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Abstract

The application of the urban simulation framework UrbanSim is interacted with the
transportation model MOSART to simulate road pricing scenarios in the Lyon Urban Area in
France. The reference scenario of transportation and land use simulation in 2000-2030 is
compared with four alternatives of mobility cost increase: the implementations of urban tolls
and distance based charging. The dynamics of spatial distribution of population, jobs,
residential development and housing prices is analyzed. The methodologies used in the
applied land use models are multinomial logit and OLS regression. We conclude that the
UrbanSim application in Lyon is capable to capture changes in transport policy on urban
development simulating these effects at geographical dimension.

Keywords: transportation-land use modeling, UrbanSim, transportation model, road pricing
scenario, mobility cost increase

1. Introduction

There is widespread acceptance that sustainability requires integrating decisions in land use,
transport and environment policy (Geerlings and Stead, 2003). Transportation-land use
models are powerful tools capable to simulate urban development in a holistic sense. Their
modeling potential is more and more widely exploited not only in academic research, but also
by decision-makers in practical policy evaluations. The last-decade literature on
transportation-land use modeling includes the comprehensive reviews of Wegener (2004),
Hunt et al. (2005), Chang (2006) and lacono et al. (2008).

Excessive reliance on static equilibrium assumptions with lack of path dependence in many
of existing modeling frameworks is criticized in Hunt et al. (2005). Simmonds et al. (2011)
classify urban change processes and show how the equilibrium approach fails to deal with
them; they consider quasi- or recursive dynamics as a rational trade-off between theory and
operationality. In France, where regulation in land use planning has crucial impact, it is
particularly important to apply dynamic modeling for simulation of long-term economic and
environmental consequences of major planning decisions made by public administration.

Transportation and land use patterns are assumed to mutually influence each other over
time. In modeling, this can be established with different relationships ranging from “linked” to
“loosely coupled” and “integrated” (see Kelly, 1994 and lacono et al., 2008). According to
Hunt et al. (2005), the term “integrated” means that “feedback exists between the transport
and urban activity systems, so that the short- and long-run interactions between transport
network performance and land development/location choice behavior are captured
appropriately within the model”.

We apply the Open Platform for Urban Simulation (OPUS) and the land use modeling
framework UrbanSim designed in the late 1990s at the University of Washington (Waddell,
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2002; Waddell et al., 2003). There are many operational applications of UrbanSim in the
U.S., European and other urban areas (e.g. Waddell et al., 2007; Borning et al., 2008; de
Palma et al., 2005; Felsenstein and Ashbel, 2010). Among the notable features of UrbanSim
is dynamic disequilibrium modeling approach with annual time increments (Hunt et al., 2005).
A highly disaggregate UrbanSim structure in comparison with other frameworks is
recognized in the literature (Hunt et al., 2005; lacono et al., 2008).

Transportation model is external in UrbanSim. There are the following recent examples of
integration of UrbanSim with transportation models: with the aggregated zone activity-based
travel model (Waddell et al., 2010) and with the disaggregated “agent-based” MATSim
(Nicolai et al., 2011).

In Lyon, the prototype UrbanSim application was gridcell-based with one gridcell per zone
(Patterson et al., 2010). After geographically-specific calibration, the municipal level of a
zone-based application has been chosen (Bonnafous et al., 2010) . At this geographical
level, the UrbanSim’s multinomial logit model of residential location choice provides the best
prediction comparable with an evenly split population growth, though neither the former nor
the latter method demonstrates convincing superiority. The former model however is
potentially capable to capture the effects of transportation system on land use attributes and
vice versa. In the current study, we analyze policy scenarios with UrbanSim models at the
selected geographical level of municipalities.

Our land use simulation at the 2030 time horizon is focused on the dynamics of spatial
distribution of households, jobs, residential development and housing prices. The four-step
transportation model, external to UrbanSim, is provided by the MOSART platform, see
Section 3. While in the reference scenario simulation, the transportation-land use interaction
takes place without major changes in transportation system, the alternative scenarios
capture the effects of the implementations of three versions of urban tolls and a dramatic
petrol price increase. The aim of our paper is to evaluate the interaction between the
UrbanSim application and MOSART and its capability to simulate different scenarios of
mobility cost increase. A possibility to select one or another policy scenario knowing the
simulated long-term consequences contributes to sustainability in urban planning and
development. The spatial dynamics of urban development is analyzed applying the already
calibrated modeling tool. As the study is about simulation of future development, historical
validation is impossible, and sensitivity analysis is focused instead, as in Waddell et al.
(2007), who incorporate UrbanSim in the U.S. metropolitan transportation planning.

