(WHO 2016).

In most of Brazil’s urban areas, which compose about 84
percent of the national population (IBGE 2010), vehicles
are the main source of pollutants emitted into the
atmosphere (Miranda et al. 2012). Within the country’s
transport sector, the major contributor to PM emissions
are heavy vehicles moved by diesel—mainly trucks and
buses (MMA 2014).2

According to national studies,? in terms of health
impacts, outdoor air pollution in the main metropolitan
regions and state capitals of the country is linked to
about 20,500 annual deaths caused by cardiovascular
and respiratory diseases (Miraglia and Gouveia 2014)
and is responsible for 5.2 percent of hospital admissions
for respiratory causes among children and 8.3 percent
among elderly, totaling 4,581 respiratory admissions
per year (Marcilio and Gouveia 2007). Other studies
strongly suggest an association between the country’s
air pollution and fatal and nonfatal cases of cancer,
restrictions on fetal development, and changes in the
human male-to-female ratio, among others (Hettfleisch
et al. 2017; Miraglia et al. 2013; Yanagi, Assuncao,

and Barrozo 2012). From a financial point of view, air
pollution in the country leads to about 130,000 cases

of work absences and a cost of US$6,472,686 in terms
of hospitalization expenditures and absences at work
every year (Rodrigues-Silva et al. 2012). All of these
impacts heavily affect the population’s quality of life and
pressure the local public budgets.

Given this scenario, urban bus fleets in most Brazilian
cities continue to be outdated and less efficient in terms
of PM emissions when compared to cleaner technologies
available throughout the world. Low-emissions buses
account for only 0.003 percent of the national urban bus
fleet (NTU 2020). This can be partially explained by the
fact that fleet transitions to cleaner technologies, such

as electric buses, may present high investment costs
because the initial purchase price of these technologies
is often higher than less efficient ones (Sclar et al. 2019).
Additionally, the policies, regulations, and incentives

to improve a fleet are determined at the federal
government level, but the health costs of air pollution
particularly impact municipal budgets, reducing the
incentives to a faster fleet upgrading.
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How can managers overcome these obstacles and
provide municipalities with cleaner bus technologies
in terms of air pollution emissions, resulting in less
fatal and nonfatal diseases, lower associated costs, and
increased quality of life for all Brazilians? The first step
is to include the measurement of emissions variations
and their implicit health costs into investment
evaluation—which are not often considered—allowing
managers to perform a more accurate benefit-cost
analysis of projects aimed at achieving cleaner urban
bus fleets.

With this goal, WRI Brasil has developed the Valuation
Tool for Health Impacts of Air Pollution (ImpactAr).
The interactive spreadsheet tool using Microsoft

Excel measures the health impacts and the associated
monetary costs of changes in emissions levels linked

to modifications in urban bus fleet technologies in the
cities of Sao Paulo, Rio de Janeiro, Belo Horizonte, and
Nitero6i. The measurement and analysis of the impacts
of such pollutants are made for a 1-year period (short-
run analysis) and a 30-year period (long-run analysis),
aiming to inform users of the short-run and the long-
run cumulative effects of air pollution.

The ImpactAr tool covers the impacts of PM, ;, one of
the most harmful pollutants to human health, as well as
PM,,. The tool also provides, among other financial and
economic results, the measurement of hospitalization
costs in both the public and private health care systems.
These monetary outcomes, interpreted as savings or
costs, are compared to municipal macroeconomic
variables, such as the annual municipal gross domestic
product (GDPm) and annual public health budget,
providing a reference of cost magnitude for users.*

Ultimately, ImpactAr serves as a support tool for
decision-makers, indicating the implicit costs

and returns of public investments related to air
pollution in four Brazilian cities. It provides relevant
information about air pollution health impacts and
their consequences for the economy, which are useful
information to complement the project’s benefit-cost
analysis and other complementary studies.

This technical note is divided into seven sections: (i) an
introduction; (ii) the methodology, with clarifications
on the model embedded in the ImpactAr tool; (iii) the
ImpactAr tool structure; (iv) the data sources used to
build the tool; (v) the limitations and uncertainties; (vi)
the pilot test analysis; and (vii) concluding remarks.

In this section, we explain the key concepts used in this
technical note and describe the framework for analyzing
the ImpactAr tool, the methodological choices, and the
data applied in the development of the tool.5

2.1 Key Concepts

Bottom-up approach: In the case of air pollution
assessment, a methodology that measures air pollution
emissions and atmospheric concentrations by analyzing
the specific sources of emissions. It is the opposite

of the top-down approach, according to which the
concentration levels of pollutants are first analyzed, and
the sources of the emissions are estimated later on.

Concentration-response coefficients (C-Rs):
Coefficients that indicate the magnitude of response of
morbidity and mortality cases related to a variation in
air pollution concentration levels (Marcilio and Gouveia
2007). They are derived from epidemiological studies.

Economic costs: Economic costs measure changes
in people’s welfare as a consequence of air pollution.
They are not related to tangible services and products
(such as the cost of medical appointments), but they
are based on individual perceptions and valuations,
which cannot be considered financial measures. Such
costs represent the assessments on the amount of value
that, for individuals, is lost due to air pollution. This
can be the cost of suffering caused by diseases linked to
air pollution.

Emissions and concentration levels of
pollutants: Emissions are a measure of mass (tons)
of pollutants emitted by one or more sources. In the
ImpactAr tool, they represent the mass of PM,; and
PM,, produced by the urban bus fleets in each city.
Concentration levels express the volume of pollutants
in a specific area (microgram per cubic meter, ug/ms3).
It can differ according to temperature, humidity, wind,
and other factors. Consequently, although cities can
present the same emissions levels, concentration levels
can vary greatly according to local conditions.
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Emissions factor: According to the U.S.
Environmental Protection Agency (EPA), “An emissions
factors is a representative value that attempt to relate
the quantity of a pollutant released to the atmosphere
with an activity associated with the release of that

pollutant” (industry, motorized vehicle, etc.) (EPA, n.d.).

In the case of the ImpactAr tool, it consists of a mass

of pollutant emitted by buses when consuming fuel to
travel for a determined distance (measuring unit: grams
of pollutant per liter of diesel, g/L).

Epidemiology: The field of study that deals with the
causes and distribution of diseases and other related
phenomena. Examples of epidemiological studies
include issues such as the relation between smoking
and lung cancer, obesity and stroke, and the causes of
psychiatric disorders, among others.

Externality: This term refers to the impacts coming
from the activities of one entity that change the welfare
of another entity (Rosen and Gayer 2008), without

the latter’s consent. Externalities can be positive (e.g.,
vaccinations) or negative (e.g., passive smoking). For
this technical note, air pollution and all of its impacts
on health and economy are considered a negative
externality coming from the transport sector—more
specifically, coming from the public urban bus fleet.

Financial costs: The state-of-the-art literature on
the monetization of air pollution impacts presents two
typologies of costs: financial costs and economic costs.
Financial costs are related to monetized, market-based
costs. In relation to air pollution, these can be the costs
of hospitalization and medical expenses caused by
diseases attributable to pollutants.

Health endpoint: The type of fatal and nonfatal
diseases caused by air pollution. In the case of the
ImpactAr tool, health endpoints include fatal and

nonfatal cardiovascular and respiratory diseases

Figure 1 | The Pollutant Chain of Impacts

according to Chapters I and J, respectively, of the 10th
revision of the International Statistical Classification of
Diseases and Related Health Problems (ICD-10).

PM fixed conversion measure (FCM): This is
the estimated factor used to convert a variation of PM
emissions levels into variations of PM concentration
levels for each city. FCMs were obtained through two
numerical experiments with the Brazilian Developments
on the Regional Atmospheric Modeling System
(BRAMS 5.2),° which identified the existence of a
fixed pattern in the conversion between emissions
variations and concentrations variations for each

city (for further discussion, please see Section 2.3,
Methodology Description; and Section 5, Limitations
and Uncertainties, of this technical note).

Value of statistical life (VSL): The monetization

of the welfare/economic cost caused by mortality. It
represents the aggregate of the individual willingness

to pay (WTP) for a marginal reduction in the risk of
dying from air pollution. It should be noted that this is a
judgment or an evaluation of the measure of one’s life; it
measures the amount that individuals would be willing
to pay, considering not only impacts on their income but
also on their well-being, to marginally reduce their risk
of dying due to air pollution.

2.2 Framework for Analysis

The impact of air pollution on health and economy is
not direct. Before affecting a population’s health and
creating related costs, pollutants go through a chain of
environmental, epidemiological, financial, and economic
stages (Figure 1). A motorized vehicle, through its fuel
combustion, brakes, tires, and road surface wear emits
pollutants, among them PM. PM emissions react with
atmospheric conditions (meteorological conditions,
physical obstacles, etc.), resulting in a concentration
level of PM in a determined region. A set of the
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population is exposed to this concentration of pollutants
in the determined region and so, by increasing the
likelihood of individuals suffering illnesses and deaths,
cases of morbidity and mortality linked to PM are
verified among the population. Finally, the premature
deaths and illnesses result in monetary costs.

Measuring the health and related financial and economic
impacts of air pollution requires the reproduction of

this chain process. The ImpactAr tool systematizes the
stages presented in Figure 1 based on the impact pathway
approach (IPA) formulated by the ExternE Project.”

This approach consists of a bottom-up approach that
proposes the measurement of environmental benefits and
costs caused by changes in air pollution levels through a
pathway from source emissions to monetary expressions
of benefits and costs (ExternE, n.d.). The calculation
involves two sets of components:

B Data points: Data estimates that inform the
results of the impacts in each stage of the IPA.
For example, total annual variation in PM,,
concentration levels and total annual number of
avoided deaths due to cardiovascular diseases. They
are represented by the boxes in Figure 2.

B Linking functions: Algebraic functions that connect
and convert the different stages of the IPA, allowing
the assessment between distinctive types of data. They
are represented by the yellow arrows in Figure 2.

In the ImpactAr tool, the set of data points and linking
functions that are encompassed in the pathway are

Figure 2 | Methodology Steps Used in the ImpactAr Tool

organized in a sequence of three stages, which starts
with the technical solution for the urban bus fleet’s
renewal (for instance, the number of buses replaced for
each technology):

1. Environmental Stage: This provides the annual
variations in emissions and concentration levels of
PM, s and PM,, as a result of the differences between
the current fleet (scenario 0) and the projected fleet
(scenario 1) features.

2. Epidemiological Stage: By assessing the number
of people and general epidemiological cases of
cardiovascular and respiratory diseases in one
city, this stage isolates the impacts of the annual
concentration variations of PM, ; and PM,, levels on
the number of hospitalizations and deaths caused by
cardiovascular and respiratory diseases.

3. Financial and Economic Stage: This
stage monetizes nonfatal and fatal respiratory
and cardiovascular diseases isolated in the
epidemiological stage through the cost of illness
(COI) methodology, which measures the financial
costs of nonfatal cases, and through the VSL, which
measures the economic costs of fatal cases.

Figure 2 illustrates the steps of the methodology
embedded in the tool. We can list five data points—
represented by the boxes in Figure 2—and four linking
functions applied to each data point to obtain new
outcome units—represented by the yellow arrows.

Data Point1
Project
Urban bus fleet renewal

Data Point 2
/\ Emissions levels
Tons per year of PM,  and PM,

Data Point 3
/\ Concentration levels
ug/m?® of PM, . and PM,,

Linking functions

I:l Data points

Data Point 4
/\ Impacts on fatal and

Data Point 5

nonfatal diseases Al e

Number of respiratory and cardiovascular
deaths and nonfatal diseases

Cost of illness and value
of statistical life

Environmental Stage

Source: WRI authors.

Epidemiological Stage Financial and Economic Stage
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2.3 Methodology Description

The methodologies and data applied to build the
ImpactAr tool were based on the most recent

Brazilian empirical literature on the measurement of
air pollution impacts on health and economy in the
country. Before the development of the tool, a three-
stage literature review was carried out by the World
Resources Institute (WRI) staff, starting from research
on the main academic search platforms, followed by
research of publications from leading researchers and
institutions, and closing with a workshop with the main
Brazilian specialists and institutions for validation

of the literature review. This process resulted in 67
studies from which the impacts to be analyzed and
methodologies applied were chosen.®

The ImpactAr tool comprises environmental,
epidemiological, and financial methodologies and

data presented in the Brazilian empirical literature,
arranged according to the IPA chain process. Among
others, it includes the analysis of deaths and illnesses
caused by cardiovascular and respiratory diseases in
the Epidemiological Stage, and it uses the COI and VSL
methodologies in the Financial and Economic Stage.

The ImpactAr tool focuses on the pollutants PM,, and
PM,; for the following reasons:

B PM imposes the most serious threat to human
health compared to other pollutants (WHO 2018).

B Brazilian epidemiological literature, using a
consolidated measurement methodology, identifies
PM as responsible for a high number of health and
economic impacts.

B PM,,and PM, present different sources of
emissions from the road transport activities®
(Hooftman et al. 2016) and distinct health
incidence on the development of respiratory and
cardiovascular cases' (Abe and Miraglia 2016; Silva
et al. 2017).

B The transport sector is a major contributor of
outdoor air pollution and the largest emitter of PM
in Brazil (MMA 2014).

This version of the tool only fits four Brazilian cities:

Sao Paulo, Rio de Janeiro, Belo Horizonte, and Niteroi.
The first three cities were chosen because they are the
most important cities with which WRI Brasil has plans
for implementing electric buses in their fleets. Also, they
represent three of the largest vehicle fleets in the country,
representing 8 percent, 3 percent, and 2 percent of the

national share, respectively.** Although Niterdi has a
relatively less expressive fleet in relation to the other
cities—about 0.3 percent of the national fleet—the city
was added due to its previous partnership with WRI
Brasil in the field of electric bus impact measurement.

Unfortunately, as we expect to include more cities in

the tool in the future, it will not be possible to include

all Brazilian municipalities due to the size of the input
data and the time required to do so. In this sense, we
recommend potential users and people interested in
assessing air pollution impacts due to bus fleet change
projects in their cities use this technical note and the tool
itself as a blueprint or a guide to build their own tool.
We strongly encourage people to contact the authors in
such cases, so we can help with any possible doubts and
questions that may not be covered by this technical note.

A more detailed look at data points, linking functions
(both presented in Figure 2), and the methodology
selected to measure air pollution changes and impacts is
provided below.

2.3.1 Project

Data point 1, technical solution: A public project
aiming to renew a city’s current public bus fleet. Data
required is entered twice: first for the baseline or current
fleet (scenario 0), and then for the projected fleet
(scenario 1). The ImpactAr tool requires the following
input data: (i) the number of buses per technology, (ii)
the bus technology, and (iii) the average annual travel
distance per bus in kilometers (km). Optional input data
include emissions factors (g/L) and average fuel efficiency
per technology in liters or kilowatt-hours per 100 km

(L. or kWh/100 km). If the user does not possess such
information, the model will provide data by default.*s

2.3.2 Environmental Stage

Linking function 1, from technical solution to
variation on annual emissions levels: Both scenario
o fleet and scenario 1 fleet annual emissions levels (tons
per year) are measured according to the formula

Annual PM emissions =NxdxCCx e, (1)

where N is the number of buses per technology, d is the
average annual traveled distance per bus (km), CCis the
annual fuel efficiency per technology (L or kWh/100 km)
and e, is the emissions factor of PM per technology (g/L).

This formula is applied to each technology reported.

It only provides annual PM emissions, without
distinctions between the PM diameters, due to the
methodology used to measure the PM FCMs (for further
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information, please see Linking function 2 below).

