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Introduction

Today, the Earth’s human population is growing arfzhnization
is spreading across the globe (Kacyira, 2012). \With growing

urban development, residential areas are exparmlihdeyond
urban cores in cities like Paris and Vancouver (St2013).

Consequently, suburban residents often travel darfftom their

homes to their workplace than those who live in¢hg. These
trips generate greenhouse gas emissions, particuthen people
have to use cars; hence the need to develop puatisportation
linking these peri-urban areas with workplacesitigate the

climate impacts from urban traffic. In this papee compare two
recent additions to urban public transportationwoeks in

different countries to assess their potential iduothg GHG

emissions. The selected rapid transit corridorsteeé€anada Line
in Vancouver and Tramway T2 in Paris.

The environmental potential of new rapid transit caridors in
Paris and Vancouver

The Canada Line and Tramway T2 are located in ahedffer
promise for public transport infrastructure to reduGHG
emissions. Geographically, both new lines linkwsblan areas
with inner-cities and business centres. Both wereated to
provide people with an alternative to driving cars.

The economy of Vancouver, particularly in the cahtrusiness
district, is one of the most dynamic places iniBnitColumbia and
thus the most important destination in the Metron&tuver
region. Vancouver's downtown core has 60% of tiggorgs office
space, and is home to Canada’s largest and mastsdied port.
This port activity generated 76,800 jobs in Briti€blumbia in
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2012 (InterVISTAS, 2013, p. v). Consequently, tbéntral area
has extensive employment in economic sectors likdet and
technology but also in film, natural resources, &matfism. The
Canada Line also serves the Broadway Health Carridiso
known as the UBC-Broadway Corridor, south of thenotercial
core and False Creek, is home to the Vancouveri@eHespital
and “is the second largest business and innovaéatre in British
Columbia” (KPMG, 2013, p. 1). The rest of the aireshe city of
Vancouver and the city of Richmond are mostly rexstal.

The Canada Line is a fully automated rapid trdimstthat opened
August 17, 2009. It is the third of TransLink'gré transit lines
in Vancouver and connects Richmond and the Vanaouve
International Airport to downtown Vancouver. Thi8-Rilometre
transit line was expedited into service in timetfog 2010 Winter
Olympics to carry people from the airport to dowmto
Vancouver. It was intended to contribute to thgrmpics’ green
legacy by reducing air pollutants thanks to itdigbto displace
road vehicle traffic. It cost over $2 billion (20@&nadian dollars)
and was consequently one of the most ambitiousp@tation
projects in the province of British Columbia.

Paris is the unrivalled centre of economic activitythe lle-de-

France region. With its 1.6 million jobs it boag%% of the

region’s jobs, while the Paris region has the rimdshse economic
activity of the country (CCl Paris lle-de-FranceQ08). An

important settlement for more than two millenniee treative arts
and universities made Paris an important cultuealtre. Today,
the city serves an important hub of intercontinemmtmsportation
and is home to higher education, sport events,aopempanies,
and museums of international renown making it ohthe most
popular tourist destinations in the world. The Tvaay Line T2 is

located in this region, in the Hauts-de-Seine depamt (Paris’
Western suburbs). It connects Porte de VersailleBaris with

Bezons via the business centre of La Défense, whitife largest
purpose-built business district in Europe and theord highest
concentration of working professionals in FranderaParis. T2
has experienced great success, and each segmehe dine

surpassed ridership forecasts. Soon after openit§97, the line
carried its maximum designed passenger load inatitrams were
doubled in length in 2005.
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Thus, the Canada Line, like the tramway T2, linkanajor
employment area with a residential area. Peoplemuam from
these residential areas to these employment cerinelsa large
share of these commuters drive cars. Consequentipducing
rapid transit enables people to switch from driviteg public
transportation. If this occurs, the modal shift Wbreduce GHG
emissions. However, this raises the question of pleeo
willingness to take public transportation when tteeg likely to
already own a car.