The next two sections are about MOSART and the Lyon UrbanSim application. Section 4 is
devoted to the details of the reference scenario. The alternative scenarios are described in
Section 5. The final section concludes.

2. Accessibility: the key attribute

The MOSART platform is exploited to compute accessibility index. MOSART, a French
acronym for Modeling and Simulating Accessibility to Networks and Territories, is a decision-
making tool in terms of mobility. This accessibility-based project aims to model and simulate
transport policies considering various networks (road, urban or interurban public transport
networks and bicycle rental network). This paper is focused on the accessibility by car, and
only the road network is presented (see Crozet et al., 2008 and Bonnafous et al., 2011 for a
detailed description).



Accessibility corresponds to accessibility from each of the 304 municipalities of the Lyon
Metropolitan Area to all jobs located on this metropolitan area. One of the interests of such a
modeling platform is to be designed using high-resolution land use data. A detailed land-use
job data set is associated to detailed transport road networks.

The road network, obtained from the NAVTEQ database, is composed by more than 90,000
nodes and 220,000 links. A detailed road section typology has been implemented to
characterize each link according to about 50 road types with length, capacity, maximum
speed and driving direction.

The four-stage transportation model is entirely developed in the VISUM software. In the field
of transport modeling, many operational and comprehensive transport modeling software are
developed. The use the VISUM model both by practitioners and researchers improves its
efficiency and usability. The 4-steps models developed in MOSART, with VISUM software. It
uses the sequential procedure (trip generation, trip distribution, modal choice and traffic
assignment) to forecast transportation demand. In MOSART, the forecast estimates road
traffic for each section using household demographics and socio-economic factors combined
with the road transport network. The MOSART “products” refer to road transport demand
(including road congestion level), travel time and accessibility (see Mercier and Stoiber, 2010
for details).

The peculiarity of this urban model is that traffic predications and assignment vary in different
periods of the day. Two periods are addressed: a peak period presents traffic between 7 and
10 a.m. according to the 2006 household trip survey, while an off-peak period corresponds to
an average daily traffic level, but only the former is used in the current study. The
accessibility index is calculated at zonal level as a gravity-based measure:

n
. = E . e_ﬂcij
A JZ:;' J (1)

where E; —number of jobs in zone j;

C; —generalized travel cost between zone i and zone j;

B — cost sensitivity parameter;

n — number of zones.
The travel cost is estimated as follows:

Cy =R +vly

where Pij — monetary cost;



v —value of time;

T; —travel time.

This potential accessibility measure with negative exponential function is the most often used
and also the most closely tied to travel behavior theory, though this measure has difficulty in
interpretation, and competition effects and temporal constraints are excluded (Handy and
Niemeier, 1997; Geurs and van Wee, 2004).

In this study, the accessibility measure (1) provides a link between transportation and land
use models and, as in Geurs and van Wee (2004), can be seen as an indicator for the impact
of both types of development on the functioning of the society in general.

Travel time is composed by in-vehicle time and two added “penalties”: an access-time from
origin to road network (time spent by individual to reach his car) and a final time from road
network to destination. Parking searching time is not yet integrated in our computations. In-
vehicle travel time is estimated between points on road network using a shortest path
algorithm. It includes congestion charges determined by a four-step model: trip generation
integrates population variation between different time periods. The access-time and final time
refer to a distance “as the crow flies” between each centroid and the closest road network
node on the basis of a 4 km/hour walking speed.

Travel time in (2) is weighted by a value of time. This value refers to the amount that a
traveler would be willing to pay in order to save time. In economic assessment it is used to
give a monetary value on time spent in transport system. In France, the value of time for
home-based work trips usually is calculated as v = 11.4 euro/hour independently from
transport mode.

Monetary cost P; in (2) is calculated as the sum of fixed (buy and parking costs) and variable

costs (fuel and maintenance costs), depending on distance. The cost of 0.49 euro/km is
applied in the reference scenario. A number of jobs by zone (i.e. municipality) is an
UrbanSim output. All jobs are considered without qualification level or sector distinction.

Accessibility measurement depends both on individual location and socio-economic
characteristics. Literature illustrates travel cost perception variations according to trip
purposes (Bonnafous and Masson, 2003) and/or socio-economic features (Johansson et al.,
2002). In MOSART, travel cost sensitivity is determined by gravity-based model calibration
for each trip purpose. The estimation based on the household trip survey 2006 gives a cost
sensitivity parameter 8 = 0.18 for home-to-work trips.

