Are Static and Dynamic Planning Approaches
Complementary? A Case Study
for Travel Demand Management Measures

Oscar Sanchez! and André de Palma?

! Facultad de Ingenieria Universidad Auténoma del Estado de México
Cerro de Coatepec s/n. Ciudad Universitaria, 50130. Toluca, Estado de México, Mexico
osanchez@uaemex.mx

2 THEMA-Université de Cergy-Pontoise, 33, Bd du Port. 95000. Cergy, France
Andre.depalma@eco.u-cergy.fr

Abstract. We determine the relevance of the displacement management meas-
ures in an urban road network. The main contribution, limitations and the bal-
ance among the static and dynamic planning approach are evaluated. In order to
compare results from these approaches, four criteria to evaluate effects induced
by simple and combined travel demand measures are established: configuration
of the road network, efficiency rates, additivity of effects and multicriteria
analysis. These criteria are quantified in two prototype networks which allow
choosing between a series of flexible measures these ones which improved cur-
rent circulation conditions. The obtained conclusion contribute to the decision
making process because the managing authorities of urban transportation could
know the effects induced by these measures, their spatial distribution and ad-
vantages or disadvantages from each modelling approach.

1 Introduction

Traditionally, urban transportation systems’ analysis is based on a static modelling
point of view. This approach admits all journeys and infrastructure service level as
constants, during a determined time interval (usually an hour or a peak period), taking
into account that this hypothesis, methods, algorithms (e.g. [1] or [2]) and commercial
software (emme 2, TransCad, Estraus, Davisum, etc.) have been developed to find a
network’s equilibrium state (e.g. [3]). Based on this approach, alternative solutions to
the urban transport essential problem are proposed: given a limited capacity transport
network (supply) and some population’s mobility characteristics (demand) to find the
journeys’ optimum assignations where transportation costs would be the most effi-
cient (minimum) supposing that the assignment is implicitly linked to infrastructure’s
performance level.

Based on urban centres’ developing stage and financial resources availability, the
solutions to urban congestion were oriented to increase infrastructure capacity. Simu-
lation tools, based on static approach, were sufficient in this way for transport net-
work’s planning (network design, infrastructure’s capacity etc.) mostly because travel
pattern and travellers’ behaviour were more or less constant. Correspondence between
model’s hypothesis and simulated reality were consequently coherent. Actually, this
paradigm has lost robustness due to societal changes [4], congestion levels induced in
mobility decisions and more flexible and unstable day after day travel patterns. The
fact is that the static approach is not enough to deal with this reality [5].
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Nowadays, relentless growing in motorized mobility, perverse or negative effects
(Myrdall circle) induced by an increment in infrastructure’s capacity policy (see for
example [6]), the over-offering automotive industry, the limited financial resources
for new infrastructures, and high urban population density, have turned the possibility
to continue with the same not feasible treatment of transport problems.

An alternative treatment is viable, in which management of demand must be in-
cluded: the travel demand management (TDM). In the 90 a series of transport policies
based in this new paradigm emerged [7]. Nevertheless, even such planning approach’s
theory was founded in the 70 [8]; few operational tools lived up to be feasible. The
evaluation of such policies couldn’t be more coherent. As a matter of fact, congestion
phenomenon is characterized by its variability: firstly, traffic conditions are not the
same throughout the day, neither days of the week or months of the year. This is due
to infrastructure performance variation with demand’s level (non-linear relation).
Secondly, user’s behaviour is not fixed, too. Travellers change mobility decisions
(e.g. selection of start time to travel, itinerary, transportation modes, etc.). to adapt to
current traffic conditions. Considering these components in the phenomenon treat-
ment have caused an alternative approach called dynamic ([8], [9]), it is theoretically
appropriate to analyse the effects of TDM [10].

Although the mentioned approaches are different (philosophy, modelling approach,
algorithms, etc.), they are used to help transportation planning decision, but which
one is more pertinent? And under which circumstances? Under which parameters are
they reliable? These are only some of the questions that transport authorities can set.
The objective of this article is to give answer elements in this way. That is the reason
to analyse the implications of defining a journey’s policy based on static and dynamic
simulation approaches. Such analysis has been oriented into four directions: net-
work’s configuration, spatial distribution effects, additional flexible measures and
alternatives’ selection.

