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FOREWORD

Thi s Working Paper is a product of the Environmental and Natural
Resources Policy and Training (EPAT) Project funded by the United
States Agency for International Devel opment (USAID). EPAT is
part of USAID s effort to provide environnental policy

i nformation to policymakers and practitioners in devel opi ng
countries. The objective is to encourage the adoption of
econom ¢ policies for pronoting sustainable use of natura
resources and enhanci ng environnental quality.

EPAT Working Papers are witten for devel opnent professionals and
pol i cymakers in devel opi ng countries who are responsible for
establ i shing and i npl enenting policies on the sustainable use of
natural resources and for civil servants, project officers, and
researchers who are directly involved in the inplenmentation of
devel opnent activities.

Thi s Working Paper deals with a successful, innovative approach
to mass transportation policy in a large Brazilian city (pop. 1.6
mllion). By taking a systematic, yet pragmatic approach that
recogni zed both financial and social constraints, Curitiba was
able to develop a systemthat reduced travel tines, increased
conveni ence, contai ned autonobil e congestion, saved fuel costs,
and reduced air pollution. U ban planners in devel opi ng
countries may find elenents of the approach outlined in this
study to be applicable to their own situations as they try to

sol ve urban transportation problens.

The contribution of USAID toward witing, printing, and
distributing this docunent is estimated to be $13,500. The
docunent is being distributed to nore than 2,000 policymakers and
professionals in devel oping countries. W will assess its

ef fecti veness by soliciting the views of recipients. An

eval uation sheet is enclosed with each mailing of EPAT
publications for that purpose.

Davi d Hal es Twi g Johnson

Deputy Assistant Adm nistrator Director

Center for the Environment O fice of Environment &
USAI D) G ENV Nat ur al Resour ces

Washi ngton, D.C. 20523 USAI Y G ENV/ ENR

Washi ngton, D.C. 20523

ABSTRACT



Thi s anal ysi s exam nes an innovative approach to transportation
policy in Curitiba, Brazil. Curitibais acity of 1.6 mllion
residents that has grown fourfold in the last 30 years. Unlike
many cities, quality of |life and transportation has not been a
casualty of growth. Curitiba' s transportation system actively
hel ps residents obtain the benefits of growth, including access
to jobs, hones, recreation, and other elenments of the urban
conmuni ty.

Curitiba's transportation planning process is practical. It
recogni zes financial and social constraints. Curitiba began with
buses because it had buses. It began with a series of smal

i nprovenents guided by a long-termplan. It first added a nodest
express route systemw th dedi cated bus |lanes. It sought out
ways to inmprove and extend the system The result is a surface
systemthat provides the high quality service of well-known
underground systens at a much | ower capital cost. These | ow
costs nmean that mass transit is entirely financed by passenger
fares.

The present system provides a range of benefits. The systematic
approach to urban transportation has reduced travel tinmes and

i ncreased convenience. Curitiba's buses now attract nore
passengers per operating kilometer than in any other Brazilian
city. This intensive use occurs even though Curitiba al so has
one of the highest autonpbile ownership rates in Brazil. Rider
surveys suggest that at |east 20% of these new passengers
previously used autonobiles to commute. Wth | ess autonobile
congestion, the city has replaced several downtown streets with
broad pedestrian malls and shoppi ng areas. Reduced traffic
appears to result in substantial fuel savings as well as reduced
pol | utant em ssions. Calculations suggest that the reduction in
autonobile traffic saves 27 mllion liters of fuel/year
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ADDI TI ONAL READI NG

CURI TI BA' S EXPERI ENCE AND GUI DI NG PRI NCl PLES

The Curitiba nmetropolitan area has been one of the fastest

growi ng urban areas in Brazil during the last 30 years. 1In 1965,
t he popul ati on was 400, 000, and, by 1990, it surpassed 1.6
mllion. Unlike many cities in Brazil and around the world,
quality of life and the quality of transportation has not been a
casualty of rapid growmh. Curitiba has used its transportation
systemto obtain the benefits of growmh: access to jobs, to
hones, and to recreation. It has hel ped control and guide the
direction of growh as well as be a means for noving people.



The present transportation systemworks in marked contrast to its
predecessors. As late as the 1960s, Curitiba's public
transportation was unreliable and erratic. Areas of the city
that offered | ow potential revenue went unserved. Travel routes
were set by custom and in del ayed reaction to new growt h. Mbst
bus routes began in the city center and fanned outward. The
result was the tendency for a typically congested city center
since nost buses and their passengers passed through the center--
even if their origins and destinations were on the outskirts.

For individual bus conpani es, uncertain investnent returns gave
little incentive to inprove quality. Al buses had truck chassis
that reduced both costs and confort. Small bus doors and steep
stairs reduced possibility of fare evasion but inpeded passenger
access and exit. The results were |onger delays at stops and

i ncreased travel tines.

Beginning in the late 1960s, Curitiba's city government began to
take a different path. The city began to direct growh to
enhance the quality of urban life. The governnent viewed |and
use, the road network and transportation planning as key tools
for guiding and coordi nating growth. Planners designed five
arterial corridors to fan out fromthe central city. They used
previously existing streets and made only mi nor physica

nodi fications. Corridors were to act as high density pathways
for both transportation and settlenment growh. Wthin each
corridor, buses had exclusive use of center |anes.

Wthin Curitiba' s nmanagenent approach, the transportati on system
and | and use pl anni ng conpl enent each other. Land use controls
[imt high density growth within the city center. These density
[imts push new growmh into the corridors, known in Curitiba as
structural sectors. These structural sectors are also the main
transportation arteries served by high capacity express and
direct buses. This conplenmentary policy eases congestion in the
city center. It has replaced crowded gridl ocked streets with
pedestrian malls in central shopping areas.

Transportation and density controls gui de devel opment throughout
the city. Before developing the corridors, the city
strategically acquired nearby Iand and built |ow i ncone housing.
This allows | ow i ncome househol ds | ow cost access to conmerce,
jobs, and recreation. Wth good intra-urban transportation, the
city has encouraged new i ndustries to |ocate at an industrial
park at the city's edge. In addition, the city activity sought
to recruit low polluting firms. The Curitiba Industrial Gty now
generates one fifth of all jobs in the city. Finally, planners
strategically set aside green space and parks throughout the
city--smaller parks at the center and | arger ones at the
outskirts between the growth corridors. They also |inked parks
with the bus systemas well as 150 km of special bicycle and
pedestri an paths.

Curitiba's present transportation systemis not the one-shot
result of a single, ideal plan. The master plan of the 1960s set
out broad goals for growh. Actual inplenentation took place in
smal | steps, sonmetines on a trial and error basis, and in concert
with private and public interests. Ten private firnms provide the



actual buses, drivers, maintenance, and capital. Through a
city-owned corporation,[note 2] the city provides route planning,
roads, term nals, scheduling, and enforcenent of standards. It
al so collects all fares, provides public accounting, and

di stributes revenues on the basis of negotiated contracts. The
overall systemis a partnership of public and private interests.
The city corporation acts as an agent for the conmunity's
interest in effective transportation

Curitiba's successive inprovenents in transportation reduced
travel tinmes and increased conveni ence. They also created new
chal | enges to address. For instance, direct "interdistrict”
connections between corridors allowed passengers to travel
directly between points w thout passing through the city center
These transfers created a probl emfor sharing revenues between
conpani es and for transferring passengers w thout undue del ays.

A single fare and dedicated transfer points solved these
problenms. The single fare brought the challenge of how to share
revenues between different firnms--an issue that [ ed to successive
stages of administrative innovation. The transfer stations were
once so unpl easant that they were known as "pig stalls.” They
have now evolved into attractive, covered stations with anmenities
such as flower and refreshnent stands. O her innovations that

i ncreased conveni ence and tineliness include high-service
boar di ng tubes and three-door buses. The government recycles

ol der buses that are no |onger serviceable for continuous
operation into special use transportation and nobile classroons.

We do not intend to depict Curitiba' s approach as a turn-key
nodel for reproduction el sewhere. Cities are too different in
context and resources for such a whol esal e adaptation. The
Curitiba experience, however, does denonstrate that it is
possible to significantly inprove systens by increments and at
relatively low cost: both in terns of the direct noney costs as
wel | as the costs of eventual m stakes and opportunities
foregone. The transportation systemcontinues to struggle with
t he chal |l enges of growth and change. The difference in Curitiba
is that there is a continual effort to upgrade equi pnent, to

i nprove the system and to offer greater convenience and quality
to passengers. In this regard, Curitiba has had many successes.
The objective of this working paper is to explore the processes
and events that, over tinme, created the present system

Qui ding Principles

A set of guiding principles stand out from Curitiba' s experience
and achi evenments. As the transportation system evol ved, these
concepts served both as goals and as guides to the sol ution of

t he next set of problens.

* Effective urban transportati on does not develop in isolation
froma city's evolving settlenent pattern. A transportation

systemintegrates the individual activities that contribute to
urban change. The integration network--a city's transportation



system - may encourage wel cone devel opnent or provoke unwel cone
decay.

* Transportation devel opnent and | and use controls are powerful
tools for guiding the quality and quantity of growth al ong
desired lines. To use these tools effectively, a city nust
collectively know where it is growing to, how, and why.

* Quality transportation places a first priority on an effective
systemrather than on a particular node of transportation. The
key is to transport people, not to encourage the use of private
vehicl es. Buses, cars, bicycles, and trans are nodes of
transportation, not end goals in thenselves. Convenience, travel
time, flexibility, and cost are key features of a user-oriented
transportation system A user-oriented system conbi nes nodes,
routes, transfer termnals, fuel, and managenent into a system
centered on people's demands for transport.

* Land use controls and the transportati on system shoul d

conpl ement each other and pronote the easy interchange of people
between their different activities. The objective of |and use
control is not to establish strict, rational, and segregated
zoning. It is to provide opportunities and direction for human
settl ement and services.

* An explicit hierarchy of city roads and streets support

peopl e's demands for access to services and for residential
quality of life. H gh volune, arterial routes allowtinely and
conveni ent transportation between residential, comrercial, and
recreational activities. Low density collector streets provide a
foundati on for quieter residential neighborhoods.

* A sustainable city is one that wastes the | east and conserves
the maximum This is the principle of recycling. For exanple,
ol d buses make good nobile schools. Planners |ooked for locally-
devel oped i nnovative technol ogies and nade it work within the
Curitiba system NMost inportantly, it means maki ng the existing
system of people and resources work better--rather than throw ng
it away and trying to replace it with a single, capital-intensive
project such as a subway or a rail-based system Curitiba began
wi th buses because it had buses; it did not have a subway. The
city devel oped a surface, bus-based systemit could afford. At
each step in its evolution, officials viewed problemsolving as a
continui ng process--not as a one-shot effort leading to a fina
fix. They now apply the sane practical principle of recycling
and continuous i nprovenent throughout the city--fromdealing with
solid wastes to inproving social services such as day care and
vocati onal training.

* Smal ler, increnental steps toward an explicit |ong-term goa
can bring about |arge changes. O ficials view these increnenta
steps as experiments that solve an existing problem but may
create new chal l enges in need of new solutions. For instance,
unpai d transfers between bus routes reduce travel tines and fare
collection costs, but they also raise issues regarding transfer
structures and revenue sharing between firns.



* This practical, increnmental approach is markedly different than
t he conventional transportation planning nodel. Wth the
conventi onal approach, |ong del ays separate the data coll ection
anal ytical, and inplenentation phases. By the time a project is
i npl enented, the analysis and its solution may be obsolete. Wth
Curitiba's increnmental approach, analysis, inprovenent, and

i npl enentati on are continuous, interactive processes. Planners
anticipate errors and use themas grist for further progress.

* Creativity, information, and recycling are often substitutes
for financial resources, but sustainable decisions are
financially sound. Oficials base them on good technol ogi ca
choices. They use public institutions for project evaluation
benefit-cost analysis, and adaptive planning. They nonitor
operating costs, revenues, and contracts by strict financial
controls that are open to public scrutiny and auditing.

* A sustainable transportation systemis a partnership between
governnment, the private sector, and citizens. The role of the
city is to fornulate and express the community interest in
effective transportation. It does this through planning
processes, by defining routes and service standards, and by

nmoni toring and enforcenent. The role of private firns is to
provi de transportation services. They do this by hiring people,
by investing in capital, and by conpeting with other firnms and
wi th thenselves to reduce costs and increase profits while

mai nt ai ni ng enforced standards for conveni ence, tineliness, and
safety. The role of citizens is to pay the fares to cover the
full cost of the service. Through their use, disuse, praise, and
conplaints, citizens are the final judges of a system s worth.