3. The UrbanSim application

The zone-based UrbanSim version 4.3.2 is used. The Lyon Urban Area with the 1999
population of 1.6 million inhabitants consists of 304 municipalities. The cities of Lyon and
Villeurbanne and the urbanized belt around them are named the Greater Lyon. Lyon and
Villeurbanne compose the central part of the urban area. Lyon consists of nine districts



(arrondissements), which are regarded in our study as municipalities. The available data
include a number of residential units and area covered by different land use types (water,
industry, etc.) in municipalities.

Data on population are available due to the last general census conducted in France in
1999. This is the base year in our dataset. In the available synthetic population 1999
based also on the household trip survey conducted in Lyon in 2006, there are 662,249
households. In the applied version of UrbanSim, each household lives in a building.
However, because of the lack of available data about buildings, in our application we
created one fictional building in each municipality. The average vacancy rate in
municipalities in the Lyon Urban Area is 10.4%.

For each household, there are data on the number of persons (1 to 11), number of
working persons, number of cars, age and income group. There are three income groups
of population. The low- and high-income groups are composed of the 20% households
with the lowest income and the 20% households with the highest income respectively.
The middle-income group includes households in the middle 60% of the income range.

The employment data 1999 in municipalities contain a number of jobs in the three
economic sectors: the mainly agricultural primary sector; the secondary sector (with
division between construction and other industries); and the tertiary sector (with division
between commercial and non-commercial jobs). Similarly to population density,
employment density is the highest in Lyon and Villeurbanne and, as a consequence of
centrifugal urban sprawl, is relatively high in the Greater Lyon.

Average housing prices per square meter in municipalities have been calculated using
prices of more than 10,000 apartments and houses sold in the Lyon Urban Area in 1997-
2008. Prices of individual properties have been recalculated partly to 1999 and partly to
1998 with price indices in order to have a hedonic model with a one-year price lag (for
details, see Kryvobokov et al.,, 2011). Individual prices represented as points are
interpolated to raster for estimating average values in municipalities.

The UrbanSim’s Household Location Choice Model (HLCM) and residential Real Estate
Price Model (REPM) are exploited. The HLCM specification included nineteen variables.
With the estimation year 1999, this model has been calibrated using the back-casting
period 2000-2005. In 2005, 93.3% of population distribution has been predicted with 10%
deviation (Bonnafous et al., 2010)*. The HLCM is a multinomial logit estimated with 10%
randomly selected households and with location alternatives (municipalities) weighted by
residential vacancy rate. With this weighted sampling strategy generating consistent, but
not fully efficient estimates (Ben-Akiva and Lerman, 1985), we obtained the adjusted
pseudo-R* of 36.9%, which seems to be reasonable for logit models of residential
location choice?.

! This is the validation result with nineteen variables under the assumption of no household relocation.
% De Palma et al. (2005) and Lee et al. (2010) obtain the pseudo-R* of 22% and 30%-36% respectively
with multinomial logit; Cho et al. (2008) report the range of 2% to 38% in their conditional logit models.



In case of multiple variables relating to detailed characteristics of households and land
use attributes, high multicollinearity between them creates noise, which overshadows the
effects of interaction with the transportation model. As a result, the consequences of the
influence of transport projects on land use are not significant.

Similarly to Nguyen-Luong (2011), who discusses the necessity to avoid the problems
with multicollinearity and spatial autocorrelation in UrbanSim models, in this study we
focus on model predictive capacity and no more on its explicability. The HLCM applied for
simulating transport policy scenarios includes only five variables (Table 1) that take into
account the core issues of the Alonso-Mills-Muth model (see e.g. Anas et al., 1998):
housing price and accessibility (which includes travel costs), as well as income groups
and car-ownership status. All the variables represent interactions between municipal land
use attributes and individual household characteristics. This model provides the
goodness-of-fit of 31.4%; thus, the decrease in the number of explanatory variables from
nineteen to five has diminished the performance by only 5.5%. The first three variables in
Table 1 are the interactions between the income group of household and average
housing price in municipality. Price negatively influences the utility of location for all
income groups, the absolute value of coefficient decreases when income increases. The
most significant estimate is that of the most numerous middle income group. Employment
accessibility index (described in Section 3) has 1.6 times higher utility for households
without a car. For motorized households, which compose 78.4%, the estimate of
employment accessibility is more significant.