Assessing the Canada Line’s and the T2's potenti& reduce
GHG emissions

For this study, we have sought a way to assespdtential for
GHG emissions reduction created by the introducténapid
transit. This has been facilitated by travel bebawistudies
including: Les Déplacements des Franciliens en 2001-2002,
Enquéte Globale Transports Plan de Déplacementsaideh
(Préfet De La Région D'lle-De-France, 201Rg Tramway Au
Secours des Hauts-de-Sei(feavier & Mouranche, 2007); and
Translink’s (2013)2011 Metro Vancouver Regional Trip Diary
Survey We also obtained data about the lines’ operdtianks to
Avis sur le bilan LOTI de I'opération du tramway {Racot &
Taroux, 2011) about the Tramway T2 and a Trans@arada
(2012) report entitledThe Canada Line RetrospectiveNe
obtained operational data from the Paris Urban Jpart
Authority (RATP) for the Tramway T2 (Personal Comiaation,
July 9, 2014). To assess the amount of €EMission savings that
can be attributed to transit modal shift on eank fluring 2012,
we relied upon the reported traffic from cars amhf other means
of transportation and also estimates of the indtitic that had
been generated by the establishment of the newd raphsit
infrastructure. Our assumptions about the repdriftic and the
induced traffic are based on research about wilkrsg to take
public transportation and about induced travel {€er & Hansen,
2002; Goodwin, 1996; Litman, 2010; Litman, 2005;|&al &
Lem, 2002; Pagliara & Preston, 2013; and Yao & Mawa,
2005). We then translate these reported and induaéit levels
into CO, emissions estimates to calculate the GHG reduthiah
these new lines have enabled.

Willingness to take public transportation and induced travel
Studying travel in the areas where' Bad the Canada Lihevere
built revealed that public transportation is wedlvdloped and was
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already being used by some commuters before thd tegmsit
infrastructure was introduced.

Moreover, the trend in mode share in the two regjiproves that
demand for public transportation has been incregadiming the
study period. These trends reflect different fastbat could have
deterred car use and encouraged modal shift, evdreiabsence
of rapid transit. The price of oil, for instancacieased between
November 2004 at US$48.45 per barrel and US$7%7barrel
in November 2014 with a peak price of US$133.93hzrel in
July 2008 (IndexMundi, 2014). Finally, with the ogring
awareness about climate change, governments agsingpmore
green taxes on drivers who can no longer parkrés, for use new
roads or bridges for free (see Palma & Lindsey 6200 examples
in the Paris region and BC Transportation Investriamporation,
2007 for a Vancouver region example).
Figure 1: Regional Mode Share in Paris (2010) aadcduver
(2011)
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As transportation trends continue to shift, asstilated above,
alternative modes of transportation can play anoitgmt role in
meeting changing demand. However, in developingriadte
transportation infrastructure, municipalities néetle aware of the
effects of induced travel. Induced travel occurgmwian increase
in capacity stimulates more trips until that capads reached
(Goodwin, 1996; Cervero and Hansen, 2002; and Nicdaud Lem,
2002). As Pagliara and Preston (2013) and Yao andkisiva
(2005) concluded this occurs in both roadways aidransit the
latter relying on customer satisfaction, comforgguency and
length of trips, among others to create the inducaeel. Table 1
demonstrates that the potential for induced trawvbbth Paris and
Vancouver is high, based on our measures whichtdevscore
(from 1 to 5, where 1 is low induced demand, 2 medand 3 is
high) to different factors leading to induced triave
Table 1: Potential for Induced Travel along Newnkia
Corridors in Paris and Vancouver
Factor T2 | Canada

Line
1. Ridership on the new line or on the otheE3 3
means of public transport in the corridor
2. Latent demand 2 3
3. Degree to which the line reduces deily2

. . " 3
congestion and improves travel conditions
4. Degree to which the line increases access &0 5
potentially developable land
5. Population and employment growth rates i% 3
the transportation corridor
6. Disutility of travel alternatives on the 1 3
corridor, including other roads and modes.