H STORY AND DEMOGRAPHI CS

Figure 1 shows the |l ocation of Curitiba in southeastern Brazil.
Curitiba was founded in 1693 and grew due to its strategic

| ocati on between the Atuba and Belemrivers. [In 1842, Curitiba
was officially declared the capital of the state of Parana. From
m d- 1800s t hrough the 1940s, the city enjoyed noderate econonic
prosperity, riding a series of econom c boons in wood, cattle,
coffee, and "yerba mate," a local kind of tea herb

Curitiba becanme a key service center for new economc activities

after Wrld War 11. Rapid econom ¢ and denographic growmh in the
| ast few decades transformed the city into an inportant
i ndustrial and comrercial nucleus. 1In addition, it has becone a

processing center for agricultural goods exported via the
Par anagua seaport, 70 km away.

Table 1 shows that the population in Curitiba grew at a
rel atively sl ow pace between 1940 and 1950. The city's
popul ati on growm h rate picked up sharply during the 1960s and



remai ned high through to the 1980s. |In contrast, popul ation
growm h in the surrounding state of Parana peaked during the 1960s
at 7% and | ater declined. During the 1980s, Parana's popul ation
growm h was much snaller than that of the capital, remining at

1% This contrast between the city and the state inplies that in
the state as a whole Curitiba's growth was offset by even | arger
popul ation | osses in rural areas and snmaller cities within the
state. Population growh in Parana remained at little nore than
hal f that of Curitiba through the 1990s (Rabinovitch and Leitman
1993).

Table 1. Denpgraphic Trends in Curitiba and the State of Parana

Curitiba Par ana
G owh Rate G owh Rate
in Prior in Prior
Decade Par ana Decade
Year Curitiba (% year) State (% year)
1940 140, 656 1, 236, 276
1950 180, 575 2.5 2,115, 547 5.3
1960 361, 309 7.0 4,277,763 7.0
1970 609, 026 5.2 6, 929, 868 4.8
1980 1, 024, 975 5.2 7,629, 392 1.0
1990 1, 608, 151 4.5 9, 818, 373 2.5

Source: Brazilian Institute of Geographical Statistics 1940,
1950, 1960, 1970, 1980, 1990.

The key economic activities in Curitiba are services,

manuf acturing, and comerce. After 1973, the creation of the
Curitiba Industrial City accelerated an on-going shift from
agricultural to industrial service activities. The Industrial
City occupies an area of approximtely 40 km squared on the
western edge of the city. Planners created it to limt

i ndustrial activity within the city limts as well as to attract
nore industries and enploynent. As of 1992, the Industrial City
cont ai ned 409 industries and busi nesses. These firns accounted
for one-fifth of the city's total enpl oynent.

The cost of living in Curitiba is simlar to that of other cities
in southern Brazil. The climate is cooler than in northern
Brazil. The colder climate nay rai se the cost of housing and

ot her basic goods. Table 2 shows that 4.9%of Curitiba's
househol ds earn no nore than the m ni mum nont hly wage of US$75.
This low i ncome percentage is slightly larger than that of Sao
Paul o but is less than one third that of the entire country.
Curitiba's percentages for mddle i ncone househol ds are simlar
to Sao Paul o. The percentage of upper middle incone househol ds
in Curitiba is slightly greater than in Brazil as a whole.
Curitiba's percentage for the highest inconme category is sinmlar
to Brazil as a whole but is less than that of Sao Paul o.



Table 2. Household Earnings Distribution in Curitiba, Sao Paul o,
and Brazil

Mont hl y Curitiba Sao Paul o Brazi |
Earni ngs (% of househol ds) (% of househol ds) (% of househol ds)
(US$)

75 4.9 4.4 18.0
75-225 28.1 29.9 38.5
225- 375 25.7 17.6 18. 4
375-750 25.6 27.2 14. 1
750- 1500 11. 4 13.6 6.8
1500+ 4.3 7.0 4.0

Source: Curitiba Research and Urban Pl anning Institute 1990a,

Brazilian Institute of Geographical Statistics 1990.

CURI TI BA' S STRATEG C APPROACH TO URBAN PLANNI NG

A French planner, Alfred Agache, developed the first plan to
direct urban growh in Curitiba in 1943. The governnent did not

i npl enent the plan. Its main | egacy was to introduce the concept
of urban planning to Curitiba's citizens and governnent. This
awar eness edged closer to action in 1964 when the city

adm ni stration conm ssioned a Prelimnary Urban Plan. To
encourage an influx of new ideas, the city held a conpetition for
t he best plan anong | ocal and national professionals. The result
was the Curitiba Master Plan. In 1965, the city created the
Curitiba Research and Urban Planning Institute to inplenment the
pl an and to continue the planning process.

>From 1965 to 1970, the city adm nistration gave the master plan a
low priority. It did, however, provide the Institute with
resources to detail procedures for inplenenting the plan. In
1971, a new administration began to put the plan into practice
(Curitiba Research and Urban Pl anning Institute 1965).

Political will and political skill were inportant factors in
initiating the practical steps to inplenent the plan. Oficials
had to adapt each of the plan's el enents and sonetinmes set them
asi de as the two-di nmensional planning concepts nmet a three-

di mensional reality. This interaction between concept and
reality led to a practical, repetitive planning process.



Today, Curitiba's practical planning process is firnmy

establi shed. When ideas are proposed, they are tested
conceptual ly and then in application. These tests generate
feedback that |eads to further inprovenents and applications.

The ongoi ng process allows Curitiba to fashion solutions that fit
real problenms. Rather than being stym ed by feedback, it
refreshes and redirects the process al ong a progressive path.
After two decades of successes, the Urban Planning Institute is
now wel | established as the |ocal incubator for an urban planni ng
tradition that enphasizes interplay between planning, analysis,
participatory planning and inplenmentation

Pl anni ng Principl es

The inplenentation of the Curitiba Master Plan addressed
transportation, |land use controls, and a hierarchical structure
of the road network. Planners viewed them as conplenmentary tools
for guiding city growth. The plan conbines these tools to direct
growm h out of the central city and into arterial growh
corridors. Arterial and feeder roadways as well as |and use
controls on settlenent densities defined these corridors.

The purpose of the five structural growh corridors was to
redirect growh out of the central city and into the corridors.
Thi s displacenment of growh nore evenly distributes settl enent
densities in the city center and in the growh corridors. This
avoi ds a sharp peak in central city densities and the conconitant
traffic congestion and noise. The nore even density distribution
reduces congestion enough to facilitate uncongested travel while
mai nt ai ni ng passenger nunbers at hi gh enough levels to all ow
public transportation to be financially self-sustaining.

Conveni ent transportati on and nore bal anced densities al so:

* encour age econoni c devel opment by reduci ng the costs of
mobility, trade, and exchange within the city;

* reduce the indirect costs of other infrastructure inprovenents
such as water, sewage, electricity, and comruni cati on; and

* assist in preserving historic buildings and areas within the
city center.

Consequences

The gradual devel opnent of Curitiba's integrated transportation
systemis the nost visible result of the city's planning
processes. \While this paper focuses on transportation, it is

i nportant to renenber that planners in Curitiba do not isolate
transportation as an entity apart from other aspects of urban



life. They do not view streets only as paved surfaces but as
elements in a |larger network and hierarchy of roads. A building
is not an isolated box but a traffic/public transport-generating
element in a larger pattern of settlenent.

Curitiba analyzes travel as a novenment and exchange between
activities. Traditional city planning approaches tend to be
static and oriented toward physical features. Traditiona
transportation planning tends to be excessively data-denandi ng,
equati on-based, and technocratic. Curitiba's planning focuses
nmore on the relationship between space and novenent. [t
enphasi zes the dynamic features of urban activities. It

consi ders how nuch shoul d be invested where.

The city uses transportation to heighten the socio-econonic
payoff fromits planning activities. One exanple is the city's
role in I owincome housing. Rather than build isolated, |arge
scal e, and uni form housing projects, the city took advant age of
effective transportation. Curitiba acquired |and near some of

t he planned structural corridors before devel oping them As the
transportation routes were put into place, the city subsidized

| ow i ncome housing close to these transportati on routes and cl ose
to the Curitiba Industrial City. It also |ocated other smal
scal e, |l ow income, housing devel opments throughout the city.
These are near the transportation corridors and thus are 'near’
intime and cost to enploynent and other activities. These smal
scal e devel opnents blend into the surroundi ng residential areas.
They integrate rather than isolate | ow inconme households into the
econony and culture of the larger city. As a result of this
strategy, the city has built housing for 17,000 famlies.

The road hierarchy systemis another elenent of Curitiba's

pl anni ng system Each road has a function in relation to its

| ocation and inportance. Curitiba uses four basic categories to
define roads by location and function. There are arteri al
structural roads that are at the core of five growmh corridors.
Priority linkages run between and connect the city center to the
city's outskirts. Collector streets are conmpn urban streets
typically lined with cormercial activity and allowing all forns
of traffic. Connector streets link the structural roads to the
i ndustrial city.

Land use controls target two basic paraneters: the |and use type
and the density of devel opnment. The four basic | and use
categories are residential, comrercial, industrial, and services.

Al'l owabl e densities vary in relation to available transportation

Al ong nmost structural routes, buildings can have a total floor
area of up to six tines the plot size. On |ower capacity roads
that are well served by public transportation, the city permts
floor space up to four times plot size. The pernmitted ratio of
floor space to plot size decreases with the distance a land site
is frompublic transportation

The | and use density controls encourage a shift of devel opnent
activity fromthe central city to and around the structural axes.



This |l ocates high density residential and commercial in the sane
areas and matches density to the availability of public
transport. This eases traffic and hunan congestion in the
central city. Planners converted wide central avenues in the
central city into open air pedestrian nmalls and wal kways. These
mal | s and wal kways reinforce the city center as a pleasant |ocale
that preserves historic el enents and where pedestrians have
priority.

EVOLUTI ON OF THE TRANSPORTATI ON SYSTEM

Public transportation in Curitiba began with the introduction of
horse drawn vehicles in 1887. Sharehol ders operated and

organi zed these vehicles under a contract with the city. In
1906, the system had 18 km of routes, a 6000 square niles central
office with two depots and garage for repairs, 20 passenger
vehi cl es, 15 vehicles for cargo, and 150 horses. 1In 1912,
electrically powered street cars replaced the horse drawn
vehicles. The city gradually inproved and used the street cars
until the early 1950s (Roteiro da C dade/ Docunment o- Do Bonde de
Mul a ao Oni bus Expresso 1975).

The first bus conpany energed in 1928 as a public subsidiary of

the state electrical conpany. |In 1930, the first private bus
conpani es began to operate in conpetition with the public bus
conpany and with street cars. 1n 1938, 11 nmillion people rode

the lower fare street cars in contrast to 2.6 mllion people who
rode buses. As the city grew, the speed and flexibility of buses
proved nore advantageous than the | ower cost street cars. During
the 1940s, bus routes gradually replaced the street car routes.
Street cars went out of service entirely in 1952. 1In 1954, the
city adm nistration set up concession contracts with 10 bus
conpani es operating in eight pre-established areas of the city.

Deficiencies in the Md-Century Transportation System

As the city evol ved, substantial conflict occurred between the
different transportati on nodes and suppliers. There were
conflicts between owners of horse drawn vehicles and street cars
that |ater continued between bus and street car owners. There
was conpetition for passengers between the public and private bus
fleet. There were frequent salary disputes involving drivers,

uni ons, bus conpanies, and city governments. Labor disputes
culmnated in the great strike of 1960 when a | ock-out organized
by the private conpanies left Curitiba without public transport
for nore than a week.

The ebb and flow of these conflicts meant that public



transportati on was often unreliable and inconvenient. The
follow ng features characterized transportation in Curitiba at
m d- century:

* The city did not have a transportation system Rather, it had
a collection of msmatched concessions granted to private
conpani es.

* There were few guidelines to encourage transportation firms to
provide effective service to the city as a whole. The city
simply assigned each conpany an excl usive area of operation
within the nmunicipality. Transportation evolved in reaction to
the | ocation of conmercial, industrial, and residential
activities rather than in concert with them

* Transportation conpani es operated w thout conpetition within
their concessions. They ignored districts with nedium and | ow
denogr aphi ¢ densities and, when route schedules did exist, did
not enforce them

* Bus routes nmerely linked origin and destination pairs within
the city. The city center was typically one elenent in these
pairs. The confluence of routes in the central city increased
central traffic congestion. Transfer between routes required
paynment of a second fare. The necessity of transfers increased
queui ng and travel times.

