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Abstract:

In Paris, anold bus line on theMaréchauxBoulevards has been replaced by a modern tramway.
Simultaneously, the road-space has been narrowexbbyt a third. A survey of 1,000 users of the
tramwayshows that the tramway hardly generated any stifh fprivate cars towards public transit
mode. However, it did generate important intra-mddensfers: from bus and subway towards
tramway, and fronMaréchauxboulevards towards tHeeriphérique(the Paris ring road) for cars. The
various benefits and costs of these changes aheated. The welfare gains made by public transport
users are more than compensated by the time ladsése motorists, and in particular, by the
additional cost of road congestion on fPériphérigue The same conclusion applies with regard to
CO2 emissions: the reductions caused by the rapkateof buses and the elimination of a few cars
trips are less important than the increased poltutiaused by the lengthening of the automobiles trip
and increased congestion on the ring road. Evenefignores the initial investment of 350 M€, the
social impact of the project, as measured by itpresent value is negative. This is especiallg for
suburbanites. The inhabitants (and electors) ofsPawcket the main part of the benefits while

supporting a fraction of the costs.
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Section 1. Introduction

In December 2006, the municipality of Paris repthaebus line by a tramway line. Several authors
have already discussed the merits - or lack afhtlrail or tramways, in absolute or relative tebs)

mostly on the basis of American or Australian ext®pSome (Litman 2007; Kenworthy 2008) see
them as cost-effective and environmentally friendiany others (Gomez-lbanez 1985; Kain 1988;
Pickrell 1992; Moore 1993; Richmond 1999: Hensh@®3t Carmona 2001; Castelazo and Garret
2004; Winston and Maheshri 2007) are much moré&aliand denounce the uneconomic efficiency of

this mode as well as an ideological bias in fawafuramways.

The Paris tramway line offers a chance to re-opendebate. Tramways are presently fashionable in
France (Stambouli 2007): for a municipality, havomge is perceived as a symbol afiddernity and

as a contribution to the fight against global wangniThis is a by-partisan attitude. The tramway lin
considered here was decided by M. Tiberi, the formayor (classified on the right), and carried out
by M. Delanoé, the current mayor (classified on lgf¢) — which should protect us from certain
criticisms. “A desire named streetcar”: if thisalbéful title had not yet been utilized (Pickre§92),

we would have been pleased to use it for this paper

The municipality presented the tramway as a greatess. The media unanimously praised the
project. Echoing Richmond’s (1998) statement on “thgthology” of tramway’s successes, public

opinion, including the majority of citizens who hadither seen nor taken this tramway, was also
favourable. However, as common sense suggestsedlity is that the project presents benefits and
costs, which it is legitimate to identify and eatll in order to produce a better-informed appraisal

This aspect is particularly critical because andrtgmt extension of the Paris tramway is under way.

This is the purpose of the research presented.h8eztion 2 presents the characteristics of thgegr
and examines the changes it produced in transjgortasitterns. This makes it possible to quantigy th
benefits and costs generated by these changesof&8gtas well as the environmental impacts of the
tramway (Section 4). Section 5 presents all costh lzenefits, including investment and operation

costs, in a quasi cost-benefit framework. Sectiaoricludes.

! This research did not receive any financial suppor
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Section 2. The project and its impacts on the straare of trips

2.1. Setting and components of the project

The Paris agglomeration includes 11 M inhabitantsl & composed of approximately 1,200
communes. The municipality of Paris, the most @rand the most important of these communes, is
home to 2 M inhabitants. As shown on Figure 1s iemcircled by two parallel roadways of about 35
km each: (a) théMaréchauxboulevards which date from the beginning of th&® géntury and are
generally bordered by buildings; and (b) the Panig road Périphériqug, one of the most frequented
urban highways in Europe, created in the sixtiémsE two roadways are about 300 meters apart. The
Paris agglomeration is an integrated whole, witterise exchanges between its various parts,
especially between Paris commune and the remaicimymunes (often referred to as suburbs).
According to a 2002 transport survey (EGT 2002)ideaParis trips are much less numerous than

suburbs-Paris trips.

Figure 1 — Area of Study
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The tramway was built on a 7.9 km section of karéchauxbetweenPorte d’'Ivry and Pont de
Garigliano which constitutes what we shall call tvey-Garigliano (IG) axis. Movements on this axis
are rather diverse. The majority are part of mactgér trips with origin and/or destination outsille
area. A minority consists of proximity trips. Th@& axis, well served by cars and trucks, did not
benefit from any direct underground line and wasthgoserviced by a bus line, which was the most

patronized bus line of Paris.



The tramway project had three components. Theviest the elimination of the bus line. The second
was the construction of a modern tramway, fasterraore comfortable than the bus. The third was
the reduction of approximately a third of the ragé&ce formerly used by cars and trucks on the
Maréchaux in line with the overall policy to reduce roadasp in Paris municipality (Prud’homme

and Kopp, 2008). This evaluation considers thequtaps a package.

2.2. Data sources

The project led to substantial changes in the gtramf movements on th& axis. Two sources make
it possible to measure them. The first one congiftsounts of vehicles on thidaréchaux by an
Observatory of Movements controlled by the Parisicipality, which provides daily traffic in 2003
and 2007 for 11 sections (4.5 km)Méaréchaux This data can be transformed into vehicle*kilogngt
(vehicle*km) and extrapolated to the 7.9 km of kBeaxis. Year 2003 is selected as the ydmfdre

the project because the tramway was under constnuduring 2005 and 2006. The number of
vehicle*km declines from 152,800 per day in 2008%500 in 2007. This is a decrease of 41% of car
(and truck) usage omMaréchaux These numbers can be translated into passengerséters
(passenger*km) by multiplying them by the averaghisle occupancy rate, estimated to bé. e
obtains for car travel 198,000 passenger*km betweeproject, and 116,000 after the project.