TOTAL 13 17

The total scores reveal a higher potential for aedlidemand from
the Canada Line’s new infrastructure than from i 2hie lle-de-
France. These scores were calculated based onitgtisetdata
about the Canada Line and the T2 with the followatigibutes.
The tramway T2 has higher ridership at 210,00Qpgrcompared
to the Canada Line at 122,000 per day (Protrans Bil4).
Vancouver’s road network is more congested than ithahe
Hauts-de-Seine, particularly the bridges linkinghwauver to the
surrounding suburbs, such as Richmond (TransLifi,22 and
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Préfet De La Région D'ile-De-France, 2012). The a&@anLine
avoids this congestion by moving along a fully grasparated
guideway. Based upon rider opinion surveys on lia#s, users
are saving up to 40 minutes compared to driving tuedtrip is
more comfortable than driving in stop-and-go t@atfPréfet De La
Région D'ile-De-France, 2012; and TransLink, 2013).

Effectively, the Tramway T2 and the Canada Line ehdoth

stimulated induced traffic. In the Bilan LOTI (2014. 17), the
underestimation of transit usage is striking whbeeactual growth
was 12 percent against the three percent projeldmaever, these
figures are to be compared with an increase inldide-France
road network traffic by 2.3% per year between 186d@ 2004.

Figure 2: Trends in Mode Share in lle-de-France
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According to Translink (2013), there have been ificant

changes in the mode share in Richmond between 2002011.
These changes are “the most substantial changettieitMetro
Vancouver region during this period (p. 57). Thearues are
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directly attributed to the opening of the Canadaelivith the

growth in trips from Richmond/Delta being accomniedaby

transit. However, Richmond/Delta residents arentiost likely to

drive compared to the whole Vancouver region (Tlraris 2013).

Despite these tendencies vehicle kilometres tredetlecreased
between 2008 and 2011, dropping approximately @D km.

This decrease ‘“is significant and is likely an aube of the

opening of the Canada Line” (p.58).

CO:z emissions and reduction

The Canada Line uses a fleet of trains built byeRpta division
of Hyundai Motor Group. The trains are powered bgentional
electric motors, unlike Bombardier's Advanced Rafidnsit cars,
operating on Vancouver's two other SkyTrain linekick use
Linear Induction Motor (LIM) technology. The tramwa?2 uses
vehicles calledames Citadis 302onstructed by Alstom.

The RATP provided data about the energy consumutidhe T2
line, including the electricity needed for the tian (11,920,483
kWh per year) and for the stations (603,490 kWhygar). The
T2 thus consumed 12,523,973 kWh during 2013. Tdmou
information provided by Hyundai Rotem it was detigrad that
the Canada Line uses 6.848kWh per vehicle kilom@ersonal
Communication, November 8, 2014). From this energy
consumption we were able to calculate the poweswamption of
the Canada Line. Using the frequency of trips oEkeays and
weekends it was determined that 93,660 trips wereim 2014
(TransLink, 2014). Multiplying the number of tripy the energy
consumption provided by the Hyundai Rotem andehgth of the
track it was calculated the Canada Line uses 15886466 kwWh
per year for traction. In addition, Translini8sistainability Report
2012: Tracking Progressevealed that Canada Line stations use
9,438,373.38 kWh per year. Aggregating this staterergy
consumption with the energy required for tractiemeals that the
Canada Line consumes a total of 21,752,940.03 kgvlygar.
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Table 2: Electricity Consumption and Emissions apRl Transit

T2 Canada Line
Electricity Need (kWh per year) (kWh per year)
Traction 11,920,483.0( 12,314,566.66
Stations 603,490.0(¢ 9,438,373.34
Total 12,523,973.0( 21,752,940.03
Supplier EDF BC Hydro
GHG emissions
for 1kwh of 41.08 9
electricity (g equivalent C¢) (g equivalent C¢)
production

T2 Canada Line

(tonnes equivalent| (tonnes equivalent

GHG Emissions COy) COy)
Per Yegr of 514.48 195.78
Operation

EDF and BC Hydro publish an annual inventory of aépheric
emissions created to produce their electricity. HB@ro emitted

g COz eg/kWh during 2012 (BC Hydro, 2012). For EDF, the
average for 2013 i$1.08 g CQ/kWh (EDF, 2013). We can thus
calculate the emissions by multiplying the two $hennual energy
consumption with these reported emission rates. dAfe thus
estimate that the Tramway T2 emitted 514 tonneS@f during
2013, while the Canada Line emitted 196 tonnes.