In this sense, a ratio, obtained from the Handbook
Emission Factors for Road Transport, model version
3.3, is adopted to assess PM emissions of less than 10ug
(PM,,) and PM emissions smaller than 2.5 pug (PM, ;).
The ratio applied is PM, ,/PM,, = 0.7. This ratio was
equally applied for all four cities as, during numerical
experiments to determine concentration levels, we used
a regional round covering the four cities.'

It is worth noting that PM, ; and PM,, emissions and
concentration variations, as well as impacts, cannot

be summed because PM,, particulates include PM, ;

particulates. In this sense, all the results are showed
separately, once for PM,, and once for PM, .

Data point 2, variation on annual emissions
levels: This is the difference between annual PM, ;
and PM,, emissions of the current/scenario o fleet and
annual PM, ; and PM,, emissions of the projected/
scenario 1 fleet. This represents the total annual
emissions variations that the technical solution would
bring, if implemented. These can be represented as

AEpy,, = annual PM,; emissions of scenario 1 - annual PM,;
emissions of scenario 0 (2)

AE,y,, = annual PM;, emissions of scenario 1 - annual PM;,
emissions of scenario 0 (3)

where AEpy, ; represents the total annual variation on
PM, ; emissions levels due to the technical solution, and
AEp,,, represents the total annual variation on PM,,
emissions levels due to the technical solution.

Linking function 2, from annual variations

on emissions levels to annual variations on
concentration levels: Concentration levels can vary
greatly according to temperature, humidity, and wind,
among other factors. Consequently, concentration levels
vary significantly in different geographic regions. To
obtain the annual variations in concentration levels
for each city, the WRI team carried out numerical
experiments with the BRAMS 5.2, using the Coupled
Chemistry Aerosol-Tracer Transport model (CCATT),
analyzing the dispersion of the pollutants from

the emissions data available from public transport
scenarios. This modeling system (CCATT-BRAMS)
performs predictions of weather and atmospheric
composition in real-time and simultaneously
(meteorology integrated with dispersion/chemistry).

The CCAT-BRAMS model was applied to evaluate
the variations in the annual concentration levels. The
simulations were configured to evaluate the regional

dispersion of pollutants PM, ; and PM,,, associated only
with the activity of the bus fleet. For this, meteorological
initial and boundary conditions were used from the global
model combining data from the Center for Weather
Forecast and Climatic Studies (Centro de Previsao do
Tempo e Estudos Climaticos, CPTEC), National Institute
for Space Research (Instituto Nacional de Pesquisas
Espaciais, INPE), and Global Forecast System.

Two alternative simulations were used to obtain

such results. The first, developed in 2018 and named
Linking function 2.1, was broader and encompassed
four Brazilian cities: Sao Paulo, Rio de Janeiro, Belo
Horizonte, and Nitero6i. Later, in 2020, a second version
was developed to obtain more robust results for two
cities in which WRI Brasil has continuously deepened
its work on electromobility: Belo Horizonte and Sao
Paulo. Due to project scope limitations and constraints
(including time and budget), it was possible to update
the Linking function only for these two cities.

Thus, this tool uses the PM FCMs of Niter6i and Rio de
Janeiro, obtained by Linking function 2.1, and FCMs
of Belo Horizonte and Sao Paulo, by Linking function
2.2 (a PM FCM for each city). The technical parameters
used in the two simulations are described below.

LINKING FUNCTION 2.1:

This broader simulation was performed including in
the same spatial resolution the cities of Rio de Janeiro
and Nitero6i. For that, a control experiment (baseline)
and three scenarios modified by different technology
configurations were simulated for the urban bus fleets
among cities.

The emissions scenarios were simulated in grid points
with 25 km of spatial resolution and 8o meters (m) of
thickness in the first vertical layer over the urban area
of the cities, using a methodology proposed by Alonso
et al. (2010). The weather conditions that calibrated the
model were obtained from observed data in June 2018
in the Southeast region of Brazil.

From such simulations, a linear pattern in the conversion
between the emissions variations and concentrations
was identified, providing a conversion factor for each
city.** The PM FCM for Rio de Janeiro is 0.00195 and

for Niter6i, 0.0001407. Current fleet (scenario 0) annual
variations on emissions of PM,, and PM, 5 and projected
fleet (scenario 1) annual variations on emissions of PM,,
and PM,,; are multiplied by this factor. Hence,

AEPM2.5 X FCM = ACPM2.5 (4)

AEpr x FCM = Acpr (5)

TECHNICAL NOTE | November 2021 | 7



where AEpy, ; represents the total annual variation on
PM, ; emissions levels due to the technical solution, AEp,,
represents the total annual variation on PM,, emissions
levels due to the technical solution, FCM is the PM FCM
for each city, ACpy, , represents the total annual variation
on PM, , concentration levels due to the technical solution,
and ACpy,, represents the total annual variation on PM,,
concentration levels due to the technical solution.

LINKING FUNCTION 2.2:

This approach was developed to obtain more accurate
results and reduce the aggregate errors of the
environmental stage inherent to Linking function 2.1.
The same basis was maintained (Alonso et al. 2010)
incorporating a few adjustments to the model’s technical
parameters, described below.

This more refined simulation was performed
considering three urban transport emissions scenarios
for the cities of Sao Paulo and Belo Horizonte. For
weather conditions, the model simulated conditions

of August 2019 with observed data from the city level
and no longer from the regional level. The month of
August is an ideal weather period, as the meteorological
conditions present an adequate behavior for the purpose
of this simulation, with average annual temperatures
and humidity levels.

Regarding the technical parameters of the simulation,
three grids of the spatial resolution were considered: 25,
5, and 2 kilometers (km). The same 80 meters (m) of
thickness was maintained in the first vertical layer.

Table 1 | Technical parameters of the simulations

The spatial distribution of emissions was performed
using information data in a General Transit Feed
Specification (GTFS) format, available by the transport
agencies of Sdo Paulo and Belo Horizonte. GTFS is a
data specification that divides information into a static
component that contains schedule, fare, and geographic
transit information; and a real-time component that
contains arrival predictions, vehicle positions, and
service advisories (Fortin et al. 2016). GTFS was used to
identify in which regions of the city there are more bus
stops, and hence, are more impacted by PM emissions
due to public transport—assuming the number of bus
stops has a direct linear relationship with bus arrival and
departure frequencies. The data were compiled using the
Geographic Information System (GIS) software ArcGIS.
After that, the data format was converted and exported
at a resolution of 1 km. With that, it was possible to
extract relative weights of bus stops in each pixel and the
spatial coordinates in text format and distribute the PM
emissions. Despite being a more realistic distribution,
not all cities in the Global South already have these GTFS
data in accessible formats.

As in Linking function 2.1, it maintained the same
linear patterns verified (Equations 4 and 5), but new
conversion factors were obtained. The PM FCM is
0,0011 for Sao Paulo and 0,0015 for Belo Horizonte.

COMPARISON BETWEEN SIMULATIONS

The simulations performed using the CCAT- BRAMS
model show some methodological differences. Table
1 compares the main differences between Linking
functions 2.1 and 2.2.

PARAMETERS LINKING FUNCTION 2.1 LINKING FUNCTION 2.2

Period June 2018

Spatial resolution
Atmospheric boundary condition

Validation with observed meteorological data
Distribution of PM emissions

Cities evaluated

Source: WRI authors,

Regional-level: 25 km covering the
entire southeastern region of Brazil

1343142 by CPTEC/INPE

Not performed
Distributed homogeneously in the
urban area of the city

Rio de Janeiro, Sdo Paulo, Belo
Horizonte, and Niterdi

August 2019

City-level: Different grids with 2km
of spatial resolution

Global Forecasting System

Performed for temperature
and wind intensity

Distributed by weights associated with
the number of bus stops at each pixel

Sao Paulo and Belo Horizonte
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The simulation that generated the PM FCMs for Linking
function 2.1 includes some limitations that were later
improved. The simulation was conducted considering a
widely spatial resolution at the regional level of 25 km,
using a methodology proposed by Alonso et al. (2010),
native in PREP-CHEM-SRC. During the performance of
this first simulation, although the model had adequate
statistical adjustments, no quantitative validation was
performed to assess the sensitivity of the model using
observed meteorological data, due to limitations such as
budget and time.

For the new simulation (Linking function 2.2), the main
limitations of the first simulation have been improved.
A higher resolution was used: 5 and 2 km. This new
approach led to the development of a more accurate
methodology for the spatial distribution of emissions
given that PM concentrations are measured by their
density. Regarding the simulation period, observed
meteorological data from the two cities were evaluated
separately. With that, it was possible to identify a period
that was suitable for the simulations considering the
meteorological characteristics of each of the cities,
unlike Linking function 2.1, in which the period was
selected to suit the climatic characteristics of the entire
Southeast region of Brazil. The data predicted by the
model present adequate forecasts and satisfactory
statistical adjustments with the observed data.

Spatially, it is assumed that the PM concentration in
Linking function 2.2 shows improvements and better
reliability, since emissions were distributed in PREP-
CHEM, using GTFS data with greater precision. This
assumption is also based on the hypothesis that regions
near bus stops—and with more bus stops deployed—
have a higher concentration of particulate matter from
fleets of urban buses.

Regarding atmospheric boundary conditions, in Linking
function 2.1, for a 25 km domain, a downscaling was
chosen with the outputs of the Global model provided
by CPTEC/INPE, with approximately 60 km of spatial
resolution. For Linking function 2.2, in which it was

decided to work with city level (2 km), Global Forecast
Model was chosen, with 25 km of spatial resolution,

to provide the atmospheric boundary conditions.

This ensures an acceptable nesting ratio between the
boundary conditions and the domains. Table 2 shows
the PM FCM obtained in the two simulations.

The variation observed in the results is mainly due

to two factors: the distribution of PM emissions and
the period evaluated. The distribution methodology
significantly changes the results of the model and,
consequently, the PM FCMs. The weather conditions
(related to the period) can increase or decrease the
variation. A period with drier weather conditions (such
as the range of June up to August) results in higher
concentrations, and a wetter period results in lower
concentrations due to the dispersion of pollutants.

Data point 2, annual variation on concentration
levels: This is the difference between annual
concentrations of PM, ; and PM,, for the current/
baseline fleet and the projected/scenario 1 fleet. This
represents the total annual variation in concentration
levels that the technical solution would bring, if
implemented (represented as ACpy, , and ACpy,, in
Equations 4 and 5).

2.3.3 Epidemiological Stage

Linking function 3, from annual variations in
concentration levels to annual variations in the
number of fatal and nonfatal diseases: Linking
function 3 consists of the conversion of the total annual
variation in concentration levels of PM,,and PM, ;into
annual variations in the number of hospitalizations
(nonfatal cases) and deaths (fatal cases) attributable to
air pollution.”

Given the specificities of the state-of-the-art Brazilian
epidemiological studies that measure air pollution
health impacts,'® exponential functions were applied
to measure health impacts in the ImpactAr tool.

Such types of functions are widely used to measure
air pollution impacts because they are able to account

Table 2 | Particulate matter fixed conversion measures obtained

PARAMETERS LINKING FUNCTION 2.1
Sao Paulo 0.0014
Belo Horizonte 0.0008

Source: WRI authors,

LINKING FUNCTION 2.2

VARIATION

0.0011 -23%

0.0015 +92%
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for nonlinear relations among variations in pollutant
concentrations and their health impacts, seasonality
trends, and lags between the increase in pollution

and the occurrence of the health event, among others
(Conceicao et al. 2001). The following epidemiological
equation is used (André, Vormittag, and Saldiva 2017;
Rothman and Greenland 1998)

AE = [EXPEcP™ 1] % TE (6)

where AE is the annual attributed events of fatal

and nonfatal diseases due to the annual variation in
concentration levels of PM,, and PM, ,, ff represents

the C-R, ACp,, represents the total annual variation in
PM, ; or PM,, concentration levels due to the technical
solution implemented, and TE is the total annual events

of fatal and nonfatal diseases from all causes, covered by

the public and private health systems.* In this work, we
consider respiratory and cardiovascular diseases.

To capture the relation between the mean increase

(or decrease) in pollutant concentration and the
corresponding mean increase (or decrease) in the
number of health events, epidemiologists make

use of C-Rs (B). In the Brazilian literature on air
pollution impact assessment, several ecological time-
series studies provide such coefficients for different
populations, pollutants, health impacts, and age ranges.
The C-Rs (p) retrieved to build the ImpactAr tool come
from the Brazilian empirical literature, specifically
from seven articles, which are listed in Table 3. All

the attributable events measured in the tool follow
exactly the criteria of age range, health endpoint, and
pollutant of each C-R, defined by the authors of the
epidemiological studies.

Table 3 | Concentration-Response Coefficient (B) Details and Sources

HEALTH

Respiratory

Children (<5) Mortality diseases
B, Children (<5) Morbidity ggzgigztsory
B, Elderly (=60) Mortality E{ZZZZZZ’W
By Elderly (>60) Mortality giasgggscular
Bs Elderly (=65) Morbidity ggsezigztsorv
Bs Elderly (>39) Morbidity g;ggzzscular
B All ages Mortality ggsegigzgory
B; Children (<12) Morbidity ggzr;igztsory
By Elderly (>45) Mortality ggggzzscular
By Elderly (>64) Morbidity ggzzigztsory
By Elderly (>45) Morbidity Cardiovascular

Source: WRI authors.

diseases

Marcilio and
PM,, 0.0011821980 Gouveia 2007

Gouveia et. al.
PM,, 0.0010138430 2017
PM,, 0.0013212330 Costa et al. 2017
PM,, 0.000010000 Costa et al. 2017

Marcilio and
PM, 0.001960024 Gouveia 2007
PM,, 0.000999983 Gouveia et al. 2017

Fajersztajn et al.
PM, s 0.0010148330 2017

Nascimento et al.
PM, s 0.008925820 2016

Rodrigues et al.
PM, 5 0.0010544210 2017
PM, 5 0.004210180 Ignotti et al. 2010

Rodrigues et al.
PM,5 0.002254400 2017
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At first, it may seem counterintuitive to assume that
impacts on specific age ranges are representative of the
population’s health impacts as a whole. Nevertheless,
due to the nonlinear nature of the relation between
pollutant variations and health impact variations,
children and the elderly are the segments of the
population that experience much higher-than-average
personal health impacts caused by air pollution. By
assessing the impacts of this risk group, we are able to
provide a more sensitive basis for the detection of any
increase in disease (National Research Council 1988).

Data point 4, annual variations on the number

of fatal and nonfatal diseases: This represents
the health impacts linked to the technical solution
chosen. It provides the changes in the number of
hospitalizations and deaths due to respiratory and

cardiovascular diseases as a consequence of the annual

variation in PM, ; and PM,, concentrations. Annual

variations in the number of fatal and nonfatal cases are

provided for 1 year and 30 years.

Box 1 | The Calculus of Total Events (TE): The Number of Fatal and Nonfatal Diseases from All Causes

Exposure refers to a "pollutant concentration at a particular place
and time, and the presence of a person at that place and time."?
It can vary according to (i) the magnitude of the concentration
level, (ii) the duration of the exposure to the pollutant, and (iii)
the frequency of exposure to the pollutant.” This entails that,
within a city, exposure levels, and therefore health impacts, differ
greatly according to the person’s mobility trends and living area.
The ImpactAr tool does not measure different levels of exposure
among the population in each city due to the lack of data
regarding georeferenced information on PM concentration levels
in different areas of the analyzed cities and specific features

of the population’s mobility in those areas. Instead, our model
uses the total number of fatal and nonfatal cardiovascular and
respiratory diseases from all causes in each city as a baseline.
To obtain such numbers for a 30-year analysis, a projection of
population, morbidity rate, and mortality rate, considering the
concentration-response coefficient criteria of age range and
health endpoints, was measured.