Following the traditional transport planning procedure (e.g. [11]), firstly, supply
and demand characteristics for two prototype networks are introduced (sections 2 and
3, respectively); then, supply and demand equilibrium criteria is described for each
one of the approaches mentioned (section 4); afterwards, stages oriented towards
TDM’s flexible measures are described (section 5); and finally, obtained results are
analysed (section 6) and final comments are presented.

2 Modelling Supply

To show the representation of a generic transport system, two prototype networks of
transport were modelled, they have been called reticular and circular configurations.
The components of each network are as usual: centroids, arcs, nodes, and links, while
centroids were located in the geometrical centre of each area, limited by streets
(blocks). Nodes were located in each intersection of the network and were considered
as self-regulated which means that no penalisation coefficients were used for turns.
The road sections between two intersections were characterised by arcs and their
physical properties such as: maximum permitted speed, number and capacity of lanes.
Performance of such arcs was represented by means of BPR delay functions (e.g.
[12]). Prototype networks’ characteristics are detailed below.
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2.1 Zones

To have comparison elements among the networks, simulation approaches and data
comprehension, two spatial addition levels were set. The first is formed by each one
of the 100 zones resulting from the criterion previously mentioned. The second, very
much more added, sums the last 100 zones in six macro zones and its names depend
on their orientation: Central Business District (CBD) A and B on the city centre,
northeast, southeast, southwest and northwest (see fig. 1).

2.2 Radial Network

This configuration represents European and some Latin American cities. The network
was constructed from two basic perpendicular axes North-South and East — West
which drive the vehicle flow to city centre and also to three concentric peripheral
rings, which drive the flow to secondary roads. The basic structure of this network is
formed by concentric rings, separated by 500-metres each. These rings are linked with
road segments, which do not follow a geometric pattern, for their aim is to provide a
number of nodes similar to the reticular network. Thus, for a five-kilometre diameter
outer ring, the radial network has: 120 nodes, 852 arcs in an over 342-kilometres
length. Note that radial net is smaller in dimension than the reticular one. This situa-
tion is due to the configuration. In fact, arcs’ average length compares this last thing:
0.4-km. of radial net against 0.42-km. of reticular net. This particularity will have
implications comparing efficiency in journeys that we will show it in section 6.

2.3 Reticular Network

This prototype network represents American cities’ drawing and is illustrated in fig-
ure 1B. Analogically to radial network, it is made up by two axes that divide the city.
These axes do not cross the city centre (CBD) but feed two avenues that drive around
the first and second city squares. The aim of these two avenues is to distribute the
vehicular flow into the secondary roads. Secondary two-way roads, every 500 metres
with north-south and east-west direction, complement the former basic structure. A
node represents every intersection. Under this configuration and considering a net-
work extension of 25 km?, 121 nodes and 824 arcs were obtained in a 354 kilometres
net’s length.

3 Modelling Demand

Travels’ spatial distribution was made considering the existence of an attractive geo-
metrical centre (historical centre or CBD). Attraction and / or emission of travels were
fading as the edge was reached. The travel’s pattern previously described represents
cities typically centralised, in which diversity, quality and quantity of goods and ser-
vices are more concentrated in downtown area while the periphery is used as residen-
tial area.
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Fig. 1. The macro zones and the prototype networks: (A) Circular Network, (B) Grid network

3.1 Users

A homogeneous population was assumed with respect to its socio-economic charac-
teristics and all the evaluations were done in travel time terms to use them as a com-
parative measure. Consequently, in the static model approach (see section 4.1), it was
not necessary to define a value of time (VOT). Even though, due to dynamic model’s
considerations (see section 4.1) it was necessary to define the following parameters:
VOT a = 1USD / hour; the unit cost parameter for late arrival y = 2.5 USD / hour; the
unit cost parameter for early arrival § = 0.8 USD / hour; and the flexible arrival period
(not penalised arrival time) A = 10 minutes. All these parameters are medium values
of normal distribution (see details in [13]). Additionally, a uniform distribution of
desired arrivals was considered. Unitary cost parameters was described considering
wages and time in absolute terms to emergent countries and in relative terms to obtain
relations empirically (e.g. [14], [15], [16]). These values were lightly modified to
reach an important users’ concentration in the rush hour. We only consider work-
home travels due to their regularity and importance, measured by the sum of journeys.