To assess the GQeduction thanks to the tramway T2 we based
our study on the figures of tihevis sur le bilan LOTI de I'opération
du tramway T2Bacot & Taroux, 2011). The latter had already
assessed the proportion of reported traffic froheoimodes and
induced travel. Then we used the tendency of paopkke public
transportation and the characteristics of the doeassess the
progress of this redistribution.

From the Bilan LOTI study we know the ridershipwtb for each
year. Using this, we determined the percentagerip§ tthat
switched mode of transportation leading to the 2@t@&rship
levels of the T2. We now know the share of tripmrreported
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traffic (from cars, trains and buses) and from getutraffic. The
average length trip on the T2 is 5.5 km. So we ukedmissions
estimates made by ADEME (Deloitte, 2008) for other
transportation modes order to calculate the @@t would have
been emitted without the presence of the tramway T2

Finally, about 16,150 tonnes equivalent of G@uld have been
emitted in 2013, if the T2 had not been built. 013, the T2
emitted 395 tonnes equivalent @hich is 40 times less than the
16,150 tones equivalent GQhat would have been emitted if
people would have used their former means of tranaton. In
other words, the T2 prevented the emission of 15, #mnes
equivalent CQ@during the first operational year. However, the T2
has contributed to 5,170,000 induced trips thaegeed 49 tonnes
equivalent CQ@. This cannot be ignored, but this is extremely low
compared to the amount of @@missions that were avoided.

The Canada Line was projected by Transport Can20a2] to
reduce air pollutants. This decrease would coma fte ability to
displace road vehicle traffic along the transit rtor. The
potential for such change was also influenced bytst of driving
which has been rising in recent years, and by grgwraffic
congestion in Vancouver during peak hours.

The reduction in vehicle traffic was projected ¢éduce both local
air pollutants and greenhouse gases. These redsicticere
proportional to the vehicle kilometres displacednbydal shift to
transit. It is estimated that 3.3 million kilometref bus, and diesel
and electric trolley travel along with 41 milliorildkmetres of
automobile travel were displaced in 2010. By 2GB#&se figures
were projected to increase to 5.6 million and 4Bioni kilometres
for buses and cars respectively (Transport CanaH,?2).
Transport Canada estimated that the net emissathslibcreased
by 8.1 to 10.5 thousand tonnes in 201dhd that these reductions
would grow to betweefhl.5 to 14.0 thousand tonnes in 2021

Since there have been no comprehensive travel ysised that
the regional transportation model has not been tepdaith new
data between the opening of the line and the writihthe report
we cannot make definitive conclusions about overhdnges in
regional travel to estimate net changes in GHG s or air
quality. However, if the assumptions regarding éased ridership
are correct, and if ridership gains have affect#d demand, as in
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the projection, they assume that more automobilesldvhave

been displaced than originally projected, havimppsitive impact
on GHG reductions. This may also be supported byudage of
parking adjacent to the Canada Line. Bridgepork Rend Ride
facility was running at just over 75% utilizatioorfavailable

transit parking at 911 weekdays vehicles in 201k @ld facility

at Sexsmith Road held only about 400 spaces, atfiegsuggest
that some of the 511 additional vehicles may badivg the 14-

kilometre drive to downtown from Richmond. Furtlaralysis is
required to confirm that this park and ride usagpresents a
specific number of avoided auto trip kilometres.