Table 1. HLCM estimation

Coefficient
Variable
(t-value)
Log housing price if high income household -0.524 (-9.13)
Log housing price if middle income household -0.779 (-27.25)
Log housing price if low income household -1.101 (-25.17)
Log index of employment access if household has a car 1.309 (271.72)
Log index of employment access if household has no car 2.116 (165.89)

The REPM estimation is presented in Table 2. The adjusted R? of this ordinary least
square (OLS) regression is 93.5%. A one-year price lag is the most significant variable.
The main reason of its inclusion is an attempt to keep the simulated price dynamics more
similar to actual one. Employment accessibility, population and percentage of area
covered by water positively affect price. Vacant residential units and industrial area have
negative influence. Predictive capacity and sensitivity of the REPM to changes in housing
stock during simulation is analyzed in Kryvobokov et al. (2011).

Table 2. REPM estimation

Variable Coefficient
(t-value)
Constant 5.038 (48.40)
Log price lag 0.859 (54.07)
Log employment accessibility 0.031 (6.24)
Log vacant residential units -0.023 (-4.40)
Log population 0.018 (2.51)
Log industrial area, m* -0.002 (-3.66)
Log percent water 0.010 (3.03)

Due to the lack of data, residential units and jobs are yearly updated during simulation
with simple regression models. A number of residential units in 1999 is a linear OLS
regression function of number of households; its adjusted R? is 99.9%, see Table 3. In
simulation, a number of residential units in each municipality is updated with this
regression under the condition that this number is higher than in a previous year. We
should admit that in this case the path of real estate development does not correspond to
reality: it would be more logical to assume that developers respond to short-term changes
by initiating long-term projects, which can phase multiple years (Waddell, 2011). In the
Development Project Location Choice Model, represented by a regression function of
population growth, a several-year lag could be implemented provided the available data.
In the historical 1% and 4™ Lyon districts (Lyon 1 and Lyon 4) located between the two
rivers, there is no free space for new residential development, and new construction in
fact does not take place; therefore a number of residential units is not updated there.






Table 3. Regression functions updating residential units and jobs

Description of . . . Construction Commercial Non-commercial
. Residential units . . S
regression jobs jobs tertiary jobs
Constant -66.646 15.911 14.745 -
Coefficient for 1.147 - - -
households (481.27)
(t-value)
Coefficient for - 0.023 0.059 0.351
population (40.07) (32.33) (40.80)
(t-value)
Adjusted R? 0.999 0.841 0.775 0.843

The five groups of jobs are addressed individually during simulation. Taking into account
the actual data from INSEE® for 1999, 2006 and 2008, we assume that the number of
jobs in the primary sector and industry is not changed. For example, the illustration of
industrial jobs and population dynamics in the districts of Lyon and Villeurbanne (Figure
1, where the arrows begin in 1999 and end in 2006) in general does not demonstrate an
increase in the number of jobs when population increases. Construction jobs 2006 are
described with a linear regression of population with the adjusted R? of 0.84; in
comparison with 1999, the positive coefficient, the positive constant and the regression
performance are all increasing. Both the commercial and non-commercial job groups of
the tertiary sector are marginally better described by log-log regressions of population,
but have a negative constant, which could lead to negative estimations during simulation.
Therefore we apply linear functions, and in the latter case a model with zero constant is
used. Table 3 contains the regression equations for residential units and jobs in sectors.
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Figure 1. Industrial jobs and population dynamics in Lyon and Villeurbanne
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4. Reference scenario

As exogenous data, UrbanSim needs control totals for population for simulation period
and household relocation rate. We use the INSEE prediction of a number of households
in the Lyon Urban Area in 2000-2030. According to it, in 2030 there will be 2.1 million
inhabitants composing 865 thousand households.

Estimating our annual household relocation rate, we start with the annual percentage of
households changing accommaodation in 2000-2005, which is 7.6%. We subtract from it
the annual growth of the number of households (1.1%). According to the INSEE data,
annually the share of households, who change accommodation without changing
departement or municipality, in average composes 5% of total number of households. We
assume that half of them do not change municipality and thus subtract 2.5% from the
previously calculated rate. Thus, the annual household relocation rate in this study is
4.0%.

In the reference scenario, while population and jobs are updated, the same road network
and other parameters are used; the petrol price of 1.5 euro/liter is not changed either.
During simulation, employment accessibility indices are recalculated with MOSART three
times: in 2006, 2015 and 2025. In comparison with the scenario without updating
accessibility indices, the most visible difference is observed with real estate price, which
is growing almost everywhere with the 11% average increase by the end of the
simulation period.