The population projections were calculated on the basis of
population forecast estimates from local government studies
combined with polynomial interpolation in the years for which
data were missing. Mortality and morbidity rates were projected
from data retrieved from the Department of Information
Technology of the National Public Health System (Departamento
de Informética do Sistema Unico de Satde, DATASUS). For fatal
disease forecasts, we used cross-sectional DATASUS data on the
number of deaths, and for nonfatal diseases we used cross-
sectional DATASUS data on hospitalizations—both from 2000 to
2017. To maintain the reasonableness of the behavior of fatal and
nonfatal cases until 2050 (30-year analysis), we set the 2050
value as the best result in these health indicators (the minimum
value reached) in the data provided by DATASUS (2000-17). Our
main assumption is that, over the years, the overall health of

the population will improve, reaching the best result already
reached—and therefore the lowest number—of fatal and nonfatal
cardiovascular and respiratory diseases.

The projections were made through direct linear extrapolation,
according to the following model,®

In(m,,) =a,+ bt +E,;

where m,, is the mortality/morbidity rate of interest, for age x,

in year t; a, means the mortality/morbidity constant for age; b,
denotes the age-specific multiplied by time ¢; £, is the residual
error. It is fundamentally a log-linear model, with the mortality/
morbidity rate as the dependent variable and the year, as well as
a constant, as an explanatory variable.

In possession of the population forecasts, we applied the
projected mortality and morbidity rates of respiratory and
cardiovascular diseases from all causes to obtain the absolute
number of occurrences. The number of deaths provided by
DATASUS covered both occurrences in the public health system
as well as in the private health system. For hospitalizations,
however, data provided only covered hospitalizations in the public
health system. Therefore, in order to find hospitalizations in the
private health system, we applied the method of André et al.

(2012) as follows,
1
N s=N ublic ( ) ']
PR 0-p)

where N, is the number of hospital admissions in the private
system, N, is the number of hospital admissions in the public
system, and P/ is the proportion of the population with access to
private health insurance.

Note: There are several methods for projecting mortality/morbidity. Direct linear extrapolation is not meant to be accurate but rather to point to trends. This method

is traditionally used in this kind of study (Stoeldraijer et al. 2013). Methods that include additional information or an extra dimension to the data (e.g., cohort) “will
automatically lead to a more subjective model. ... Models which capture age, period, and cohort effects in mortality will provide a better model fit than age-period
models, given that a cohort effect exists in the mortality data. ... However, there is no guarantee that models with a better fit will produce better forecasts” (Stoeldraijer

etal. 2013, 344-45).

Sources: a. National Research Council 1988, 208; b. National Research Council 1988; c. Booth and Tickle 2008; Stoeldraijer et al. 2013
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2.34 Financial and Economic Stage

Linking function 4, from annual variations
on the number of fatal and nonfatal diseases
to monetary valuation: The monetization of the
changes in the numbers of fatal and nonfatal diseases
applied in the tool was divided between morbidity
costs and mortality costs. For the former, we have
opted to monetize the cost of nonfatal diseases
attributable to air pollution through the financial
approach, as the Brazilian literature used the well-
grounded COI methodology.° For the latter, we chose
to use a measure of economic cost that is not often
verified in the Brazilian literature—namely, the VSL.
Yet however controversial the VSL may be, it aims

to measure nonmarket costs related to suffering and
loss of well-being, broadening the spectrum of costs
covered by the ImpactAr tool.

a. Morbidity costs: According to the COI
methodology, the financial impacts of hospitalizations
consist of the sum of two types of costs:

Direct cost of disease: This represents the total
costs of hospitalizations. It is measured using the
average cost of hospitalizations in 2018 provided by
the Department of Information Technology of the
National Public Health System (Departamento de
Informatica do Sistema Unico de Satide, DATASUS)
for each age range and health endpoint of the

C-Rs and the annual attributed events of nonfatal
diseases due to the variation on concentration
levels. As DATASUS only provides the average cost
of hospitalizations in the public health system, we
assumed that the average cost of hospitalizations in
the private system is three times higher in relation
to public ones, as proposed by André et al. (2012).
The total direct cost according to each age range and
health endpoint is given by

TDC=AC x AD (7)

where TDC is the total annual direct cost of
nonfatal diseases, AC is the average cost of each
hospitalization for each age and health endpoint,
and AD is the annual attributed nonfatal diseases
due to the variation on concentration levels.

Indirect cost of disease: This represents the cost of
work absences due to hospitalizations. It is measured
for each age range and health endpoint of the C-Rs,
and it uses the average stay of hospital admissions in
2018 provided by DATASUS (we assumed that the
average stay of hospitalizations in the private system
is the same as in the public system); individual daily
per capita earnings of all sources in 2015 (2018R$)
per city, which were measured by dividing by 30

the average monthly earning of all sources in 2015
provided by Brazilian Institute of Statistics and
Geography (Instituto Brasileiro de Geografia e
Estatistica, IBGE); and the number of the annual
attributable events of nonfatal diseases due to the
annual variation on concentration levels. This can be
summarized by the formula

TIC = AS x DI x AD (8)

where TIC represents the total annual indirect

cost of disease, AS is the average stay of hospital
admissions for each age range and health endpoint
of C-Rs, DI is the individual daily income per
capita of all sources per city, and AD is the annual
attributed nonfatal diseases due to the variation on
concentration levels.

Besides the indirect cost of morbidity, the ImpactAr
tool also provides the number of workdays lost due
to hospitalizations. Although we analyze the impacts
in non-working-age ranges, we assume that someone
active, both in the formal and informal job market,
will be absent from work to take care of the ill, as
proposed by Ortiz-Duran and Rojas-Roa (2013).

Finally, the total financial cost of morbidity impacts,
or the COI, calculated by the tool is given by the
equation

COl=TDC+TIC (9)

where TDC is the total annual direct cost of nonfatal
diseases and TIC represents the total annual indirect
cost of disease.
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b. Mortality costs: Mortality costs were measured

by multiplying the number of deaths by the VSL for
Brazil in 2018, as presented in Equation 10. They are
measured for each age range and health endpoint of
the C-Rs,

MC = ND x VSL (10)

where MC is the total cost of mortality, ND is the
annual number of deaths, and VSL is the value of
statistical life for Brazil.

Brazil does not present an extensive literature
that measures the VSL for air pollution through
revealed preference or state preference methods.?
We have opted to adopt the unit value transfer
method to obtain the VSL value, according to which
we transfer data from previous studies of stated
preference or revealed preference from one context
to another, with adjustment for specific variables.
The methodology applied has been widely used by
the Organization for Economic Co-operation and
Development (OECD) (OECD 2012, 2014; Roy
2016; Roy and Braathen 2017; WHO/Europe and
OECD 2015). Specifically, for the ImpactAr tool, we
adopted the methodology proposed by an OECD
study (Roy and Braathen 2017) that targeted the
countries of Brazil, Russia, Indonesia, India, China,
and South Africa (BRIICS). The value transferred
was the 2005 VSL for OECD countries, US$3 million
(2005%) (OECD 2012). According to the formula we
applied, we adjusted the value for the difference in
per capita income, income per capita growth from
2005 and 2018, and inflation from 2005 and 2018
(Roy and Braathen 2017):

VSLBRASIL,ZOIS = VSLOECD,2005 X ( Yonusi. 205 )b X (1+%AP+%AY)° (11)

0ECD,2005

where VSLgrasi,-ois 1S the value of statistical life

for Brazil in 2018; VSLogcp 2005 1S the base value for
OECD countries in 2005; Yzrasiz, 2005 1S the GDP per
capita in terms of purchasing power parity at 2018
prices for Brazil in 2005; Yozep 2005 1S the per capita
GDP in terms of purchasing power parity at 2018
prices for OECD countries in 2005; b is the income
elasticity of VSL (considered to be 1, as proposed by
Roy and Braathen [2017, 17]); AP represents the
price inflation in Brazil between 2005 and 2018,

as estimated by the consumer price rate; and %$AY
is the real income growth between 2005 and 2018
for the country. All the economic indicators were
retrieved from the OECD online database.

Data point 5, monetary valuation: This
represents the monetization of the variations

in health impacts found in the Epidemiological
Stage. For costs related to changes in morbidity
impacts—namely, variations in the number of
hospitalizations—we used the COI methodology,
which can be interpreted as the financial savings/
costs of health treatment and income avoided/
generated due to the total decrease/increase on
PM, ; and PM,, annual concentration levels. For
costs associated with mortality, in their turn, the
VSL was used. In simple terms, the VSL is an
estimate of how much people are willing to pay to
reduce their risk of death, taking into account issues
such as suffering and discomfort. Therefore, this
cost represents more than the financial impacts of
mortality, aiming to evaluate the impact on welfare
losses due to a fatality.

Monetary values are measured in Brazilian reals
(R$) at 2018 prices and a discount rate of 6.75
percent per year was used for the 30-year analysis
(February 2018, Brazilian basic interest rate, called
the Special System for Settlement and Custody
Sistema Especial de Liquidacao e de Custddia
(SELIC) rate). The concept behind the use of the
discount rate for projections is intended to deal with
future inflation, making future costs comparable to
current 2018 Brazilian prices (2018R$).
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3. IMPACTAR TOOL STRUCTURE

The presented methodology was used to build an
interactive spreadsheet tool using Microsoft Excel 2013.
The tool presents a cover, with a brief model description
and menu, and a user guide, with details on each
spreadsheet’s functions (Figures 3 and 4).

Figure 3 | Interface of the ImpactAr Tool Cover

VALUATION TOOL FOR AIR QUALITY HEALTH IMPACTS OF URBAN BUS FLEET CHANGES IN BRAZIL (ImpactAr)

General Information
managers in the
urban air pollution on
health and economy. [e?
ERER e (&
costs/savings of changes in

The main goal of this tool is . The impacts of outdoor air pollution are measured through the impact
to assist municipal public pathway approach methodology, which performs the following steps:
measurement and
evaluation of the impacts of

+  This tool allows the Project Environmental Epidemiological Monetary
measurement of the implicit impacts impacts valuation
the urban bus and truck fleet
in terms of variations on

PM. and PM . It works by first addressing emissions and concentration variations
10 25 (environmental impacts) as a result of a change in the municipal fleet,
;‘i’g%zn‘tjr:r:gr‘; Igeslso Paulo, followed by a conversion into changes in the number of

N AN hospitalizations and deaths (epidemiological impacts), and concluding
Horizonte, and Niteroi. with the monetary valuation of such health impacts.

Menu

| User Guide

<]

| Optional Inputs

Project

Environmental Stage

Epidemiological Stage

Financial - Economic Stage

Main Results

| Long-Run Analysis

IYL::@I;C%E::::

% WRI BRASIL

Source: ImpactAr tool.
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Figure 4 | Interface of the ImpactAr Tool User Guide

USER GUIDE

This tool contains the following spreadsheets:

e
> OPT_INPUTS

« In this spreadsheet, the user can either choose to change the following data or to use the model values by default: (i) emissions factor per
technology (g/L) and (i) average fuel consumption per technology (L or KWh/100km).

m 1_PROJECT
@ [ ]

« It contains the input information regarding the public project aimed at the renewal of the current urban bus fleet.

+ Data required includes (i) the city where the project will be implemented, (ii) number of buses, (iii) type of technology (e.g., Euro V), and (iv)
the annual traveled distance (km).

« Al information above is filled in twice: once for the current fleet and once for the projected fleet.

+ If you do not possess the information required for the current and/or projected fleet, you can add the annual particulate matter (PM)
emissions or concentration changes you wish.

Qﬁ 44+ 2 ENVIRONMENTAL STAGE

+ It provides PM, ; and PM,, emissions and concentration levels of the current fleet and of the projected fleet.
« Emissions data is given in tons/year and concentration data is given in pg/m?.

(e? 1’3 3_EPIDEMIOLOGICAL STAGE
£5

« Variations in the numbers of epidemiological cases are provided as a consequence of the changes in the concentration levels of PM, 5 and
PM,,.

+ Epidemiological data consists of cases of fatal diseases and cases of nonfatal diseases.

+ The analysis of epidemiological impacts covers a period of 30 years.

All epidemiological data provided refers to the impact in 1 year (short-run analysis) and the cumulative impact
of 30 years (long-run analysis) due to the change in the urban bus fleet.

% 4_FINANCIAL AND ECONOMIC STAGE

« Morbidity costs (nonfatal diseases) and mortality costs (fatal diseases) are provided as a consequence of variations in the number of
epidemiological cases due to changes in the concentration levels of PM, s and PM,g.

+ Morbidity costs can be divided into direct costs, which represent hospitalization expenditures, and indirect costs, which represent the costs
due to absences at work.

+ Whereas morbidity costs represent financial costs, that is, costs incurred by the municipality or by the population, mortality costs are of
economic nature, aimed at measuring the less tangible matters, such as suffering and loss of leisure.

« Al financial and economic data provided refers to the impact in 1 year (short-run analysis) and the cumulative impact of 30 years (long-run
analysis) due to the change in the urban bus fleet.

|I|. 5_MAIN RESULTS

+ It provides the main results—environmental, epidemiological, and economic-financial—that the changes in the concentration levels of PM, g
and PM,, would produce.

+ Italso offers a comparative analysis between economic and financial results provided by the model and economic indicators from the
municipality, such as the municipal GDP, municipal annual health expenditure, and average cost of hospitalizations in the municipality. This
analysis covers 1 year (short-run analysis) and 30 years (long-run analysis).

| A7 6_LONG-RUN ANALYSIS

« It provides graphs with the evolution of morbidity and mortality cases and their respective costs over the period of 30 years (long-run
analysis), with data numbers provided every 5 years.

Source: ImpactAr tool.
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After these two first sections, the tool presents another The interfaces of all the other spreadsheets mentioned

seven spreadsheets. The first corresponds to an optional in Table 2 are presented in Appendix A.

input section, the second to a required input section,

and the following five spreadsheets consist of sections Besides the 9 spreadsheets presented above (Cover, User

for reports and results. Each one contains specific types Guide, Optional Inputs, Project, Environmental Stage,

of data; Table 4 provides a summary. Epidemiological Stage, Financial and Economic Stage, Main
Results, and Long-Run Analysis), the tool has 10 additional

As specified, the sixth and seventh spreadsheets support spreadsheets that cannot be visualized or modified

(Main Results and Long-Run Analysis) are not part by the user. These sections contain all default data used as

of the stages presented in Figure 2, but they provide a well as the calculations and databases of health, financial,

summary of main results and economic comparisons. and economic impacts measured by the tool.

Table 4 | ImpactAr: Tool Contents and Structure

SHEET
ORDERING REFERENCE NAME MAIN CONTENTS

This is an optional input sheet that enables users to change the PM emissions factor and average fuel
efficiency per technology of buses. The values available in the model by default are provided in the only

Sheet 1 Optional Inputs table of the spreadsheet, in the white cells. Note that users should only fill the optional value in the green
cells of the table if they have the data required. Otherwise, the user should keep the green cells with N/A
value, as the model will provide data by default.