The second source is ad hocsurvey, which we carried out on 1,000 users ofttheway between
April and May 2007. To ensure a random selectionsgfrs, the investigators went to a station, waited
for a tram to leave and questioned the first twersisvho arrived to catch the following tram. Thghhi
frequency of tramways, and the fact that they atesnheduled, mean that users come when they are
ready, and wait for next train to come, which easuandomness. Stations and hours were selected as
a function of usage. Generally, users said theyewery satisfied with the tramway. The two most
interesting answers for our analysis relate toatherage length of their trip on the tramway (2.56 k

a third of the tramway line length) and to whatras#id before its introduction, as shown in Tahle 1

The first column of Table 1 presents the answethdauestion: Before the tramway, what means of
transport did you use for that trjJ. Nearly 13% of respondents cite: “several mod¥gé allocated

these responses to the other modes pro-rata tieel stdgins, to construct column 2. The majority of
users come from the bus (57%), which is not a sing result. More surprising perhaps is the
importance of former subway users (38%). Very feamway users abandoned the car for the

tramway (3%j. Other changes are negligiblét is reported that the number of tramway users i

2 See for instance the official Ministry of Transp&009.Les comptes des transports en 2008 (tomp.2)5.
® The number of motorized trips having Paris asiorigd/or destination is equal to 2.3 M per day TE@002).
The modal shift induced by the tramwapresents a little more than 1 per 1.000 of thimiper.
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100,000 per day which - unlike what happens maawgsyortation projects (Flyvbjerg et al. 2002;
Pickrell 1992) - is about what was forested. Witheaerage tramway trip of 2.56 kms, this amounts to
256,000 passenger*km done on the tramway. Thectdstn presents the origin of tramway use in

passenger*km.

Table 1 — Modal Origin of Tramway Users

% % aftef passenger*km/day
Coming from:

bus 50.0 57.3 147,000
subway 33.5 38.4 98,000
private car 2.6 3.0 8,000
bicycle 0.7 0.8 2,000
two-wheels 0.5 0.6 1,000
walk - -
mix 12.8 - -
Total 100.0 100.0 256,000

Source Authors survey.
Note:® The «mix » answers include the users who previously utiligeveral transportation means. They have
therefore been allocated to the other modal origiosrata their relative importance.

2.3 Impacts on Structure of Trips

Before the tramway, a certain number of commutdengted as M) travelled on tHh& axis by
subway. A little less than 40,000 of these subwigg tare now done by tramway, and they account for
98,000 passenger*km per day. These travellers hav& improved their situation, or else they would
not have changed. On the other hand, they relieeedestion in the subway for remaining subway
users. The 57,000 trips that used to be done bylmisow done by tramway, and represent 147,000
passenger*km. As we will see, the situation of ¢hfferced) shifters also improved. Some 3,000 trips
that used to be done by car are now done by tramaayg they account for about 8,000
passenger*km. There are also some 1,000 trips ftyrdene by bicycle or two-wheelers, which are
now done by tramway. The people who undertake th68e000 trips by tramway all benefited from

the project.

What about the people who previously used carsrack$ on theMaréchaux boulevards? As
mentioned above, they accounted for 198,000 passtmg. After the tramway, about 59% of them
continue to drive omMaréchaux There was, in the entire Paris area (as a restiigher fuel prices,

and of the road space reduction conducted by th@aipality) a decline in auto usage, estimated by

* Some interviewees answered that they were notrtakiieg that trip before the tramway. This raiséeé t
question of a possible induced traffic. Most ofrthe as some of them mentioned although the questas not
explicitly asked - did not live in Paris, or in thaart of Paris, “before the tramway”. One has dosider that
tramway trips are short trips, and in many casel; a segment of a longer trip, i.e. accordinghe survey
about 70% of tramway users declared that they osedother transportation mode during their tripg] that
they concern an axis which was already serviced ggod bus line. The advantage of the tramway theebus
is real, as we shall see, but rather small, todlsma@enerate additional trips, particularly iretehort term. In
other words, we did not find evidence of induceaffic. Consequently the answers of those who were n
undertaking the trip before the tramway are igndnetiable 1.



the municipality at 5%. In the absence of the trayroject, car usage on thMaréchauxwould
have declined by that percentage. There is alsontbdal shift from car to tramway described above
that accounts for a 3.5% decline in car usage.aBumportant 33% of the 2003 car users, accounting

for 64,000 passenger*km, are missing.

Table 2 — Impact of the Tramway Project on Car Trafic

Before After After
(2003) (2007) (2007)
(in pkms) (in pkms) (in%)
On Maréchaux Bld 198,000 116,000 58.7%
Overall Paris traffic decline 10,000 5.0%
Shift to tramway 8,000 4.0%
Missing 64,000 32.3%

Source Authors calculations

Some of these 64.000 passenger*km were merelyrediendl, generating a decline in mobility. Other

continue to be done by car, on other roads. Asctibion Figure 1, one obvious candidate for
alternative roads is the nearby and pard&liphérique Other candidates would be the streets more
or less parallel to thEs axis. But there are not many such streets, and ofidkem are quite narrow.

A significant additional increase in usage could he absorbed without very serious episodes of
congestion — that would induce users to tBEeiphériqueinstead. For the needs of the analysis, we
will consider that these missing passenger*km ake carried out on thEériphérique Figure 2 helps

understand and estimate these changes.

Figure 2 — Behaviour of the Car Users oMaréchauxBoulevards

Unit price A

»

passenger*km or vehicle*km

Curves Qand Q are classical road usage cost curves as a funatimmad usage: when the density of
cars increases, speed declines, time spent insteasd cost increases. Curveg @escribes the
situation on theVlaréchauxboulevards before the project; curve &ter the project. Because road

space was reduced, @ to the left of @; congestion increased, and for a given humbears, speed
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is lower. D is the demand curve for thlaréchauxusage. Before the project, there was an equitibriu
in A, at a price, or cost,,P After the project, there could be an equilibritnmmA’. This equilibrium,
however, ignores the possibility of alternativetesu UtilizingPériphériquehas a cost JRobviously
higher than B otherwise car users would have used it rather Meréchauxbefore the project). After
the project, the demand curve becomgSIR It intersects with cost curve,@ B. Before the project,
there were Qcars onMaréchaux(198,000 passenger*km). After, there argd@rs onMaréchaux
(116,000 passenger*km). The difference corresptmttips which are eliminated ¢€Q.) and to trips
which are now undertaken on tRériphérique(Q.-Qy). For the sake of simplicity, and because the
numbers involved are relatively small, we have igddn this graphical presentation the shift fraan ¢
to tramway and the overall decline in car usagBadris : they could easily be introduced as a siift

the demand curve to the left.