We analyze the evolution of the following key attributes: employment access, population
density and housing price, see Table 4 for the base year and the final simulated year.
Employment densities in sectors are not included in the group, because in our model they
are functions of populations. The values of skew and kurtosis higher than the normality
thresholds of 2 and 7 respectively (West et al., 1995) are set in italic type. In 1999,
population density is an attribute, whose skew and kurtosis are higher than the normality
thresholds. With the reference scenario, in 2030 the attributes under question are
changed as follows. The mean of accessibility index is increased by 59%. Population
density in the fall of the simulation period is again non-normal, but its skew and kurtosis
are a bit lower than in the base year. Average housing price is increased by 89%, while
its maximum value in 2030 is more than five times higher than in 1999; moreover, skew
and kurtosis are dramatically increased indicating strong non-normality first and foremost
at the expense of rocketing prices in the central districts without residential development,
whose vacancy rates is only 1%.

Table 4. Descriptive statistics 1999 and 2030

Attribute Mean Minimum Maximum | Std. dev. Skew Kurtosis
Employment | 48,647.87 | 2,576.83 | 251,584.72 | 51,702.78 | 1.93 3.50
access, Index | 27 155 95 | 4,390.00 |352,714.99 | 76,063.97 | 1.72 258
Population 720.05 9.30 | 14451.85 | 187381 | 4.95 26.81
density  per| jg969 | 1031 | 2097278 | 2,881.62 | 4.84 25.89

square




kilometer

Housing price,
euro per

square meter

1,109.46
2,091.71

575.00
680.80

1,873.00
11,892.68

202.46
1,305.40

0.17
4.06

0.54
23.40

More details on the dynamics of housing price per square meter are provided in Table 5,
where the actual price index in Lyon and its closest suburbs, known till 2008, is used for
the back-casting analysis. In Table 5, average price in the Lyon Urban Area is reported
as well as prices in the two central districts of Lyon (Lyon 1 and Lyon 2). In the reference
scenario, during the first simulation decade, the average price is growing rather slowly.
This happens at the expense of a big number of smaller municipalities, mainly rural ones
located on the fringe. Moreover, the actual price index dynamics belongs to the
apartments located in the central part of the agglomeration and mainly concentrated in
Lyon and Villeurbanne. In comparison with the actual dynamics, the simulated prices
growth much faster in Lyon 1, where there is no new residential development, and slower

in Lyon 2, where there is no such constraint.

Table 5. Housing price dynamics

Actual Reference scenario
Year price

index Average | Lyon1l | Lyon2
1999 1.00 1.00 1.00 1.00
2000 1.04 1.03 1.01 1.01
2001 1.13 1.11 1.22 1.19
2002 1.23 1.19 1.48 1.35
2003 1.37 1.26 2.02 1.51
2004 1.67 1.33 2.63 1.66
2005 1.95 1.39 3.31 1.80
2006 2.21 1.44 4.03 1.92
2007 2.34 151 4.81 2.05
2008 242 1.57 5.08 2.16
2009 - 1.63 5.22 2.26
2010 - 1.67 531 2.35
2015 - 1.80 5.38 2.65
2020 - 1.86 5.46 2.81
2025 - 1.88 5.56 2.89
2030 - 1.89 5.54 2.95




5. Alternative scenarios

Increasing congestion in transportation network and the rise of energy prices are among
the main reasons contributing to a close attention to the linkage between transportation
and land use in research and practical applications in France (Delons et al., 2009). The
mentioned source contains a case study of an urban toll around Paris. The first urban
motorway toll in the Greater Lyon was opened outside Lyon in 1997. For a theoretical
analysis of its acceptability see Raux and Souche (2004).

Following the examples of London, Stockholm and Milan, a possibility to implement urban
toll became legal in France in summer 2010. The economic and social consequences of
its potential implementation in Paris and other big cities are a hot topic under discussion
by decision-makers and experts as well as broad public. Political aspects of urban toll
plans depend on the prospective changes in urban development and should take into
account not only overall benefits, but potential losers. Nowadays, it is hardly possible to
simulate such scenarios without a comprehensive transportation and land use modeling
tool. Lack of coordination on urban travel and land use policy can lead to serious
organizational problems and inefficiencies in provision of public services (Geerlings and
Stead, 2003).