The user enters the data for the fleet's renewal project, including data on the city's current bus fleet or
any baseline fleet (scenario 0) and data on the city's projected bus fleet (scenario 1). If the user does not
possess fleet data to enter, she/he can input any value of annual emissions or concentration levels of
PM,5 or PMy, in the “Environmental Input Data" subsection and the tool will measure the epidemiological,
financial, and economic impacts in the following spreadsheets. In this case, the values entered will
represent annual variations on air pollution levels linked to the transport sector. This means that the tool
will assume that air pollution levels for scenario 1 represent the values inputted by the user, and the air
pollution levels for scenario 0 will be equal to zero.

Sheet 2 Project

It provides the annual emissions and concentration levels of PM,; and PM;, both for the current and the
projected fleet. If the user provides data directly through the in the Environmental Input Data subsection
of the “Project Stage," he or she can go directly to the next spreadsheet, “Epidemiological Stage."

Sheet 3 Environmental
Stage
It provides the numbers of epidemiological cases (hospitalizations and deaths) attributable to the difference
between the annual concentration levels of PM, 5 and PM,, linked to the current fleet (scenario 0) and the
annual concentration levels of PM,s and PM;, linked to the projected fleet (scenario 1). It also offers the
number of work absences due to hospitalizations. Values are provided for 1year (short-run analysis) and 30
years (long-run analysis). If the user provides data directly through the Environmental Input Data subsection
of the Project Stage, the number of fatal and nonfatal diseases provided by ImpactAr represents an
estimation of health endpoints due to the annual variation on emissions and concentration levels inputted.

Epidemiological

Sheet 4 Stage

Morbidity costs (nonfatal diseases) and mortality costs (fatal diseases) are provided as a consequence of
the changes in the annual concentration levels of PM, 5 and PM,, caused by the fleet's renewal. Values are
Financial and provided for 1year (short-run analysis) and 30 years (long-run analysis). If the user provides data directly
Economic Stage through the Environmental Input Data subsection of the Project Stage, the financial and economic costs
of fatal and nonfatal diseases represent an estimation of the costs associated with the epidemiological
cases due to the annual variation in emissions and concentration levels inputted.

Sheet 5

It provides the main results—environmental, epidemiological, and financial-economic—that the changes
in PMy, and PM, s annual concentration levels originated by the fleet's renewal or by the direct air quality
inputs of the user (in the Environmental Input Data subsection of the Project Stage) would produce. It also

Sheet 6 Main Results offers a comparative analysis between economic and financial results and economic indicators of the
municipality, such as the municipal GDP, municipal annual health expenditure, municipal annual hospital
expenditure, and average cost of hospitalizations in the municipality. Values are provided for 1 year (short-
run analysis) and 30 years (long-run analysis).

Long-Run It provides graphics with the evolution of morbidity and mortality cases and their respective costs over

et Analysis the period of 30 years, with data numbers provided every 5 years.

Notes: GDP = gross domestic product; PM = particulate matter.
Source: WRI authors.
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All external data sources used to build the ImpactAr
tool are summarized in Table 5, with specifications
on their locations.

Table 5 | Data Source Specifications

DATA SOURCES SPREADSHEET

Emissions factor per
technology (g/L)

Average fuel efficiency per
technology (L or kWh/100 km)

Broad National Consumer
Price Index (Indice Nacional de
Precos ao Consumidor Amplo,
IPCA)

Particulate matter fixed
conversion measures (FCM)
for emissions concentration

Municipal gross domestic
product—2015 (2018RS)

Annual municipal health
expenditure in 2018 (RS)

Average cost of
hospitalizations from all
causes in 2018 (RS)

Average hospital expenditure
in 2018 from all causes per
city (RS)

Resident population per city
and age ranges (table)

Private health insurance
coverage per city in August
2018 (%) (table)

Average stay of
hospitalizations in 2018 (table)

Value of statistical life for
Brazil in 2018 (RS)

Discount rate

Ministry of the Environment (Ministério do Meio Ambiente)?
Sdo Paulo Transportation (Sdo Paulo Transporte)”

Operation experience—reported to the World Resources Institute—
from a large Brazilian city. The name of the city will not be provided as
to avoid relevant information disclosure.

For average electric consumption, we added the average of the
operation data of nine Padron electric buses of a pilot carried out in
Santiago, Chile.

Brazilian Institute of Statistics and Geography (Instituto Brasileiro de
Geografia e Estatistica; IBGE)°®

Obtained through simulations in the Coupled Chemistry Aerosol-
Tracer Transport model to the Brazilian Developments on the Regional
Atmospheric Modeling System (CCATT-BRAMS) model.

IBGE®

Sdo Paulo: 2018 data from the Municipal City Hall (Prefeitura do
Municipio de Sao Paulo)®

Rio de Janeiro: 2018 data from the Municipal City Hall (Prefeitura da
Cidade do Rio de Janeiro)'

Belo Horizonte: 2018 data from Municipal City Hall (Prefeitura
Municipal de Belo Horizonte)?

Niterdi: 2018 data from the Municipal City Hall (Prefeitura Municipal de
Niterdi)

Department of Information Technology of the National Public Health
System (Departamento de Informética do Sistema Unico de Sadde;
DATASUS)

DATASUS

DATASUS (2011-12: IBGE population estimates submitted to the Federal
Audit Court (Tribunal de Contas da Unido, TCU), stratified by age and
sex by MS/SGEP/DATASUS)"

National Agency of Supplementary Health (Agéncia Nacional de
Salide Suplementar, ANS)

DATASUS
Value obtained by transferring the value of statistical life to OECD
countries in 2005, as proposed by Roy and Braathen (2017)

Brazilian basic interest rate in February 2018 (SELIC rate) per the
Brazilian Central Bank (Banco Central do Brasil)

DEFAULT_DATA_ENVIRONMENTAL

DEFAULT_DATA_ENVIRONMENTAL

DEFAULT_DATA_ENVIRONMENTAL

DEFAULT_DATA_ENVIRONMENTAL

DEFAULT_DATA_ENVIRONMENTAL

DEFAULT_DATA_ENVIRONMENTAL

DEFAULT_DATA_ENVIRONMENTAL

DEFAULT_DATA_ENVIRONMENTAL

DEFAULT_DATA_EPIDEMIOLOGICAL

DEFAULT_DATA_EPIDEMIOLOGICAL

DEFAULT_DATA_FIN_ AND_ECO

DEFAULT_DATA_ FIN_ AND_ECO

DEFAULT_DATA_ FIN_ AND_ECO
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DATA SOURCES SPREADSHEET

Average individual monthly
income of all sources per city
in 2015 (2018RS$)

Average cost of PUBLIC
hospitalization in 2018 (RS)

IBGE Automatic Recovery System (Sistema IBGE de Recuperagao

Automatica, SIDRA)] DEFAULT_DATA_ FIN_ AND_ECO

DATASUS DEFAULT_DATA_ FIN_ AND_ECO

The average cost of hospitalizations in the private system was
considered to be three times higher in relation to public ones, as DEFAULT_DATA_ FIN_ AND_ECO
proposed by André et. al (2012)

Average cost of PRIVATE
hospitalization in 2018 (RS)

Population forecasts Foundation for the State System of Statistical Data Analysis (Fundagédo

for Sdo Paulo Sistema Estadual de Anéalise de Dados Estatisticos, SEADE) DERRCLL DT LR

Population forecasts

for Belo Horizonte Jodo Pinheiro Foundation (Fundacdo Jodo Pinheiro) population studies DEFAULT_DATA_POPPROJ

Population forecasts

for Rio de Janeiro Pereira Passos Institute (Instituto Pereira Passos) DEFAULT_DATA_POPPRO)J

Population forecasts Municipal Secretary of Urbanism and Mobility (Secretario Municipal de

for Niterdi Urbanismo e Mobilidade) DEFAULT_DATA_POPPROJ

Notes: g/L = grams of pollutant per liter of diesel; L or kWh/100 km = liters or kilowatt-hours per 100 kilometers; SELIC = Sistema Especial de Liquidagdo
e de Custddia.

Sources: a. MMA 2011; b. SPTrans 2012; c. IBGE, n.d.b; d. IBGE 2017; e. Prefeitura do Municipio de Sao Paulo 2018a; f. Prefeitura da Cidade do Rio de Janeiro
2018; g. Prefeitura Municipal de Belo Horizonte 2018; h. IBGE, n.d.a; i. BCB 2018; j. IBGE 2015; k. Fundacao SEADE 2017; I. SMU 2015.

For the first simulation (Linking function 2.1), the

emissions scenarios for each city were interpolated
Although the ImpactAr tool offers a robust model on a gridded domain (25 km) over an urban area of
to measure air pollution impacts, limitations and the cities, using a methodology proposed by Alonso

uncertainties are inexorable, but identifying them et al. (2010), native in PREP-CHEM-SRC. The
will help users better interpret the results. We have

segregated the main limitations according to the stages
presented in Section 2, Methodology, additionally
including an overall limitations analysis.

emissions preprocessing tool (Freitas et al. 2011) is

a comprehensive tool for preparing emissions fields

of trace gases and aerosols for use in atmospheric
chemistry transport models. For the second simulation
(Linking function 2.2), to mitigate the limitations of
the domain and spatial distribution, 2 km of spatial
resolution and the GTFS data were combined for each
city. For both simulations, the 80 m of thickness in the
first vertical layer was chosen due to the computational
resource associated with the timetable for the delivery of
the tool.

Environmental Stage limitations: The main issue
that may raise controversy in this stage is related to
the methodology applied to convert PM emissions

into PM concentration levels. This conversion is

based on a fixed conversion factor for each city, which
may mislead the user to believe that the different
variables that influence concentration levels were

not considered. The PM FCMs, however, incorporate Another limitation is the use of two different

aspects'inherent t(f the atmosph.eric simulation for simulations (Linking functions 2.1 and 2.2) to obtain the
the period and region analyzed in the BRAMS 5.2 FCMs of the four cities. The different methodological

modeling system, such as w1.nd influence, a%tmosph.erlc paths taken do not allow direct comparisons among the
boundary layer behavior, soil-atmosphere interaction, four cities.

and mesoscale and synoptic scale phenomena. In this
study, due to scope limitations, the period considered
for atmospheric modeling is one month of the year
for each Linking function (June and August), which is
representative in meteorological conditions.
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Although FCMs carry limitations—such as
meteorological boundary conditions of one month,
coarse-grid resolution, and some model limitations
like atmospheric parameterization—they are a

useful option for ImpactAr tool users because this
methodology does not require expertise in atmospheric
modeling. Furthermore, the FCMs are sensitive only

to bus fleet emissions scenarios, and the inclusion

of additional meteorological boundary conditions

like Representative Concentration Pathway (RCP)
scenarios,? for example, would bring more uncertainty
to the simulations of PM concentration.

Epidemiological Stage limitations: All dose-
response coefficients retrieved measure the short-term
effect of PM on health (usually on the same day of the
exposure, up to seven days past). The epidemiological
evidence indicates that the long-term effects of air
pollution also negatively affect people’s health (Beelen et
al. 2014; Pope 2007). The Brazilian literature, however,
does not present an extensive list of such studies. In
order to consider a long-term analysis, the ImpactAr
tool sums the impacts of air pollution measured by
short-run dose-response coefficients for the 30-year
analysis. Furthermore, we have retrieved the coefficients
from specific studies. In the future, we intend to carry
out averaging estimates by metanalytic approaches

to obtain the dose-response coefficients from a larger
number of studies.

Among the epidemiological field, we analyze only a
small yet significant portion of consequences caused
by air pollution. Studies already suggest the impacts of
air pollution on birth gender (Lichtenfels et al. 2007)
and fetal development (Hettfleisch et al. 2017). Another
limitation is related to the fact that the ImpactAr tool
does not consider different sets of exposure among

the population in each city. Air pollution does not
affect the population evenly, and there is evidence that
suggests that low-income groups tend to experience
higher exposures to pollutants due to less favorable
environmental living conditions compared to more
affluent population groups or areas (Fairburn et al.
2019; Martins et al. 2004; Rivas, Kumar, and Hagen-
Zanger 2017) and, therefore, higher impacts on health.

Financial and Economic Stage limitations: As
previously mentioned, we have obtained the VSL for
Brazil, which measures mortality costs, through the

unit transfer methodology. Unfortunately, the unit
transfer methodology only acknowledges income and
inflation differences between OECD countries (original
value transferred) and Brazil. Other differences, which
significantly affect the VSL value, include life expectancy
and income elasticity, among others.2#

Furthermore, the tool acknowledges future inflation for

the long-run analysis (30 years) through a discount rate,
but income growth is not included in the analysis, as we

believed the different methodologies used to calculate it
could raise strong controversy. This has the potential to

underestimate the financial and economic results, as the
income is kept at 2018 levels.

Overall limitations: Our tool only fits four Brazilian
cities: Sdo Paulo, Rio de Janeiro, Belo Horizonte, and
Nitero6i. Due to the methodology used and the size of the
input data required to add more cities, such as new PM
FCMs and the number of deaths and hospitalizations
recommended. Also, the adoption of ImpactAr for
non-Brazilian cities is particularly discouraged because
almost all epidemiological parameters embedded in it
were retrieved from Brazilian studies.?

At last, we acknowledge the need for caution when
using ImpactAr tool results. It is important to note that
we use a chain process of calculus to measure PM,,

and PM, ; impacts, meaning that we can assert that the
final results carry the aggregate errors of each stage’s
calculation—namely, environmental, epidemiological,
and financial and economic. Unfortunately, we are
unable to evaluate whether these uncertainties would
potentially increase or diminish the results provided by
the tool. Hence, the quantitative outputs provided by
the ImpactAr tool must be interpreted as estimates that
indicate the existence of the impacts, costs, and their
respective magnitude in the analyzed cities; they are
not an expression of the exact values of epidemiological
cases and costs related to the fleet’s renewal in terms of
PM, ; and PM,, variations.

Bearing the previous limitations and uncertainties

in mind, however, the ImpactAr tool comprises a

robust model for measuring air pollution impacts,
developed using the state-of-the-art methodologies

and most credible databases currently applied among
the academic field. The consequences of changes in air
pollution levels on health and economy are continuously
addressed by empirical studies, and, in this sense, the
ImpactAr tool provides an important insight to address
such matters in the context of these Brazilian cities.
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The aim of this section is to provide the readers with a
better understanding of the tool’s outputs by performing
a simulation of an urban bus fleet renewal project for
the city of Sdo Paulo. This city is the largest city in Brazil
in terms of population and economic activity. With 12.2
million inhabitants, Sao Paulo accounts for 5.8 percent
of Brazil’s population, and it is responsible for 11 percent
of the national GDP.?° It also has the biggest vehicle fleet
of the country, reaching 8 percent of total national fleet*”
with around 9 million vehicles (Detran SP 2019). In this
scenario, air pollution is an evident externality in the
city, and transport is its main cause.

In January 2018, the municipality implemented a
long-term target to reduce the greenhouse gas (GHG)
emissions and air pollutants generated by its collective
transport fleet in 20 years.?® The law settled specific
targets of reduction for different air pollutants and
GHGs, for instance, PM, carbon dioxide (CO,), and
nitrogen oxides (NOx). Particularly for PM, the law
stipulates a minimum decrease of 95 percent in 20
years from the validity of the law (2038) compared to
the 2016 levels (Prefeitura do Municipio de Sao Paulo
2018b, subsection IV of article 50).

