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ABSTRACT One promising public bealth intervention for promoting physical activity is
the Ciclovia program. The Ciclovia is a regular multisectorial community-based
program in which streets are temporarily closed for motorized transport, allowing
exclusive access to individuals for recreational activities and physical activity. The
objective of this study was to conduct an analysis of the cost-benefit ratios of physical
activity of the Ciclovia programs of Bogotd and Medellin in Colombia, Guadalajara in
Meéxico, and San Francisco in the USA. The data of the four programs were obtained
from program directors and local surveys. The annual cost per capita of the programs
was: US $6.0 for Bogotd, US $23.4 for Medellin, US $6.5 for Guadalajara, and US
$70.5 for San Francisco. The cost—benefit ratio for bealth benefit from physical activity
was 3.23-4.26 for Bogotd, 1.83 for Medellin, 1.02-1.23 for Guadalajara, and 2.32 for
San Francisco. For the program of Bogotd, the cost-benefit ratio was more sensitive to
the prevalence of physically active bicyclists; for Guadalajara, the cost—benefit ratio was
more sensitive to user costs; and for the programs of Medellin and San Francisco, the
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cost-benefit ratios were more sensitive to operational costs. From a public health
perspective for promoting physical activity, these Ciclovia programs are cost beneficial.

KEYWORDS Ciclovia program, Complex system, Urban organization, Physical activity,
Economic assessment, Cost-benefit ratio, Nonmotorized transport, Human bebavior,
Dynamics of large cities

INTRODUCTION

Over the last decade, the global public health focus has shifted toward the increasing
burden of chronic diseases. The World Health Organization (WHO) estimated that
60% of global deaths in 2005 were due to chronic diseases, and 80% of these
occurred in low and middle income countries whose governments are least capable
of responding to the high direct (health care expenditure) and indirect (lost economic
productivity) costs associated with these diseases.! In addition WHO estimated that
physical inactivity ranked fourth of 19 mortality risks factors globally.”

In this context, the recreational opportunities provided by the Ciclovia program
make it a promising public health program.” The Ciclovia recreativa® is a
multisectorial, community-based mass program in which streets are temporarily
closed to motorized transport allowing exclusive access to individuals for leisure
activities and physical activity (PA).> The Ciclovia contributes to social capital
development, improvement in the population’s quality of life by encouraging the use
of public space for recreation, and chronic disease prevention through PA
promotion.” Since the first Ciclovias began in the 1960s,’ the initiative has gradually
spread across America with the greatest growth taking place after 2000. Currently,
Ciclovia programs exist in at least 16 countries in the Americas and the
Caribbean.”® Furthermore, as part of the World Health Day 2010 campaign
“1,000 cities, 1,000 lives”, more than 1,500 cities around the world reported
programs similar to the Ciclovia.”

The economic benefits from programs that promote PA are relevant for the policy
makers who allocate financial and infrastructure resources.®’ Despite the global
expansion of the Ciclovias and the importance of cost-benefit analyses, there are no
studies that assess the economic costs and benefits of these programs. Thus, the
current study aims at answering the following research question: What are the
average economic benefits derived from physically active adult users of the Ciclovia
programs of Bogotd, Medellin, Guadalajara, and San Francisco compared to the
programs’ average costs?

METHODS

Program Description

Bogota’s Ciclovia—whose participating sectors include education, environment,
health, security, sports, culture and recreation, transport, and urban planning— was
inaugurated in 1974 and is currently managed by Bogota’s Institute of Sports and
Recreation (IDRD, Spanish acronym for “Instituto Distrital de Recreacion y
Deporte”). The Ciclovia program is mainly funded through a tax added to all
citizens’ phone bills and also by private sponsors. By 2009 the program was offering
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72 events, each one occurring on every Sunday and holiday in the year, on the same
97-km circuit of closed streets.

The Guadalajara program called the Via RecreActiva, whose sectors include
transport, education, public security, and health, was inaugurated in 2004 and is
managed by the municipal council of sports, which funds it from the municipal
government budget. By 2009 this program was offering 52 events per year, each one
occurring once per week on every Sunday, on the same 25-km circuit of closed
streets.

The Medellin Ciclovia, managed by Medellin’s Institute of Sports and Recreation
(INDER, Spanish acronym for “Instituto de Recreacién y Deporte”), was
inaugurated in 1984 and is funded by the city budget for sports and recreation. By
2009, it was offering 158 events per year occurring each one per day, 3 days per
week (every Tuesday, Thursday, Sunday, and holiday) on the same 48.7-km circuit
of closed streets.

San Francisco’s Sunday Streets program is a collaborative effort between the San
Francisco Municipal Transportation Agency, Mayor Gavin Newsom’s office, and
Livable City, the grassroots arm of the sustainable transportation movement in San
Francisco. Sunday Streets was inaugurated in 2008, offering two events that year,
six events in 2009, and nine events in 2010. The program’s circuit consists of six
different routes that vary in length from 7.3 to 9.7 km. For the cost-benefit analysis,
we assumed that the program had 52 events per year and has the same circuit of
closed streets. This assumption permits to project the program costs and benefits per
year.

Data Collection

We obtained data on the characteristics of the programs from the directors and
managers of the four programs. An estimation of the number of users was obtained
from different local surveys conducted in each of the programs between 2005 and
2010. The number of adult users per event (Table 1) in each of the four programs
was stratified by sex, age, and type and frequency of the activities conducted per
event (e.g., bicycling, walking, or “other” [skating, skate boarding, or riding in a
wheel chair]).

For the Bogota Ciclovia, we determined the number of users based on data from
two surveys conducted in 2005' and 2009 and regular counts from every event
during 2009. According to the 2005 survey, 46.2% of the total adult users were
bicyclists, 47.9% were pedestrians, and 5.9% engaged in other activities. In the
2005 survey, 40.5% of the users reported that they spent at least 3 h at the Ciclovia.
Additionally, in the 2009 survey, adults were asked about the frequency and
intensity of the activities during the Ciclovia. According to this survey, 41.6% of
adult users reported moderate to vigorous activities for at least 3 hours. Because we
recognized that some of the participants in the Ciclovia would be physically active
whether the Ciclovia was held or not, we included the following question: “What
activities would you do if Bogota did not have the Ciclovia program?” Among
participants, 11.8% of them reported that they would exercise or do other
sports in other settings. We used this estimate to account, in part, for activity
substitution and to adjust the prevalence of physically active adults (adults
meeting the WHO and US government’s recommendations for weekly PA [>150
minutes of moderate intensity or >75 minutes of vigorous intensity aerobic
physical activity per week]).""*'? As a result, for the Bogota Ciclovia program, the
prevalence of physically active adult users was estimated to be 35.7%.