Integration of Devel opment Pl anni ng and Transportation Policy

The first attenpts to integrate transportation, |and use, and
urban devel opnent began in 1965 under Mayor Ivo Arzua Pereira and
the technical coordination of the Curitiba Research and U ban

Pl anning Institute. The administration of Mayor QOmar Sabbag
devel oped a prelimnary mass transit plan in 1969. The 1971 nass
transit term nals plan, devel oped under the first admnistration
of Mayor Jaine Lerner, further refined this initiative. Mayor
Lerner also renewed the conmitnment to inplenment the 1965 naster
plan. This paper does not concentrate on the plans thensel ves
but on their results.

In 1971, Mayor Lerner took the first steps to inplenent the
city's settlement and transportation plans. As one of the first
steps, Curitiba devel oped the first pedestrian network in the
country, giving priority to pedestrians in its central area. At
the time, nost Brazilian cities favored autonobil es over other
forns of transportati on and were busy buil ding viaducts and
nmotorways within their city centers. |In contrast, Curitiba
refurbi shed historical buildings in the city center. These
refurbi shed buil di ngs pl ayed new roles in support of arts,
culture, and local history. The city inproved ol der parks and
set aside green areas and floodpl ai ns as undevel oped areas and
parks in the city's outlying districts. A new industrial park
opened on the city's edge to attract non-hazardous industries and
manuf acturing activities.



The first significant changes in the transportation system began
in 1974 with inplenentation of the road hierarchy and | and use
control system Inplenentation began with the construction of
the first two out of five arterial structural roads. These were
to formthe core of the growth corridors.

Figure 2 shows that the structural corridors are triple road
systenms with the central road having two restricted | anes

dedi cated to express buses. Two local roads flank the central
road. Running parallel to the central roadways but offset one
bl ock on each side are two one-way, high capacity roads for
traffic flowing in and out of the central city.

Figure 2 also shows relative settlenment densities within the
growm h corridor by building height. The figure shows that

al l owabl e densities decline as one noves away fromthe center of
a corridor. These declining densities place the greatest numnber
of people within easy reach of transportation. This placenent

al so prevents the high volunme routes fromdisrupting the sense of
place within | ow density, residential neighborhoods.[note 3]

The first two structural roadways ran north and south within the
city. 1In 1974, express buses on these routes carried about

54, 000 passengers/day. By 1982, the city conpleted five
structural roads and conplenented themwith interdistrict and
feeder lines. The integrated systemcarried about 400, 000
passengers/day. The system continued inprovenents in fare
collection and distribution, vehicles, and route extensions. By
1982, it carried about 774,000 passengers/day. Including the
remai ni ng conventional routes and the integrated system the
transit systemw thin Curitiba today now transports nore than one
mllion individual paying passengers a day, w thout considering
transfers. This is about 75%of the city's commuters.

There are presently five structural roads in Curitiba. The

dedi cated bus | anes at the center of each structural corridor
acconmodat e express bus routes. "Padron" buses with a capacity
of 110 passengers first served these routes but |ater

"articul ated" buses with a capacity of 170 passengers repl aced
them The articul ated buses are so long that turning on city
streets could be inpractical--they would jut out into opposing

| anes of traffic as they attenpted to turn. This di sadvantage in
length is overcome by constructing the buses around an
articulation point--a pivot point at md-frame that allows them
to bend around corners. This pivoting allows articul ated buses
to use standard traffic |lanes. Many cities worldw de operate
public transport services with articul ated buses. In late 1991
Curitiba supplenented articul ated buses with "bi-articul at ed"
buses that have a capacity of 270 passengers. These vehicles
were devel oped in Curitiba and assenbled by Volvo at the Curitiba
Industrial City. These latter buses are even |onger and contain
two pivot points built into their franes. At the present nonent,
there is no informati on on any other city worldw de regularly
operating "bi-articul ated buses"” for mass transit purposes.



Hur dl es and Lessons

The Curitiba transportation system overcane a nunber of

significant hurdles as it developed. 1In operation, there were
probl enms of route design, fare collection, increases in passenger
| oads, and personnel problens to resolve. In admnistration

there were difficulties in revenue sharing, in devel oping a
system of nonitoring and enforcenent of standards, and in

i nformati on processing and scheduling. Finally, the city nmade
significant efforts to develop inproved transportation vehicles.

Stages in Route Design

Curitiba's transit system has three conplenmentary |evels of
service. Feeder |lines pass through nei ghborhoods and make the
systemeasily accessible in |lower density areas. Feeder lines
share roads with other vehicles and connect with the express
system al ong the structural roads. The express system uses

dedi cated bus | anes and transports | arge nunbers of passengers in
hi gh density corridors. Interdistrict routes connect the axes of
the express lines wthout passing through the city center

An effective integrated systemis well coordinated. 1t has and
meets an accurate schedule. Transfers fromfeeder to express
require tine to transfer passengers fromone line to another

Wt hout careful scheduling, the tine savings of an express route
are lost in delays queuing for transfers, waiting for a
connecting bus, and boarding. Thus, as Curitiba's route system
evolved, it required advances in fare paynent, refinenments in the
transfer system personnel training, revenue sharing between
firms, and schedul i ng.

Physi cal and Fare Integration

An integrated system of feeder and express routes mght require
passengers to pay a fare with every transfer. However,
increnental fares result in delays and inconveni ence. Even smal
del ays add up to significant anounts of time when aggregated
across hundreds of thousands of passengers.

To avoi d passenger delays due to fare paynment at each transfer
Curitiba's systeminitially allowed unpaid transfers between
lines and routes. Transfers, however, require a neans of
identifying transfer passengers fromthose who have not yet paid.
VWhen the single fare was first inplenmented, passengers received a
paper transfer token. The token allowed themto transfer w thout
having to pay another fare. Six to seven nonths after starting
thi s paper token approach, the city discovered major forgery of

t he paper tokens and had to abandon the procedure.

To repl ace the paper tokens, the city set separate fares for
feeder and express buses. This two-fare systemdid not [ast |ong
for operational and social reasons. First, it resulted in del ays



as people had to pay and be checked twice. 1In addition, it
favored those who lived nearer to the structural corridors and
express routes. In particular, it raised costs for |ower incone
peopl e who used the feeder buses to cone in fromthe periphery of
the city. The city considered it unfair and inappropriate to

i npose a higher cost on | ower incone people.

A year and a half after inplenenting the two-fare system the
city dropped the second fare for the feeder buses. Passengers
rode the feeder buses for free and paid only when they entered
the express system This free feeder option had unforeseen
consequences. A few nonths after beginning the free feeder
option, no driver wanted to work on the feeder buses. The
vehi cl es becane hone for the honel ess. They also served as
nmobi | e gat hering places for unenpl oyed people. There was no
reported violence but there were many protests fromcitizens
regarding the conditions on the feeder buses. The city |earned
that it cannot offer any free public service and dropped the free
feeder system

Oficials than returned the systemto a single fare approach

Rat her than returning to paper tokens, the next solution was a
physi cal one to separate transferring passengers fromthose who
have not yet paid their fares. The city built fenced runways at
transfer points between stops for the express and feeder buses.
These runways worked for a limted period of time but, as the
passenger nunbers grew, the areas becane overcrowded. The
runways al so | acked aesthetic appeal. They soon becane known as
"pig stalls.” Conveni ence declined and conpl ai nts increased.

In 1980, the system began to significantly inprove conditions at
the transfer points by constructing encl osed, transfer term nals.
Though the word "terminal™ may inply a final destination, in
Curitiba termnal refers to any transfer station. People refer
to mddle termnals ("termnal do neio") and to end termnals
("termnal de ponta"). End terminals are larger in order to cope
wi th inter-mnunicipal transfers.

The post-1980 ternminals follow the sane basic design, working

i ke subway stations on the surface. Flowers, trees, shops,
glass walls, and a pleasing architecture make themas lively and
transparent as possible. Passengers are free to walk inside the
term nals, shop, chat, make phone calls, buy newspapers, and
change from one bus route to another w thout having to pay

anot her fare. People who live in the neighborhood pay their fare
when they enter the termnal through turnstiles. These transfer
stations allow people to switch fromone route to another with as
little delay and inconveni ence as possible.

I ncreasi ng Denand

A bal ance between supply and demand is crucial to the profitable
operation of any transportation system Soon after the

i ntroduction of the express buses in 1974, the city realized
there was sonet hing wong. The popularity of the express buses
resulted in overcrowdi ng and delays. The city planners at the



time did not anticipate that, in parallel with the evident demand
for a certain route, there was also a "repressed potenti al
demand” (Curitiba Research and Urban Pl anning Institute
1991/1992). It maminly consisted of new passengers attracted to
the system many of whom used private cars before the express
buses becane avail able. Overcrowdi ng caused del ays in boarding
at stops and termnals. To conpensate for the delays, drivers
woul d exceed the maxi num speed al |l owed and occasi onal ly cause
acci dents. As a stopgap neasure, the city strictly controlled
speed limts and required buses to operate with their lights on
in order to inprove their visibility to other drivers and
pedestrians. O ficials gradually solved the probl em of

i ncreasi ng demand wi th inprovenents in bus design, high service
boar di ng tubes, and ot her neasures expl ai ned bel ow.

Met hod of Payi ng Fares

>From 1974 to 1980, passengers paid their bus fares in cash as
they entered the system To reduce the time needed for fare
paynment on buses, the city introduced automatic ticketing in
1980. Passengers now pay either with noney or a netal token

The token is available for sale in shops, newsstands, and bus
termnals. In 1990, there were 37 mllion tokens in circulation
The result is a small inprovenent that results in significant
time savings across the systemas a whole. Buses circulate nore
rapidly to provide nore frequent service with the sane nunber of
vehi cl es.

Per sonnel

The devel opnent of Curitiba's integrated systemwas the first
time in Brazil that a |ocal government had set operationa
standards and tinetables for a netropolitan bus system The city
acconpl i shed resulting inprovenents w thout specialized
transportati on planners or transport engineers to outline the
final system Planners, architects, and engineers fromCuritiba
Research and Pl anning Institute (IPPUC) and Urbani zacao de
Curitiba (URBS) knew the city well and devel oped their own
solutions. The experience gained in designing and inpl enmenting
these solutions gradually grew into a systematic and practica
body of know edge. This know edge pl aces speci al enphasis on
personnel training and flexibility. 1t recognizes that personne
and technol ogy need to work together if the overall systemis to
function snoothly.

Bus drivers are a key part of the system and recei ved speci al
training fromthe outset of the integrated system \When the
system opened, it used buses designed fromthe bottomup as
buses. This new design placed the engine in the rear of the
vehicle to reduce the weight and noise. Until this tine, al
Brazilian cities had used buses built on truck chassis. These
chassis placed the engine at the front of the vehicle and drivers
changed gears by listening to the engine. Hence, a first task
was to train drivers to shift gears wi thout the assistance of

noi se fromthe engine. Drivers also had to |earn howto drive on



dedi cated bus |l anes and to |l earn procedures for operating in
crowded terminals. Wen the city introduced high service
boar di ng tubes, express drivers had to |learn to approach and park
buses in proper relationship to the boardi ng entrances.

Revenue Paynment System for Private Operators

During the |last 40 years, transportati on costs have been paid

t hrough several different revenue collection systems. Fromthe
1950s to the 1970s, the city granted bus conpani es concessions to
ei ght non-overl apping areas. Wthin these areas they charged a
fare previously negotiated with the city adm nistration. Their
revenue corresponded to the nunber of paid passengers that they
transported within those areas.

The interdistrict routes begun in 1979 cut across the territoria
concessions to connect the five express routes. These
interdistrict routes weakened the space nonopolies of the
concessions. Bus operating firms put up substantial resistance
to the interdistrict routes, but the city remained conmtted to
them These lines connected routes operated by different
conpanies. Since a single fare covered the entire integrated
system passengers would conmonly pay to enter a route operated
by one conpany and then transfer to another |ine run by another
conpany. To mmintain the solvency of the cooperating conpanies,
some form of revenue sharing was necessary. Wthout revenue
sharing, a conpany woul d incur an unpaid cost in proportion to

t he nunber of transfers accepted from ot her conpanies.