Table 6 | Scenario 0 (Current Fleet) Inputs: Location in
the ImpactAr tool—Project Stage Spreadsheet

The simulation in the ImpactAr tool is based on the
described target for PM reductions in Sao Paulo. As
the target is based on the percentage of emissions
reduction, rather than on a profile change in the fleet
technology, WRI Brasil determined ad hoc the number
of buses of each technology that achieves the 95 percent
of reduction in PM emissions, maintaining the total
number of buses. The constructed scenario focused

on a large increase in the electric fleet, a modest rise

in the trolleybus fleet,* and a large reduction in the
most pollutant type of technology, Euro III and Euro
V. The current fleet (scenario 0) and the projected fleet
(scenario 1) data inputs for the test are described in
Tables 6 and 7.

It is worth noting that the simulation used the values
of the emissions factor and the average fuel efficiency
provided in the tool by default.

Table 7 | Scenario 1(Projected Fleet) Inputs: Location in
the ImpactAr Tool—Project Stage Spreadsheet

CURRENT FLEET

TIFEOF | technoLogy | BYMBER TRAVELED
DISTANCE (KM)
Bus1 Euro lll 7,739 63,102
Bus 2 EuroV 6,756 63,102
Bus 3 Trolleybus 201 63,102
Bus 4 Euro VI 0 0
Bus b Euro VI 0 0

Source: WRI authors.

PROJECTED FLEET

TFEOF ' technoLogy | NYMBER TRAVELED
DISTANCE (KM)
Bus1 Euro lll 330 63,102
Bus2 EuroV 566 63,102
Bus 3 Trolleybus 250 63,102
Bus 4 Electric 13,650 63,102
Bus 5 Euro VI 0 0

Source: WRI authors.
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Considering only the impacts of PM, ;, the pollutant
with the largest impacts on human health, the
implementation of the 95 percent of PM reduction target
in Sao Paulo has the potential to avoid approximately

95 cases of illness and 4 deaths in the first year,

reaching around 3,171 cases of illnesses and 141 deaths
in 30 years.3° In terms of working days lost due to
hospitalizations, in one year, about 647 work absences
would be avoided, whereas in 30 years this number

rises to 22,601 work absences avoided. These impacts
collectively represent a potential savings of about R$5
million regarding the morbidity costs and R$300 million
regarding the mortality costs, both in the long run.

Table 8 |

These and other estimates are presented in Table 8 and
are analyzed in more detail in the following subsections.

6.1.1 Environmental Results

Table 9 and Figures 5 and 6 show the reduction in
emissions and concentration levels in one year due to
the technical solution implemented. Units are measured
in tons for emissions levels and pg/m? for concentration
levels. The proposed fleet’s renewal would result in a
drop in emissions of about 140 tons of PM,, and 98

tons of PM, ; compared to the levels of 2016, which
represents approximately a 95 percent reduction as
proposed in municipal law 16.802/2018. Changes in
concentration levels would reduce around 0.1535ug/m3
and 0.1075 pg/ms3, for PM,,and PM, ,, respectively.

SUBSTAGE

Emissions (tons/year)
ENVIRONMENTAL
Concentration (ug/m®)

Morbidity cases

Number of disease -95

cases
EPIDEMIOLOGICAL Mortality cases 4

Number of fatalities

Working days lost due 647

to hospitalization stays

Morbidity costs .
FINANCIAL AND Cost of illness (R$) 236,528.95
ECONOMIC i

Mortality costs 16,741814.29

Value of statistical life (R$)

Source: WRI authors.

Table 9 |

1YEAR 30 YEARS 1YEAR 30 YEARS
6

977 139,
01075 -01535
3171 -40 1,443
141 2 -89
-22,601 315 11,544
-5,394,473.45 15749447 -2,901726.76
-300947149.42 -8764,888.26 175,814,062.86

CURRENT FLEET PROJECTED FLEET
- FLLUUEATT (SCENARIO 0) (SCENARIO 1) VARIATION VARIATION (%)

EMISSIONS
(TONS/YEAR)

CONCENTRATION
(HG/M?)

Source: WRI authors.
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Figure 5 | Emissions Reductions: Location in the Figure 6 | Concentration Reduction: Location in

ImpactAr Tool—Environmental Stage the ImpactAr Tool—Environmental Stage
Spreadsheet Spreadsheet
Annual emissions variations (tons/year) Annual concentration variation (pg/m?)

0107
-9769
0154
-139.55
PM, [ | PM,, PM, [ | PM,,
Source: ImpactAr tool. Source: ImpactAr tool.
6.1.2 Epidemiological Results by the long-run analysis (30 years), reductions in

PM, ; concentration levels would avoid approximately
3,171 hospitalizations, whereas reductions in PM,,
concentration levels would avoid about 1,443. As for
mortality outcomes, 141 cases would be avoided due to
the drops in PM2 ; levels and 89 cases due to the drops
in PM,, levels, both for the 30-year analysis.

Table 10 and Figures 7, 8, 9, and 10 present the numbers
of morbidity and mortality cases avoided according to
the long-run and short-run analyses of the ImpactAr
tool, measured for each pollutant and type of disease.
The reductions in PM,, and PM,, ;emissions are reflected
in the number of mortality and morbidity cases related
to air pollution. For total cumulative effects provided

Table 10 | Main Epidemiological Results: Location in the ImpactAr Tool—Epidemiological Stage Spreadsheet

VARIATION OF FATAL AND NONFATAL CASES

TYPE OF HEALTH CURRENT FLEET PROJECTED FLEET
1 =45 -60 9

30 -1,296 -1,875 =317
MORBIDITY
1 -23 -7 -40
PM;q
30 -821 -622 -1,443
1 -3 -1 -4
PM,5
30 -108 = -141
MORTALITY
1 0 2 e
PM;q
30 -1 -87 -88

Source: WRI authors.
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Figure 7 | Avoided Morbidity in One Year: Location in
the ImpactAr Tool—Epidemiological Stage
Spreadsheet

Figure 8 | Avoided Morbidity in 30 years: Location in
the ImpactAr Tool—Epidemiological Stage
Spreadsheet

Variation on morbidity cases - 1year
Cardiovascular disease

Respiratory disease

Source: ImpactAr tool.

Figure 9 | Avoided Mortality Cases in One Year: Location
in the ImpactAr Tool—Epidemiological Stage
Spreadsheet

Variation on morbidity cases - 30 years
Cardiovascular disease

Respiratory disease

-1,296

-1875

T Pm M PM

25 10

Source: ImpactAr tool.

Figure 10 | Avoided Mortality Cases in 30 Years:
Location in the ImpactAr Tool—
Epidemiological Stage Spreadsheet

Variation on mortality cases - 1year

Cardiovascular disease Respiratory disease

0

Source: ImpactAr tool,

The numbers of avoided fatalities were significantly
lower than those for avoided hospitalizations. This
result was already expected because C-Rs had already
shown that the impact of changes in concentration
levels was much higher for nonfatal diseases than for
fatal diseases. For both mortality and morbidity, PM,
impacts were significantly larger when compared to
PM,, figures.

Variation on mortality cases - 30 years

Cardiovascular disease Respiratory disease

-1

-87

pm M PM

Source: ImpactAr tool.
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6.1.3 Financial and Economic Results

Tables 11 and 12 show the costs avoided related to the
variation in the numbers of mortality and morbidity
cases linked to the fleet’s renewal. It is worth noting
that mortality costs are of economic nature, whereas
morbidity costs are of financial nature. This happens
due to the different methodology of measuring each
health impact type: mortality costs are calculated
through the VSL, and morbidity costs are measured
through the COI methodology.

Table 11 |

Figures 11 and 12 summarize savings in terms of
hospitalization costs and income losses as a result of
the decrease in the number of nonfatal diseases. Again,
analysis cover the impacts of PM,, and PM, ;, short-run
and long-run analyses for each health endpoint. As
expected, cardiovascular diseases presented the larger
share of the costs avoided. The cumulative effects of
avoided costs in 30 years totaled R$5,394,473 for PM,,
and R$2,901,726. for PM,,. According to the short-run
analysis (1 year), PM, ; reductions would avoid costs of
around R$296,528, and PM,, reductions would avoid
costs of around R$157,494.

VARIATION ON TOTAL MORBIDITY COSTS

PMy

Source: WRI authors.

Table 12 |

PERIOD CARDIOVASCULAR RESPIRATORY
FELAVEATT (YEARS) DISEASES (R DISEASES (RS) TOTAL (RS)
MORBIDITY

-178,277

-118,251 296,528

-3,337,702 -2,056,771 -5,394,473

-114,573 -42,921 -157,494

-2,091,155 -810,571 -2,901,726

VARIATION ON TOTAL MORTALITY COSTS

PERIOD CARDIOVASCULAR RESPIRATORY
AULEBLTT (YEARS) DISEASES (RS) DISEASES (RS) TOTAL (RS)

MORTALITY 30

PM

Source: WRI authors.
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Figure 11 | Avoided Morbidity Costs in One Year:

Location in the ImpactAr Tool—Financial and

Economic Stage Spreadsheet

Figure 12 | Avoided Morbidity Costs in 30 Years:
Location in the ImpactAr Tool—Financial and
Economic Stage Spreadsheet

Variation on total morbidity costs - 1 year (RS)

Cardiovascular disease

Respiratory disease

-178,278

Source: ImpactAr tool,

The mortality economic costs avoided represented the
largest figures in the Financial and Economic Stage

of the results provided by the ImpactAr tool. This can
be explained by the intended variables covered by the
methodology. The idea is to provide a measure, in terms
of Brazilian reals, of the welfare losses avoided due to
variations in air pollution levels. The values, however,
do not have an accountant nature and therefore cannot
be addressed as financial costs.

Figure 13 | Avoided Mortality Costs in One Year:
Location in the ImpactAr Tool—Financial and
Economic Spreadsheet

Variation on total morbidity costs - 30 years (RS)
Cardiovascular disease

Respiratory disease

-810572

-2,056,771

-3,337702

Source: ImpactAr tool.

Figures 13 and 14 illustrate the mortality costs

avoided as a result of the technical solution adopted

for Sdo Paulo’s urban bus fleet. The total avoided
economic/welfare losses related to mortality reached
R$300,947,149 for PM, ; reductions and R$175,814,062
for PM,, reductions in 30 years.

Figure 14 | Avoided Mortality Costs in 30 Years:
Location in the ImpactAr Tool—Financial and
Economic Spreadsheet

Variation on mortality costs - 1 year (RS)

Cardiovascular disease

Respiratory disease

-152,874

-4,220,807

-8,612,014

-12,521,007

Pm M PM

Source: ImpactAr tool,

Variation on mortality costs - 30 years (RS)

Cardiovascular disease Respiratory disease
-2,944,260
-72,755,862
-172,869,803
-228191,287
pm M Py

Source: ImpactAr tool.
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6.1.4 Comparative Analysis

Considering the costs that would be avoided due to the
reduction of PM, ; and PM,, emissions, the ImpactAr
tool provided a comparative analysis with selected
economic indicators for the municipality of Sao Paulo.
It analyzed how much the monetary outcomes, as a
consequence of the proposed change in the bus fleet,
would represent in terms of the municipal GDP,
municipal health, and hospitalization expenditures in
2018, and how many public hospitalizations could be
provided to the population, according to the financial
savings. This information is presented in Table 13.

In one year, the total avoided COI (direct and indirect
costs summed) is almost zero compared to the annual
GDP and total health expenditure of Sao Paulo.
However, the savings due to nonfatal diseases could
provide Sao Paulo’s population with an additional 107
hospitalizations surplus, in the case of PM, ; reductions,
and 57 in the case of PM,, reductions, considering the
average unit price of public and private hospitalizations
in 2018 from all causes in Sdo Paulo. Mortality costs, in

Table 13 | Comparative Analysis: Main Results Spreadsheet

turn, would represent around 0.012 percent and 0.006
percent of the municipal GDP, for PM, ; and PM,, in one
year, respectively.

If we consider the cumulative impact of avoided costs
for 30 years and compare it with the same annual
indicators, the 30-year avoided cost of mortality could
reach about 0.23 percent and 0.13 percent of Sdo Paulo’s
GDP, for PM, ; and PM,,, respectively.

Summing up the COI for 30 years, the values remain
low, being about 0.004 percent for PM, ; and 0.002
percent for PM,, of municipal GDP. As for the relation
of morbidity avoided costs and the municipal health and
hospitalization expenditures of 2018, PM,, ; associated
costs represented, respectively, 0.05 percent and 0.64
percent, and PM,, associated costs around 0.03 percent
and 0.34 percent. In terms of additional hospitalizations
due to morbidity savings, the numbers reach 1,943 for
PM, ; and 1,045 hospitalizations that could be provided
to the population.

TOTAL COSTS
TOTAL COSTS
VARIATION (R$) VARIATION/GDPm

SUBSTAGE (%)

PERIOD

NUMBER OF
HOSPITALIZATIONS
DUE TO SAVING/
COSTS OF THE FLEET
CHANGES (%)

TOTAL COSTS
VARIATION /
ANNUAL HEALTH
EXPENDITURE (%)

TOTAL COSTS
VARIATION /
ANNUAL HOSPITAL
EXPENDITURE (%)

Morbidity -29652895 15749447  0.00022947 0.0001219
1YEAR

Mortality 1674181429 -8764,888.26  0.01295592

Morbidity -5,394,47345  -2,901,726.76 0.0041746
30 YEARS

Mortality -30094714942 -175,814,062.86  0.23289267

Notes: GDPm = municipal gross domestic product.

0.0067828

0.0022455

0.1360565

0.00300284 0.00159489 0.03547773 0.01884317

0.05462784 0.02938471 0.64541308 0.34717242 1,943 1,045

*For the costs associated with mortality, the value of statistical life (VSL) methodology was used. VSL is an estimate of how much people are willing to pay
to reduce the risk of death, taking into account issues such as suffering and discomfort. Therefore, this cost represents more than the financial impacts of
mortality and cannot be compared with financial variables such as health expenditures.

Source: WRI authors.
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6..5 Comparative Analysis using Linking function 2.1
and Linking function 2.2

The results presented above were developed based on
the PM FCM obtained through the Linking function
2.2. In this section, for illustrative and comparative
purposes, it is also shown the results obtained through
Linking function 2.1 (Table 14). The same data inputs,
previously described, were considered for the current
fleet and the projected fleet.

For the city of Sao Paulo, the simulation performed
using the methodology described in Linking function
2.2 resulted in a 23% reduction in the PM FCM.

It is possible to verify that, after the substage of
concentration estimation, the indicators observed show
the same percentage reduction as the PM FCM, since
there is a linear relationship between this variable and
the results. This pattern is verified for PM,,,.

Table 14 |

With this, it is possible to conclude that when using

the Linking function 2.2, there is a reduction in the
absolute number of cases of morbidity and mortality
and, consequently, in costs. It is important to note that
this reduction in the absolute number is valid for the
cities analyzed and considering the technical parameters
described in the simulation, but not for all cases. Also,
since they are econometric models that have aggregated
errors in each step, which are not measured (see section
5. Limitations and uncertainties), it can be considered
that the results of two different linking functions are
relatively close. As mentioned in the Methodology
section, the variation observed in the results can be due
to differences in the distribution of PM emissions and
due to the period evaluated for each simulation.