MONTES ET AL.

156

Yoam Jad Alaipe [edishyd sjesspow Jo sainuiw 0G| 1ses| 1e 1odai Ayl Ji suonepuswiwiodal Alaipe [edishyd 19w synpy,
Jieyd [9aym e ui Suipu 1o ‘Suipieoq aieys ‘Guneys :salyAIe jo adA1 Jaylo 01 S19jJ L J3Y10,,

LS13sn 1 npe

6L sl 00T 9L L's¢ 6'GE ¥0°0 80 *R33 0 6'¢lL 86l aAIpe AjjedisAyd jo agejuddiad
LS43sn }npe
S8LL 80€°C ¥00°€ 888 969'cl 056l [44 9Ly 9SELL  620'V7—96T'0L  OLL'8IL—EE0'TL L8L'8ET—LLE'TOL anIpe Ajjedishyd jo JaquinN
8L §'Ge 9 9T Loy €49 0€ 0€L 0'v8 6'S 6Ly [4°14 $13sN 3 npe (10} JO 33eIUNII
658 895°S LYT'L LLYL $S98°1T LTTLE €5G°L 62,9 6LY'EY  TEL'LL-6LY'OE 66VLLS—LSYLFT €00°/SS—699'8ET S1asn 3 npe jo JaquinN
J3Y10/5191B)S  SUBLIISIPAd  SISIPADIG  JBU10/SIde)S SUeLISIPAd  SISIPADIG  JDY10/SI91e)S SUBLIISIPAd  SISIPAdIG  U9ylo/s1aleys SueLIISaPAd sis1ppAdIg
6L L8 74 L6 (6007) s1212Wo|y JO JAqINN
(007 ‘6007 ‘plo
000°sL 86Y'bS 194°LS G€9'507°L—-009°9LS sieah gL<) synpe Jo JaquinN
(5007 ‘pjo sieah g1<)
0009 G569 L6'9€ 0198 s)npe jo d8ejuadIad
(5007 ‘6007) 2D
0007 8G€'8L 000°0¥L €£2°00%°1—000°009 19d s13sn |e10} Jo JaquINN
(S 8GlL s r A (6002) 1©9A 13d SJUIAI JO JaqUINN
0dspuel4 ues ul||apay eiefejepens ejoSog

sweigoad

BIAO]DI) OdSPDURI{ Ues pue ‘ulj|apa|N ‘esefejepeny ‘ejoSog ayj 10} AHAIDE Jo 3dA) 43d (joam 13d AnAlpe [edisAyd jesapows jo saynuiw QG| Ised| 1e podas Aay)
J1 suonepuawWiwodd AMAIDE [edisAyd 193w synpe) suollepuawWW0d3s ANAIPE [edisAyd 193w oym synpe jo aSejuadsad pue “Iaquinu ‘sonsudpeiey) | 319vL



157

AN ECONOMIC ANALYSIS OF FOUR CICLOVIA PROGRAMS

AD/VLIN 4S pue ‘diysiosuods |easy ‘Suidaayooq

‘sasuadxa [epudpnul ‘s10SIA19ANS JJe1S JUIAD ‘UOIJRUIPIO0D JIIJUNJOA QUL ‘S}S0D [joJAed ‘syyauaq ‘Asejes JaziueSio ‘Sunuiid |eudjew [esdiejod ‘uoipnpoid pleoq|jiq ‘jueynsuod

gom ‘Gunayiew ‘usdisap diydes3—odsuel4 UeS ($1S0D UOIIRIIUNWWOD pue ‘S|eLIdlew D0 ‘satie|es I9A0|dwd LJ0—UI[|IP3IA (SIS0 UOIILIIUNWIWOD PUR ‘S|eLIdlew L0 ‘SI9|quasse
‘saliejes 9ahojdwd dyjo—eielejepeny :jejual Xpnil pue ‘Adusnbaiy oipes ‘sanpow uoddns ‘woddns |ed1uydar ‘voddns ednsi3o| ‘saliejes aakojdwid DLJ0—L1080g :$1S0D PIxid,

S3YdUN| JIIIUN|OA pue ‘|ejudl

jusawdinba ‘sajqeniod ‘9xueinsul JUIAS ‘(SsueIUYII) [eaIpaw Aduadiaws) “1dag 2414 0dsduUeI Ues ‘YijesH d1jgnd Jo 1daq ‘sHuwuad J9ylo ‘sywad uorjeriodsues] pue dyje] uo 33)WWo)

Je1s jeuswpiedaplaiu] ‘pwoddng juswnedaq Alioyiny uoneuodsuel) [edpiunjy ‘uawdinby SyIoMm d1jqnd Jo udwuedaq ‘peis SHI0M dijqnd Jo udwpedaq ‘uonenodsues] pue

Supjied Jo uswpedaq ‘yuswpedaq 31104 03SDURIJ UBS—OISIDURIY UBS SWOOIYIR] J|IqOW pue ‘soduejnquie Jo (Anoy) [ejual ‘spnuy ‘satiejes sopind ‘(swiojiun pue ‘sSeq ‘sayjiq ‘sded

‘suLis ‘s)awiay) uswdinba pue satiejes (Alanoy) saako|dwa pjay—ul|apaN S1S0d Sululel) pue ‘(swaojiun pue ‘sgeq ‘sayiq ‘sded ‘s3ulis ‘sppw(ay) Juswdinba pue sauejes 3ako|dws pay