To solve the revenue sharing problem the city devel oped a
revenue conpensati on nechani sm based on operating and capita
costs. Surveys hel ped estimate operating costs and the nunber of
passengers transported by each conpany. This gave the city
detail ed data about the revenue and costs of each company. Over
several years, the city tried various formulas for distributing
revenues across firns.

In 1987, the city settled on a revenue sharing fornula based on

t he nunber of kiloneters traveled by vehicle type for a given
conpany. Each conpany has a given nunber of route kil onmeters and
a given tinmetable. 1t obtains maxi numrevenues by neeting its
schedul ed route. The formula makes no adjustnent in revenue for
t he nunber of passengers transported by a conpany. Each conpany
competes only with the schedul e, subject to specified quality

st andar ds.

Al fares go into a common bank account that is audited and open
to public scrutiny. The city also nonitors the performance of

i ndi vi dual s conpanies. The nonitoring systemis funded by the
col l ected revenues. There are routine checks on the nunber of
kil ometers covered by each conpany.

Moni t ori ng System and Enf or cenent

The rel ati onship between the city and entrepreneurs has traversed



a long, occasionally tortuous, path. The transition from snal

i ndependent lines to a large integrated systemrun in partnership
with private conpanies required practicable nechani sns to nonitor
t he performance of individual conpanies and ensure the operation
of the overall system The nonitoring and enforcenent system

i ncludes the follow ng el ements:

* Buses use tachographs that record speed and travel tine,
i ncl udi ng maxi mum speeds and stops.

* Buses have turnstiles, also |located in boarding tubes, that
record the nunber of paying passengers. People over 65, schoo
children in uniform police officers, fire fighters, and mai
carriers in uniformride free

* (Garage surveys systematically determ ne the nunber of buses in
circul ation.

* Random surveys al so determi ne the total nunber of passengers
for certain trips on specific routes.

* Supervisors trained and enpl oyed by Urbani zacao de Curitiba
work in all bus termnals.

* (Qccasional term nal surveys determi ne the nunber of people
using the transfer termnals.

I nformati on System

Curitiba began to conputerize routing and schedul es soon after it
i mpl enent ed express routes in 1974. Before this a time-consum ng
manual process controlled routing and scheduling. After two
years of work, Urbanizacao de Curitiba devel oped special custom
software for bus tinetables. This program |ater named NETBUS

is still in use, and the city continues to refine it. It has

al so been successfully transferred fromC Curitiba to other
Brazilian capitals, such as Vitoria (state of Espirito Santo) and
Aracaju (state of Alagoas). The Curitiba Industrial Cty also
houses the Curitiba Software Pol e, which commercializes NETBUS
and various other software products.

Vehi cl e Design

VWhen Curitiba began to develop its integrated system buses in
Brazil had truck chassis. Assenbly conpanies would install a
standard bus body over a truck chassis and call it a bus. These
buses had small doors, steep and narrow stairways, vertica
exhaust pipes, and were bunpy, noisy, and unconfortable.

The Brazilian subsidiary at Cummins, in northeast Brazi
manufactured the first Brazilian bus chassis. Wen Cumm ns

st opped manufacturing vehicles, Curitiba had to buy buses from
Mer cedes Benz, which refused to manufacture the bus chassis.
This forced the city to operate buses with truck chassis unti
Vol vo installed a bus assenbly plant in the Curitiba Industrial



CGty.

A second probl emwas the bus body design. Afraid of fare

evasi on, bus conpani es wanted doors as small as possible. They
al so insisted on buses with only two doors. People would board

t he bus through the rear door, pay at the turnstile |ocated
toward the back of the bus, and exit through the front door at
their desired stop. At peak times, those riding for a short

di stance found it difficult to reach the exit door on tinme. This
i nternal bus | ayout was not convenient for high capacity
vehi cl es.

To inmprove the two-door bus, Curitiba worked with bus
manufacturers in Brazil to assenble a three-door bus: two doors
for exiting and a front door for boarding. This vehicle
permtted a better internal distribution of passengers during
peak tines. At first, some manufacturers argued that a bus with
three doors was not structurally sound. Today, buses have
advanced beyond three doors. Al major assenbly groups now
operating in Brazil manufacture urban buses with turbo engines,

| ower floor levels, w der doors, and a conveni ent design for mnass
transit. As a ready buyer of inproved vehicles, Curitiba has
hel ped devel op the market and the standards for Brazilian mass
transit buses.

Curitiba's nmost significant innovation is the system of direct
route buses that operate in parallel with the dedicated bus | anes
of the structural corridors. These direct routes nake use of
hi gh service boardi ng tubes and hi gh capacity buses. The direct
route system conbi nes vehicles, routes, and hi gh service boardi ng
tubes to reduce travel tines and increase conveni ence, confort,
and passenger capacity. The main features of the system are:

* The vehicle uses a conventional bus nodified so that the doors
open directly onto a patented boardi ng tube station. The floor
frombus to boarding tube is level. Wthout stairs to clinb or
having to step onto uneven pavenent, passengers enbark and

di senbar k qui ckly.

* At each direct route stop, passengers enter the route system
via a stationary al um num and gl ass boarding tube that lies
parallel to the roadway. Enbarking passengers enter one end and
di senbar ki ng passengers exit the other after a bus has stopped.
Enbar ki ng passengers pass a turnstile and pay their fare to a
conductor in charge of the boarding tube. The entry point
contains a full color map of direct route system painted on the
exterior glass. Passengers can verify that they are at the
correct enbarking point before they pay a fare and enter the

t ube.

* Passengers wait for the next bus on an elevated platformat the
same floor |evel as the bus. Passengers wait in confort and
security and board swiftly when the bus arrives.

* When a direct route bus aligns itself with the boardi ng tube,
the bus driver opens the doors of bus and tube using a renote
control system Disenbarking passengers exit one set of doors



and enbar ki ng passengers enter imediately afterwards, as if in a
subway system Entry and exit is rapid. Wth the passengers
secure, the doors close and the driver pulls away into the

dedi cated bus lane. Swift boarding tines reduce route tinmes and
i ncrease the peak capacity of the system

* The direct system makes route information easily available to
potential and actual passengers. 1In addition to the col or-coded
map pai nted on the boardi ng tube near the entry door, both buses
and boardi ng tubes conveniently display stylized route maps.

Mor eover, the name of each bus stop is printed on both the color
coded and stylized maps. The exterior of the boarding tubes

di splay bus stop names in bold letters so that bus passengers can
easily identify their |location on a route.

* The tubes' |evel access easily accomopbdates di sabl ed
passengers, strollers, and passengers with bags and parcels. In
addition, a small |ift beside the entrance of the tube, makes
access for these passengers al nost inmedi ate.

Bi-articul ated 270- passenger buses that al so use the boarding
tubes have further extended the capacity of the system Curitiba
has 33 bi-articul ated buses operated primarily in the high
demand, |ower income district on the southeast periphery of the
city.

The next innovation may be to incorporate an electric tramay
into the system To increase capacity, the city has prepared a
plan for an electric trammvay that will circulate in the central

| anes of the structural corridors. The road network and | and use
| egi slation would remain basically the sane. The node woul d
change frombus to trammway with a capacity for 400 passengers,
with only mnor nodification of existing roadways.

THE PRESENT SYSTEM

The System and Its Routes

The Curitiba Integrated Transportation Network (I TN) is the core
system conposed of transfer termnals, express routes, direct
routes using boarding tubes, feeder routes, and interdistrict
routes. The main I TN systemis supplenented by center city

rout es, nei ghborhood routes, night routes, special education
routes for disabled people, and the pro-park routes.

Conventional routes conplenment the TN and are largely the
remmant of the territorial concessions that pre-dated the I TN
The systemas a whole--the I'TN and its conplenents--is referred
to as the Curitiba Mass Transit System (MIS).

Figure 3 shows the design of the TN as a trunk and branch



system The trunks of the systemare the high volume direct and
express routes running along the structural corridors. At

term nals along these corridors, the high volume routes connect
with the ower volunme feeder routes. The feeder routes fan out
into | ower density nei ghborhoods to give residents conveni ent
access to the overall system Interdistrict routes al so connect
to the termnals. The interdistrict routes run fromcorridor to
corridor--trunk to trunk. The interdistrict routes allow
passengers to travel between outlying points within the city

wi t hout traveling through the city center.

This integrated trunk and branch system nmakes the I TN function
very much like a nmetropolitan subway. Passengers pay one fare to
get into the system Schedul ed connections within the system
provi de consi stent service and conveni ence. The integrated,
trunk and branch system offers several inportant advantages over
conventional, non-integrated lines. First, conpared to

under ground systens, the capital costs of the surface bus system
are low. Routes use ordinary city streets; there are no |arge
scal e excavations and no tunnels to maintain. The city maintains
bus speeds by setting aside dedicated bus | anes al ong sone
downtown city streets and along the structural corridors.

Second, the integrated trunk and branch system of fers conveni ence
and tinmeliness to passengers. Transferred passengers pay their
fares once, rather than paying for each leg of a journey. This
nmeans that passengers do not have to line up to pay a fare at a
transfer point. Wthout |ines, passengers can conplete a

mul tiple-stage journey in less tine. Shorter transport tines

i ncrease the capacity of the overall system and reduce peak hour
congesti on.

A third advantage is that the city can adapt the bus fl eet
profile to fit demand vol unes along different types of routes.

It buys large, high volune buses for the high volune routes and
smal | er buses for the |ower volunme, feeder routes. This tailors
the systemls capacity to neet the demands of specific routes.

The system operates with m ni num excess capacity. This reduces

t he nunber of largely enpty buses in circulation to waste energy,
| abor, and capital

The reduction in excess capacity leads to a fourth advantage--the
system uses fewer resources to transport a given nunber of
people. This nmeans that there are fewer enpty buses in
circulation. The reduction in enpty buses reduces capital costs
and wastes |ess fuel and | abor per passenger carried. Fewer
buses nmean less traffic congestion because there is a better

rel ati onshi p between bus routes and passenger destinations.
Passengers and buses do not have to pass through the city center
in order to travel between two outlying points. Wth passengers
and buses traveling fewer mles, there are fewer unnecessary
buses on the road--thus reducing the potential for congestion
Reduced congestion neans that buses operate at | ower resource
costs, but the efficiency of private vehicles is also inproved.
Fewer cars sit idling at congested intersections. Average speed
increases. This in turn saves fuel and tinme for both the bus
system and operators of private vehicles.



In addition to | ower social costs, |lower resource costs allow the
Network to offer a high |l evel of service at reasonabl e passenger
fares. Reasonable fares are a certain savings for mddle incone
passengers. They are a substantial savings for |ower income
househol ds that tend to live on the periphery in Brazilian
cities. The standard fare in the Curitiba Public Transport
Systemis US$.30. This single fare gives all househol ds access
to the entire city for purchases, enploynent, or other economc
opportunities.

Several specialized routes, described bel ow, supplenent the I TN
system of express, direct, interdistrict, and feeder routes.

Express Routes

The dedi cated express routes circulate within the structura

cores formng the core structure of the Curitiba Mass Transit
System The express buses circul ate i ndependently from
autonobile traffic. This frees the core systemfromtraffic janms
at peak times and provides greater confort, safety, and
timeliness. The 13 express |lines use higher capacity buses.
Express routes goi ng through the higher density district of

Boquei rao use the higher capacity bi-articul ated buses with
boar di ng t ubes.

Direct Routes

Direct routes run in parallel with the structural corridors and

i n other high demand routes, providing fast, high capacity
service. Al direct routes use the high service boardi ng tubes,

| ocated at all direct route stops and in the transfer term nals.
The transfer terminals link the direct routes to other |evels of
service. There are currently 10 direct routes using padron buses
and boardi ng tubes equipped with a special lift for wheel chairs,
strollers, elderly people, and other people with special needs.

Interdistrict Routes

Interdistrict route buses nake orbital trips between the
structural express and direct routes. They link various
districts without ever going to the city center. There are 6
interdistrict routes that allow transfers to the express, direct,
and feeder routes. The routes use green padron buses.

Feeder Routes

Feeder routes circulate within residential zones, linking themto
the various termnals. There are 111 feeder routes using orange
si nmpl e and padron buses that allow transfers to express,
interdistrict, and direct routes.



Conventional Routes

Conventional routes are the | egacy of the bus routes that pre-
dated the I'TN. Conventional routes run fromthe city center to
four termnals in districts |located away fromthe structura
routes. These districts are Bairro Alto, Barreirinha,

Fazendi nha, Santa Felicidade. The four termnals are also |inked
by feeder, interdistrict, and direct routes. There are 6
conventional routes serviced by yellow sinple and padron buses.
In addition, there are 86 "traditional"” conventional routes that
are not integrated with other routes. These traditional |ines,
serviced by yell ow sinple and padron buses, go fromspecific
districts to the city center and occasionally cross it.