Our alternative scenarios include the three versions of urban tolls: the area wide Lyon-
Villeurbanne, the cordon area Lyon-Villeurbanne and the cordon area the Greater Lyon.
In the first case, a daily fee is charged for any vehicle driving in a public road within the
congestion charge zone, regardless of how many times the cordon is crossed. The area
wide congestion pricing system occupies about 62 square kilometers. In the two cordon
area cases, a fee is charged to travel to the area whatever the origin of trip and the time
of the day. The fee is added to monetary cost in (2). In all the versions, a 10 euro fee is
charged starting from 2015. With the current French tutelary value of time of 11.4
euro/hour (Commissariat Général du Plan, 2001), this toll price can be compensated by
an estimated travel time gain of 53 minutes. Indisputably, this rather high fee is arbitrary
and is chosen for illustrative purpose: to clearly see the consequences of urban toll
implementation in a fifteen-year period.

In the fourth alternative scenario we simulate what could happen if fuel prices would
increase dramatically. It goes without saying that the realism of this scenario is supported
by the non-renewable nature of oil resources as well as political and economic instability
in many countries with natural deposits. In this scenario, the petrol price is equal to 1.5
euro/liter in 1999-2014, but increases to 3 euro/liter from 2015. With the fuel consumption
0.055 liter/km, the additional 1.5 euro/liter increases the monetary cost in (2) by 0.08
euro/km; therefore hereafter this scenario is called distance based charging.

The simulated scenarios are described below. The effects of the alternative scenarios on
population and housing prices are shown in Figures 2 and 3 respectively. As a
consequence of the implementation of the area wide toll Lyon-Villeurbanne, accessibility
indices within the area are dramatically, more than twice, decreased. Escaping the
expensive toll payments, population leaves Lyon, Villeurbanne and many municipalities
of the Greater Lyon located closer to the metropolitan core. The Lyon districts lose at
minimum 8% of population and at maximum 16% (Figure 2, a). There is practically no
difference between the income groups of households: all classes seek to avoid living in



the centre. The destinations of relocating population are more distant municipalities,
mainly outside the Greater Lyon. Some municipalities, which are rural nowadays, located
mainly in more than 20 km from the Lyon city centre, experience the unprecedented
population growth, up to 35% in comparison with the reference scenario. Housing prices
(Figure 3, a) dramatically decreases as well reaching their minimum (-37%) in the central
districts. Outside Lyon, Villeurbanne and several closest suburbs, real estate prices are
slightly decreasing in most municipalities. Modest growth is observed closer to the fringes
of the metropolitan area, especially in the east and the north, where some areas
experience significant price increase, up to 40%. In general, it is a catastrophic scenario.

The effect of the cordon area Lyon-Villeurbanne is double. On the one hand, inside the
area accessibility improves by 1-4%. On the other, outside Lyon and Villeurbanne the
consequence is negative everywhere. The most suffering municipalities are those
adjacent to the cordon area and their nearest neighbors. Here, accessibility decreases up
to 50%. The negative effect is decreasing almost concentrically. Population density within
the cordon area is largely increased (Figure 2, b) despite high housing prices (Figure 3,
b). In seven of nine districts of Lyon the relative population growth is 14%-21%. In Lyon 1
and Lyon 4, where no new residential units are constructed, there is no positive
demographic effect: the residential vacancy rate is almost zero and further population
growth is impossible. In these two districts, the lack of housing supply leads to increasing
demand and enormously high prices, reaching the relative growth of 73% in comparison
with the reference scenario (Figure 3, b). That is why the rich demonstrate here slightly
positive demographic dynamics (Figure 4, a), while the poor leave these two districts
(Figure 4, b). Population density in the first belt around the cordon area is dramatically
decreasing. Besides Lyon and Villeurbanne, the attractive locations are those outside the
Greater Lyon, where many distant areas experience positive relative price dynamics; this
effect is observed especially in the eastern direction.

When the toll cordon area covers the Greater Lyon, the overall effect is similar to the
previous case, but population growth in many municipalities in the more prosperous
western part of the suburban belt is higher than in its poorer eastern part (Figure 2, c).
Outside the cordon area, population found it cut from the most of working places and is
ready for relocation; the influence of this toll on population dynamics is stronger in the
western direction with its minimum of -55%. Thus, after the toll implementation, western
suburbs attract more people from the other side of the cordon area boundary. The
negative effect on housing prices outside the cordon area is more pronounced than in the
case of the toll Lyon-Villeurbanne, while within the area the prices have positive relative
dynamics, especially in the Lyon districts without construction activities, where the
relative growth reaches 37% (Figure 3, c).