‘Qdueudjuiew 3PIYaA uawdinba |edipaw pue ssupipaw ‘awdinba ddueusjuiew ‘sarjddns dnsido) pue uswdinba ‘yeis oy pooj—eielejepeny (swioyiun pue ‘s3eq ‘sayiq ‘sded ‘s3ulis
‘sloway) Juawdinba pue saliejes (Alinoy) aakojdwa pjay pue ‘siy pre 1siy ‘saidNeq ‘sajnpow ‘sdoo| ‘sgeq ‘s1apIAIp due| de) A1IN3s ‘Sau0d ‘s|eusis dyjes—e1030g SIS0 |qeLieA,
€/7°00%‘L pue 000‘009 UI9MI3Q 3G 0] PIRWISI SI SIASN JO JAQUINU I} IsNeIAq IZuel e se pajuasaid e synsal ay) ‘ero3og 104,

weigoud

Apj9am Apiein3as e aoy gH@ pawaload sy se paasdialul 3¢ pinoys ased siyl ul gHA Y} ‘SNYL "SUOIIepuIWW0IAI AP9am Yd Yyl 199w 0} papadxa ale Jey dAipe |edishyd ayi 0} gHQ Ajieak
3y} INqLINe 01 JIPIO Ul JedA 3y) Suunp }aam Jad dU0 PaLIndd0 wei3oid Yl 1eyl PIWNSSe IM ‘910J349Y] ‘Syluow g Sunp yuow 13d 3du0 S1nddo Ajuo weidoid 133115 Aepuns ay|

LLe'ece (a4 8L9T 9L £vE‘9E 869 LES 610V L 870°1—08S wy 4ad 150D
€9°0L 9¢€L 0 €C SLo 69 Lo 9£9-96°G 60°0—80°0 Jasn Jad 1s0)
89€'€9L'L oLe'ce oLL'sLz'L 0£0‘8 785806 Uv'LL £6L°78L°L—159'LS0'Y 19£°66—9€5°9S S1S0D |ejo]
(51500 |euonesad( + 5150 13sN) S1S0D [e10]
48591 8LE S¥0°9 8¢ 957'€T yA44 €£€'95—GSTHT [4: 74133 wy 4ad 150D
€S oLo 0v'S €00 1 4 80°0 YS'v—-L6'¢ 90°0-50°0 Jasn Jad 1s0)
S08‘0€lL SLST LO¥'¥6T €98°L yL¥'18S L8LLL S0T‘89t'S—650°€VE‘T LY6'SL—SYS TE S150d |ejo)
S150D 43S
€59°90¢ ¥L6°€ LEL'OT Lzl 980°€L (A4 9/9°/1 174 wy 42d 350D
0€°99 9Tl 00°8L LL°0 124 ¥0°0 [4 2 Sl VAN S0°0-+00 Jasn 1ad 1s0)
€95°7€9°L S6E°LE 80.°086 L02°9 891°Lz€ 1629 L6S‘PLLL €18°€T S1s0d |ejo)
0SL°7LL we'e 60L'9€L G98 765951 LLo's ¥89°260°L SyTsL 551502 paxi4
€18°65¥L €£0'8T 666°cY8 Lbe's GLS°0LL 08¢ 906919 8958 ¢S1502 d|qeliep
150> |euoliesddQ
|enuuy 1U2A3 |enuuy 1U2A3 [enuuy 1U2A3 [enuuy 1U2A] (asn) s1s0)
odspuel4 ues ul[|apa eielejepens Je1080g

sweiSoad e1A0d1) 03sDURI] ues pue ‘ulj]dp3 ‘esefejepeny ‘eloSog 3yl Jo s1s0) 7 I19VL



158 MONTES ET AL.

For the Guadalajara and Medellin programs, we determined the number of users
based on regular counts conducted during every event in 2009. For the San
Francisco program, the number of users is based on counts from three events in
2010. The percentage of activity substitution was assumed to be the same as in
Bogota as data from these three programs was not available. According to these
data, 34.3% of adult users in the Via RecreActiva, 62.6% in the Ciclovia of
Medellin, and 43.3% in the Sunday Streets of San Francisco were considered
physically active users (Table 1).

We obtained data on the costs of constructing and maintaining the four programs
in 2009 and 2010 from their directors and managers (see Table 2). The operational
costs included fixed costs—including permanent employee salaries, logistical and
technical support, intercoms frequency service, and truck rental costs—and variable
costs for modifying streets into pedestrian/bike/skate circuits—for example, traffic
signals, cones, security tape, lane dividers, bags, batteries, first aid kits, and salaries
for field employees (Ciclovia guardians) and their equipment (helmets, strings, caps,
bikes, bags, uniforms). We calculated the user costs (the cost of the equipment that
each user in each city must buy to engage in Ciclovia leisure activities) as the cost of
bicycles, skates, and helmets (assumed to have a product life of 10 years) weighted
by the percentage of bicyclists, pedestrians, and skaters at each event for each of the
four programs.

This economic analysis corresponds to an average cost-benefit approach. We
did not use an incremental approach because data on adjusted supply prices
and opportunity costs of public expenditure were not available. In addition, the
costs of road construction, development, and maintenance were not considered
for this analysis as Ciclovia programs use existing infrastructure for motorized
transport.

Direct Health Benefit

We defined the direct health benefit (DHB) as the amount of money that a physically
active adult saves in annual direct health and medical costs for preventing chronic
diseases.">'* Calculating DHB for a city requires knowledge of the number of both
active and inactive persons in the program and the average direct medical costs per
person. For San Francisco, the direct health benefit was estimated using the
difference in the direct medical cost for active persons and their inactive counterparts
in the USA."> However, because data on average medical costs for active and
inactive persons in Bogotd, Medellin, and Guadalajara were unavailable, we
estimated the DHB using a methodology—given by Egs. 1, 2, and 3—based on
the DHB in the USA:"’

average annual total medical cost city;

a; = (1)

~ average annual total medical cost USA

DHByga = direct medical costs of physically active person

— direct medical costs of physically inactive person (2)

DHB, = DHByg, X @; (3)

where i refers to Bogotd, Guadalajara, and Medellin and DHB stands for direct
health benefit.
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We estimated the DHByga based on the difference in the direct medical cost for
active persons and their inactive counterparts. However, because the available data
were from a 1987 National Medical Expenditure Survey, we calculated an adjusted
figure for 2009 based on the inflation figure from January 1987 to January 2009
(89.9%)."%15 Following this adjustment, the DHByg5 was US $626.6 per person per
year and the average annual direct medical cost was US $2,272.

Because the health care system in Colombia includes universal health insurance
coverage,'® in both Bogota and Medellin, we calculated the annual average medical
cost for the city as the per capita payment unit (UPC) weighted by age and gender.
The UPC is calculated each year based on all the direct medical costs reported
annually for each city divided by the number of health care system users in that city.
We assumed that the DHB in each city represented the same percentage («) of the
DHBys4 that the direct medical cost in the city represented of the direct medical cost
in the USA. Thus, we derived the percentage (a) of the direct medical cost in the USA
that represented the direct medical cost in each city.