To go further, we need to allocate the 64,000 paggekm missing (@Qy) between trips eliminated
(Q+Q.), and trips shifted t@ériphérique(Q.-Qy). This can be done by considering the triangle CAF
Qs-Q., or FA, the number of trips eliminated, is a fuoctthe elasticitye of the demand curve D, and
of the relative price increaseyP.)/P,: FA=*CF*Q.. Annex A explains in more detail the values of
retained, and the procedure used to estimate GRalém 0.102 € per passenger*km), andeQual to
0.602 € per passenger*km). With a demand elastiditf).4, the number of passenger*km eliminated
QsQ. is equal to 5,175. With a demand elasticity o2& is equal to 10,350. We will assume it to be
around 10,000 passenger*km. This implies that tinaber of car trips shifted ont®ériphériqueis
54,000 passenger*kinTable 3 synthesizes the changes in transportgtigterns on theéG axis

induced by the tramway project.

One sees that the project inducex):ifnportant intra-modal transfers in public tranggérom bus and
subway to tramway),bj a very limited modal shift from cars to publi@atisport, andc) important
route transfers for cars. The increase in the supplpublic transport did not induce a significant
increase in public transport usage. The overalliliplon the IG axis recorded a reduction of a little

less than 5%. We can now estimate the various hereld costs associated with these changes.

® This assumption is supported by two argumentst,Riccording to Koning'’s calculations (2010) baseda
data set provided by Observatory of Movements ef Raris Municipality, the travel speed on the ratgv
section of thePériphérique i.e. the south part adjacent to the tramway (e Figure 1), decreased by 10%
between 2000 and 2007 (37.9 km/h and 33.9 km/hlewthée decrease is equal to 5% on the eRéegphérique
(45.9 km/h and 43.5 km/h). This does not quite prdwt suggests strongly, in the absence of otlasible
explanations, a cause-effect relationship. Secorady witnesses of the public hearing on the extenef the
tramway toPorte de la Chapellgestified their fears to see an analogous shdteiasing the congestion on
EasterrPériphérique (http://cpdp.debatpublic.fr/cpdp-extension-traarig/debat/debat-public.html).



Table 3 — Movements on théG axis, by Transportation Modes Before and After theProject

Before (2003) After (2007) Difference Consequence
(pkms/day) (pkms/day) (pkms/day)

Public transportation
Subway M M-98,000 Decongestion
Bus & tramway 147,000 256,000 A surplus
Total public transportation M+147,000 M+158,000 1140006

Private cars and trucks
Maréchauxbvds 198,000 116,000 A surplus
Périphérique(ring road) P P+54,000 Congestion
Total private cars P+198,000 P+170,000 28000

Grand total P+M+345,000 P+M+328,000 -17,000

Note 28,000 formerly by car plus 3,000 formerly by biayend two-wheeler8This difference is equal to the
8,000 passenger*km now done by tramway, plus the@0DO passenger*km eliminated by the overall
transportation policy of the municipality, plus th@,000 passenger*km corresponding to the deatimadbility.

Section 3. Welfare gains and losses of travellers the IG axis

3.1. Welfare gains of public transport users

The first benefits to consider are those of tramwagrs, or more exactly of public transport users.
They are represented in Figure 3 where AB is thelipuransport demand on tH& axis. The
situation before the tramway is indicated by pdintith Q, equal to 144,000 passenger*km, an@P
unit price we need not know. The situation after tftamway is indicated by point B, with, @qual to
256,000 passenger*km and a unit prige Po say that the tramway is better than the buwis
recognize that P< P, By how much? The improvement of the public tramssupply, i.e. the

substitution of the bus by the tramway, has twoaatkges: it saves time and it improves comfort.

It is relatively easy to estimate the change ipkisrgenerated by time savings. It is represenyatid
P,ABP, area in Figure 3. Speed increased from 16 km/hb(is) to 18 km/h (by tramwayhich
corresponds to 0.317 minute saved per passengef®knthe other hand, waiting times have slightly
increased. There was on average a bus every 3lanjrthere is now a tramway every 4 minutes. For
a trip of 2.56 km, the corresponding loss of timedil0 minute per passenger*km. On the whole,
therefore the time gain is 0.217 minute per passekm. The official value of time is 10.2 €/hdur
With Q, = 144,000 passenger*km;, ©256,000 passengertkm, and PaPb = 0.037 € peemgeskm,

the RABP, area is equal to about 7,384 € per day. By cogr@sb days a year (there are about as

many users on weekends as on week days), we Gh&trM<€ per year.

®18 km/h is the number given by Cour des Comptes@p, the authoritative Court of Accounts. It isvir than
the 20 km/h originally planned.

" This number is updated from the Ministry of Tramspnstruction-cadre relative aux méthodes d’évaluatio
économique des grands projets d’infrastructuresrdasports March 25, 2004.
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Figure 3 — Welfare Gains of Public Transport Users

Price (€/pkm) A

a PP A
b P B
O Q Q Qua?tity (pkm)

It is much more difficult to estimate the benefitse to the better comfort of the tramway, i.e. drett

seats, vehicles and station’s design. Technical amadlemic reports (TCRP 2003; Wardman 2001;
Mackett and al. 2004; Litman 2007) stress the ingrare of qualitative features offered by public
transport. They contribute to decrease the “peecknost” of transportation by improving the “urban
commute experience” (Li 2003). Taking in consideratsuch attributes would necessitate complex
and expensive contingent evaluations of the witiegs to pay for increased comfort (or reduced
discomfort). However, one cannot neglect these fiisng/e will thus make the assumption that they
are similar to the time-savings (Litman 20Q7yvhile noting the very fragile character of this

assumption. Comfort gains are therefore equal tgpraviously calculated benefit of 2.69 M€ a year.