SUBSTAGE

Emissions (tons/year)
ENVIRONMENTAL

1YEAR 30 YEARS 1YEAR 30 YEARS 1YEAR 30 YEARS

Concentration (ug/m°) -01397 -0.1075 00322
Morbidity cases 104 4122.00 95 317100 29 952
Number of disease cases
SN T I Vortality cases 5 184 4 141 i 4
Number of fatalities
Working days lost due to
hospitalization stays 841 -29,383.00 647 -22,601.00 194 6,762
Morbidity costs 38551351 701326275  -296,52895 -5394,473.45 88,985 1,618,789
FINANCIAL AND Cost of illness (R$)
ECONOMIC :
Mortality costs 2764725  -391237883 16741814  -300,947149 5022911 90,290,734

Value of statistical life (R$)

Source: WRI authors.
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Air pollution currently imposes one of the most serious
threats to a variety of dimensions of human life.
Fighting against air pollution requires the engagement
of decision-makers from different sectors and the use
of epidemiological, economic, and financial evidence
provides a common ground for it (WHO/Europe and
OECD 2015). As mentioned before, however, estimating
the unobservable costs of air pollution impacts is

not a trivial task, as it requires the use of several
methodologies that are capable of both isolating the
effects of pollutants on health and estimating the costs
associated with these diseases.

Through the systematic organization of several existing
methodologies applied in national empirical studies,
the ImpactAr tool conveys the different stages of the
chain process that pollutants go through in one tool. By
allying scientific integrity and practicality, the tool is an
attempt to provide Brazilian public municipal decision-
makers, as well as politicians, private sector operators,
academics, researchers. and the public in general, with
(i) a robust tool that models air pollution impacts,

(ii) easy access to the advanced methodologies, (iii)
maximum ease of use and understanding of the results,
and (iv) transparency about the methodology and data
used in the process.

By using the ImpactAr tool, estimates on the existence
and magnitude of the impacts on health and its related
costs of PM caused by changes in the bus fleet can be
measured for the cities of Sao Paulo, Rio de Janeiro, Belo
Horizonte, and Niter6i. The tool is a first step toward
making observable the implicit costs of air pollution in
Brazilian cities, after which a deeper research on a case-
by-case basis should be carried out. The tool’s results can
broaden the benefit-cost analysis of transport projects
made by their proponents by adding the potential non
observable costs of air pollution.

It is important to bear in mind that, although the
impacts related to human health are considered the
most significant consequences of air pollution, the
literature on the matter has strongly suggested that

air pollution affects other areas of human life, such

as urban vegetation (Amato-Lourenco et al. 2016),

real estate values (Carriazo Osorio 2001), and cultural
heritage (Watt et al. 2009). Furthermore, air pollution,
and, more specifically, the short-lived climate forcers
(SLCFs),® are also important contributors to climate
change and key challenges because their reduction
would have the potential to slow the climate change in
the near term (UNEP 2011). Due to limited data and the
incipient Brazilian empirical studies on these subjects,
we opted not to include such areas, as we would
significantly raise the uncertainty of the model, though
it is important not to forget that, by broadening the
areas of impact, the costs/benefits of a fleet’s renewal
would certainly increase.

Despite focusing on four Brazilian cities, the aim of
the tool is not to be confined to them. In this sense,
both ImpactAr and its technical note should be used as
a blueprint for other cities to learn and develop their
own version of the ImpactAr tool. In the future, more
Brazilian cities are expected to be included, depending
on the availability of open data. The authors encourage
users to provide feedback and recommendations so
they can advance both the applicability as well as the
accuracy of their results.
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This section presents a short user guide (along with the interfaces of
specific spreadsheets in the ImpactAr tool*?) to help users enter the
required and/or optional data and to navigate the main outcomes of the
tool. It is worth remembering that ImpactAr was built to maintain maximum
ease of use and understanding of the results for users. By following the
instructions below, users will be able to fully operate the tool.

Figure A1 |

A.1Inserting Optional Data

After the first two spreadsheets—"Cover” and "User Guide” (presented

in Section 3, ImpactAr Tool Structure)—the tool presents the “Optional
Inputs” (OPT_INPUTS) spreadsheet (Figure A1). This optional input sheet
contains a table that enables users to change the PM emissions factors
(g/L) and average fuel effiency (L or kWh/100 km) per the technology of
the buses. The values available in the model by default are provided in the
white cells of the table. The optional value can be filled in the green cells
of the table only if the user possesses such data; otherwise, green cells
must be kept with N/A value, as the model will provide data by default.

Instructions: This is an optional input sheet that enables users to change the emissions factor and average fuel consumption per Spreadsheet
the technology of the buses. The values available in the model by default are provided in the gray cells. Note that you should only e

fill the optional value in the orange cells if you have the data required. If you do not possess such information, keep the orange with

N/A value, as the model will provide data by default.

Values provided by

default in the model

§

%Y BUS FLEET

o] Average Fuel Consumption 0 o]
a En;:fs;:lr;s( F/aL():tor by by Default (L or kWh/100 (I):gtclglallnpﬁnt %r:tl:s(lo/:)s Consumption Input Data (L or
g m) P g KWhI100 km)
0.07 N/A

Optional inputs
of the user

Optional Average Fuel

NA

N/A N/A
N/A NA
N/A N/A
N/A N/A
N/A N/A
N/A N/A

Source: ImpactAr tool.

A.2 Inserting Required Data

After the Optional Inputs spreadsheet is the “Project” (1_PROJECT)
spreadsheet. This is the only required input section. To start the
simulation, the user should follow the steps provided in this spreadsheet.

Step 1: Choose your city. The user must first select the city of interest:
S&o Paulo, Rio de Janeiro, Belo Horizonte, or Niteroi—by filtering the cell.
Please note that entering the correct city is paramount to getting the
correct results because the databases used to calculate the impacts for
each city vary significantly and, therefore, the outcomes as well.

Step 2: Do you have information regarding your current and
projected fleet of buses and/or trucks? Before users are required to
input information about the current and projected bus fleets, there is a
cell asking whether they possess such data. If users possess the data,
they are instructed to remain in the same spreadsheet and complete

the following two tables with the data (see Step 3 below). If users do

not possess the required information, they are instructed to press a cell,
which leads them directly to the additional step in the same spreadsheet
(see Additional Step).

Step 3: Fill in the data regarding your current and your projected
fleet. Fleet data must be entered in the input worksheet (Project
spreadsheet) twice: once for the city's current bus fleet and once for the
city's projected (future) bus fleet. Data required include the

B number of buses (current and projected fleet);

® type of technology (current and projected fleet); and

® average annual travel distance (km) per bus (current and projected fleet).

Additional Step: Fill in environmental data. Note you should only
fill these cells if you haven't filled the data required in Step 3,
otherwise, keep the annual value of the table “Input Data” as “0."
This step is only required for users who have not filled in the data about
the urban bus fleet (both current and projected). Here, any value of annual
emissions or concentration levels of PM,; or PM,, can be inputted, and the
tool will measure the epidemiological, financial, and economic impacts in
the following spreadsheets. In this case, the values entered will represent
annual variations on air pollution levels linked to the transport sector.

This means that the tool will assume that air pollution levels for scenario
1represent the values inputted by the user, and the air pollution levels for
scenario 0 will be equal to zero.
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It should be noted that if users enter the data in the Additional Step
section, the inputs inserted for the measurement of the impacts of fleet
renewal will not be considered. In this sense, users should always keep
the annual value of the Input Data table in the Additional Step as "0" if

they want to measure the impacts of fleet renewal.

Figure A2 |

In order to present the interface of the Project Stage, we have broken
the spreadsheet into Figure A2, which presents the section of the
spreadsheet with Steps 1,2, and 3; and Figure A3, which presents the
section of the spreadsheet with the Additional Step.

Instructions: This is a required input sheet. Please pay attention to each step. Gray cells are to be filtered, orange cells are to be filled, and green cells are optional inputs

Step 1: Choose your city
City

Sao Paulo

Step 2: Do you have information regarding your current and projected fleet of buses?

YES -> go to step 3

m BUS FLEET

CURRENT FLEET -

Type of bus Technology

Euro Ill
Euro V
Trolleybus
Euro Ill

Euro lll

Average annual
traveled distance
per bus (km)

Type of bus

63,102

63,102

Source: ImpactAr tool.

Figure A3 |

NO -> just press here %

Step 3: Fill in the data regarding your current and your projected fleet

Spreadsheet

instructions

PROJECTED FLEET - SCENARIO 1

Average annual
Technology Number of buses | traveled distance
per bus (km)

Euro lll
Euro V 566 63,102
Trolleybus 250 63,102
Electric 13,550 63,102
Biodiesel B20 0 0

Additional Step: Note, you should only fill these cells if you haven't filled the data required in Step 3, otherwise, keep the annual value of the table "Input Data" as "0".

If you do not possess fleet data to enter, you can input any value of annual emissions or concentration levels of PM, 5 or PMq in this subsection, and the tool will measure the
epidemiological, financial, and economic impacts in the following spreadsheets. In this case, the values entered will represent annual variations on air pollution levels. This means that
the tool will assume that air pollution levels for scenario 1 represent the values inputted by the user, and the air pollution levels for scenario 0 will be equal to zero.

Pollutant PMys

Concentration

Type of data
» (ugim?)

Annual value

Table to input

environmental data

Source: ImpactAr tool.
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Main Results from Input Data - Annual Values

Particulate matter | Particulate matter
2.5 (PM;5) 10 (PM;o)
Emissions
(tonslyear) N/A
N/A

N/A

Concentration

) NA

Environmental results

of the inputted data

Additional Step

instructions
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A.3 Analyzing the Results

After filling in either the information required for the fleet renewal or

the environmental data, no new data will be required and the user can
navigate the results of the simulation’s in the following five spreadsheets.
Each spreadsheet or section contains a summary analysis of the

main results per stage (environmental, epidemiological, and financial-
economic) and a detailed section with specific outcomes. Different tables
and different graphs that can be filtered are provided in each section

and all analyses cover 1-year impacts (short-run analysis) and 30-year
impacts (long-run analysis) of the variation of PM,, and PM,; levels. If
the level of PM, ; and PM,, emissions or concentration decrease
(increase) as a result of the differences between the current and
the projected fleet, all results will be given as negative (positive),
meaning a reduction (growth) in emissions and concentration
levels, epidemiological cases, and financial and economic costs.
All the results will be given as negative if the user provided

input information in the Additional Step section of the Project
spreadsheet, as the tool will assume that air pollution levels for
scenario 1represent the values inputted by the user, and the air
pollution levels for scenario 0 will be equal to zero. Below you can
find details on each spreadsheet's results section.

Analysis of the environmental results spreadsheet (2_
ENVIRONMENTAL_STAGE). In the first part of this section, the user

can analyze the main environmental results in terms of variations

in concentration and emissions levels of PM, s and PM,,. This data is
presented in a table and two graphs that can be filtered. The spreadsheet
also provides a second part with detailed results, showing total emissions
and concentration levels by type of technology for both the current and
projected fleets. This second part provides six tables and four graphs that
can be filtered.

In order to present the interface of the Environmental Stage, we have
broken the spreadsheet into Figure A4, which presents the section
with the main environmental results, and Figure A5, which presents the
section with the detailed environmental results.

Figure A4 | Interface of the Environmental Stage Spreadsheet: Main Environmental Results—2_ENVIRONMENTAL_ STAGE

Instructions: This section analyzes the environmental results in terms of variation on the concentration and emissions levels of PM, 5 and PM;,. This data is presented in tables and graphs that
can be filtered. If you have provided input information in the "Additional Step" section of the previous sheet, go directly to the Epidemiological Stage sheet (next spreadsheet). If the levels of PM, 5
and PM;, emissions or concentration decrease (increase) as a result of the differences between the current and the projected fleet, all results will be given as negative (positive), meaning a
reduction (growth) in emissions and concentration levels, epidemiological cases, and financial and economic costs.

Py BUs FLEET

PM, 5 102.84 -97.69

Emissions

(tonslyear) PMyo 146.91 7.35 13955

Concentration PMos kA 0.0074 0.1307
s
o) PMyo 02101 00105 -0.1996

Current Fleet Projected Fleet Variation Variation Percentage
(Scenario 0) (Scenario 1) (%)
5.15 95

Annual emissions variations

Environmental

Stage instructions

Annual emissions variations (tons/year)
95

95

95

Source: ImpactAr tool.

Table with main

environmental results

-97.69

-139.55

PM2.5 PM10

Graphs with main

EVEINEIRESIS
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Figure A5 |

m BUS FLEET

CURRENT FLEET/SCENARIO 0 EMISSIONS

Annual emissions of Annual emissions of Annual emissions of

Type of bus

Type of bus particulate matter 2.5 particulate matter 10 particulate matter 2.5
(tonslyear) (tonslyear) (tonslyear)
Bus1 84.29 12042 Bus 1 359
Bus 2 18.55 2649 Bus 2 155
Bus3 0.00 0.00 Bus 3 0.00
Bus 4 NA NA Bus 4 0.00
Bus 5 NA N/A Bus 5 NA
Total 102.84 14691 Total 515

PROJECTED FLEET/SCENARIO 1 EMISSIONS

ANNUAL EMISSIONS VARIATION

Annual emissions of
particulate matter 10
(tonslyear)

A PM25 (tonslyear) A PMo (tonslyear)

513 Total -97.69 -139.55

222
0.00
0.00
NA Tables with detailed analysis

735 of environmental results

CURRENT FLEET/ SCENARIO 0 CONCENTRATION LEVELS

Annual concentration of
particulate matter 10
(ug/m’)

0.2101

Annual concentration of
particulate matter 2.5
(ng/m’)

0.1471

Type of bus

Total Total 0.0074

PROJECTED FLEET/SCENARIO 1 CONCENTRATION LEVELS

Annual concentration of | Annual concentration of
Type of bus particulate matter 2.5 particulate matter 10
(ug/m’) (ng/m’)

ANNUAL CONCENTRATION LEVELS' VARIATION

A PM25 (pg/m®)

A PM1o (pg/m?)

0.0105 Total -0.1397 -0.1996

[-]

| Current fleet concentration

Current fleet concentration - Scenario 0 (1.g/m®)

0.210
0I]47 I
PM2.5 PM10

Source: ImpactAr tool.

Analysis of the epidemiological results spreadsheet (3_
EPIDEMIOLOGICAL_STAGE). In the first part of this section, the user can
analyze the main epidemiological results as a function of variations in
PM, s and PM,, concentration levels. These results are separated by fatal
and nonfatal cases of respiratory disease and cardiovascular disease,
and by 1-year and 30-year analyses. This data is presented in a table and
4 graphs that can be filtered. The worksheet also provides a second part
with detailed results, presenting the above epidemiological findings by
age group and type of financial coverage of cases (public or private). This
part also includes two tables with the total numbers of workdays lost due
to hospitalizations and the total number of workdays lost per age range.

32 WRI BRASIL

Graphs with detailed analysis
of environmental results

We have not provided a table of work absences per type of financial
coverage because we assumed the average stay to be the same for public
and private hospitalizations. This part provides four tables and 14 graphs
that can be filtered.