For Bogota, the annual direct medical cost for 2009 was US $258, meaning that,
according to Eq. 1, «=258/2,272=11.3%. Likewise, based on Egs. 2 and 3, for
DHByss=US $626.6, then the DHB in Bogotd was DHBpogors=US $626.6x11.3% =
US $71.1 per person per year.

For Medellin, the average annual direct medical cost was US $248, meaning o=
248/2,272=10.9%. Thus, given DHBysa=US $626.6, the DHB for Medellin was
DHBpedenin=US $626.6x10.9% =US $68.4 per person per year.

Direct medical cost information for Guadalajara was unavailable. Therefore, we
estimated a range of the DHB equivalent to 8% to 10% of the DHBysa. Thus, given
DHByss=US $626.6, DHBGuagalsjara=US $51.1-US $62.7.

For San Francisco, we used the DHB calculated for the USA equal to US $626.6 per
person per year as the DHB value for the city. However, the Sunday Streets program
only occurs once per month during 9 months. We assumed that the program occurred
once per week during the year in order to attribute the yearly DHB to the physical
active that are expected to meet the PA weekly recommendations. Thus, the DHB in
this case should be interpreted as the projected DHB for a weekly program.

Cost—Benefit Ratio

We calculated the cost-benefit ratio for the Bogotd, Medellin, Guadalajara, and San
Francisco programs by dividing the total direct health benefit derived from each
Ciclovia program by the total costs of each program, namely:"*

(PAP; + PAB; + PAO;) x DHB;
Ciclovia Total Cost;

Benefit/Cost; =

where 7 is Bogotd, Guadalajara, Medellin, and San Francisco; PAB is the number of
physically active bicyclists; PAP is the number of physically active pedestrians; PAO
is the number of other physically active users; and DHB is the direct health benefit.

If the cost-benefit ratio, which measures the saving on direct medical costs for
every dollar invested in the Ciclovia program, is lower than 1, the investment in the
program is higher than the benefit obtained. Otherwise, the program is cost
beneficial.

We conducted the following sensitivity analysis. First we tested several scenarios
in which the DHB for the different cities was varied (Table 3). For this analysis, the
lower limit value for the DHB is such as the cost-benefit ratio is equal to 1 and the
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TABLE 3 Sensitivity analysis for the direct health benefit user/year (USD) of the Ciclovia
programs in Bogota, Guadalajara, Medellin, and San Francisco

Percentage of the US Benefit/operational Benefit/user Cost-benefit
direct health benefit (a) DHB (user/year, USD) Total benefit (USD) costs costs ratio
Bogotd/Ciclovia
11.34 71.06 13,120,409-30,620,257 7.65-17.86 5.60 3.23-4.26
10.00 62.66 11,570,025-27,001,990 6.75-15.75 4.94 2.85-3.76
7.00 43.86 8,099,018-18,901,393 4.72-11.02 3.46 2.00-2.63
5.00 31.33 5,785,013-13,500,995 3.37-7.87 2.47 1.43-1.88
2.65 21.93 4,049,509-7,155,527 1.79-4.17 1.31 0.76-1.00
Guadalajara/Via RecreActiva
20.00 125.32 2,229,978 6.82 3.84 2.45
15.00 93.99 1,672,483 5.11 2.88 1.84
10.00 62.66 1,114,989 34 1.92 1.23
8.15 51.07 908,716 2.78 1.56 1.00
Medellin/Ciclovia
10.91 68.39 2,335,898 2.38 7.93 1.83
9.00 56.39 1,926,087 1.96 6.54 1.51
8.00 50.13 1,712,077 1.75 5.82 1.34
7.00 43.86 1,498,067 1.53 5.09 117
5.95 37.28 1,273,357 1.30 433 1.00
San Francisco/Sunday Streets
100.00 626.60 4,070,967 2.49 32.52 232
90.00 563.94 3,663,870 2.24 29.27 2.08
80.00 501.28 3,256,773 1.99 26.02 1.85
70.00 438.62 2,849,677 1.75 22.76 1.62
43.00 269.44 1,750,516 1.07 13.98 1.00

The Sunday Street program only occurs once per month during 9 months. Therefore, we assumed that the
program occurred once per week during the year in order to attribute the yearly DHB to the physical active that
are expected to meet the PA weekly recommendations. Thus, the DHB in this case should be interpreted as the
projected DHB for a regularly weekly program

upper limit value for the DHB represents 10% of the DHBysa (except for the
Sunday Streets case). Thus, the ranges for the DHB sensitivity analysis for Bogota,
Guadalajara, Medellin, and San Francisco were US $21.9 to US $62.7, from US
$51.1 to US $62.7, from US $37.3 to US $62.7, and from US $269.4 to US $626.6
per person per year, respectively. Second, in order to assess the minimum number of
program users needed for the cost-benefit ratio to fall below 1, we also calculated
the range of number of users in each program and estimated the cost—benefit ratios
based on type of physical activity (specifically, bicycling and walking). Third, we
tested the sensitivity of the type of costs (operational costs and user costs) associated
with the programs. For the Bogotd program, we conducted a combined Monte
Carlo sensitivity analysis using Oracle Crystal Ball. The simulation included the
following parameters: (1) number of users (the lower bound was the lowest number
of users reported by the 2009 survey and the upper bound corresponds to the
number reported by 2005 survey), (2) the prevalence of meeting PA recommenda-
tions (the lower bound corresponds to the city prevalence of meeting PA
recommendations from the 2010 Nutrition survey and the upper bound corresponds
to the unadjusted prevalence from the intercept 2009 survey [i.e., not taking into
account activity substitution percentage|), and (3) the user costs (varying according
to market prices of bikes, helmets, and skates).

Health Economic Assessment Tool for Bicycling
To estimate the mean annual benefit per mortality prevention of bicycling in the
Bogota, Guadalajara, Medellin, and San Francisco’s Ciclovia programs, we used the
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Health Economic Assessment Tool (HEAT) model.®'”>'® The HEAT model estimates
the benefit based on mortality prevention per bicycling. The calculations considered
only adult bicyclists. The HEAT estimations are based on the relative risk of
mortality among bicyclists, the number of trips per day, the number of bicycling
days per year, the annual mortality rate of the city, the number of hours cycled per
week, a 5-year timeframe for benefits to build up, a 10-year timeframe for mean
annual benefit calculation, and the value of statistical life (VSL).'®2° For the
Bogotd, Medellin, and Guadalajara programs, the VSL lower bound corresponds to
the lowest VSL value reported for Latin America countries and the higher bound
corresponds to the VSL value reported for Colombia and Mexico, respectively.”! For
the San Francisco program, the VSL is ranged based on estimations for the USA by
Kniesner et al.?° (Table 4).