3.2. Welfare losses of car users

The welfare loss of car users has three compon@)tthe loss of time of they,@ar users who remain
on Maréchauxbut do not drive as fast as before, which is regmeed by area,BEP, on Figure 2; (b)
the additional cost imposed upon the-@ car users who now drive dRériphérique,which is
represented by area BCFE; (c) the welfare lose®{}-Q, former car users who no longer travel by
car, and which is represented by area CAF. In otloeds, the welfare loss of car users is repregente
by RCAP,in Figure 1. With RP, = 0.102 €/passenger*km, Qc = 178,000 passengerakh,Qa =
188,000 passenger*km, this welfare loss is equaBt@00 € per day, and 6.72 M € per year.

This number is an underestimate, because it ignooesmercial vehicles which represent 18% of
vehicles (Bilan des déplacements 2004) and havach migher (2-3 times higher) value of time than

passenger vehicles. It can be calculated that dakito account this reality would inflate the

8 Litman (2007) offers a review of studies relatedhe qualitative attributes of public transpontsi do their
valorizations. He concludes that the welfare gaissociated with qualitative improvements in the ligub
transports supply may reach the same order of maimias those associated with an increase in #ffictr
speed.
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associated welfare loss by some 25%. To be onatfieestde, we will not do it, but emphasize that our

numbers are prudent underestimates.

3.4. Congestion externality on the périphérique

The Périphériqueis a crowded road or rather highway. An additionahicle slows down traffic,
affecting all vehicles, and causing a marginal cbstongestion, which is an externality. As diseass
above, there are good reasons to believe that rdrewlay project shifted an estimated 42,300
vehicle*km (or 54,000 passenger*km) frdaréchauxto Périphérique thus creating an externality

that must be estimated.

A much utilized estimate (by, for instance the F@an Commission, of the French Institute of the
Environment.2004, p. 94) of the marginal cost afd@ongestion comes from INFRAS (2000). It is
estimated to be 2.70 €/vehicle*km in the case d#nsé traffic and 3.10 €/vkm in case ofrue
congestioh Périphériqueis a least an example ofiénsé traffic. Applying the corresponding value
to the 42,300 additional vehicle*km, produces atemality of 114,210 €/day, or 43.62 M€ a year.
However, this INFRAS estimate is probably somewdeiggerated. In addition, it uses one single
marginal cost, whereas this cost varies greatly asction of traffic conditions. We prefer to use
methodology developed to assess congestion coftérgghériqueby Prud’homme and Sun (2000) or
Koning (2010).

For 2007, we use a set of approximately 25,000rebsens relating to traffic speed and density for

the relevant section dPériphériqgue A simple regression produces an equation desgikbiaffic

speed (s) as a function of the density (q) onghisicular road:

s(q) = 85.3 - 0.264*q R2=0.73
(0.001) (0.140)

Driving one km has a cost in morignd time 1(q) which is a function of density:

I(q) =p+ 10,2*1.3/ s(q)

The marginal cost of road congestion caused byehg&le*km is the derivative of I(q) multiplied by

the number of affected vehicles, i.e. the density :

Cm(q) = 3.5*q/(85.3 - 0.264*q)

°p is the money cost of driving one km (this numisenat utilized here) ; 10.2 is the hourly valudiofe ; 1.3
is the vehicle occupancy rate.
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This cost is shown in Annex B. It varies considératith density (q) and the associated speed. It is
low, almost negligible, when speed is higher th@rk®/h (0.1 €/vehicle*km), but can be very high at
low speeds (18 €/vehicle*km for a 7.5 km/h trafmeed).

The data used in Koning (2010) provides us withdis¢ribution of traffic (on the relevant sectioh o
Périphériqug by speed classes. The preceding equation makmsssible to calculate the marginal
cost of road congestion for each speed class. keagsume that the vehicle*km shifted from
Maréchauxto Périphériqueare distributed between speed classes like ordipariphériquetraffic.

For each speed class, we multiply the marginal estign cost by the number of shifted vehicle*km.
Adding for all speed classes gives us the cogt@fcbngestion caused by the tramway project, which
is equal to 30.0 M&.

3.5. Loss of time for vehicles entering and leaWagis

Most of the radials used by cars to enter and |€aresare perpendicular tMaréchaux and thus to
the tramway line. These intersections are regulétedraffic lights. Unlike the previous buses it
replaces, the tramway enjoys priority at thesersatetions. When the tramway arrives, red lights go
on for cars on the radials, and they wait for tlaentvay to pass by. Cars and their passengers suffer

time loss.

According to EGT(2002), the number of Parés suburbs car trips was 1.63 M per day in 2001. The
tramway line studied here accounts for about atquaf theMaréchaux One can estimate that about
one quarter of incoming and outgoing passengers4@7,000 per day, are crossing the tramway line.
We measured the average waiting time imposed bytrdveway, and found it to be 20 seconds
(=1/180 of hour). Given that the frequency of th@nrway is 3.5 minutes (210 seconds), we can
calculate that the probability of being stoppedpproximately 1/10. This figure must be doubled to
take into account the fact that the tramway citadan the two directions. The slow-down thus

concerns 81,400 travellers per day. The valuemfssociated time loss is therefore 1.83a@ar.

3.6. Subway decongestion externality

As indicated in Tables 1 and 3, subway usage deedehy 98,000 passenger*km as a result of the
tramway. The subway is often crowded and congesiéis reduction in patronage decreased
congestion costs in the subway. What happens irstibevay is the opposite of what happens on
périphériqgue Unfortunately, this benefit is difficult to estate. There are a number of studies that

discuss, mostly in a qualitative fashion, the intpaxd public transport crowding on stress and welfa

19 The details of calculation can be found in Annex B
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(Wener, Evans and Boately 2005; Cox, Houdmont anmidfité 2006), but very few that offer
functions relating benefits (or costs, or willingseo pay) to density or congestion, making it {ixss
to quantify the welfare impact of a reduction inngestion (Armelius 2006; Litman 2007). We

nevertheless tried the following two approaches.