City Center Routes

The city center routes use white 40-passenger m ni-buses
circulating only around the city center. The reduced fare and

cl ockwi se and counter-cl ockwi se routes hel p shoppers and peopl e
who need short trips within Curitiba's central area. The mni-
bus interiors are designed for short trips: instead of seats, the
vehi cl es have side cushions, so that passengers just |ean agai nst
themwhile in transit.

Nei ghbor hood Rout es

The nei ghbor hood routes serve specific nei ghborhoods where there
is sufficient intra-neighborhood traffic. The Portao

nei ghbor hood route has a circular configuration and the Xaxim
nei ghbor hood route has a radial configuration. The vehicles are
m ni - buses, painted white, with a capacity of 40 passengers.

Ni ght Routes

Ni ght routes operate from1l to 5 a.m, with a one hour interval
bet ween each bus. There are 17 routes, designed to be not nore
than 1 kmapart. There are express, feeder, and conventiona

ni ght routes.

Speci al Educati on Routes

Speci al education routes serve sone 2,200 physically or nentally
di sabl ed students. There are 27 routes operated by specially-
converted sinple buses, equipped with seat belts and lifts for
wheel chairs. The buses pick up students in their nei ghborhoods
and take themto a special term nal where they transfer to other
buses that take themto special schools. At the end of the day,
buses follow the sanme procedure fromthe schools to the students
hones. Trained hel pers, paid for by the students' parents,
assi st the students. The route, subsidized by the ITN, includes
a special termnal with added features to give confort and safety
to users.



Pr o- Par k Rout es

Pro-park routes operate only on Sundays and hol i days, connecting
the city center to the main parks. The three routes use speci al
buses which resenble old street cars with wooden seats, imtating
park benches. The design of the bodies of these buses all ows
maxi mum t ransparency, with broad, arch-shaped w ndows.

Job Routes

Job routes are not part of the transportati on system but perform
an educational function. Curitiba uses a bus for public
transportation for 10 years. After that tine, it recycles the
buses into nobile training offices for carpentry, word
processi ng, handcrafts, metal works, electricity studies, and

ot her courses. The buses, with locally-recruited instructors,
park in different |owincone nei ghborhoods on schedul ed days of
the week. This jobs training program in operation since 1991
has graduated nore than 17,000 students.

Soup Routes

Al t hough soup routes are not part of the public transport system
they use recycled buses as restaurants. They serve free soup and
bread during the evenings to | owincome popul ation

Managenment and Operation

Ur bani zacao de Curitiba (URBS), a publically adm nistrated,
privately funded (parastatal) conpany founded in 1963, nonitors
the routine operation of the ITN and the MIS. Responsibility for
both the extension of the Curitiba master plan and for planning
extensions of the ITNand MIS lies with the Curitiba Research and
Urban Planning Institute (1 PPUC). These agencies work closely
together to ensure that long-termplanning is carefully linked to
the systemls present condition. The |IPPUC shapes transportation
and | and use initiatives to conpl enent each ot her

URBS acts as the property manager for the publicly-owned
transportation infrastructure and as liaison with private
conpani es. URBS administers the city's bus termnals, nmonitors
the performance of the I TN and MIS, collects and distributes
revenues, and negotiates with concessionaires to provide term na
servi ces such as newsstands and flower stands. [Its nost
inmportant role is to negotiate contracts with private buses
conpani es and ensure that these conpani es provide service that
nmeets the systenls standards.

URBS currently operates under paraneters established by a
muni ci pal decree in 1987. The decree cancelled the territoria
concessions let to private bus conpanies. In place of



concessions, the decree established a system of pernissions.

Under Brazilian |law, perm ssions are sinpler to execute and to
term nate when its conditions are not net. There is no fixed
contract period for a permission, and the city may cancel them
for due cause at any time. As presently witten, the perm ssions
rei mburse bus conpani es subject to the nunber of schedul ed
kilometers that they actually travel. Minicipal Law #7556 of
1990 and Muni ci pal Decree #210 of 1991 (Prefeitura Minicipal de
Curitaba 1990) establish URBS as the sole agent allowed to sign
transportation contracts for the perm ssions and grants URBS t he
sol e responsibility to plan and nanage the I TN and MIS. Specific
responsibilities for URBS include those |isted bel ow

Pl anni ng

In collaboration with the Curitiba Research and U ban Pl anni ng
Institute (1 PPUC), URBS undertakes the follow ng planning
responsibilities:

* Anal yze organi zational, technol ogical and space options for
transportation in Curitiba. Pursue this analysis in

col l aboration with I PPUC and foll owi ng the general urban planning
guidelines for the city.

* Propose new routes, services, and termnals to neet the
system s denmands for grow h.

* Monitor the level and quality of existing services.

* Study and propose the devel opnent of information systens for
oper ati onal purposes.

* Manage the level and quality of information for users of the
system
Admi ni stration

URBS al so has admi nistrative/financial responsibilities
sunmari zed as foll ows:

* (rgani ze, inplenent, and supervise the mass transit system

* Manage the finances of the ITN including the collection and
di stribution of revenues.

* Set, monitor, and enforce performance standards for private bus
conpani es. Determ ne and enforce penalties for violations of
st andar ds.

* Establish technical agreenents with universities and ot her
institutions for the inprovenent of the system

* Establish collaborative agreenents for mass transit purposes
with other nmunicipalities within Curitiba Metropolitan Region



Qper ati on

The operational duties of URBS are well known and visible. The
accunul ati on of such responsibilities under a single institution
contribute to the effective managenent of Curitiba's Public
Transport System The duties include:

* Establish tinetables and operational paraneters.

* Establish standards for confort, safety, and regularity in bus
servi ces.

* Establish | ocations of bus stops, terminals, and routes.

* | npl ement and change bus routes and scheduling to nmeet shifting
passenger demands.

* Carry out data collection for statistical control of the bus
system

* Establish technical paranmeters and specifications for buses.
Regi ster and inspect the buses in
operation.

* Monitor the | evel of service and adherence to tinetables.
Penalize violations with fines or, in the worst cases, revoke a
conpany's perm ssion to operate.

* Establish procedures for setting fares. Mnitoring adherence
to the agreed upon fare schedul es. Update the data needed for
calcul ating the fare schedul es.

Exi sting Perm ssions to Qperate

There are currently 10 bus conpanies with perm ssion to operate
specified routes in Curitiba: Marechal, Goria, Luz, Cristo Rei
Carno, Redentor, Agua Verde, Curitiba, Merces, and C dade
Sorriso. A sinple two page docunment sets out the basic | ega
framework and standard formfor all perm ssions.

Certain conmpanies tend to concentrate their routes in certain
areas of the city. There are sonme shared routes, however. These
include central area routes, interdistrict routes, direct routes,
and certain express and feeder routes that serve nore than one
area of the city.

Gl assification of conpanies and consequent assignnent of routes
depends on the size of bus fleets. Carnmo with 209 buses, G dade
Sorriso with 205 buses, and Joria with 203 buses are |arge
conpani es. Medi unsi ze conpanies are Cristo Rei with 138 buses,
Luz with 126 buses, Agua Verde with 119 buses, and Marechal with
117 buses. Curitiba with 96 buses and Merces with 61 buses are
smal | conpani es.



Fare Cal cul ati on

Fares in Curitiba are set by a cal cul ati on schedul e based on the
costs experienced by URBS and by the private firns. The schedul e
i ncludes factors related to operating costs such as those that
depend on kiloneters travel ed, maintenance costs, personne

costs, adm nistrative costs, and capital costs. Costs dependent

on kiloneters traveled include those for fuel, lubricants, and
depreci ation. Miintenance costs include itens for parts,
accessories, and mai ntenance personnel. Personnel costs include

uni form costs and wages for drivers, conductors, supervisors, and
porters. Admnistrative costs include adm nistrative wages,
suppl i es, equi prent depreciation, and depreciation of buildings
and physical assets. Capital costs include depreciation and a
fixed return on investnent. Each of these cost categories is
detail ed bel ow.

Cost Apportioned to Kiloneters Travel ed

Fuel

Conpani es are divided into two groups that represent operationa
and urban physical characteristics that affect fuel consunption
For exanpl e, conpanies that operate in hilly areas, or areas with
heavier traffic near the Curitiba Central Area, would have higher
fuel costs. After the conpani es are divided, ongoing surveys
determ ne the average fuel consunption for each type of bus in
liters per kiloneter. Table 3 shows fuel consunption estimates.

Table 3. Fuel Consunption Indexes (liters/km

Vehi cl e Sinmple "Padron" Articul ated Bi Articul ated M crobus

Bus Bus Bus Bus
Goup 1 0. 3502 0. 4667 0. 6449 0. 7464 0. 2265
G oup 2 0. 3799 0. 4797 0. 6482 0. 7464 0. 1859

Source: Urbani zacao de Curitiba 1992a.

Lubricants

Survey data, dating from 1987 and 1988, help estimate |ubricant
consunption indexes. Table 4 lists the |ubricant consunption
estimates in liters of lubricant per kil oneter.

Table 4. Lubricants Consunption Indexes (liters/km



Lubri cant | ndex

Carter GO 0. 0077891
CGear Box Q| 0. 0004211
Brakes, Q| 0. 0002034
G ease 0. 0002034

Source: Urbani zacao de Curitiba 1992a.

Tire Depreciation

A survey conducted from January 1988 to Decenber 1988 established
depreci ation paraneters for tires. The nunber of kil oneters
travel ed during this period established technical averages.

Table 5 lists these depreciation estimates in terns of the
proportion of useful life exhausted in one kil oneter of travel.

Table 5. Depreciation |Indexes

Conponent Depreci ati on | ndex
Di agonal Tires 0. 0000194
Radi al Tires 0. 0000351
Protecti ng Caps 0. 0000961
Inside Tire (air conpartnent) 0. 0001034
New Rubber Layer 0. 0000787

Sour ce: Urbani zacao de Curitiba 1983.

Mai nt enance Costs

Per sonnel

URBS estimated the cost of maintenance personnel for each conpany
according to the conpany's fleet characteristics. URBS issues a

monthly table to update the amounts allocated for each conpany's

mai nt enance per sonnel

Parts and Accessories

URBS devel oped a preventive naintenance plan for all transit
vehicles used in Curitiba. Survey data established mai ntenance
cost as a percentage of a vehicle's value. Buses receive routine
mai nt enance at 5, 10, 25, 50, 75, 150, 300, and 600 thousand

kil oneters.

Per sonnel Costs

Drivers, Conductors, and Porters

URBS sets a 36 hour average work week for transit enployees. This
includes a tine of 30 mnutes for drivers and conductors to check
the condition of their vehicle and turn in revenue. Personne
work in shifts of 6.5 hours per day. These wage and wor ki ng



condi tions surpass those found in nost other cities in Brazil.

Adm ni strative Costs

These include personnel, expenses, equi pnent depreciation
depreciation of buildings, supplies, and renunerati on equi pnent
and building costs. After long termsurveys, URBS set average
val ues that are proportional to the bus fleet of each conpany.
Total adm nistrative costs average 13% of operational costs.

Capital Costs

Depreci ati on

URBS rei mbur ses depreciation based on linear schedules of 8, 10,
or 12 years dependi ng upon the anticipated | evel of use.
Depreciation is a proportion of the initial purchase price. At
the end of its schedule, the value of a bus is 10%of its initial
purchase price, adjusted for inflation. The city receives 90% of
a vehicle's resale value after the schedul ed nunber of years in
service. The city often recycles depreciated vehicles for the
pro-park, job, and soup routes.

Payment

The city pays conpanies for a return on investnment capital at 1%
per nmonth, updated according to inflation i ndexes used by the
federal governnent.

Ri dership

Evol ution of the ITN and MIS

Table 6 shows how MIS and | TN ridershi p has evol ved during the

| ast 20 years. In 1974, the first year of the ITN, the MIS as a
whol e carried an average of 677,000 passengers per day.
Conventional lines carried 623,000, and the ITN lines carried
54,000. At this tinme, the ITN had only two of its arterial
corridors in place and a total of 19.9 km of express routes. The
express routes connected to nei ghborhoods with 45 km of feeder
routes.