Simulation Model for the Bogota Ciclovia Program

To predict the S-year cost-benefit ratio pattern for Bogota’s Ciclovia program, a 5-year
simulation based on data on the program’s historical growth in circuit length and users
per year was conducted. First, we performed a linear regression in order to estimate a
differential equation in which the variation in length (variation of kilometers, y’) was a
function of the number of kilometers (y, number of kilometers) along the years
(time, ?) obtaining function y/(#)=0.1018y(#)+6.3239. We also used linear
regression to estimate the number of users, z, as a function of the number of
kilometers, y. Here, function z(¢)=11404y(t)-95671 where the reduced error is R*=
0.97, which indicates that the historical variation in users and kilometers has
maintained similar proportions. We then used these functions to construct a
differential equations model **** (using Mathematica 7 software) that incorporated
the historical growth of the Ciclovia, the DHB, and the variable and fixed program
costs. Medellin, Guadalajara, and San Francisco were excluded from the analysis
because historical information for these programs was unavailable.

RESULTS

The four programs differed in costs and in the number of users (Tables 1 and 2).
Adult users in Bogotd’s Ciclovia ranged from 516,600 to 1,205,635 users per event,
of which 102,317 to 238,787 were PAB, 72,033 to 168,110 were PAP, and 10,296
to 24,029 were PAO. In Guadalajara’s program the average number of adult users
was 51,761 per event, of which 17,356 were PAB, 416 were PAP, and 22 were PAO.
In Medellin’s program the average number of adult users was 54,498 per event, of
which 19,570 were PAB, 13,696 were PAP, and 888 were PAO. In San Francisco’s
program, the average number of adult users was 15,000 users per event, of which
3,004 were PAB, 2,308 PAP, and 1,185 PAO.

Bogota’s Ciclovia Program
For Bogotd, the results are presented as a range because the number of adult users
ranged from 516,600 to 1,205,635. The total annual costs ranged from US
$4,057,651 to US $7,182,797. The annual cost per capita of the programs was
US $6.0 (Table 1).

The cost—benefit ratio ranged from 3.23 to 4.26 (Table 3). Thus, the savings in
direct medical costs ranged from US $3.2 to US $4.3 for every dollar invested in the
Ciclovia program. These calculations also accounted for gender differences because
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FIGURE 1. Cost—benefit ratio of Bogotd’s Ciclovia program in a 5-year simulation using different
values (USD) for the Direct Health Benefit in Bogota.

men participated approximately three times more often than women. Therefore, the
cost-benefit ratio for men ranged from 2.12 to 2.80 versus 1.11 to 1.46 for women.

The sensitivity analysis showed that the cost—benefit ratio was more sensitive to
the DHB, and the number of users than to the type of activity and the kilometers of
the circuit. The cost—benefit ratio was larger than 1 for a DHB over US $16.6 to US
$21.9 per year per person (i.e., 2.7% to 3.5% of the DHBys,). However, if the DHB
is lower than US $21.9 per person per year, the total program cost is higher than the
DHB obtained. If the number of users is smaller than 95,000, the cost—benefit ratio
is smaller than 1.

The cost-benefit ratio also differed when we stratified by type of activity.
Considering only bicyclists, the cost-benefit ratio ranged from 1.79 to 2.36.
Considering only pedestrians, the cost-benefit ratio ranged from 1.26 to 1.66.

The combined Monte Carlo sensitivity analysis showed that the prevalence of
physically active bicyclists followed by the total number of users of the program
and the prevalence of physically active pedestrians were the main parameters
contributing to the cost-benefit estimate variance. The analysis also showed
that the user costs did not contribute significantly to the cost—benefit estimate
variance.

The output for the simulation model, which indicated the exponential behavior of
the cost-benefit ratio over 5 years, showed that the total DHB grew more than the
total Ciclovia costs (Figure 1). In fact, increasing the number of users also increased
the probability of more physically active users and thus a larger DHB. In contrast,
increasing the number of kilometers produced a growth of US $4.4 per user per year
in operational and user costs. Thus, even if only about 17.5% of the Ciclovia users
meet PA recommendations, each would represent a cost that is approximately 16%
of the benefit produced. The HEAT model for Bogota’s Ciclovia program showed
that the mean annual benefit for mortality prevention ranged from US $4,389,765
to US $68,240,700, and the present value of the annual benefit for mortality
prevention ranged from US $3,196,956 to US $49,691,820 (Table 4).
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Guadalajara’s Via RecreActiva Program

The total annual costs were US $908,582, and the annual cost per capita of the
program was US $6.5 (Table 2). According to the sensitivity analysis, the cost—
benefit ratio was larger than 1 for a DHB greater than US $51.1 per year per person
(8.2% of the DHByga; see Table 3). However, if the DHB falls below US $51.1 per
person per year, the total cost for the program is higher than the DHB
obtained. The HEAT model for Guadalajara’s program showed that the mean
annual benefit for mortality prevention ranged from US $664,727 to US $10,146,740,
and the present value of the annual benefit for mortality prevention ranged
from US $483,956 to US $7,389,540 (Table 4).

Medellin’s Ciclovia Program

The total annual costs were US $1,275,110, and the annual cost per capita of the
program was US $23.4 (Table 2). The cost-benefit ratio was 1.83. This indicated
savings in direct medical costs of US $1.8 for every dollar invested in the program.
The sensitivity analysis showed that the cost-benefit ratio was more sensitive to the
DHB and the number of users than to the type of activity distribution and the
kilometers of the circuit. The sensitivity analysis showed that the cost-benefit ratio
was larger than 1 for a DHB greater than US $37.3 per year per person (6% of the
DHBysa; see Table 3). However, if the DHB is lower than US $37.3 per person per
year, the total cost of the program is higher than the DHB obtained, and if users
number fewer than 37,500, the cost-benefit is smaller than 1. When the analysis
took into account only bicyclists, the cost—benefit ratio was 1.05. When it included
only pedestrians, the cost-benefit ratio was 0.73. The HEAT model for Medellin’s
program showed that the mean annual benefit for mortality prevention ranged from
US $2,061,083 to US $18,700,160, and the present value of the annual benefit
for mortality prevention ranged from US $1,501,687 to US $10,144,130
(Table 4).