InTransit British Columbia considers that the aiddial ridership
does not result in a proportionate increase in pagasumption
as the same number of trains are running, just mfficently on

a power per passenger basis. However, even if fisenzed
additional ridership would suggest that reduction GHG

emissions would exceed the projections set ouhénBusiness
Case, those reductions may be partially offsehbyfact that there
are additional buses travelling in the corridor.

Available evidence thus supports the claim thahlibe Canada
Line and T2 make possible reductions in GHG emissid he
amount of CQ saved in both cases is roughly the same order of
magnitude. The T2 avoided emitting 15.8 thousanthés of
GHG equivalent in 2013 and the Canada Line avoglaiting
between 9 and 11 thousand tonnes of GHG in 2048th the
Canada Line’s GHG savings anticipated to contiougrow. Both

the T2 and the Canada Line have made significanttibaitions to

the reduction of C® emissions in their respective urban
environments.

Conclusion

Besides the fact that both the Canada Line andav2 heduced
GHG emissions, some other results can be highligiRail rapid
transit infrastructure is able to attract peoplenfr other
transportation modes which are more polluting, oatty the net
GHG emissions. Rail infrastructure also offers g wadevelop
more sustainable communities through transit oe@nt
development.

Both the tramway T2 in Paris and the Canada Lingancouver
have proven to be successful additions to the utfzensportation
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networks of their respective regions. Both haveeeged their
forecast ridership and as a result are allowingroaters to travel
in a more environmentally friendly manner. With theluced
demand of each line ridership above projectionsthadbw output
of GHG emissions from their electric power sourcE3 tonnes
for the Canada Line and 395 tonnes for the T2,tankial GHG
emission reductions are occurring. The Canadaikiegpected to
reduce GHG emissions by as much as 14 thousandegonn
annually. By 2021 and the T2 has reduced GHG by5Bbtonnes
annually. Through the creation of these two linex ahe
subsequent reduction in GHG emissions both metitapalegions
are able to create and maintain greener and hesaéthvironments
improving the quality of life for their residents.

Bibliography

Bacot, M.-A., & Taroux, J.-P. (2011Awvis sur le bilan
LOTI de l'opération du tramway TParis: Consil
general de I'Enviornnement et du Développement
durable.

BC Hydro. (2012)Greenhouse Gas Intensitidgetrieved
January 30, 2015, from BC Hydro:
https://www.bchydro.com/content/dam/BCHydro/c
ustomer-portal/documents/corporate/environment-
sustainability/environmental-reports/GHG-
intensities-2004-2012.pdf

BC Transportation Investment Corporation. (20@out
Tolling. Retrieved January 28, 2015, from Port
Mann / Highway 1 Improvement Project:
http://www.pmh21project.com/tolling/Pages/About-
Tolling.aspx

CCI Paris lle-de-France. (2008, Marchis zones
d'activité économique de I'agglomération
parisienne Retrieved January 16, 2015, from CCI
Paris lle-de-France: http://www.cci-paris-
idf.fr/etudes/grand-paris/developpement-

11  Nguyen Van Sang, Oram &
Perl



economique/zones-activite-economique-
agglomeration-parisienne-etudes

Cervero, R., & Hansen, M. (2002). Induced Travetiaad
and Induced Road Investment: A Simultaneous
Equation AnalysisJournal of Transport
Economics and Policy, 88), 469-490.

Deloitte. (2008)Efficacité Energétique et
Environnementale des Modes de Transport -
Synthése Publique Pour de I'ADEMH#aris:
ADEME.

EDF. (2013)Nos Emissions De Gaz A Effet De Serre
Retrieved January 30, 2015, from EDF en France:
http://fr.edf.com/edf-en-france-51250.html

Favier, L., & Mouranche, D. (200Me Tramway Au
Secours des Hauts-de-SeiB@vironnement 92
Union Départmentale des Associations de
I'Environnement. Retrieved from
http:/www.environnement92.fr/IMG/pdf/tram.pdf

Goodwin, P. B. (1996). Empirical Evidence on Indiice
Traffic: A Review and Synthesi$ransportation,
23, 35-54.