Table 6. Evolution of Curitiba's Integrated Transit Network and
Passenger Load

Passengers Carried Per Day Extent of ITN by Route Type

Year (t housands) (kil oneters)

Total Conventional [|TN Express Feeder Interdistrict
1974 677 623 54 19.9 45 0
1978 728 497 231 31.0 119 0

1979 730 481 249 31.6 119 44



1980 748 467 281 49. 3 188 82

1982 730 372 358 54.0 242 122
1989 1, 056 486 570 54.0 270 185
1992 1,028 398 630 80.0 266 166

Source: Urbani zacao de Curitiba 1994.

MIS ridership grew by 53% from 677,000 to nore than 1 mllion
passengers per day from 1974 to 1992. This is an average annua
growm h rate of 2.36% about half of Curitiba's 1970 to 1990
popul ation growmh rate of 4.9% per year. As overall MIS
ridership grew during this period, the nunber of conventiona
lines contracted. This contraction and the growh of the ITN | ed
to a reduction in ridership on conventional routes of 37% from
1974 to 1992. During the sane period, the TN grew in both
extent and in the nunber of passengers carried. From 1974 to
1992, ITN ridership grew an average rate of 14% per year from
54,000 to 641,000. 1In 18 years, nmarket share of the I TN grew
from8%in 1974 to 64%in 1992.

The last three columms in table 6 give some insight into the
relative contribution to ridership of the express, feeder, and
interdistrict lines. Between 1974 and 1980, the nunber of
kilometers in express lines grew only slightly [ess quickly than
the feeder lines. In 1974, express lines were approximtely

30% of the system dropping to 26%in 1980. The interdistrict
routes grew fromzero kilonmeters in 1974 to 82 kiloneters in
1980. Ridership grew at an average annual rate of 27%w th this
even growmh in the extent of the express, feeder, and
interdistrict routes.

>From 1980 to 1989, growth in the express systemslowed to a nere
9% ess than 1% per year. |TN ridership, however, grew by 86%
during this sane period or by about 7% per year. The source of
this growh in ridership appears to be growh in the feeder
lines, up by 44% and interdistrict lines, up by 125% This
apparently shows the inportance of convenient access to the core
express lines. For people who live in the higher density growh
corridors, access to the express lines is no problem The feeder
and interdistrict lines are essential for easy access to people
who live in outlying nei ghborhoods. Extension of these |lines
apparently reduced the tine costs of access for people in
out | yi ng nei ghborhoods. This reduction in travel time cost
contributed to al nost a doubling of ITN ridership between 1980
and 1989.

The data may al so indicate the success of the direct |ines served
by boardi ng tubes, introduced in 1989. The kil onmeters covered by
the direct lines are included in the express colum. From 1989
to 1992, express and direct lines increased in extent by 48%

The extent of the feeder and interdistrict routes contracted
during this sane period slightly dimnished. Ridership on the

I TN, however, increased by 23%pparently due only to the increase
i n express and direct routes.

The I TN ridership and route statistics suggest that high vol une



express and direct routes and the | ower volume feeder and
interdistrict routes are strong conpl enents. The high vol une
routes offer fast, convenient service to those who live in the
hi gh density nei ghborhoods near the high volunme lines. High

vol ume routes do not realize their full potential w thout feeder
and interdistrict lines. Lower volunme lines link the high vol une
routes into | ow density nei ghborhoods and with each other. The
| ower vol une routes provide convenient, |lowtinme cost access for
people who live further fromthe express and direct routes. The
i ntegrated system bal ances the conveni ence of |ocal access with
t he high volume speed of arterial routes.

Present Perfornmance of the | TN and MIS

Tabl e 7 shows the nunber and perfornmance of different MIS routes
for May, 1993. The first five rows of table 7 describe ITN
routes. The next three rows describe the conventional and
special routes. The last row describes the overall MIS
characteristics.

Table 7. Ridership Characteristics for May, 1993

Rout e Nunber Ki | oneters Pai d Passengers
Type of Routes Travel ed Far es/ Bus Carri ed/ Bus
by Type per Weekday Aver age Aver age

(t housands) per Weekday per Weekday

Expr ess 13 58 1, 283 2,039
Direct 10 41 532 1, 563
Interdistrict 6 34 789 1, 446
Feeder 111 74 615 1,138
Total |TN 140 207 839 1,533
Convent i onal 93 90 879 879
Speci al Ed. 27 2.8 0 481
Nei ghbor hood 3 1.8 481 481
& City Center

Total MIS 263 301.6 829 1, 309

Sour ce: Urbani zacao de Curitiba 1993.

In the ITN, there are 13 express routes, 10 direct routes, 6
interdistrict routes, and 111 feeder routes. On a typica
weekday, buses on the express routes travel 58,000 kil oneters.
Buses on the feeder routes travel 74,000 kilonmeters. This is
4,460 kilonmeters per express route and only 670 kil oneters per
feeder routes. The |arge distances covered on the express routes
reflect both the nunber and speed of buses on these routes. |ITN
routes account for nore than half the nunber of routes within the
MIS. Conventional routes conpose about 35%of the total route
system



URBS estimates the nunber of fares paid to enter a particular
route type within the system Table 7 lists these paid fares on
a per bus basis in the fourth colum. The nunber of paid fares
is lowest on the direct routes. |In contrast, the nunber of
passengers carried per bus is second highest on the direct
routes.

The di screpancy between fares paid to enter the direct routes
versus the nunber of passengers carried is due to the passengers
who transfer between |ines. People may enter the I TN t hrough an
express line, direct route, feeder line, or interdistrict line.
At their first entry point, they pay fares which are credited to
that line. Many passengers take the line that they board to a
termnal. At the terminal, they may transfer to another type of
route. For instance, a passenger may initially board a feeder
line at a nei ghborhood stop and then transfer to a direct line
for a quick transfer to the central city. These transfers do not
pay an additional fare, but they do count as a passenger carri ed.

These transfers are the hall mark of the integrated system and
t hey account for the discrepancy between fares credited to a
particul ar type of |line and the actual nunber of passengers
carried by that route type [note 4].

The average nunber of paid fares per bus is slightly higher for

t he conventional routes than for the average of the ITN routes.
However, the nunber of passengers carried per |ITN bus is al nost
74% greater. Thus, the TN collects a slightly smaller nunber of
fares per bus but apparently uses its capacity to a fuller extent
t han the conventional routes.

There are 27 special education routes. Each bus carries about
481 passengers per day. These routes are entirely funded through
revenues of the ITN.

There are three nei ghborhood and city center routes. No
transfers are necessary fromthese routes to the I TN. The nunber
of fares collected and the nunber of passengers carried both
equal 481 per day.

Per f ormance Conparison with Gther Brazilian Cities

The rel ative effectiveness of transportation in different cities
is difficult to quantitatively conpare. Cities differ in their
geography and in settlenment densities. Some cities are
nmount ai nous and others are on flat plains. These geographic
features nean that transit performance varies even when the

pl anni ng, financial resources, and technol ogy are the sane.
These differences warn us agai nst any conpari son since unneasured
differences in context make it difficult to assess how different
cities are responding to their transportati on needs. Despite

t hese concerns, it is useful to conpare Curitiba with other
cities if only to formrough hypotheses as to howits
transportation systemreally differs fromthose found in other
Brazilian cities.



Tabl e 8 conpares the features of Curitiba's transit systemwth
those of six other Brazilian cities. Curitiba is one of the
noderate sized cities listed in the table. Sao Paul o stands out
as the largest city with a population of 16 mllion. Belo

Hori zonte and Porto Alegre are the next largest cities with 3.8
and 2.7 mllion people, respectively, within the boundaries of
their netropolitan transit systens. Curitiba, Fortal eza, and
Brasilia all have populations of 1.6 mllion. Santos is the
smallest city listed with a popul ati on of 600, 000.

Urban residents are likely to use a systemnore often when it

of fers conveni ence, tineliness, and good value for a given fare.
In ternms of available statistics, the desire to use nass transit
is best represented by annual per capita use the annual nunber of
trips taken in a city divided by a city's population. In this
respect, Belo Horizonte and Curitiba appear to offer their
residents a high quality and value. Belo Horizonte and Curitiba
have t he highest per capita use of their transit systens. In
Bel o Horizonte, residents take 208 trips per capita per year. In
Curitiba, residents take 202 trips per capita per year. These
per capita statistics are about 10% hi gher than the next highest
city, Fortaleza, and al nost 30% hi gher than Sao Paul o. They are
al nrost 60% hi gher than the per capita use statistics for Brasilia
and Porto Al egre.

Table 8. Mass Transit Performance in Brazilian Cties [note a]

Gty Popul ati on Passenger Fl eet Rout e
(mllions) Jour neys Buses/ 1, 000 km 1, 000
per Capita I nhabi tant s per Capita

Curitiba 1.6 202 0.97 0.76
Bel o Horizonte 3.8 208 0.98 2.47
Brasilia 1.6 129 1.15 na
Fortal eza 1.6 184 0.61 0.96
Porto Al egre 2.7 120 0.58 na
Sao Paul o 16.0 158 0. 66 4.09
Sant os 0.6 140 0. 47 1.76
Gty Kil ometers Travel ed Ki |l oneters Passenger s/ km
per Capita Travel ed/ km Travel ed
Routed (1,000 km
Curitiba 56 74 3.59
Bel o Hori zonte 75 30 2.77
Brasilia 53 na 2.42
Fortal eza 52 53 3.58

Porto Al egre na na na



Sao Paul o na na na
Sant os na na na

[Note a] Three Brazilian cities are listed in Bushell (1993) but
not in this table: Recife extensively uses mnibuses and its data
is approximate. Rio de Janeiro has a unique systemthat includes
rail ways and nountai nous terrain. Salvador is not included
because of its approxi mate data.

[Note b] Population is the city or nmetropolitan area popul ation
dependi ng upon whet her the described system serves the city or
the metropolitan area.

[Note c] Using Bushell (1993) data, the estimate of Curitiba's
passenger journeys/capita is about 15% Il ess than the estimte

obt ai ned using official URBS data. 1In this table, however, we
use the Bushell data in order to maintain consistency in data
definitions across all Brazilian cities. In addition, Bushel

does not present data for the same year for all cities. The
years by city are: Curitiba, 1991; Belo Horizonte, 1990;
Brasilia, 1988; Fortal eza, 1986; Porto Al egre, year not reported,;
Sao Paul o, 1991; and Santos, 1991

Sour ce: Bushell 1993

Hori zonte and Curitiba attain high per capita use wth al nost

i dentical nunbers of buses per capita. Each has approximtely
one bus in its systemfor every thousand residents. These are
not the highest bus per capita figures, but a high nunber of
buses per capita does appear correlated with high per capita use.
Four of the other five cities with |ower per capita use al so have
| ower bus per capita figures 0.66 per thousand inhabitants in Sao
Paul o and only 0.47 per 1000 inhabitants in Santos. Brasiliais
the only exception with a bus per capita statistic of 1.15 and
per capita use of only 129.

Bel o Horizonte and Curitiba are quite different in other features
of their transportation systens. Belo Horizonte's route system
is much larger than Curitiba's on a per capita basis. Belo

Hori zonte has 2.47 kil oneters of routes for every 1000

i nhabitants. Curitiba has only 0.76 kiloneters of routes.
Indeed, Curitiba's is the smallest route systemon a per capita
basis of any of five cities for which data is avail abl e.
Curitiba's small system and high use may refl ect another

advant age of an integrated, carefully planned system it

provi des maxi num access and conveni ence for the snallest nunber
of route kilometers. It avoids route duplication and spaces
routes to neet real transportation demands.

Fewer route kilometers nean that a given nunber of vehicles may
provi de nore frequent service even if the nunber of kiloneters
travel ed by buses declines. The sixth colum of table 8 shows
that the nunber of kiloneters traveled by vehicles is 25% smal | er
in Curitiba than in Belo Horizonte. |In Curitiba, buses travel



about 56 kmlyear/capita while they travel about 75 km year/capita
in Belo Horizonte. Curitiba's statistic of 56 kmicapita is about
equal to that of Fortaleza and Brasilia. These figures may mnean
the Bel o Horizonte's buses sinply have to travel further because
of a larger route systemor that, perhaps in addition, they
provi de nore frequent service

The next colum shows that Curitiba's integrated system provides
nore than double the frequency of service relative to Belo

Hori zonte's system Curitiba's vehicles travel approximtely
74,000 kmroute kmwhile Belo Horizonte's vehicles travel

approxi mately 30,000 kmroute km This suggests that Curitiba's
integrated systemallows it to provide nore frequent, better

val ue service while travelling fewer kilonmeters per capita

Fewer kil oneters per capita nean, in turn, fewer financial and
physi cal resources spent on transportation. At the sane tine,
Curitiba's system high per capita use suggests a high degree of
service and value. Taken together, the two inply Curitiba

provi des a high level of service that makes the nost use out of
[imted resources. This is a desirable feature fromboth a
financial and environnmental perspective. Use of fewer resources
means that a systemis nore likely to at | east break even, a
desirable feature for long termsustainability. 1t also neans
that the systemis producing | ess waste such as used up fuels,
materials, and nachines. Wth |ess material passing through the
system it is likely to produce less air, water, and solid waste
pol I uti on.