San Francisco’s Sunday Streets Program

The total annual projected costs were US $1,763,368 and the annual cost per
capita of the programs was US $70.5 (Table 2). The projected cost-benefit ratio
was 2.32. This indicated savings in direct medical costs of US $2.3 for every dollar
invested in the program if the program occurs regularly every week. The sensitivity
analysis showed that the cost—benefit ratio was more sensitive to the DHB and the
number of users than to the type of activity distribution and the kilometers of the
circuit.

The sensitivity analysis showed that the cost—benefit ratio was larger than 1 for a
projected DHB greater than US $269.4 per year per person (43% of the DHBysa;
see Table 3). However, if the DHB is lower than US $269.4 per person per year, the
total projected cost of the program is higher than the DHB obtained, and if users
number fewer than 11,200, the cost-benefit is smaller than 1. When the analysis
took into account only bicyclists, the cost—benefit ratio was 1.07. When it included
only pedestrians, the cost-benefit ratio was 0.82. The HEAT model for San
Francisco’s program showed a projected mean annual benefit for mortality
prevention ranged from US $5,107,159 to US $5,837,363, and the present
value of the annual benefit for mortality prevention ranged from US $3,719,344
to US $4,250,272 (Table 4).
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DISCUSSION

This study is the first to provide evidence, from a public health perspective, of the
cost-benefit assessment of Ciclovia programs. Our analysis found that the Ciclovia
programs were cost beneficial for an annual transversal assessment. In addition, in
the case of Bogota, the simulation results suggest that if the program increases in the
number of users following its historical trend, increasing the number of kilometers
will keep the program’s cost-benefit ratio greater than 1. In addition, the economic
appraisal using the HEAT model illustrates that substantial savings in reduced
mortality that results from bicycling can be expected from these programs. These
results support, in part, the implementation of this type of programs as part of
public health efforts to promote PA in urban settings from developed and developing
countries.

Other cost-benefit analyses of public health interventions to promote PA provide
a context for the comparison of the Ciclovia programs economic analysis. However,
these comparisons should be undertaken with caution due to differences in the
analysis. A cost-benefit assessment of five pedestrian trails in Nebraska was
conducted in 2005, showing a cost-benefit ratio of 2.94 (17.6 km)."*'*** However,
the Ciclovia programs have more kilometers (7.9-97 km), and contrary to the
Nebraska trails, the Ciclovia programs did not require an infrastructure investment.
Furthermore, workplace bicycling programs provided a benefit of US $1.3-US
$6.5 for each US $1 spent in cycle promotion due to increased productivity.”®
Concerning the HEAT model analysis, European studies for bicyclists show greater
benefits for mortality prevention in UK and lower benefits for mortality prevention
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FIGURE 2. Average cost per user per week (USD) of different physical activity programs (2009).
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in Czech Republic and New Zealand compared to the mortality benefits estimated
for the Ciclovia programs.®

In addition, compared to other PA programs in Colombia, the Ciclovia program
has the lowest cost per user per week (Figure 2). Although these comparisons should
be undertaken with caution due to differences in program’s regularity and
opportunity, Figure 2 shows that a weekly gym admission fee per user costs US
$8.04 *7 and a soccer field rental fee for 3 hours costs US $14.94 per user.”® In the
case of San Francisco, a similar comparison provides comparable results. In fact,
private fitness center memberships in San Francisco cost US $20.31 per user per
week for a midrange facility. Likewise, European examples provide similar
comparisons. Specifically, in Copenhagen, Denmark, a typical facility costs US
$14.77 per user per week, and in London, England, fees range from US $18.00
per user per week at a YMCA to US $25.35 per user per week at a luxury
facility (Figure 2).

Moreover, in the cases of Bogotd and Guadalajara, the cost-benefit ratios were
less sensitive to operational costs than to user costs, which represented 57.7% to
76.1% and 64%, respectively, of total costs. Because the Ciclovia operates on
existing streets and requires no investment in new infrastructure, the initial
investment and operation of the program involved only operational, management,
and equipment costs (the Ciclovia program budget does not include street
maintenance costs, so we excluded them also). In the case of Medellin and San
Francisco, the cost-benefit ratio was more sensitive to operational costs than to user
costs, which in fact represented only 23.1% and 7.4%, respectively, of total costs.
These differences resulted from a lower density of adult users per kilometer in
Medellin and San Francisco’s programs compared to that in the other two programs
(Bogotd, 5.3 to 12.4 users/km; Guadalajara, 2.1 users/km; Medellin, 1.1 users/km,
San Francisco, 1.9 users/km). In addition, the Ciclovia of Medellin has a lower cost—
benefit ratio than the Sunday Streets of San Francisco although the Medellin’s
program has lower costs per user and a higher number of adults reaching
recommendations. This is because the DHB per person in Medellin represents only
10.9% of the DHB in San Francisco, i.e., the total benefit generated by a single
active adult in Sunday Streets of San Francisco is equivalent to the total benefit
generated by 10-11 active adults in Medellin.

Several limitations should be taken into account to interpret these findings
accurately:

1. The methods for counting physically active users differed between programs and
the number of surveyed days differed between programs. Depending on the
number of days and climate, the counting could be overestimated or under-
estimated. To assess the variability in the Bogotd program, we used a range of
users in the year 2005 and 2009. In the case of Sundays Streets of San Francisco,
we assumed that the circuit is taking place weekly on the same circuit of closed
streets because data concerning the number of participants according to each
route were not available. Future studies should include standardized counting
methods during a representative sample of days per year while accounting for
changes on the route.

2. The prevalence of physically active users is based on a questionnaire. For Bogota,
we calculated a conservative estimate of physically active adult users taking into
account the prevalence of physically active adult users who spent at least 180 minutes
during the Ciclovia. In addition, we did not include in the analysis the adults for
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whom participating in the Ciclovia program is complementing PA in order to meet
recommendations, which is likely to underestimate the calculated cost-benefit
ratios.” Future studies should include objective measurements of PA.