In order to present the interface of the Epidemiological Stage, we have
broken the spreadsheet into Figure A6, which presents with the main
epidemiological results; Figure A7, which shows the first part of the
detailed epidemiological results sections; Figure A8, which presents the
second part; and Figure A9, which shows the third and final part of the
detailed epidemiological results section.
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Figure A6 | Interface of the Epidemiological Stage Spreadsheet: Main Epidemiological Results—3_EPIDEMIOLOGICAL _STAGE

Epidemiological
Stage instructions

Instructions: This section analyzes the epidemiological results in terms of variation on the concentration and emissions levels of PM, 5 and PM,,. This data is presented in tables and graphs that can be filtered. If the levels of
PM, 5 and PM;, emissions or concentration decrease (increase) as a result of the differences between the current and the projected fleet, all results will be given as negative (positive), meaning a reduction (growth) in emission
and concentration levels, epidemiological cases, and financial and economic costs. All the results will be given as negative if the user provided input information in the "Additional Step" section of the "1_PROJECT"
spreadsheet as the tool will assume that air pollution levels for scenario 1 represent the values inputted by the user, and the air pollution levels for scenario 0 will be equal to zero.

m BUS FLEET

IONFATAL CASES

Polutant perod (ezr) e
isease
1 -44 -7 -122

‘Variation on morbidity cases - 30 years E‘

Morbidity cases in 30 years
Respiratory disease

Cardiovascular disease

PM, 5
30 1,684 2,438 4122
MORBIDITY
1 -30 2 -52
PM
30 1,067 -809 1,875 R
41,067 809
1 4 1 5
PM, 5
30 -140 43 184 -1,684
MORTALITY
1 0 3 3 -2,438
PM
30 2 113 15
PM2.5 I Pmi0

Source: ImpactAr toal,

Table with main

epidemiological Graphs with main

results

epidemiological results

Figure A7 | Interface of the Epidemiological Stage Spreadsheet: First Part of the Detailed Epidemiological Results
Section—3_EPIDEMIOLOGICAL_STAGE

Variation on total working days lo: ;H
Variation of working days lost due to
hospitalizations in 30 years per age range - PM |

Cardiovascular disease Respiratory disease

1121

-5,672

-8,214

[ Elderly Children

Quick button to go
to the table with the
analysis of the nonfatal

Quick button to go
to the table with the
analysis of the nonfatal
Cases per age range

cases per type of
health insurance
coverage

Source: ImpactAr tool,

Graphs with detailed analysis

of the epidemiological results

TECHNICAL NOTE | November 2021

33



Figure A8 |

m BUS FLEET
RK ABSENCES IN TERMS OF HOSPITALIZATIONS (in days)

Period Cal ascular 7
1 474 -826

-352
PM, 5
MORBIDITY 30 13,307 16,076 29,383
1 228 A74 402
Py
30 8214 6,794 -15,008

m BUS FLEET

WORK ABSENCES IN TERMS OF HOSPITALIZATIONS (in days)

Age range Rericd Cardiovasculay Respiratory disease Total
(vears) ase
1 -352 -195 -547
Elderly
30 -13,307 -8,530 -21,837
PM,5
1 N/A* 279 -2719
Children
MOREIDINY 30 NA® 7,547 7,547
1 -228 -130 -358
Elderly
30 -8,214 -5,672 -13,886
PMy,
1 N/A* -45 -45
Children
30 N/A* -1,121 -1,121

* The average stay of public and private hospitalizations were assumed to be the same

Source: ImpactAr tool.

Figure A9 |

Table with analysis

of total workdays lost
due to hospitalizations

Table with analysis
of total workdays lost

due to hospitalizations
per age range

m BUS FLEET

VARIATION OF NONFATAL CASES - PER AGE RANGE

(vears) disease
1 -44 -21 65

Age range

Elderly
30 1,684 898 2,582
PM,5
1 NIA* 57 57
Children
MORBIDITY 30 N/A -1,540 -1,540
1 -30 14 43
Elderly
30 1,067 597 -1,664
PMy
1 NIA* -8 8
Children

30

*No studies that measure the incidence of pollutants on cardiovascular diseases in children have been found

N/A* 212 212

m BUS FLEET
VARIATION OF NONFATAL CASES - PER TYPE OF HE, El

RAGI
Period Cover: Cardiovascular | peciiratory disease Total
(years) disease v
1 -19 -39 58

Public

30 702 1,187 -1,.889
PM;5
1 26 -38 -64
Private
MORBIDITY 30 982 -1,251 -2,233
1 12 9 21
Public
30 -445 -313 -758
PMyy
1 -17 -13 -30
Private
30 -622 -496 -1,118

“There is no data for the separation of public and private fatal cases avoided

Source: ImpactAr tool.
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Table with the

analysis of nonfatal
Cases per age range

Table with the
analysis of nonfatal

cases per type of
health coverage
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Analysis of the financial and economic results spreadsheet
(4_FINANCE AND ECONOMIC_STAGE). In the first part of this section,
the user can analyze the main financial and economic results according
to the cases of mortality and morbidity linked to variations in PM,; and
PM,, concentration levels. These results are separated by fatal and
nonfatal cases of respiratory and cardiovascular diseases, and by 1-year
and 30-year analyses. This data is presented in two tables and four
graphs that can be filtered. The spreadsheet also provides a second

part with the detailed results of morbidity-related costs. These costs are
separated into the total cost of morbidity, the direct cost of morbidity
(cost of hospitalization), and the indirect cost of morbidity (cost of income
loss due to absences at work caused by hospitalization). The analyses are
made by age group and by type of financial coverage of the cases (public
or private). This part provides 6 tables and 24 graphs that can be filtered.

We have not provided the analysis of the mortality costs by age group
because one of the C-Rs for mortality does not offer this differentiation.
Furthermore, we also have not included the analysis of the financial
coverage of the mortality cases because the methodology used to
measure the mortality costs (VSL) does not allow such classification (for
further information, please see Section 2.1, Key Concepts).

In order to present the interface of the Financial and Economic Stage, we
have broken the spreadsheet into Figure A10, which presents the main
financial and economic results; Figure Al1, which shows the first part of
the detailed financial and economic results sections; Figure A12, which
presents the second part of the detailed financial and economic results
section; Figure A13, which presents the third part of the detailed financial
and economic results section; and Al4, which presents the fourth and
final part of the detailed financial and economic results section.

Figure A10 | Interface of the Financial and Economic Stage Spreadsheet: Main Financial and Economic Results-4_

FINANCIAL AND ECONOMIC_STAGE

Financial and
Economic Stage

instructions

Instructions: This section analyzes the financial (morbidity costs) and economic (mortality costs) results in terms of variation on the concentration and emissions levels of PM, 5 and PM;,. This data is
presented in tables and graphs that can be filtered. If the levels of PM, s and PM,, emissions or concentration decrease (increase) as a result of the differences between the current and the projected fleet, all
results will be given as negative (positive), meaning a reduction (growth) in emissions and concentration levels, epidemiological cases, and financial and economic costs. All the results will be given as negative
if the user provided input information in the "Additional Step" section of the "1_PROJECT" spreadsheet as the tool will assume that air pollution levels for scenario 1 represent the values inputted by the user,

and the air pollution levels for scenario 0 will be equal to zero.

m BUS FLEET

TOTAL VARIATION OF MORBIDITY COSTS

‘Variation on mortality cost in 30 'JZH

Variation on mortality cost in 30 years (RS)

[ i i i
1

- 24155033 -161,895.78 40345511 J—

MORBIDITY 30 -4,339,170.57 -2,674,092.19 -7,013,262.75 e
- 1 -156,662.27 -58,446.66 -215,108.93

30 -2,718,564.27 -1,053,785.87 -3,772,350.13 -94,584168.20
22473157451

- 1 7,023 12757 5,823, 40345 22,846,531.01 206,653716.16

MORTALITY 30 -296,653,715.16 -04,584,168.20 -391,237,883.36
- 1 207,966.44 11,662,607.92 1187057435 Cardiovascular disease [l Respiratory disease

30 -3,827,538.49 224,731,574.61

-228,565,113.10

Source: ImpactAr tool,

Tables with the main financial

and economic results

Graph with the main financial

and economic results
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Figure A11 | Interface of the Financial and Economic Stage Spreadsheet: Part 1, Detailed Financial and Economic
Results Section—4_FINANCIAL AND ECONOMIC_STAGE

Variation on indirect cost of dise42“

' uick button to go to the
Variation on indirect cost of disease in 30 years per Quick bujton togoto t.he a ; g0
table with the analysis table with the analysis of the
type of coverage - PM_ (RS) e idi
of the morbidity costs morbidity costs per type of
Cardiovascular disease Respiratory disease per age range health insurance coverage
-102,287.40
-61,849.89
Graphs with detailed analysis of
86,549.38 financial and economic results
-119,598.51
[l Public Private

Source: ImpactAr tool.

Figure A12 | Interface of the Financial and Economic Stage Spreadsheet: Part 2, Detailed Financial and Economic Results
Section, Tables with Total and Direct Costs of Morbidity per Age Range—4_FINANCIAL AND ECONOMIC_STAGE

TOTAL MORBIDITY COSTS PER AGE RANGE

Period Cardiovascular Respiratory disease
Age range Total (R$
foltant J . (vears) disease (R$) (R$) (RS)
1 -241,559.33 -63,549.97 -305,109.30
Elderly
M 30 -4,339,170.57 -1,252,050.60 -5,591,221.17
25
o 1 N/A* -98,345.81 -98,345 81 Table with detailed
ildren .
MORBIDITY 30 NIA* 1,422,04159 1,422,041.59 analysis of the total
1 56,6227 4226118 19892345 morbidity costs
Elderly per age range
M 30 -2,718,564.27 -832,622.43 -3,551,186.70
10
1 N/A* -16,185.48 -16,185.48
Children
30 NIA* 22116343 -221,163.43

*No studies that measure the incidence of pollutants on cardiovascular diseases in children have been found

DIRECT COSTS OF MORBIDITY PER AGE RANGE

Period Cardiovascular Respiratory disease
A Total (R!
Pollutant ge range i disease (RS) RS) otal (R$)
1 -223,330.92 -53,429.04 -276,759.96
Elderly
30 4,011,730.57 -1,052,649.81 -5,064,380.38
PMys
1 NIA* -83,875.94 -83,875.94 ) )
MORBIDITY Children - 121281300 Table with detailed
NIA* -1,212,813.02 -1,212,813! .
ke analysis of the
o 1 144,840.25 -35530.69 -180,370.93 direct morbidity
erly
30 -2,513416.38 -700,019.51 -3,213435.89 costs per age range
PMjo
1 N/A* -13,877.69 -13,877.69
Children
30 NIA* -189,629.07 -189,629.07

*No studies that measure the incidence of pollutants on cardiovascular diseases in children have been found

Source: ImpactAr tool.
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Figure A13 |

INDIRECT COSTS OF MORBIDITY PER AGE RANGE

Period Cardiovascular

Respiratory disease Total (R$)
(years) disease (R$)

Pollutant Age range

1 -18,228.41 -10,120.93 -28,349.34
Elderly
30 -327,440.00 -199,400.79 -526,840.79
PMys
’ 1 NIA® 14,469.87 -14,469.87
MORBIDITY Children
30 NIA® -209,22856 -209,228.56
1 -11,822.02 -6,730.49 -18,552.51
Elderly
oM 30 -205,147.88 -132,602.93 -337,750.81
10
1 N -2,307.79 2,307.79
Children
30 N -31,534.36 -31,534.36

*No studies that measure the incidence of pollutants on cardiovascular diseases in children have been found

TOTAL MORBIDITY COSTS PER TYPE OF COVERAGE

-50,509.22 4533051 9592073
Public
& -908,922.18 71644585 -1,625,368.04
PMys
! ) -190,960.11 -16,565.27 -307,525.38
MORBIDITY Private
£ -3430,248.38 1,957 ,646.34 -5,387,894.72
! 3281592 1227986 -45,005.78
Public
o % -569,455.49 21450363 78395912
10
1 ) 123,846.35 46,166.79 A70013.15
Private
% 214910878 83928223 -2,988,391.01

Period Cardiovascular Respiratory disease Total (RS
m gizsasel(i) (RS) ol
1

Source: ImpactAr tool.

Figure A14 |

Table with detailed
analysis of the

indirect morbidity
costs per age range

Table with detailed
analysis of the total

morbidity costs per type of
health insurance coverage

DIRECT COSTS OF MORBIDITY PER TYPE OF COVERAGE

Period Cardiovascular Respiratory disease Total (RS!
SieaselRY) (RY) i
i 4299773 -33,592.61 -76,500.33
Public
o & T72,375.38 -528,202.63 -1,300,578.00
25
i ) -180,333.19 -103,712.37 -284,045.56
MORBIDITY Private
< -3,230,355.19 -1,737,260.20 497661539
! -27,885.98 879142 -36,677.40
Public
- % -483,906.11 -152,653.74 -636,550.85
"0
1 -116,954.27 4061696 -157,571.23
Private
0 202051028 736,004.84 -2,766,505.11

INDIRECT COSTS OF MORBIDITY PER TYPE OF COVERAGE

Period Cardiovascular Respiratory disease
Total (R
Pollutant ) Coverage disease (RS) RS) otal (R$)
1 7,60149 -11,737.90 -19,339.39
Public
& -136,546.81 -188,243.22 -324,790.03
PMys
1 -10,626.92 -12,852.89 -23479.82
MORBIDITY Private
& -190,893.19 -220,386.13 41127933
1 4,929.94 -3,488.45 841839
Public
% -85,549.38 -61,849.89 -147,399.27
Py
1 -6,892.08 5,540.83 1244192
Private
0 -119,598.51 -102,287.40 -221,885.90

Source: ImpactAr tool.

Table with detailed
analysis of the direct

morbidity costs per type of
health insurance coverage

Table with detailed
analysis of the indirect

morbidity costs per type of
health insurance coverage
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Analysis of the main results spreadsheet (5_ MAIN RESULTS). In the
first part of this section, a table is provided with the main environmental,
epidemiological, financial, and economic results of the simulation for the
T-year and 30-year periods. After it, in the second part, the spreadsheet
presents a table with a comparative analysis between the financial and
economic results for the 1-year and 30-year periods and the municipal
GDP, the 2018 annual municipal health expenditure, the 2018 annual
municipal hospitalization expenditure, and the number of medical

appointments “saved” or “spent” as a function of the financial savings/
losses caused by the bus fleet change or by the environmental input data.

In order to present the interface of the Main Results, we have broken

the spreadsheet into Figure A15, which presents the first section of the
spreadsheet, and Figure A16, which presents the second and final section
of the spreadsheet.

Figure A15 |

Instructions for the

Main Results section

Instructions: This section provides the main results — environmental, epidemiological, and economic-financial — that the changes in PM,, and PM, 5 annual concentration levels
originated by the fleet's renewal or by the direct air quality inputs of the user would produce. It also offers a comparative analysis between economic and financial results and
economic indicators of the municipality, such as the municipal GDP, municipal annual health expenditure, and average cost of hospitalizations in the municipality. Values are
provided for 1 year (short-run analysis) and 30 years (long-run analysis). If the levels of PM, s and PM,, emissions or concentration decrease (increase) as a result of the
differences between the current and the projected fleet, all results will be given as negative (positive), meaning a reduction (growth) in emission and concentration levels,
epidemiological cases, and financial and economic costs. All the results will be given as negative if the user provided input information in the "Additional Step" section of the
"1_PROJECT" spreadsheet as the tool will assume that air pollution levels for scenario 1 represent the values inputted by the user, and the air pollution levels for scenario 0 will be
equal to zero.

SUBSTAGE

30 years 30 years

-97.69

Emissions
(tons/year)

(ug/m?)

Morbidity cases 12 4122 5 a5
Number of disease cases

Mortality cases

Number of fatalities 5 -184 3 115

Workdays lost due to

ENVIRONMENTAL

-0.1397 -0.1996

EPIDEMIOLOGICAL

cays 1o -826 29,383 402 15,008
hospitalizations
g';’f(')‘f‘:ltl’r'] ::::?w) -403,455.11 7,013,262.75 -215,108.93 -3,772,350.13
FINANCIAL-ECONOMIC _
LIEI EEE -22,846,531.01 -391,237,883.36 11,870,574.35 -228,565,113.10

Source: ImpactAr tool.