The financial sustainability aspect is further borne out by the
last colum in table 8. This colum lists the nunber of
passengers carried per kilonmeter (PKM travel ed by vehicles
within a system Curitiba's statistic is the highest of the
those for the four systens for which data is avail able.
Curitiba's statistic of 3.59 paying passengers/kmtraveled is
about 30% | arger than Belo Horizonte's figure of 2.77 paying
passengers/kmtravel ed. The passenger/kmratio is closely |inked
to financial sustainability since the nunber of paying passengers
reflects revenues and kiloneters traveled reflects costs. For
the sane costs, a higher passenger/kmratio inplies a greater
financial return and a greater chance of financially maintaining
a given level of service

Despite its high performance, the data in table 8 may understate
the service and financial quality of Curitiba's system The
downward bias cones fromthe way Curitiba counts passenger
journeys and short trips conpared to how other Brazilian cities
count them Curitiba's ITNis an integrated systemof routes. A
passenger enters the Curitiba systemusing one route and may
switch to another route at a transfer term nal without paying an
additional fare. This means that passenger journeys within the
Curitiba systemtypically involve multiple trip segnents. QO her
cities in Brazil do not have Curitiba's system of integrated
routes and unpaid transfers. In networks w thout transfers,
other cities count each trip segment as a separate journey, paid
for separately with each involving a different bus route.



URBS' s passenger survey data indicates that the nunber of trip
segnents, including transfers, is about 1.4 tinmes greater than
t he nunber of passenger journeys. That is, the average Curitiba
passenger nakes 1.4 transfers during a journey within the system

This inplies that the nunber of passenger trips per capita is
about 1.4 tines greater than the nunber of passenger journeys per
capita in Curitiba. Simlarly, the nunber of passenger trips per
kilometer traveled by I TN vehicles is 1.4 tinmes greater than
Curitiba's passenger/kmstatistic listed in table 8. This
adjustment for trips versus journeys clearly underscores
Curitiba's strong performance conpared to other transit systens
in Brazil.

Fi nanci al Performance

Both the I TN and MIS operate w thout any direct financial subsidy
fromthe city. The municipal government provides the physica

and admi ni strative infrastructure such as paved roads, |ighting,
bus stops, terminals, planning, and system managenent. It also
nmoni tors the bus conpani es, through inspections and surveys, to
see that they are providing the service agreed to by contract,

i ncludi ng the nunber of kiloneters that they are paid to
traverse.

In buses and terminals, the city collects fares daily and
deposits themin a municipal transport fund. Ten days later, the
city pays conpani es according to the nunber of kiloneters served
as specified in the route perm ssions. Lawrequires the city to
use the fund's resources only to pay the costs of the conpanies
participating in the I TN

As stated above, the nonthly rate of return to the private bus
conpanies is 1% of the capital invested in the bus fleet. This
return is approximately 11% of the revenues collected in fares.
A secure 12% annual rate of return gives conpanies a strong
incentive to invest in the renovation of the bus fleet. This
incentive nmeans that Curitiba has the newest bus fleet in Brazil
with an average of 3.5 years of use. Another elenent of the
conpani es' profits is a 3%return on admnistrative costs for
equi prent and infrastructure, representing 0.39% of the fare.
The total return to bus conpanies is therefore approxi mately
11. 39% of the revenues from fares.

Brazil has experienced high rates of inflation. In February,
1994, the nonthly inflation rate was approxi mately 40% Under
such circunstances, the city constantly has to increase fares to
cope with rising costs caused by inflation. The city does not

i ndex these inflation adjustnents directly to inflation rates,

ot herwi se they woul d have to readjust fares practically every
day. Rather, they negotiate the fare readjustnents, which are
subj ect to technical data about inflation rates, political skil

i n handl i ng negotiations, and citizens' opinions. The bus
conpani es naturally pressure to have fares increased as often as



possi bl e whereas riders demand constant or |lower fares. The city
has to contend with the interplay of these political forces and
arrive at negotiated bus fare increases that are affordable to
the public and profitable for the private sector

Interviews with bus conmpany owners reveal general owner
satisfaction, but there are conflicts. An owner and forner
president of the organization that represents bus conpani es says:

"I do not need noney. | need credit. The bank is as inportant
a partner as the city. |If | aminvesting US$140,000 in a padron
bus or US$450,000 in a biarticulated bus, the |oan officer

and his bank have to trust what | amdoing. The only
transportation systemthat the banks I know invest in is
Curitiba's. This is because there are enforced standards and
because the perm ssions to operate buses can be revoked anyti ne.
This procedure elimnates the bad entrepreneur. The bank knows
that public transportation in Curitiba is taken seriously"

(Rabi novi tch 1993).

The sane entrepreneur had the foll owi ng conplaints:

"The problemhere [in Curitiba] is that we have a first world
public transport systemwith a third world fare. The cost of new
buses went up 30% and the depreciation that the city pays went up
only 15% | also think the city should dimnish the nunber of
nonpayi ng passengers by reduci ng the nunber of all owed
transfers.”

It would be inportant as well to have the nanes of the retailers
fromwhich the city obtains updated prices for the fare
calculation table. The city should be nore open about the price
surveys since the prices | find are always hi gher than those
surveyed" (Rabinovitch 1993).

These latter comments illustrate the conflicting pressures
experienced by the city and its agent URBS. The city does not
rel ease the nanes of retailers to avoid pressure from bus
entrepreneurs or formation of a cartel. Reducing transfers may

i ncrease revenues to the nunicipal transportation fund and all ow
| arger revenue distributions to the bus compani es. However,
effective fares would al so increase and citizens woul d receive

| ess convenient service for a higher price. The overall revenue
of the system may increase but with negative and undesirable
soci al consequences.

ENVI RONVENTAL AND QUALI TY OF LI FE | MPACTS

The 1 TN has brought direct and indirect inprovenents to the
environnent and quality of life in Curitiba. These inpacts are
an inportant reason for the city's active involvenment in
transportati on planning and adnministration. Transportation has



proven to be a very useful tool to deal with urban devel opnment

i ssues, particularly in a fast growi ng urban setting. However,

i nproved transportation is only one el enent contributing to sone
of these inpacts. Indeed, it is best to view urban
transportation as one key elenent in a set of tools that include
| and use controls, road network planning, housing, and conmerci al
devel opnent. The follow ng sections consider sone results from
these tools (United Nations Devel opnent Programme 1992).

Pedestri an Areas

Curitiba developed its first central pedestrian nmall in 1972,
before the beginning of ITN. Gowh of the I TN reduced

aut onobi l e congestion in the city center and conpl enented the
devel opnent of a network of downtown pedestrian nalls.

Approxi mately 49 downt own bl ocks now excl usively use pedestrian
streets which |ink squares and bus termnals in the central area.

These streets have special |ighting, kiosks, newsstands,

| andscapi ng, and other amenities. The malls also connect with
conventional parks and green areas in the downtown area. One
North Anerican planner, Richard Kahn, Urban Assenbly, New York
remarked that Curitiba is one of the fewlarge cities he knows
where, "despite its scale, one can see and hear native birds in
t he downtown area.”

The city has al so encouraged the devel opnent and nai nt enance of
residential housing in the dowmntown area. Wth parking limted,
access to public transportation by downtown residents is
fundanental to maintain the residential use in balance with
services and commerce. Downtown residences, in turn, support a
m x of residential services in the downtown area such as
restaurants, bakeries, pharmacies, supermarkets. These give a 24
hour a day vitality to the dowmntown area. This vitality
contrasts sharply with the after hours silence found in other
cities' downtown areas that serve primarily as conmerci al

enpl oyment centers.

Traffic and Circul ati on

The I TN and MIS partially absorb the demand for autonobile
traffic in the city. One recent survey suggests that 25% of
commut ers who once used their cars for commuti ng have now
switched to using the direct route buses. 1In addition, 75% of
Curitiba's commuters use either the TN or MIS. The ridership
figures denonstrate a high |evel of per capita use. Curitiba has
one of the highest bus systemuse rates in Brazil.



Land Use Control s and Housing Densities

Land use controls in Curitiba have encouraged a pattern of

settl enent that both conplenents and is conpl emented by the
metropolitan transportati on system Transportation is nore
effective if the nost densely popul ated areas are near high

vol ume transportation routes. This reduces the need for | ow

vol urre, hi gher average cost feeder routes. Effective
transportati on conpl ements urban settlenment. Effective
transportati on al so provides urban residents with access to the
services, jobs, and relationships that are the fundanmental reason
for urban settlenments to exist.

Curitiba's land use controls encourage the nost dense popul ati ons
al ong the high volume structural corridors. While this
settlenent pattern m ght evolve even in the absence of controls,
it has three distinguishing features. First, it integrates with
the transportati on systemas the city plans and devel ops | and use
and transportation jointly. This reduces uncertainty for urban
devel opers and di scourages fal se specul ati on on undevel oped

| ands. Second, the city devel ops | and use and transportation

pl ans i n advance of actual settlenent. This avoids the costly
problem of a transportati on system always attenpting to catch up
with a popul ation just beyond its reach. Third, the controls

pl ace both a floor and a ceiling on densities within the
structural corridors. The density ceiling in the urban center
pushes growth out of the city center and into the structura
corridors. This reduces congestion at the city center. Reduced
congestion and | ow densities, in turn, facilitate pedestrian
mal I s and | andscapi ng that inprove access and quality of life.

The | and use controls encourage a declining pattern of density as
one noves away fromthe structural corridors. Controls allowthe
hi ghest residential densities within the structural corridors and
the residential area surrounding them Planners call these areas
the Structural Sector and Residential Zone 4. Mediumdensity

surrounds the high density areas and includes Residential Zone 3.

The | owest densities occur farthest fromthe structural corridors
and i nclude Residential Zones 2 and 1

Table 9 gives area and popul ation statistics for the five primary
residential zones in Curitiba. The statistics are for 1985, 14
years after the introduction of Curitiba' s Master Plan. The
first colum lists the five residential zones as well as a
category that includes all five zones. The five zones together
enconpassed about 41%of Curitiba's |and area of 43,422 hectares
and about 75% of its population of 1.276 mllion. The average
popul ation density of the five zones was 54.1 persons per

hectare, al nost double Curitiba's average density of 29.4 persons
per hectare. The overall population growth rate in the five
zones was 25.7% between 1980 and 1985, just 1.2%l arger than the
Curitiba's average rate of 24.5%

Table 9. Five Primary Residential Zones: Area, Density, and



Popul ati on Gowm h Rates, 1985

Primary Area Popul ati on Density Popul ati on
Resi denti al (%of city (%of city (persons G ow h
Zones total) total) / ha) (% 1980- 85)
Al Five 40. 8 74.8 54.1 25.7
Zones

Structural 1.6 5.7 105.1 98

Corri dor

Zone 4 4.5 13.8 89.9 29. 4
Zone 3 10. 2 19.7 56. 8 14.5
Zone 2 21.1 32.8 46.0 25.3
Zone 1 3.4 2.8 24.2 9.5

Note: In 1985, Curitiba's total population was 1.276 million
Its area was 43,422 hectares. |Its population density was 29.4
persons/hectare. And its population growh rate for 198085 was
24. 5%

Source: Curitiba Research and Planning Institute 1985.

The Structural Corridor and Zone 4 residential areas enconpass

| ess than 7% of the |and area but provide residences for al nost
20% of the population. Thus, consistent with the |land use
controls, population densities in these zone are about three
times larger than Curitiba's average rate. Popul ation densities
in Zones 3 and 4 are about double the average density and that in
Zone 1 is slightly less than Curitiba's average density.