3.2 Trip Generation and Distribution Models

To obtain a centralised travel’s spatial distribution, an enclosed exponential distribu-
tion model was used:

i,
V,=A4,P, *eXp[_ Wj if ;> ttp. )

Hy

V.=0 if u, <t

] p

In this equation #;;, represents the travel time from 7 zone to j zone in minutes; #t,
shows the maximum travel time on foot expressed in minutes, that people are willing
to spend by going to destination in minutes; V}; are the travels made from i zone to j
zone (travels /peak hour). Finally py is a model’s parameter in minutes. Equation 1



256  Oscar Sanchez and André de Palma

lets us know the travel’s distribution to each zone whenever user’s travel time is
greater than bearable time on foot by the inhabitants of the selected zone (normally 5
minutes). To value the accessibility as well as zone attraction, services, equipment,
facilities and commercial centres were considered to represent the city centralism.
Finally, 4 parameter was adjusted to the travel’s frequency to be minimum compared
to the user's total travel time, as if it was equal to the travel time from CBD to an
outer point of the network. In this way two different coefficients were used to repre-
sent both behaviour of outer inhabitants and drivers from centre to suburbs. The rea-
son for this separation is justified because central inhabitants have few reasons? To
moving to get high quality services and goods, and suburbs inhabitants are used to
move into downtown to get high quality services and goods.

3.3 Results

The previous model’s adjustment sets the possibility of knowing the total amount of
travels within a peak hour. In this way, an origin-destination matrix was obtained. The
matrix consisting of 8,700 elements represents 151,819 trips. Table 1 shows spatial
distribution in the five macro zones described before. Generated travels from/to net-
work's centre (CBD) were divided in two parts, being the closest CBDa and a ring
CBDb. From Table 1, it can be verified that more than 40% of the total amount of
travels have CBD as destination, while internal travels to CBD represent about 9% of
the total; and generated travels from CBD reach a 16%. Travels among macro zones,
excluding CBD reach only 42% of the total.

Table 1. O/D matrix agregated by macro zones

Mzone CBD-a CBD-b NE SE SW NW Total
CBD-a 0 2252 2812 2508 1259 2246 11077
CBD-b 3165 7636 3221 4966 3313 4946 27248
NE 3576 6433 9750 5006 102 4014 28882
SE 10030 9951 4996 9401 4548 439 39366
SW 5032 6622 102 4545 9649 4087 30035
NW 3827 4136 542 204 3068 3435 15211

Total 25630 37031 21423 26630 21940 19166 151819

4 Supply and Demand Equilibrium

The essential difference among the dynamic and static simulation approach is located
in the hypothesis of users’ behaviour which determines the transportation system
equilibrium. In the static model the individual characteristics of mobility are fixed in
the period of analysis (origin-destination or o/d matrix, departure time and traffic
conditions). In the dynamic model, the user faces every moment an alternatives set:
make travel or not, departure time choice, transportation mode choice, itinerary
choice, etc. In this way, the modelling demand in our static approach is define as
aggregated and uses almost exclusively physical notions while the dynamic one is
individual or disaggregated and it is based on micro-economical notions of the user’s
behaviour.
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4.1 The Static Approach Equilibrium

The equilibrium principle of this approach is based mainly on the traffic macroscopic
theory (e.g. [2], [17], [18]) and on the fundamental relationship (e.g. [19] reformu-
lated in [20]), in which the travel time is bounded by the speed-flow relation by
means of a delay function. This function measures the performance of each road sec-
tion according to their saturation level. It is the base on which the users, or a group of
users, choose their itinerary (sequence in the use of links), in an interactive way and
according to search criterion. The stationary state or equilibrium supply-demand is
reached when “the journey times in all used routes are equal or less than those which
would be experienced by a single vehicle on any unused route” (Wardrop’s first prin-
ciple or optimum individual [19]), or “when the travel times are the minimum for the
all the users” (Wardrop’s second principle or optimum social). There is a series of
variants for the two types of equilibrium mentioned, as well as diverse algorithms that
permit to reach them. For more details see for example [2] or [3].