The scenario of distance based charging has the geographical distribution of its effect
opposite to that of the first scenario: a significant share of population, up to 12%, leaves
more distant municipalities to move closer to the agglomeration centre (Figure 1, d).
Outside the Greater Lyon, there are several tens of municipalities, where population is
slightly increasing. Nevertheless, neither in the centre nor in the fringe the relative
population growth is higher that 10% at maximum. Housing price dynamics is negative
almost everywhere, with very few exceptions, among whom there are four Lyon districts
(Figure 2, d). Thus, urbanized areas are more resilient to petrol price increase than most
of rural locations.



For both predicted population and housing price, standard deviation is the highest in the
scenario of the toll cordon area the Greater Lyon. Among all the scenarios, even in the
most sensitive Lyon districts the 95% confidence intervals do not exceed 4.6% of
predicted values. To measure the effects of stochastic variation (see Krishnamurthy and
Kockelman, 2002 and Wegener, 2011), we simulate each scenario ten times with
different random number seeds. The overall average deviation and the average deviation
in Lyon and Villeurbanne are zeros in all the scenarios. Table 6 shows the extreme
deviations from the average for population and housing prices in Lyon and Villeurbanne.
High extremes for housing prices in the two toll cordon and the distance based charging
scenarios belong to the districts without residential development, where prices are
rocketing, while in other districts the extreme deviations are not higher than 0.01.

Table 6. Deviations from the average in repeated simulations

: Housin
Scenario Population price 9

Min Max | Min | Max
Reference -0.02 | 0.01 | -0.03 | 0.02
Toll area wide Lyon-Villeurbanne -0.02 | 0.02 | -0.01 | 0.02
Toll cordon Lyon-Villeurbanne -0.01 | 0.01 |-0.06 | 0.10
Toll cordon the greater Lyon -0.02 | 0.02 | -0.05 | 0.04
Distance based charging -0.01 | 0.01 | -0.05 | 0.07
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Figure 2. Relative differences between population in 2030, alternative scenarios and the
reference (alternative scenarios: toll area wide Lyon-Villeurbanne — a; toll cordon area
Lyon-Villeurbanne — b; toll cordon area the Greater Lyon — c; distance based charging d)
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Figure 3. Relative differences between housing prices in 2030, alternative scenarios and the
reference (alternative scenarios: toll area wide Lyon-Villeurbanne — a; toll cordon area Lyon-
Villeurbanne — b; toll cordon area the Greater Lyon — c; distance based charging d)
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Figure 4. Relative differences between population in income groups in 2030, toll cordon
area Lyon-Villeurbanne and the reference (rich population — a; poor population — b)

Sevéikova et al. (2007) have developed the Bayesian melding method for assessing
uncertainty in urban simulation. Measuring the effects of tearing down a viaduct in Seattle
with this method, Sevcikova et al. (2011) have obtained the confidence intervals of travel
times regarding to which the alternative point estimates do no always fall into. This
posterior distribution approach merits attention in future research.

Table 7 compares the effects of the four alternative scenarios on housing price index in
comparison with the reference scenario dynamics in the fifteen-year period. It is shown
the overall average and the values for Lyon 2, which is an example of a central district
without limitation for residential development. The overall effect of any urban toll on
housing price dynamics is negative. The negative consequences are more visible at the
end of the simulation period. For example, the average effect of the toll area wide Lyon-
Villeurbanne is zero in 2016, but decreases to -0.07 in 2030; moreover, in the same
period in the city centre, price dynamics decreases from -0.07 to -0.60. In comparison
with the toll cordon area Lyon-Villeurbanne, the toll cordon area the Greater Lyon leads
to more negative consequences in the overall housing price dynamics and a bit more
modest price growth in Lyon 2. Unsurprisingly, the distance based charging scenario
always diminishes housing prices on average as well as in the Lyon center.

Table 7. Changes in housing price index dynamics

Toll area wide Toll cordon area | Tollcordonarea | pistance based
Year Lyon-Villeurbanne | Lyon-Villeurbanne | the Greater Lyon charging
Average | Lyon 2 | Average | Lyon 2 | Average | Lyon 2 | Average | Lyon 2
2016 0.00 -0.07 -0.01 +0.01 -0.03 +0.01 -0.02 0.00
2018 -0.02 -0.20 -0.03 +0.03 -0.09 +0.01 -0.05 -0.01
2020 -0.03 -0.30 -0.03 +0.04 -0.12 +0.02 -0.07 -0.02
2022 -0.04 -0.38 -0.05 +0.04 -0.15 +0.02 -0.08 -0.03
2024 -0.05 -0.45 -0.05 +0.04 -0.16 +0.02 -0.09 -0.03
2026 -0.06 -0.51 -0.06 +0.04 -0.19 +0.02 -0.11 -0.04
2028 -0.06 -0.56 -0.06 +0.05 -0.20 +0.03 -0.11 -0.03
2030 -0.07 -0.60 -0.07 +0.05 -0.22 +0.03 -0.12 -0.04