3. The number of physically active users is assumed to be constant along the year. In
the cases of Bogotd, Guadalajara, and Medellin, the event count of physically
active users is the average count of users per event along the year. The weekly
regularity of the events permits assuming that users meet PA recommendations
along the year. In the case of San Francisco, we assumed that the program occurs
once per week in order to use the same assessment methodology for the DHB
estimation.

4. The direct medical cost for a physically inactive person in the USA was used to
estimate the DHB for the other programs. In order to evaluate the robustness of
the methodology, a sensitivity analysis was conducted. We focused on simulated
scenarios where the programs of Bogotd, Guadalajara, Medellin, and San
Francisco are not cost beneficial, concluding that these scenarios are not plausible.
For example, in Colombia, the cost per person with a diagnosis of type-2 diabetes
attributed to physical inactivity was calculated to be US $210.0 in 2009,>%3°
representing 6 to 13 times the DHB assumed in the simulated scenarios in which
the Ciclovia programs of Bogotd and Medellin were not cost beneficial. Future
studies of Colombia and Mexico should calculate the direct medical costs of
physically inactive adults.

5. The total benefit of the Ciclovias could be underestimated. Specifically the DHB
was only a part of the total benefits derived from the Ciclovias: their
implementation had the potential of additional benefits including recreation,
social capital development, improvements in the population’s quality of life,
promotion of efficient and sustainable modes of transportation like bicycling, and
a decrease of exposure to air and noise pollution.”’*' Additionally, a Scandi-
navian study estimates that a physically inactive person who shifts from
automobile to bicycle produces a health and fitness economic benefit to the
community of approximately 3,000-4,000 euro per year.”’*> Under this
scenario, the cost-benefit ratio would have been 3 to 69 times greater depending
on the program (three times in the case of San Francisco and 69 times in the case
of Bogotd). However, we could be overestimating the cost—benefit ratios because
we did not consider the cost of the leisure time and the indirect costs concerning
public transport, vehicle congestion, and alternative routes of main streets that
are closed to vehicles during the programs.

6. Our study is an average cost—benefit analysis with a societal perspective. Our
results could only be used as references for policy makers in making resource
allocations decisions, but not to assess the benefit and effectiveness of a social
policy. In fact, more data concerning opportunity costs and adjusted supply
prices of public expenditure and cost-effectiveness analysis are needed for future
studies.

7. Our historical data for the Bogota’s Ciclovia program is based on eight points in
time since 1975. Therefore, we could not fit probability functions to the
program’s historical growth behavior. Nonetheless, the linear regressions used
in the simulation model were an approximation of the historical growth
assuming a linear behavior of growth over time.

8. Finally, other educational information is available at the Ciclovia events
regarding healthy lifestyles (e.g., nutrition information and health-risk screen-
ings) that provide additional, indirect health benefits. These outcomes would be
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difficult to measure without further investigation of a consistent population. Free
bicycle rentals and exercise classes provide additional motivation for participants
to adopt positive physical activity behavior. Increased exposure to physical
activity opportunities may also serve to motivate physically inactive individuals.

The very low per user costs of the Ciclovias in comparison with other programs
for physical activity promotion are striking. Clearly using existing infrastructure
built and maintained for motorized transport contributes substantially to the
positive cost-benefit ratio. The large number of users, and the potential for an even
greater proportion of urban populations to participate in Ciclovias due to the
ubiquitous presence of road networks and their relative underutilization during
certain hours suggests that with appropriate multisectoral partnerships, political
support, and effective management and promotion, many more cities can support
Ciclovias on the scale of Bogota.

Considering that Ciclovia programs are not exclusive to Bogotd, Guadalajara,
Medellin, and San Francisco, we anticipate that the methodology presented could
serve a framework to assess other Ciclovia programs available worldwide.
Extending analyses such as this one to include additional beneficial outcomes such
as improving air quality, increasing social capital, and reducing carbon emissions
might result in even more positive cost-benefit ratios. Economic analyses will be
crucial to determine the public health and overall public benefits of Ciclovias and
other complex multisectoral programs which impact health and quality of life. These
studies may also serve as advocacy tools to promote expansion and creation of
Ciclovias in different cities around the world.

ACKNOWLEDGEMENTS

The authors of the research would like to acknowledge the Center for Interdisciplinary
Studies in Basic and Applied Complexity, CeiBA (Bogotd, Colombia), Colciencias
grant 519 2010, and the grant from sustainable mobility research projects by La
Universidad de los Andes in Bogotd. We also would like to acknowledge Pablo
Lemoine and Gina Rojas from El Centro Nacional de Consultoria (Bogotd, Colombia);
Rocio Gdamez of the IDRD of Bogotd; Claudia Arango, Claudia Garzén, Fabiian
Higuita, and Andrés Felipe Garcia of the INDER of Medellin, the Municipal
Council of Sports of Guadalajara, Livable City of San Francisco for providing
the data of the Ciclovia programs; and Claudia Guedes, Mi-Sook Kim, Patrick
Tierney, and Jackson Wilson of the Active Living Across the Lifespan Research
Group of San Francisco State University, California, for the data collection. We
would like to thank Maria Luis Latorre, Juan Carlos Mendieta, and Candace
Rutt who provided valuable comments on earlier versions of the manuscript.
The findings and conclusions in this report are those of the authors and do not
necessarily represent the official position of the Centers for Disease Control and
Prevention or the Pan American Health Organization.

REFERENCES

1. WHO. Preventing Chronic Disease: a Vital Investment. Geneva, Switzerland: World
Health Organization; 2005.



AN ECONOMIC ANALYSIS OF FOUR CICLOVIA PROGRAMS 169

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Global health risks: mortality and burden of disease attributable to selected major risks.
http://www.whoint/healthinfo/global_burden_disease/GlobalHealthRisks_report_ful.pdf.
Accessed April 1, 2010.

. Hoehner CM, Soares ], Parra PD, et al. Physical activity interventions in Latin America: a

systematic review. Am | Prev Med. 2008; 34(3): 224-233.

. Sarmiento OL, Schmid T, Parra D, et al. Quality of life, physical activity and built

environment characteristics among Colombian adults. | Phys Act Health. 2010; 7(Suppl
2): S181-5195.

. Sarmiento O, Torres A, Jacoby E, et al. The Ciclovia-recreativa: a mass recreational

program with public health potential. | Phys Act Health. 2010; 7(suppl 2): S163-S180.