The growth rates listed in the last colum of table 9 indicate
that Curitiba is having success in using |land use controls and
transportation to direct residential growh to the higher density
zones. Between 1980 and 1985, the resident population in the
Structural Corridor increased by a striking 98% Zone 4
popul ati on grew by 29.5%wel| above Curitiba' s average popul ation
growmh rate of 24.5% Gowh in Zone 3 was 14.5% and in Zone 2
it was 25.3% The growth rate in Zone 1 was well bel ow
Curitiba's average rate at only 9.5% (Curiti ba Research and

Pl anning Institute 1992).

Par ks and G- een Areas

In 1970, Curitiba had 0.5 square neters of green area per capita.

In 1992, the rate was 50 square neters per capita. This increase
is aresult of a conscious policy of protecting floodpl ai ns,
public acquisition of private |land, and a concerted effort to
devel op parks and public gardens (Curitiba Research and Urban



Pl anning Institute 1983).

The transportati on systemls function has been to take a very
explicit and proactive role in guiding the spatial direction of
devel opnent. Transportation devel opment is the concrete action
to back up and reinforce Iand use planning. This conbination
prevented green and | ow density areas from bei ng purchased and
held in speculation for future devel opnment. The direction of
devel opnent was clear and public and discouraged further |and
specul ation. By reducing specul ation, the city reduced the
consequent political pressures to develop transportation solely
to make | and investnents prosper

Devel opnent of bi ke paths that serve both pedestrians and

bi cycl es encourage use of the parks and green areas. These

cycl eways have signs, a visible route, maps, and lighting. Were
possi ble, the city devel oped cycl eways on the banks surroundi ng
smal | streans and surface water drains and away from notor
vehicl e roads. The conbined | ength of these cycleways is nearly
150 kil ometers. They not only connect to the parks but also to
residential and conmercial areas including the industrial city
and the city center. People increasingly view bicycles as a
potentially inportant transportation option (Curitiba Research
and Urban Pl anning Institute 1980).

Enpl oynent

The MIS provides an average of 1 trip per inhabitant on a typica
wor kday. The system pl aces any inhabitant w thin easy reach of
any location in the city for a single low fare. This |ow cost
and extensive network gives even | ow i ncone househol ds access to
enpl oyment and service opportunities regardl ess of their |ocation
inthe city. |In addition, the systemitself enploys 5,000
people. It also stinulates additional enploynment through the

pur chase of equi prent and services.

Alr Qality

The state agency, Instituto Anbiental do Parana (I AP), is
responsi ble for environnental nmonitoring and control for Curitiba
as well as within the entire state of Parana. The I AP nonitors
three kinds of air pollutants: sul phur dioxide, particulates,
and ammoni a as required by the National Council for the

Envi ronnent ( CONAMA) under Federal Law #03/1990 (National Counci
for the Environment 1990).

The | ast report of the I AP (Environnent Institute of Parana 1993)
showed that air quality in Curitiba is acceptable and the annua
average is within all limts established by the law. 1In this

| ast report (June 1993) the I AP al so concl uded that the high

| evel s of particulates (dust) canme fromrenovation of the Santa



Casa building. The nonitoring station is |ocated on the Santa
Casa grounds and is al so opposite to the largest bus termnal in
Curitiba on Rui Barbosa square. The Rui Barbosa term nal serves
as the central city termnal for all express buses and for
various conventional routes.

The Santa Casa station is the 1AP's only air quality nonitoring
site in Curitiba. Table 10 |ists average nonthly measurenents for
the | ast seven years. The snoke and dust mneasurenents show a good
deal of variability and probably relate to | ocal conditions such
as the renovation of the Santa Casa buil ding.

Tabl e 10. Air Quality in Curitiba (M crograns/cubic neter)

Dust Snoke Sul phur Di oxi de Ammoni a
June 1987 120 161 77 68
1988 139 68 62 6
1989 75 -- 81 3
1990 111 133 89 9
1991 -- 73 57 4
1992 105 57 50 12
1993 146 56 39 7

Source: Environnent Institute of Parana 1993.

Sul fur di oxi de shows a good deal of variability as well but
appears to be declining in recent years. The reason for this
decline is not clear. One possibility is an inprovenment in the
quality of diesel fuel or inproved maintenance of bus and truck
engi nes.

The nmeasurenents for ammoni a show | ess variability overall but
they include a sharp upward spike in 1992 foll owed by a higher
than average reading in 1993. Reasons for these readi ngs need
i nvestigation, but they may relate to the shift to greater use of
gasol i ne rather than al cohol fuels for autonobile transportation

Overall, there is little evidence to suggest a trend due to

i npacts of the MIS. The major observation is that air quality in
central Curitiba neets and certainly does not exceed nationa
standards, perhaps due in part to the MIS and in spite of the
conparatively high |l evel of autonobile ownership in Curitiba.

Reduced Energy Consunption

The MIS contributes to reduced fuel consunption in Curitiba
t hrough vehicle design and by attracting high |evels of



ri dership.

Vehi cl e Design

The goal of the ITNis to match the capacity of a bus to the trip
quantities demanded on different routes to match the avail able
space in buses to the nunber of passengers desiring to board.

The goal is to use smaller conventional and "padron" buses in | ow
density areas and hi gher capacity articulated and biarticul ated
buses on structural, high density routes. This places bus
capacity on the routes where it obtains the highest use. It also
ensures the |owest quantity of energy used per passenger

traveled. The smaller buses have the | owest absolute |evels of
fuel use. Hence, for a small nunber of passengers, the smal
buses have a | ower fuel consunption per passenger. As passenger
demand i ncreases, the | arger buses have a | ower average fue
consunption provided the nunber of passengers increases
sufficiently to offset an additional fuel use.

Table 11 illustrates the rel ationship between capacity and fue
use. The shift fromconventional to "padron" bus increases
capacity by 38% and increases absolute fuel consunption by 21%
A shift from "padron"” to an articul ated bus increases capacity
by 55% and fuel consunption by 39% Finally, the switch from
articulated to a biarticul ated bus increase capacity by 59% and
fuel consunption by 16% These figures underscore the inportance
of matching capacity to trips demanded. Unused capacity wastes
fuel while matching high use with high capacity prom ses rea
fuel savings. This is precisely the goal of the ITN to match
route capacity with route use.

An Alternative to Autonobiles

Public transportation draws passengers fromthose who woul d not
travel if it were not available and fromthose who woul d use

anot her transportation node if the public option were not
avai l abl e or available in a | ess convenient or |lower quality
form Private car drivers are part of the latter group. Private
car drivers are part of the latter group. A survey performed by
the Parana based Bonilha Institute in 1991 with direct route
users showed that 28% of themwould use their cars to conmute if
the direct routes were unavail able. These survey data are
consistent with Curitiba' s per capita use of public
transportation. 1In Curitiba, the average annual nunber of trips
per inhabitant is 202 trips. A nore typical use |level for
Brazilian cities is Sao Paulo's 158 trips per inhabitant per
year. These use |evels suggest that the convenience, tinmeliness,
and cost of Curitiba's systemnmay increase transit use by as nuch
as 28% wth a large proportion of this likely to come from ot her
transportati on nodes.

Tabl e 11. Fuel Consunption by Bus Type




Vehi cl e Passenger Capacity Di esel Consunption

(liters/km
Convent i onal 80 0. 38
" Padr on" 110 0. 46
Articul at ed 170 0.64
Bi Articul at ed 270 0.74

Sour ce: Urbani zacao de Curitiba 1993.

Using the survey and per capita use statistics as rough

estimates, it may be that the shift from autonobil e passengers to
transit passengers may result in a 20 to 25%increase in transit
ridership and a concomtant decline in autonmobile traffic. A 20%
increase in ridership represents approximately 54 mllion trips
per year in Curitiba. Supposing that there are 2 people per
autonobile, this inplies a reduction of 27 mllion trips by
autonobile. |If the average trip is 7.5 kilonmeters and average
fuel consunption is 1 liter per 7.5 kiloneters, the reduction in
autonobile traffic would save 27 million liters of fuel per year

CONCLUSI ONS

Curitiba's experience in devel oping a sound transportati on system
suggests a number of principles that may be applicable el sewhere.
One of the nost inportant is an understandi ng of how
transportation is tied to the success or failure of other urban
policies. Wen used in concert with other urban policies,
transportation policy can beconme a strong i nducenent for
beneficial growmh. Transportation, |and use, housing, and
econom ¢ devel opnent policies are all elenents in a package of
tools that can guide urban growth and i nprove quality of life.

To realize the benefits of growh, the city adopted an unorthodox
approach to mass transit planning and practice. It viewed
transportation as an integrated system a systemthat |inked
housi ng, |and use, the road network, conmercial devel opnent, and
recreational investments such as parks, green spaces, and
preservation of historic sites. Curitiba set off with a smal

set of long termgoals. These goals then served as guides for 30
years of incremental, practical change.

Curitiba's approach placed a priority on effective transportation
rather than a particular node of transportation. It recognized
that the goal was to transport people between places where they
wanted to go rather than to encourage the use of a particular
type of vehicle. Rather than view transportation as the only

adj ust abl e variabl e, however, Curitiba's planning process

recogni zed that there are three sets of variables to work wth:
origins, destinations, and transportation routes and nodes. It



t heref ore used | and use pl anni ng, econom ¢ devel opnent policy,
and transportation to coordi nate the |ocations of homes, work,
recreation, and transportation

>From t he outset, the planning process was practical. It

recogni zed financial and social constraints. Curitiba began with
buses because it had buses. Rather than replace its bus system
with a one step, grand plan using a subway or rail system
Curitiba began with a series of small inprovenents. It first
added a nodest express route systemw th dedi cated bus | anes.
During the 20 next years, it sought out ways to inprove and
extend the system The result is a surface systemthat provides
the high quality service of well known underground systens at a
much [ ower capital cost. These |ow costs nmean that passenger
fares entirely finance the nass transit system

Curitiba is using its experience in transportation to inprove

ot her areas of urban policy. As in Sh-transportation, the
approach in these other areas is repetitive and practical. It
uses long termplanning but is also aware that a plan nust change
as a city's reality changes. This approach views the city not as
a provider of services but as a nmeans of coordinating and voi cing
private interests. Final services are provided in partnership
with private firns. The city sets standards and enforces
standards. Private firnms provide the capital, |abor, and
managenment to provide the service.

The city has successfully extended this approach into other areas
of urban policy, housing, solid waste disposal, solid waste
recycling, jobs training, and park and greenspace devel opnent.
Practicality and recycling are core principles using real

probl enms and practical solutions. The approach recognizes that
solutions are tenporary that they bring subsequent problens as
the system adapts. The city is therefore prepared to deal with
the next round of problens. Recycling is key since the approach
begins with existing resources and finds ways to inprove them
rather than replace them The result is a series of snal

i nprovenents that add up to dramatic change over tine

(Rabi novi tch 1992).

ENDNOTES

1. Jonas Rabi novitch began to work for the Curitiba Research and
Urban Planning Institute (I1PPUC) in 1981. An architect and urban
pl anner with a naster's degree in Econonics in U ban Devel opnent
Pl anni ng (Uni versity Col |l ege, London) he served as Chief of
Cabinet of IPPUC and |later as Curitiba' s Director of

International Relations and Adviser to Mayor Jainme Lerner. Apart
from Curitiba, Rabinovitch has worked as a consultant with the

pl anning effort to develop the integrated urban transport system
in Ro de Janeiro and several other cities worldwide. He is
currently a senior urban devel opnment adviser within the United



Nat i ons Devel opnent Progranme (UNDP) in New York Gty, New
Yor k.

John P. Hoehn is an environnmental econom st and associ ate

prof essor at Mchigan State University in East Lansing, M chigan.
He obtained his Ph.D. fromthe University of Kentucky in 1983.
He hel d research appointnments at the University of Kentucky and
the University of Chicago before joining Mchigan State
University. He did research on environnental policy in the
United States and several countries in Latin Arerica. He is
presently working with the Environmental Policy and Training
Proj ect (EPAT) nanaged by the M dwest University Consortium for
International Activities for the U S. Agency for International
Devel opnent .

2. The corporation is technically a m xed capital, nunicipal
parastatal (publically admnistrated, privately funded) entity.

3. Curitiba's conplenentary pattern of roads, densities, and
human uses is simlar to the organic pattern of pre-nineteenth
century growh in many cities. It contrasts sharply with the
grid pattern used in many planned cities of North Anerica. Gid
cities tend to have nore street area per square foot of private
property than the organic, hierarchical fornms (Mudon and

Unt er mann 1991).

4. A small fraction of the difference between paid fares and
passengers carried comes from passengers who pay no fare. This
no fare group includes students, the elderly, uniforned postal
wor kers, and police officers.
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