4.2 The Dynamic Approach Equilibrium

The dynamic approach, proposed initially by Vickrey [8], is based on the model of
individual election of departure time: the users choose among avoiding the congestion
setting off before or after its usual time or to reach its destination at the desired time
but with a more extended time of journey (time of the journey elapsed in longer time
of journey). In this way, for any displacement, the individuals support a generalized
cost C that depends on: the departure time (#d), the effective travel time (#), the de-
sired arrival time (¢¥) and a flexible arrival period (A4) which supposes a null cost, due
to a not penalty, for the user (cf. equation 2). Under these premises, we have three
cases related to the arrival time (ta): early arrival (ta<t*), late arrival (ta > ¢*) and
arrival on time (ta = ¢*). Generalized cost function is given by:

C&D:m&@+ﬂ{ﬁ—§){ﬂ+n@h& si ta<t

C(td) = aut(td ) + y{[td +11(td)] - (t* + éj} si ta>t @

C(td) = art(td) si ta=t"

In the previous equations, (o) is the value of the time, (B) is the unit cost parameter
for early arrival, (y) is the unit cost parameter for late arrival. From both theoretical
(see [8]) and empirical (see [21] or de [22]) points of view, the costs due to the early
or late arrivals (schedule delay cost) can result on half of the general cost of the jour-
ney. In this way, the static focus does not permit to determine an important part of the
total travel cost (see also Table 3). Underestimation of this cost is important since this
variable is determining in the analysis of the modal distribution or in the calculation
of the benefits induced by TDM. The model previously described represents the heart
of the dynamic focus and its complement for the consideration of the adaptive aspect
of the users. The last one is characterized by a learning process that leads the system
into a stationary state (see [13]). In a transportation system, conformed by N hetero-
geneous users with its preferences of election and with its VOT (journey, early and
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late arrival), there will be a distribution in the schedules of arrival that, combined to
the duration of each one of the trips, implies that travelers use the network at the same
time causing congestion and that the users will incur in an excessive transportation
costs (due to incomplete information about traffic conditions). Nevertheless, as the
time goes by, such costs will tend to be reduced and the user will adapt its habits of
displacement (alternatives of election). Finally, the system tends to be stabilized once
the users minimize its generalized costs of transportation: At the equilibrium, no
driver can modify her/his departure time in order to strictly decrease the travel cost
(Wardrop’s first principle applied to dynamic approach). It’s important to mention
that the election models for departure time, way of transportation, itinerary are dis-
crete choice model (e.g. [23]) correspond to the simulation of stochastic processes for
which the stationary state of the system is achieved after an important number of
interactions (see [16]).

5 Scenerii Design

According to the centralized structure of the trips’ spatial distribution (see figure 1), it
is expected that the greatest problems of congestion are in the central macro-zone
called CBD. From the purpose to improve the circulation in this zone, TDM measures
are used to describe a variety of auxiliary actions to reduce or to modify the intensity
of displacement [7]. TDM concept has got success since the 70’s. It’s due to the mo-
bility increment and its advantage is that the employed measures do not generally
require an increase in the capacity of the infrastructure. Globally, the demand in the
systems of transportation surpasses the diagnosed limits in the statements of its ser-
vices and the public authorities responsible for this management, are not willing or do
not have the financial requirements to improve, to adapt, or to build the required in-
frastructure. The policies based on TDM are an answer to the problems originated by
the increase of urban congestion, since these intend to diminish it through the applica-
tion of flexible measures that do not require large investments.

The management of demand in transportation involves different measures, among
the following: internalize congestion costs, electronic toll, shared trips, access inter-
diction to CBD, rearrangement of circulation ways, etc. In this paper, we take into
account only the two last measures mentioned above. The main objectives of these
measures, in the medium term, are [24]:

To modify the travellers’ behaviour: the most common objective is to reduce the
number of trips, as well as to change the users’ attitude in order to use another trans-
portation mode or a different schedule to reduce the traffic concentration periods to
get a better demand distribution throughout the day.

To diminish environmental damages: the construction and transportation services
operation is always going to cause environmental impact such as air pollution at local
(ozone, CO, suspended particles, etc.) and global level (weather changes, conse-
quences caused by ozone), noise and water contamination.

To diminish the dependence of the car: the easy access to a specific place implies a
commercial and housing development. Because of it, the measures of management of
demand intend to reduce this damage based on urban design that diminish the de-
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pendence toward the individual use of vehicles, and besides, they help the cyclists and
pedestrian circulation.