Litman (2007, p.11) advances a time elasticityahfort of -0.4. When patronage (and the associated
congestion) increases by 10%, comfort (measuretdwvillingness to pay in time) decreases by 4%.
98,000 passenger*km per day represents an apprexidnd% decrease in subway patronage(RATP
2008). Thus, assuming that the Litman estimateal& for the Paris subway (a somewhat heroic
assumption, admittedly), this reduction of subwayrgnage generates an improvement in comfort
equal to 0.2 % of the value of the time spent exgdhbway. Knowing that the time spent in the subway
is approximately 280 Mh a year, the reduction &f%. in subway patronage results in a comfort gain
equal to 0.560 Mh, or 5.71 M€ a year.

Prud’hommeet al (2011, forthcoming) conducted in the Paris subwagontingent analysis on a
sample of about 700 passengers aimed at producimgciion relating the willingness to pay for
travelling in non-congested conditions to congestevels, with a view to estimate a marginal cost
(and benefit) of congestion (decongestion). Themedé of the marginal benefit of congestion arrived
at is (in euros per trip): 0.68*d, with d the déysneasured in number of people per square meter.
98,000 passenger*km are generated by 38,000 Wjib. an average density in the Paris subway of
1", the benefit of subway decongestion caused bpribject is 9.43 M€.

Both approaches are fragile and tentative. The eusnihey produce are somewhat different, but both
are high, and suggest that subway decongestionfiteenee an important component of the cost-

benefit analysis of the project under study.

Section 4. Environmental impacts of the tramway prect

The tramway project has five distinct impacts conicgy CO2 emissions. Two are positive. They
come from the replacement of buses by a tramway fanch very modest amount, from the modal
shift from cars to tramway. Two others are negatiMeey come from the lengthening of some car

trips, and from the reduction in the speed of cén sign of the last impact, generated by theimecl

1 This average density is obtained by dividing thenher of passenger*km in the subway in 2007 (6 36y
the number of square meter*km offered (6,600 khjs number itself is obtained by dividing the gasity
offered » (26,4000 M) by 4, since this capacitgipressed on the basis of 4 passengers/square;Adtthis
numbers are from RATP. 2008tatistiques annuelles 20Q7p.17-18.
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in mobility, is unknown. It is necessary to try neeasure these effects. To do this, it is helpful to

consider first the link between traffic speed ar@2@Emissions.

4.1. CO2 emissions-speed function

Fuel consumption is a function of speed. It isnité when speed is zero and decreases regularly whe
speed increases, up to 40-50 km/h. It stagnates Ibleéveen 40-50 km/h and 90-100 km/h and
increases again beyond this limit. The graph pteseim Figure 4, which comes from the web-site of

the Department of the Energy of the United-Stathews it clearly:

Figure 4 — Fuel Consumption as a Function of Traffi Speed

Vehicle Speed vs. Fuel Consumption

o // \\
V4
/

Fuel Consumption fmpg)

5 15 25 35 45 55 65 s

Speed (mph)

Kansas Energy Chart Boca, Chapter 10 Source: US. Department af Energy web SEe. NEp: e s S conomy gowTeg anves-anits. st

Sourcewww.fueleconomy.gov/feg/drive-Habits.shtml

Note Fuel consumption is measured in miles per galldns explains the inverted form relative to a drap
expressed in liters per kilometer. We have seardhgithout any success) such a graph on the web-site
French institutions such as ADEME, the MinistryFifiance (energy) dnstitut Francais du Pétrole

It is easy to determine the function relating faehsumption and speed for speeds lower than 30
miles/h, i.e. 50 km/h, by considering two pointse fpoint where the curve cuts the y-&and the
point that corresponds to a speed of 30 miles/fiolor speeds higher than 30 miles, fuel
consumption is constant, at least in urban areasevipeeds are always below 60 miles/h. Once this
function is written, one multiplies it by the COgissions associated with a fuel consumption of one

litre (= 2.35 kg}* to obtain the relationship between CO2 emissionkg/km) and speeds (in km/h)

For s<50 km/h: CO2(s) = 0.624 — 0.00925*s

12 At a speed of 5 miles/h (8.04 km/h) correspondiseh consumption of 10 miles/gallon (0.23 litre/krithe
function is broadly linear between these two points

13 At a speed of 30 miles/h (48.27 km/h) correspanftlgel consumption of 30 miles/gallon (0.078 litken)

4 We do not have found any similar equation forEhench case. But Renaut communicated to us thatbizn
areas, passing from 10 km/h to 20 km/h induced $agings of 25%. Our estimate results in a 17% $aging,
which is not very different.
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For s>50 km/h: COZ2(s) =0.16

4.2. Impact on CO2 emissions of the eliminatiobusfes

The frequency of the eliminated buses was 17 bpsesour at peak times. By liberally counting 18
peak hours, there were 306 buses per day, ridihj72hus*kilometres on this axis (of 7.9 km).
According to Statistiques Annuelle.32) of RATP, buses consume 0.567 litres of diedeper
bus*km. The buses eliminated consumed 1,370 lifatiesel oil and emitted 3.%2tons of CO2 per
day, or 1175 tons of CO2 per year. Assuming thattthmway operates with nuclear electricity with

zero CO2 emissions, a somewhat generous assumipganges these emissions.

4.3 Impact on CO2 emissions of modal shift

The tramway induced a modal shift of 8.000 passgkgewho shifted from car to tramway. This
corresponds to 6,154 fewer vehicle*km daily drivBg.postulating a traffic speed of 20 krif/before

the project, i.e. a CO2 emission of 0.439 kg/knesthvehicles emitted 2.87 tons of CO2 per day, or

1035 tons per year on tharéchaux They no longer do.