The absolute effects of the road pricing scenarios on the value of housing stock are
shown in Figure 5. They are calculated with average housing price per square meter in
each municipality under the assumption that all residential units have the same floor
area. The total absolute effect is positive only in the toll cordon scenarios, when the
central locations are the winners. While the distance based charging has weak positive
effect in Lyon and Villeurbanne, the consequence of the toll area wide implementation is
negative everywhere.
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Figure 5. The absolute effects on the value of housing stock in 2030

The effects of urban tolls on housing prices in the central part of the urban area are
demonstrated with the classical demand and supply explanations in Figures 5-7. The first
two graphs (Figures 5 and 6) show the situations without limitation on residential
development. The initial demand (Do) and supply (Sy) curves intersect in the equilibrium
point E, with the price Po.

The implementation of the toll area wide (Figure 5) diminishes the utility of this location
and shifts the demand curve down to a new position D;. Housing supply as a function of
a number of households in zones is not increasing, but it also cannot be decreased,
because demolition is not foreseen in our simulation. Therefore the supply curve Sy is not
moving. The new equilibrium point is E; with price P4, which is lower than P,.

The toll cordon area represents the other mechanism (Figure 6): the better utility of
location increases the demand (D,), but the supply is increasing as well (S;) and instead
of intersection E; with much higher price P; the new equilibrium point occupies the
position E, with lower price P,, which is however higher than P,. Note that despite
relatively elastic housing supply the effect of the toll cordon area on price is positive. This
happens due to growing population, higher accessibility indices and price lag included in
the REPM (Table 2).

Figure 7 shows the effects of the two kinds of toll in the central area without new
residential development, i.e. with inelastic supply, S=const. If the demand is decreasing
(D,), the price is decreasing as well to P;. If the demand is increasing (D,), the price is
increasing to P,. As the supply is not changed, there is no counterbalance to price
decrease or increase. Under this condition the price is more sensitive to scenarios and
reaches its minimum or maximum. The examples of Lyon 2 and Lyon 4 correspond to
these extreme cases.
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Figure 6. Toll cordon area effect with residential development
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Conclusion

Road pricing scenarios have been evaluated with the UrbanSim application. The
reference scenario of a thirty-year urban simulation is compared with the four alternative
scenarios, where mobility cost increases in the middle of the simulation period. The
dynamics of spatial distribution of population and housing prices are focused.

The implementation of the toll area wide in the central part of the agglomeration is a
catastrophic scenario: accessibility dramatically decreases and a considerable share of
population leaves the urbanized areas. Within the toll cordon area, positive demographic
dynamics is provided; when this area covers the bigger territory of the Greater Lyon, the
better attractiveness of western suburbs is evident.

Districts without new residential development are more sensitive to changes in housing
demand than other areas: inelastic housing supply provides extreme shifts in prices that
in the case of growth can lead to income segregation patterns. The same districts have
extremes in stochastic variations when housing prices are enormously increasing.

The implementation of any of the three versions of urban tolls leads to negative average
effect on housing prices. Moreover, average prices are decreasing during simulation and
reach their minimum in the final year. In the policy implication context, it is important to
see the absolute effects of the scenarios on housing values, even if they are calculated
on the base of some assumptions. The total absolute effect is positive only in the toll
cordon scenarios, and the central locations are the winners. The scenario of distance
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based charging demonstrates that urbanized areas are more resilient to its negative
influence than most of rural locations.

The alternative scenarios show that population distribution and housing price dynamics
are sensitive to changes in transportation system and respond intuitively correctly in
different locations. The effects are illustrated with classical demand and supply curves
explanations. We can conclude that the UrbanSim application in Lyon is capable to
capture changes in transport policy on urban development and to simulate these effects
at geographical dimension. The interaction between the land use framework UrbanSim
and the transportation model MOSART is able to provide decision-makers with
information, which is necessary for development of comprehensive integrated plans.
Thus, describing the working tool simulating the consequences of policy scenarios, the
paper contributes to urban sustainability.
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