IndexMundi. (2014, December 2Zyommodity Price
Indicies Retrieved December 30, 2014, from
IndexMundi:
http://www.indexmundi.com/commaodities/?commo
dity=crude-oil-west-texas-
intermediate&months=120

InterVISTAS. (2013)2012 Port Metro Vancouver
Economic Impact Study Final Repoviancouver:
InterVISTAS Consulting Inc.

Kacyira, A. K. (2012). Addressing teh Sustainable
Urbanization Challeng&JN Chronicle, 1 & 258-
59.

12  Nguyen Van Sang, Oram &
Perl



Klein, N. (2014).This Changes Everything: Capitalism vs.
the Climate New York: Knopf Canada.

KPMG. (2013).The UBC-Broadway Corridor - Unlocking
the Economic Potential/ancouver: KPMG.

Litman, T. (2005)Induced Travel Impact Evaluation:
Evaluating Impacts of Increasing Roadway
Capacity To The Island of Montredictoria:
Victoria Transport Policy Institute.

Litman, T. (2010)Generated Traffic and Induced Travel:
Implications for Transport Planning/ictoria:
Victoria Transport Policy Institute.

Noland, R. B., & Lem, L. L. (2002). A Review of the
Evidence for Induced Travel and Changes in
Transportation and Environmental Policy in the US
and the UK Transportation Research Part D, X-
26.

Pagliara, F., & Preston, J. (2013). An Induced Dedirfar
High Speed 1 in UKJournal of Transportation
Technologies, 344-51.

Palma, A. d., & Lindsey, R. (2006). Modelling and
Evaluation of Road Pricing in PariBransport
Policy, 132), 115-126.

Préfet De La Région D'lle-De-France. (2012s
Déplacements des Franciliens en 2001-2002,
Enquete Global de Transports Plan de
Déplacements Urbain®aris: Ministere de
I'Ecologie, du Développement durable et de
I'Energie. Retrieved from http://www.driea.ile-de-
france.developpement-durable.gouv.fr/egt-2001-
2002-la-mobilite-des-franciliens-en-a100.html

Protrans BC. (2014Rerformance HighlightsRetrieved
December 30, 2014, from Protrans BC:
http:/www.protransbc.com/service-performance/

13  Nguyen Van Sang, Oram &
Perl



Protrans BC. (2015 anada LineRetrieved February 6,
2015, from Protrans BC:
http://www.protransbc.com/canada-line/

Stan, A. (2013). Morphological Patterns of UrbamaSp
Territories.Urbanism, 44), 11-24.

TransLink. (2012)TransLink Sustainability Report 2012:
Tracking ProgressNew Westminster: TransLink.

TransLink. (2013)2011 Metro Vancouver Regional Trip
Diary Survey: Analysis Repoifilew Westminster:
TransLink.

TransLink. (2014)SkyTrain Schedul&etrieved
December 15, 2015, from TransLink:
http:/tripplanning.translink.ca/hiwire?.a=iScheslul
LookupSearch&LineName=999&LineAbbr=999

Transport Canada. (2012)he Canada Line Retrospective.
Ottawa: Transport Canada.

Wan, P. (2004)Striving for a Cleaner Vancouver: An

Analysis of Aerosol and Precipitation Correlations
in the GVRD and Suggestions for Locations where

a Non-polluting Rapid Transit Line is Needed.

Burnaby: Simon Fraser University. Retrieved from

http://www.sfu.ca/geog/geog355fall04/cywan/

Yao, E., & Morikawa, T. (2005). A Study of an Intated
Intercity Travel Demand Modelransportation
Reseach Part A, 3867-381.

14  Nguyen Van Sang, Oram &
Perl



oS

i

il

2 Map of the Canada Line (Protrans BC,

2015).

3 These savings were calculated using Transport Gésmadtimates and
estimating the growth of GHG savings over the pe#610 to 2021.
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