4.4 Impact on CO2 emissions of reduced speed foairéng vehicles on Maréchaux

The 36% reduction in the number of cars usingvlaeéchauxcan only be explained by an increase in
the usage cost of thdaréchauxcaused by a decline in speed on that road - amtel, as explained

in Section 2, by the cost of a detour Bgriphérique This cost was estimated to be 2.4 minutes per
trip. Assuming a before-project speed of 20 ks theans an after-project speed of 16.7 km/h - a
17% decline. The equation of CO2 as a functionpefesl indicates that this implies an increase in
CO2 emissions of 27 g/vehicle*km. The product ab thifference by the number of vehicle*km
remaining onMaréchaux(89,500 vehicle*km) yields an increase in CO2 ainiss of 2.5 tons per
day, or 900 tons per year. Taking into accountrtheeh higher emissions of commercial vehicles

would significantly increase this number.

4.5 Impact on CO2 emissions of longer trips viaRigephérique

Vehicles that abandonddaréchauxfor Périphériquetravel at least 800 meters more than before.
Some certainly travel much more. As a result, tbegsume more fuel and emit more CO2. This
concerns about 43,000 vehicle*km per day. Assuraim@verage trip length of 4 km, this is the case
of 10,275 trips. Each is now 0.8 km longer becatsesesPériphérique This means an additional
8,460 vehicle*km. With per km CO2 emissions of @4&8/km (corresponding to a speed of 20 km/h)

!> The consumption of a litre of diesel oil emits2Ky of CO2.

' The recorded speed is « 16-18 km/h » ; but théedpakes into account stops at traffic lightse;speed used
in the CO2 emissions as a function of speed ispleed at which cars drive when they move, andgisdnithat
the speed with stops at traffic lights.
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and 365 days, this means an additional CO2 emisgidrB856 tons. This is an underestimate because

it ignores the more important CO2 emissions of cenunal vehicles.

4.6. Impact on CO2 emissions of increased congestidPériphérique

The main environmental impact of the tramway projeames from increased congestion on the
Périphériquecaused by cars transferred froilaréchaux These additional vehicles slow down all the
cars travelling orPériphériqueand thus increase the emissions of all these leshithis phenomenon

is merely the CO2 consequence of the congestiarreadity studied previously.

This consequence can be calculated with a goodspyecWe have:

CO2 =1(s) =n+p*v  (with A = 0.624 andgh = -0.00925)
s = g(q) =a+p*q (with a = 85.3 ang = -0.264)

This gives us:
COZ =h(g) =+ a+ pu* f*q

The marginal emission (CO2M), which is the addiglbguantity of CO2 caused by one vehicle added
to density q, is the derivative of this functionltiplied by g:

CO2M = h'(gQ)*q =p*p*q = 0.0024*q

It is easy to calculate the marginal CO2 emissionefach speed class and the associated density.
Then, one has to multiply this marginal emissiontty number of additional vehicles in the speed
class and to sum'lt With 42,300 vehicle*km displaced each day, théuntion of speed on the

périphériquecauses a surplus in CO2 emission of 8.4 tons ggrat 3,066 tons per year.

4.7. Impact on CO2 emissions of mobility reduction

A number of people travelling on th@& axis by car no longer travel at all on that aKishey were all
staying home, this would reduce CO2 emissions.itButist be feared that these people have replaced
their trips on thdG axis by other types of trips, particularly subtimksuburb trips, and that these new
trips are longer, and therefore more CO2 producthgn the trips initially undertaken. We will

therefore ignore this impact.

" These calculations are presented in Annex B.
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Table 4 — Impacts of the Project on CO2 Emissions

(in tons of CO2 per year)

Before After Variation
Elimination of buses 1175 Zero -1,175
Modal shift 1,035 Zero -1,035
Decrease in speed on tharéchaux 14,144 15,046 +960
Longer car trips vid@ériphérique Zero 1,356 +1,356
Increase congestion dtériphérique +3,066
Total + 3,112

Source authors’ calculations
Note ®These numbers are underestimate because they tkedhto account the greater emissions of
commercial vehicles

Table 4 shows the various envirnomental impactthefproject. Nonetheless engines are greener in
2007, let us assume all other things equal thatttaeaway contributes to an increase in CO2
emissions by more than 3,000 tons per year. Byniatha conventional value of 25 € per ton, one
obtains a cost of less than 0.1 M€ per year. Timeumt is rather negligible when compared with the

other profits and costs of the project.

Section 5. Socio-Economic Evaluation of the Project

5.1. Investment and operational costs of the ptojec

Available information on the monetary costs asdediavith theproject is scarce. One has only the
ante costs envisioned in the official preliminary Pablnquiry: 341.8 M€ for the initial investment
and 43.9 M€ for the exploitation of the tramwaypEKence suggests thaxt postcosts are likely to be
appreciably higher (Flyvbjerg et al. 2002). HoweVet us suppose that this project was an exception
and that the effective cost is what had been gaied. The project is entirely financed with budgget
funds, and it is appropriate in the framework afosts-benefits analysis to multiply this expenditur
by the opportunity cost of the public funds offitydixed at 1.3 in France (Commissariat Géneral du
Plan 2005). There is thus an initial investmend48.3 M€.

For the operating costs, we are only interestatiendifference between the cost of the buses and th
cost of the tramway, since the marginal cost (cérapon) of a subway trips is close to zero. The
operating costs of buses are not publiststatistigues Annuellesf the RATP give an average

operating cost by trip, for all trips (includinglsmay and bus trips): 1.07 €/trip. The removed buse
accounted for 55,000 trips per day. This would ssgdhat operating costs for the bus line were
approximately equal to 17.78 M€ per year. If théenge unit cost were applied to the tramway, its
operational costs would be 74% higher (a sur-cb4t30M€). But there are good reasons to believe

that unit tram costs are lower than unit bus coate. will assume that the operating cost of the
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tramway is equal that of the buses, in spite ofritcseased patronage, and consider that there is no

operating cost burden.