Value of statistical life (R$)

Table with the main results

of the simulation

Figure A16 |

Total Costs Variation/Annual Health
Expenditure (%)

Total Costs Variation/Annual Hospital
Expenditure (%)

Number of Hospitalizations due to
Savings/Costs of the Fleet Changes (%)

S S N I S IS I ™ BN
145 w
1359

Total Costs Variation (RS) Total Costs Variation/GDPm (%)

Morbidity -403.455.11 -215,108.93 000031222 0.0001665 000408564 000217833 0.04827074 002573636

-22,846,531.01 1187057435 001768015 0.0091862
Morbidity 701326275 -3772.350.13 0.0054273 00029193 007102072 003820120 083909052 045133675 25%
30 years
Mortality -391,237,883.36 -228,565,113.10 0.30276556 01768787
GDPm - municipal ross domestic product
“For y, the value of (VSL) methodology was used. VSL of death, Therefore, tis cost mortalty and cannot be compared with financial variables s health expenditures.

Source: ImpactAr tool.

Table with comparative analysis of the

main financial and economic results
and other macroeconomic variables
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The long-term analysis spreadsheet (6_LONG-RUN ANALYSIS).
In this spreadsheet, the user can filter eight types of graphs with
information regarding the evolution of morbidity and mortality cases
per year as well as the associated costs per year. Charts provide
quantitative values every five years (Figure A16).

Figure A17 | Interface of the Long-Run Analysis: Sheet 6

Instructions for the Long-

Run Analysis section /ﬂ\

LONG-RUN ANALYSIS

Instructions: This section provides graphics with the annual morbidity and mortality cases and their respective costs over 30 years, with data provided
every 5 years. If the PM, 5 and PM, emissions and concentration levels decrease (increase) as a result of the differences between the current and the
projected fleet, all results will be given as negative (positive), meaning a reduction (growth) in emissions and concentration levels, epidemiological cases,
and financial and economic costs. All the results will be given as negative if the user provided input information in the "Additional Step" section of the

"1_PROJECT" spreadsheet as the tool will assume that air pollution levels for scenario 1 represent the values inputted by the user, and the air pollution
levels for scenario 0 will be equal to zero.
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The methodologies and data applied to build the ImpactAr tool was based
on the most recent and well-grounded Brazilian empirical literature on
the measurement of air pollution impacts on health and economy in the
country. During the first stages of the ImpactAr tool project, WRI Brasil
carried out a survey on the state-of-the-art studies that analyzed air
pollution impacts in Brazilian cities to understand how the impacts linked
to pollutants are manifested and measured in the Brazilian context. To
that end, a literature review was conducted with the following research
question: What are the economic and health impacts of urban air
pollution in Brazil?

The review was stratified in a three-stage process (Table B1). In Stage 1,
the WRI team carried out searches on the main academic search
platforms with predefined keywords. Stage 2 consisted of researching
publications from the key researchers and institutions identified in
Stage 1. Finally, in Stage 3, the WRI team held a workshop with the key

Table B1 | Description of the Literature Review Stages

STAGE 1| KEYWORDS ON ACADEMIC SEARCH PLATFORMS

= Platforms: Scielo, Google Scholar, Capes, and Science Direct

= Keywords: air quality, economic impacts, brazil, urban air
pollution, impacts, valuation, urban, air pollution, urban,
monuments, restoration, leisure

= Around 1.200 studies analyzed

= Number of studies retrieved: 52

STAGE 2 | SEARCH OF KEY ACTOR PUBLICATIONS

= Names found on actors mapping (platform search)
= Number of studies retrieved: 9

STAGE 3 | SPECIALIST SUGGESTIONS FROM WORKSHOP AND
INSTITUTE PLATFORMS

= Workshop took place on the June 22, 2018

= Platforms of institutes searched: Institute of Health and
Sustainability (Instituto Satide e Sustentabilidade, ISS);
Institute for Energy and Environment (Instituto Energia e Meio
Ambiente, [EMA)

= Number of studies retrieved: 6

Source: WRI authors.

researchers and institutions for validation of the literature review. This
process was carried out over a period of approximately six months and
mapped 67 studies from which the main choices of health impacts and
methodologies applied in the ImpactAr tool were retrieved.

Among the main features within these 67 studies, we were able to identify
that the most commonly researched pollutant was PM,,, followed by ozone
(03), but PM, 5 was studied less frequently. Furthermore, we learned that,
besides the fact that PM is strongly linked to bus emissions and is also
considered the most harmful pollutant (WHO 2018), PM,, and PM, 5 present
different emissions sources from road transport activities (Hooftman et. al
2016) and different health impact incidence (Abe and Miraglia 2016; Silva et
al. 2017). In this sense, although it is not possible to total the impacts of PM,
and PM,;, as PM,, particles circumscribe PM,5 particles, the WRI team has
opted to include both pollutants in the scope of the ImpactAr tool.

In relation to the analysis of the studied health endpoints in the
publications, a significant predominance of fatal respiratory (41.8 percent),
fatal cardiovascular (28.3 percent), nonfatal respiratory (50.7 percent), and
nonfatal cardiovascular (32.8 percent) diseases was verified. Therefore,
the WRI team included these health impacts in the ImpactAr tool analysis
and retrieved the C-Rs used to measure the epidemiological impacts from
7 articles among the 67 publications.

Finally, regarding the financial and economic aspects addressed

in the publications, a minor share of the studies, 22 out 67 (33

percent), monetized the health impacts of air pollution. Amid the

main methodologies, we can list the COI to measure financial impacts

of hospitalizations, which was added to this tool. In relation to the
monetization of deaths, the WRI team opted to use the VSL method, which
was presented in some publications. The literature did not present recent
primary data on the VSL, nor did it provide a standard value for Brazil.
Therefore, to obtain the VSL, we have transferred the reference value
provided by the 2012 OECD study with adjustment to income and inflation
(Roy and Braathen 2017).
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ANS
BRAMS

BRIICS
CCATT
CIFF
col
o,
CPTEC

C-R
DALY
DATASUS

EPA
ExternE
FCM
GDP
GDPm
GHG
GIS
GTFS
IBGE

ICD-10
IEMA

ImpactAr
INPE

IPA
IPCA

IPCC
ISS

NOx
OECD
0,

PM
RCP
SIDRA

SLCF
VSL
WRI
WTP

Agéncia Nacional de Satdde Suplementar (National Agency
for Supplementary Health)

Brazilian Developments on the Regional Atmospheric
Modeling System

Brazil, Russia, Indonesia, India, China and South Africa
Coupled Chemistry Aerosol-Tracer Transport

Children’s Investment Fund Foundation

cost of illness

carbon dioxide

Centro de Previsao do Tempo e Estudos Climaticos (Center
for Weather Forecast and Climatic Studies)
concentration-response coefficient

disability-adjusted life years

Departamento de Informética do Sistema Unico de Sadde
(Brazilian Health Informatics Department)

U.S. Environmental Protection Agency

external costs of energy

fixed conversion measure

gross domestic product

municipal gross domestic product

greenhouse gas

Geographic Information System

General Transit Feed Specification

Instituto Brasileiro de Geografia e Estatistica (Brazilian
Institute of Geography and Statistics)

10" revision of the International Statistical Classification of
Diseases and Related Health Problems

Instituto Energia e Meio Ambiente (Institute for Energy and
the Environment)

valuation tool for health impacts of air pollution

Instituto Nacional de Pesquisas Espaciais (National Institute

for Space Research)

impact pathway approach

indice Nacional de Precos ao Consumidor Amplo (Broad
National Consumer Price Index)

Intergovernmental Panel on Climate Change

Instituto Salde e Sustentabilidade (Institute of Health and
Sustainability)

nitrogen oxides

Organisation for Economic Co-operation and Development
ozone

particulate matter

Representative Concentration Pathway

Sistema IBGE de Recuperacdo Automatica (IBGE Automatic
Recovery System)

short-lived climate forcer

value of statistical life

World Resources Institute

willingness to pay

Anthropogenic sources are caused by human activities.

In terms of PM share of transport emissions from exhaust and wear/
combustion, buses account for 17 percent and 14 percent, and trucks
account for 75 percent and 64 percent, respectively (MMA 2014).
Information retrieved from literature review of the state-of-the-art
Brazilian empirical studies on the issue of health and economic
impacts of air pollution. For further information, please see Appendix B.
It is important to note that the ImpactAr tool does not aim to provide
users with a benefit-cost analysis of projects to renew a bus fleet but
rather to point to the existence and magnitude of the implicit costs of
air pollution embedded in such plans.

To see the list of all data and variables used in the model, please see
Section 4, Data Sources.

The BRAMS 5.2 modeling system is an online model with an Eulerian
approach and basically solves the mass conservation equation for any
tracer. It has an extensive network of collaborators in the world and
has been developed and adjusted to the South American continent,
which makes it an integrated environmental model tuned for tropical
and extratropical areas, BRAMS also includes a surface scheme to
simulate the energy, water, carbon, and other biogeochemical cycles
(Moreira et al. 2013) and soil moisture initialization using real-time
cycling estimation from an offline hydrological model (Gevaerd and
Freitas 2006). In Brazil, BRAMS has been applied for numerical studies
in several universities and research centers addressing local storms,
urban heat islands, urban and remote air pollution, aerosol-cloud-
radiation interactions, and so forth.

ExternE is the abbreviation for “external costs of energy.” Between
the 1990s and 2005, the European Union initiated a series of ExternE
projects. The "ExternE Methodology” is an approach of calculating
environmental external costs developed during the ExternE Project
series called the IPA (ExternE, n.d.).

For further information, please see Appendix B.

Whereas PM, ; emissions are linked to exhaust sources, such as

fuel combustion, PM;,emissions are linked to both exhaust and
nonexhaust sources such as fuel combustion, brakes, tires, and road
surface wear (Hooftman et al. 2016, 7).

. Although both types of pollutants are linked to respiratory and

cardiovascular diseases, PM,; emissions present a greater risk for the
development of cardiovascular diseases, and PM,, emissions are more
strongly linked to respiratory diseases.

See the National Traffic Department (Departamento Nacional

de Transito), https://www.denatran.gov.br/component/content/
article/115-portal-denatran/8558-frota-de-veiculos-2018.html,
Technology categories contemplated in the tool are Technology 1—
Euro V, Technology 2—Euro Ill, Technology 3—Electric, Technology 4—
Hybrid, Technology 5—Trolleybus, Technology 6—Biodiesel B20 (20%
biodiesel), and Technology 7—Euro VI.

Emissions factors (g PM/L diesel) and fuel efficiency (L or kWh/100
km) by default per technology are Euro V, 0.07 and 59.3; Euro Ill, 0.30
and 57; electric, 0 and 1.3; hybrid, 0.04 and 41.5; trolleybus, 0 and 2.29;
biodiesel B20 (20% biodiesel), 0.06 and 57: and Euro VI, 0.03 and
59.3. For further information on emissions factors and average fuel
efficiency by default, please see Table 4, Data Sources Specifications.
The Handbook Emission Factors for Road Transport, version 3.3,

is published as an online software program by the German
Environment Agency (Berlin); the Federal Office for the Environment
(Bern, Switzerland); the Environment Agency Austria (Vienna); the
Austrian Federal Ministry of Agriculture, Forestry, Environment and
Water Management (Vienna); and the Austrian Ministry of Transport,
Innovation and Technology (Vienna); the Swedish Transport
Administration (Borldnge); the French Environment & Energy
Management Agency (Angers); the Joint Research Centre of the
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20.

21,

22

23.

24,

25,

European Commission (Ispra, Italy); and INFRAS (Bern, Switzerland).
For more information, see https://www.hbefa.net.

. For further information, please see linking function 2, from annual

variations on emissions levels to annual variations on concentration
levels, in this technical note.

. The coefficient of determination obtained by the applied dispersion/

chemical transport models was about one for all four Brazilian

cities. Even though this relation does not seem common for these
metropolises, the model uses an Eulerian approach, solving the

mass conservation equation for any tracer. The main aspect is the
homogeneity of meteorological initial and boundary conditions for

all scenarios and the existence of only emissions associated with the
public transport in the chosen cities, with other emissions information
not being used in the simulations. In addition, only primary PM
dispersion was studied (transport, sedimentation, wet and dry
deposition), without chemical transformations.

As we are unable to obtain the specific age of deaths and diseases
(due to the predefined age ranges provided by the Department

of Information Technology of the National Public Health System
(Departamento de Informética do Sistema Unico de Sadde, DATASUS),
we preferred not to use the disability-adjusted life years (DALY)
methodology.

. For this tool, nonfatal and fatal diseases cover respiratory and

cardiovascular events (Chapters | and J of the ICD-10, respectively)
because these are the most studied impacts when it comes to air
pollution among Brazilian empirical literature.

For further information on the total annual number of fatal and
nonfatal diseases for each city's population, covered by the public
health system and private health system, please see Box 1.

It is important to note that morbidity costs can also be measured in
terms of welfare losses, such as pain and suffering. We opted to use
a financial measure, however, as we intended to compare such costs
with the municipal health expenditure. For further discussion on the
economic costs of air pollution morbidity impacts in Brazil, please see
Ortiz et al. (20M).

For further discussion on national contingent valuation to assess the
economic costs of air pollution mortality, please see Ortiz, Markandya,
and Hunt (2009).

Revealed preference methods consist of the analysis of individual
preferences based on the observation of individual behaviors in the
market. In turn, stated preference methods consist of the analysis of
individual preferences through interviews and questionnaires.

The Intergovernmental Panel on Climate Change (IPCC) projections
for greenhouse gas (GHG) concentrations commonly used in regional
climate models for impact projection.

For further discussion of the factors affecting the VSL, please see
Alberini et al. (2016), OECD (2012), and Urvashi and Sall (2016).

The only epidemiological parameter obtained outside of the Brazilian
context was retrieved from Fajersztajn et al. (2017).

26.

21.

28.

29,

30.

32,

Population data consist of an estimate of 2018 values and GDP data
consist of an estimate of 2016 values (2018 prices), according to the
IBGE.

For more information, see the National Traffic Department
(Departamento Nacional de Transito), https://www.denatran.gov.
br/component/content/article/115-portal-denatran/8558-frota-de-
veiculos-2018.html.

According to municipal law 16.802/2018, article 50, “From the date

of publication of this Law, the operators of collective transportation
services by bus, members of the Urban Passenger Transportation
System of the Municipality of Sdo Paulo, as well as the companies that
render services for the collection of Urban and Hospital Solid Waste
in the Municipality of Sao Paulo should promote the progressive
reduction of emissions of carbon dioxide (C02) of fossil origin and

of toxic pollutants emitted in the operation of their respective fleets
through the gradual use of cleaner and more sustainable fuels and
technologies” (Prefeitura do Municipio de Sdo Paulo 2018b, article 50).
After meeting with the city representative of the transit department,
SPTrans, we learned that the city intended to increase the trolleybus
fleet by 49 buses.

We note once more that PM,; and PM,, emissions and concentration
variations and impacts cannot be summed because PM,5 is contained
in PM,,.

. According to the 2011 United Nations Environment Programme report,

“Short-lived climate forcers (SLCFs): substances such as methane,
black carbon, tropospheric ozone and many hydrofluorocarbons
(HFCs) which have a significant impact on near-term climate change
and a relatively short lifespan in the atmosphere compared to carbon
dioxide and other longer-lived gases" (UNEP 2011, 7).

Please note that the size of the figures varied greatly in comparison
with the actual size of the Excel sheet in order to make the
information legible. Furthermore, the arrows in the figure are not

in the tool and were added in the technical note to improve the
understanding of the user.
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