. Diaz-del-Castillo A, Sarmiento OL, Reiss R, et al. Translating evidence to policy: urban

interventions and physical activity promotion in Bogota, Colombia and Curitiba, Brazil.
Transl Behav Med. 2011; 1(2): 350-360.

. World Health Day 2010. http://www.whoint/world-health-day/2010/en/. Accessed

August 2010.

. Kahlmeier S, Racioppi F, Cavill N, et al. “Health in all policies” in practice: guidance and

tools to quantifying the health effects of cycling and walking. | Phys Act Health. 20105 7
(Suppl 1): $120-S125.

. Roux L, Pratt M, Tengs TO, et al. Cost effectiveness of community-based physical activity

interventions. Am | Prev Med. 2008; 35(6): 578-588.

Resultados del estudio de Ciclovia y Recreovia. Estudio Universidad Nacional. Convenio
inter administrativo N0311 entre el IDRD y la facultad de ciencias de la Universidad
Nacional. Bogotd, Colombia: 2005.

World Health Organization. Global Recommendations on Physical Activity for Health.
Geneva, Switzerland: World Health Organization; 2010.

U.S. Department of Health and Human Services (HHS). Physical Activity Guidelines for
Americans 2008. http://www.health.gov/paguidelines/guidelines. Accessed November 2008.
Pratt M, Macera CA, Wang G. Higher direct medical costs associated with physical
inactivity. Phys Sportsmed. 2000; 28(10): 63-70.

Wang G, Macera CA, Scudder-Soucie B, et al. A cost—benefit analysis of physical activity
using bike/pedestrian trails. Health Promot Pract. 2005; 6(2): 174-179.

Inflation Calculator. Inflationdata.com [website]. http://inflationdata.com/inflation/
Inflation_Calculators/Inflation_Calculator.asp#calcresults. Accessed June 7, 2011.
Musgrove P. Colombia: approaching universal coverage. Health Aff. 2010; 29(4): 739-
740.

Health Economic Assestment Tool for Cycling (HEAT for Cycling). Version 1.02. http://www.
thepep.org/en/workplan/candw/documents/illustrative %20tool.zip. Accessed August 2010.
Cavill N, Kahlmeier S, Rutter H, et al. Methodological Guidance on the Economic
Appraisal of Health Effects Related to Walking and Cycling: Summary. Copenhagen,
Denmark: World Health Organization Regional Office for Europe; 2008.

Cavill N, Kahlmeier S, Rutter H, et al. Economic analyses of transport infrastructure and
policies including health effects related to cycling and walking: a systematic review.
Transport Pol. 2008; 15: 291-304.

Kniesner TJ, Kip Viscusi W, Ziliak JP. Policy relevant heterogeneity in the value of
statistical life: new evidence from panel data quantile regressions. | Risk Uncertainty.
2010; 40(1): 15-31.

Martinez G, Aguilera N, Quintana M. Preferencias, Gasto En Salud Y El Valor De La
Vida Estaditica En Ameérica. Inter-American Conference on Social Security, Mexico D.F.
CISS/WP/09/01. 2009/01, 2009b.

Flake GW. The Computational Beauty of Nature: Computer Explorations of Fractals,
Chaos, Complex Systems, and Adaptation. Cambridge, MA: The MIT Press; 2000.
Gaylord RJ, D’Andria L]. Simulating Society: a Mathematical Toolkit for Modeling
Socioeconomic Behavior. New York, NY: Springer; 1998.


http://www.whoint/healthinfo/global_burden_disease/GlobalHealthRisks_report_ful.pdf
http://www.whoint/world-health-day/2010/en/
http://www.health.gov/paguidelines/guidelines
http://inflationdata.com/inflation/Inflation_Calculators/Inflation_Calculator.asp#calcresults
http://inflationdata.com/inflation/Inflation_Calculators/Inflation_Calculator.asp#calcresults
http://www.thepep.org/en/workplan/candw/documents/illustrative%20tool.zip
http://www.thepep.org/en/workplan/candw/documents/illustrative%20tool.zip

170

MONTES ET AL.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Johnson N. Two’s Company, Three is Complexity. Oxford, England: Oneworld
Publications; 2007.

Wang G, Macera CA, Scudder-Soucie B, et al. Cost effectiveness of a bicycle/pedestrian
trail development in health promotion. Prev Med. 2004; 38(2): 237-242.

Shayler M, Rowell A, Fergusson M. Bikes not Fumes: the Emission and Health Benefits
of a Modal Shift from Motor Vebicles to Cycling. Cyclist’s Touring Club (England), 1993.
Costo planes Bodytech. http://www.bodytech.com.co/component/option.com_virtuemart/
Itemid,31/. Accessed November 18, 2009.

Costo alquiler Futbol In. http://www.canchafutbolin.com/. Accessed November 18, 2009.
Barcelo A, Rajpathak S. Incidence and prevalence of diabetes mellitus in the Americas.
Rev Panam Salud Publica. 2001; 10(5): 300-308.

Lobelo F, Pate R, Parra D, et al. Burden of mortality associated to physical inactivity in
Bogota, Colombia. Rev Salud Publica (Bogota). 2006; 8(Suppl 2): 28-41.

Litman T. Quantifying the Benefits of Non-motorized Transportation for Achieving
Mobility Management Objectives. Victoria Transport Policy Institute. Canada; 2010.
Szlensminde K. Cost-benefit analysis of walking and cycling track networks taking into
account insecurity, health effects and external costs of motor vehicle traffic. Transport Res
Gen. 2004; 38(8): 593-606.


http://www.bodytech.com.co/component/option.com_virtuemart/Itemid,31/
http://www.bodytech.com.co/component/option.com_virtuemart/Itemid,31/
http://www.canchafutbolin.com/

	Do Health Benefits Outweigh the Costs of Mass Recreational Programs? An Economic Analysis of Four Ciclovía Programs
	Abstract
	Introduction
	Methods
	Program Description
	Data Collection
	Direct Health Benefit
	Cost–Benefit Ratio
	Health Economic Assessment Tool for Bicycling
	Simulation Model for the Bogotá Ciclovía Program

	Results
	Bogotá’s Ciclovía Program
	Guadalajara’s Vía RecreActiva Program
	Medellín’s Ciclovía Program
	San Francisco’s Sunday Streets Program

	Discussion
	Acknowledgements
	References