Users’ payments are hardly affected by the intradooof the tramway. In fact, the large majority of
tramway users paid already the same amount beifotiee form of bus or subway tickets. However, it
was seen that the tramway attracted 4,300 newpapslay. If they all paid the average user payment
of 0.64 €/trig® that would increase the receipts of the RATP 99 M€ per year. Actually, many of
these users benefit from a transport pass andth@gkEamway at a zero marginal price. To be on the
safe side, we will nevertheless assume that tHgyaglthe full price, but it should be clear thaitstis

a serious over estimate (on a relatively small artjou

5.2. Economic appraisal of the project

Table 5 presents the various components of our cgnimnappraisal. They relate to the changes
induced by the project with reference to theantesituation (defined by the bus line and theante
road system). Some of these estimates are morataimcéhan others. Three in particular must be
considered fragile: the comfort gains generatedheytramway, the subway decongestion benefits,
and the time lost by vehicles entering or leaviagi$? In these cases, available data does not ihake
possible to produce very solid figures. We couldeheefrained from giving the estimates arrived at,
but considered that imperfect estimates were b#tter no estimates: we are dealing with very real

impacts that it is necessary to identify, discassl try to measure.

From a socio-economic point of view, the projeqbegrs to fare badly. Not only did it require a majo
investment, but its yearly costs are greater tkmyaarly benefits. We are not able to calculate an
Internal Rate of Return for the project since thawes not exist any discount rate that could egeali
the sum of the negative yearly cash-flows. Letapeat for non-specialists that this is not a mater
financial flows, but of social, economic and enwimental resources. The Net Present Value of the
project, calculated with the official rate of 4%emB80 years (Commissariat Général du Plan, 2005) is
868 ME (with the lower estimate of the subway de@stion benefits) or -806 M€ (with the higher

estimate). These are estimates of the resourcdasduag the project.

Another way to present our findings is to “annuglithe investment cost, and to add it to the yearly
costs and benefits. The annual cost of the invattiseequal to the opportunity cost of the capital
utilized plus its amortization. With an opportunigst of capital of 4% and an amortization peribd o

30 years, one obtains an annualized cost of capitaB2.58 M€. Added to the annual costs and

'8 This number is obtained by dividing total user pants for the entire RATP (including suburban buses
express trains (RER)) by total number of passen@at is for 2007, from RATFStatistiques Annuelles 2008
pp. 22 & 38.
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benefits of -26.56 M €, one obtains a total anmaat and benefit of -59.07; added to the annuakcos
and benefits of -22,84 (with the high estimate udvsay decongestion benefits), the total annual cost

and benefit of the projects remains negative, a5 ME€.

Table 5 — Costs and Benefits of the Project

Initial Yearly
(M€) (M€)
Initial investment -444.34
Operating costs pm
Variation operator surplus (additional income) 1.00
Variation public transport users surplus:
Time savings +2.69
Comfort gains +2.69
Decongestion of the subway +5.71 to +9.43
Variation car users surplus
Welfare loss of car users -6.72
Time loses of the vehicles entering Paris -1.83
Externalities
Additional congestion on thériphérique -30.00
Over-emissions of CO2 -0.10
Totals -444.34 -26.56 to -22.84

Sourcesauthors’ calculations.

It is important to note that many of the costs ftkegative variation in car user surplus, the cotges
externality, etc) are more a consequence of roatesmarrowing than of the tramway itself.
Tramways by themselves are not necessarily as db#usaanalysis make them appear. However, two

points can be made.

The first point is that the project was presente@ @oherent package, and it was explained thdt roa
narrowing was a necessary and integral part ofttaiaway project — which is why we assess it as an
integrated package. The second point is that theflte generated by the tramway itself (if we assum
that the costs borne by car users should be gnttkcated to the road narrowing component of the
project) are not sufficient to justify the heavywéstment made. These benefits amount to 12.09 to
15.81 M€, and cannot justify an investment of 444. Mihe net present value of the flow of costs and
benefits over a 30 years period with a social ohteturn of 4% is still negative, at -226 M€ arié4

M€ respectively.

This analysis is based on data for 2007 only. VWendit attempt to forecast possible changes in the
structure of trips in the next thirty years. Finstjs difficult to imagine that tramway usage cdul
greatly increase in the future. Mobility does notrease in Paris; as a matter of fact, it has bégun
decline. If it were to increase much, the supplyramway would have to increase, at a high cost; or
else congestion in the subway would develop, arld ivcongestion costs. Second, could the planned

completion of the tramway line along the 33 kmMidréchauxcreate some “network effects™? They
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would be limited by the fact that such network ef$edid exist with the bus line replaced (or to be
replaced) by the subway, which serviced the eMiaeéchaux Moreover, the time to complete a trip

from Pont de Garigliando Porte de la Chapell¢see Figure 1) will take 1h15 by tramway whilst 45
minutes by car through thiériphérique

Section 6. Conclusion

This research does not claim to be the last worthenappraisal of the Paris tramway. We noted a
number of theoretical and factual gaps. Bridgirenttwould make it possible to improve, and correct,

our estimates. They nevertheless appear suffigisstiust to allow some conclusions.

The tramway line, opened on tMaréchauxboulevards in December 2006, is an apparent ssicites
attracted the users of the bus line that it replaes well as a surprisingly large number of subway
users. These travellers benefit from the projdatytmove slightly more quickly than before, under
better conditions of comfort, and the decongestibthe subway improves the situation of a larger
number of people. These benefits represent, acaptdiour estimates, some 12-16 M€ per year. It is
interesting to note that the most important bensfibway decongestion, had not been planned and not

even envisaged.

In spite of that, the tramway did not induce argn#icant modal shift. Only about 3% of tramway
users were formerly travelling by car. This expecie throws an interesting light on the limits of

modal shift policies.

At the same time, the tramway was accompanied byngortant reduction of road space on
Maréchaux This increased road congestionMaréchauxand reduced traffic by approximately 40%.
Despite the improvement in the supply of publiag@ort and this worsening of driving conditions,
car users did not give up their car for the tramvi@rere did they go? Some are discouraged and do
not travel any more on the axis considered. Mosthein are now on roadways parallel to the
Maréchaux,particularly on the nearblériphérique Here is the rub. By doing so, they use longer
routes and they waste time compared to the fortheat®n. But the worst consequence of the project
is most probably increased congestionR#riphériqgue An additional vehicle on this major artery
slows down its whole traffic and generates an ingydrcongestion externality, estimated at about 30

M€ per year.

The project cannot be saved by environmental besnéefhe substitution of diesel oil buses by an
electric tramway does reduce CO2 emissions. So theeseduction of car traffic on Maréchaux. So

does the minute modal shift. But lower speeds anddr car trips do increase CO2 emissions. The
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most important CO2 impact takes place on B&iphérique The cars that shifted t®ériphérique
slow down the massive flow of vehicles on that rgrteand increase the per vehicle*km CO2
emissions of all cars travelling éériphérique At the end of the day, after-project CO2 emissiare

greater than before-project CO2 emissions.

Tramways are fashionable. Buashion said Jean Cocteais, what gets out of fashitnin terms of
political economy, the project, however, is prolyabteresting for the municipality of Paris. Bertgfi
are mostly for the tramwaysers, who are predominantly (57%) Parisiansyaters. Costs are mostly
for the car users, who are predominantly suburbamnouters who do not vote in Paris. The
investment cost was borne mostly (85%) by the regiad the central government. The remainder was
paid out of municipal taxes which are mostly pajddnterprises, and relatively painless for Paris
municipality voters. The environmental balance égative, but not very visible. Fewer cars on
Maréchaux are more noticeable than more congestion Ramiphérique Tramways are “blind
commitments” according to Hensher (1999). This diiess explains why the tramwayoject had,
and keeps, the favour of Parisian elected officifilee current prolongation of the tramway on the
remainder oMaréchauk at an estimated cost of one billion euros raigéde opposition and will be

completed at the end of 2012.
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Annex A — Estimation of the Number of Vehicle*km Eiminated by the Project

The estimation of the number of car trips, or mamecisely of vehicle*km, eliminated by the project
refers to Figure 2 above. It is equal tg@, or FA, orAg. Let us calle the point elasticity of the
demand curve D in A. We have:
e=(Aa/a)/(Ap/p)
AQ=e*q* Ap/p
FA=e*Qa*(R,-P,)/P,

We already know Qa =152,300 vehicle*km per day.
To estimate R we need a value of time, the number of peoplepgerthe speed aviaréchauxbefore
the project, and the fixed cost of driving one Krhe official value of time for the Paris region fist

2007, fixed at 10.2 €/h (Ministere des Transpofi®4). The occupancy rate of cars is 1.3. Travel
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speeds oMaréchauxcan be estimated at 20 km/h. The fixed marginat obdriving one km, which

is basically the cost of the fuel needed, is edechéo be 0.12 €. We therefore have:

P, (in €/v*km) = 0.12 + (10.2*1.3)/20 = 0.783

Pb-Pa is the sur-cost generated by the detouPéigphérique This detour lengthens the trip by two
times 400 meters, or 0.8 km. At a speed of 20 kthik,causes a cost of 10.2€*1.3*0.8/20, of 0.530 €
Assuming a trip of 4 km, this is equal to 0.133e®hicle*km.

For the demand elasticity, Litman (2009) or Good{ti®92) propose values ranging between -0.6 and
-0.8. These elasticities, however, were calculdtedvhole trips. They are not appropriate for the
analysis of the movements daréchaux which often constitute only a segment of muchgkmtrips
(approximately two or three times longer). The dethanMaréchauxis consequently more inelastic,
relative to the price of driving that segement.isltthus advisable to retain a demand elasticity

significantly lower that the Litman or Goodwin estites. We retained an elasticity of -0.3.

We obtain: FA = @A, = 7,760 vehicle*km, or (by multiplying by the ogmancy rate) 10,000
passenger*km. These are the passenger*km which e eliminated. They represent about 16%
of the “missing” car passenger*km. The remainingoSdre undertaken by people who continue to use

their cars but oPériphériqueor parallel streets.

One can note that this result is not very sensttivthe elasticity retained. With an elasticity-0f2,

the share of passenger*km eliminated would be M#Ath -0.4, it would be 22%.
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Annex B - Additional Road congestion and Environmental Cost®n Périphérique

Classes Speed Distrib. Density uMCC Shifted MCC ACO CO02

0-5 25 0.4 314 175.636 158 27,719 0.785 124
5-10 7.5 3.2 295 18.337 1.363 24,999 0.738 1,006
10-15 12,5 6 276 6.177 2,556 15,791 0.691 1,765
15-20 17.5 5.1 257 2.935 2,159 6.336 0.643 1,388
20-25 22.5 4.5 238 1.645 1,920 3,158 0.596 1,144
25-30 27.5 4.6 219 1.013 1,943 1,969 0.548 1,065
30-35 325 3.6 200 0.663 1,527 1,012 0.501 765
35-40 375 2.6 181 0.451 1,098 495 0.453 498
40-45 42.5 2.1 162 0.314 885 278 0.406 359
45-50 47.5 2.2 143 0.222 937 208 0.359 336
50-55 52.5 2.9 124 0.158 1,243 196 0 0
55-60 57.5 5.6 105 0.111 2,382 266 0 0
60-65 62.5 9.6 86 0.077 4,074 315 0 0
65-70 67.5 14.9 67 0.052 6,303 326 0 0
70-75 725 18.3 48 0.032 7,753 250 0 0

> 75 85 14.2 0 0.000 6,006 0 0 0
Total/d. 100 42,308 83,319 8,452

Classes: speed classes (in km/h)

Speed: average speed of each speed class (km/h)

Distrib.: distribution, in % and for each speedsslaof the observed vehicle*km on the southern pért
Périphérique

Density: (veh/km), calculated trough the speed-gnslation g=(85.3 — s)/0.264

uMCc: unit marginal cost of congestion (€/vkm),ccaéated with Cm(q)=3.5*q/(85.3 + 0.264%q)

Shifted: number of vehicle*km per day shiftedRériphérique, allocated to each class prorata Distrib

MCC: marginal cost of congestion (€), product offted by uMCC

uCO2: unit marginal CO2 emissions (kg/vehicle*kmmdJculated with CO2M= 0.0024*q if speed < 50 km/h,
CO2M=0 otherwise

CO2: CO2 emissions (kg), product of Shifted by uCO2
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