To increase the security of the trip: if the number of trips is reduced, possibly the
number of accidents, collisions, damage to vehicles, fatalities, injuries and emergency
calls can be reduced too.

In the next subsection, we describe the analysed measures based in TDM. It is im-
portant to mention that different TDM measures were added on the base case in order
to evaluate additive effects.

5.1 The Base Case

It represents the “current traffic conditions” in the network corresponding to the sup-
ply and demand characteristics described before (see section 2 and 3). From the pur-
pose to establish a comparative framework among both networks prototype and
among the measures implemented, the system’s performance was analyzed “without
congestion” (SC) that comes to represent the minimum travel time for the origin-
destination matrix described synthetically in table 1. In a way, to fixed demand, any
TDM policies implemented will not be able to obtain better levels of performance
with this situation (see tables 3, 4 and 5).

5.2 Scenery 1

The main measure of this Scenery consists in providing a pedestrian zone in the first
square/ring of the city centre. This zone is close to the car circulation. As mentioned
before (section 2), the structure of the networks and the travel demand induced high
levels of traffic in the CBD (see section 6). To compensate the loss of capacity that
implies the prohibition mentioned, we proceeded to eliminate the public parking in
the streets around the mentioned first square/ ring. This measure allows gaining an
additional lane to car circulation. We considered that other actions were implemented
to increase circulation speed too. These actions mean an increase of Skm/h the speed.

5.3 Scenery 2

In this case, we include supplementary (additional) measures for the Scenery 1. They
vary according to the kind of network. In the reticular network, the street ways for the
first square of the city were changed in a one-way clockwise circulation while the
public street parking in the second square was restricted to gain an additional lane.
Thus, same improvements were carried out to increase the circulation speed in Skm/h.
In the circular network they only improved the conditions of circulation in the second
peripheral ring enlarging its capacity in a lane and the circulation speed in Skm/h.
These measures come from a series of simulations using software based on the static
approach EMME2 [25]. The results showed by this software indicate that the average
travel time through was lowered in comparison to the current situation (base case) in
both networks.
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5.4 Scenery 3

In this Scenery, our research focused towards circulation way changes that contrib-
uted to alternative itineraries to the users who travel towards the center of the city. In
the reticular network and based on the modifications of Scenery 2, two unidirectional
parallel group lanes were implemented. The first one runs in North-South and south-
north direction and the second one runs in East-West and West-East direction. Each
one of the unidirectional parallel group lanes doubled its capacity according to the
number of lanes due to the fact that the parking restriction was not established. For
the circular network, the first peripheral ring was considered as unidirectional. Hence,
three lanes were obtained ready to circulation.

5.5 Scenery 4

Additional measures were included in this case to improve the circulation conditions
of Scenery 3. In the reticular network the unidirectional parallel group lanes lengths
were reduced being limited to the second square of the city. In the circular network,
changes of direction in the road sections, that feed the periphery of the first square,
were made. Four sections were modified to become one-way with the consequent
duplicity of the circulation lanes.

6 Results

Due to the fact that the results obtained by both simulation approaches are comparable
in terms of travel time only, this criterion was used for the first level of analysis. The
results obtained for the benefits spatial distribution for sceneries considered are com-
mented in a brief way (for a detailed description see [26]). The second level of analy-
sis is exclusive of the dynamic focus and refers to the measures of effectiveness
(MOESs). These measures are used to analyse transportation system’s performance.

6.1 Spatial Distribution of Benefits (Static Model)

Although the measures of management implemented contribute, in general terms, to
decrease the travel time, it is necessary to determine in what zones the population
obtains the circulation improvements. We introduce two levels of analysis to evaluate
effects induced by measures in sceneries considered from static approach point of
view. The first one concerns the spatial distribution of effects (how benefits for each
zone are different). The second one is related with the magnitude of effects (how
many the total travel time is reduced). A summary of comparative analysis is de-
scribed in the next lines:

In the reticular network the users of the external zones obtain the greatest benefits
in travel time reduction terms, while for those who arrive or leave the CBD, the travel
time increases. The results are valid for all the analyzed sceneries.

There is an almost homogeneous benefits distribution in the circular network about
the reduction/increase of the travel time, even for the scenery that contributes the
most to the reduction of travel time (Scenery 2). The highest benefits are for the users
that enter/leave the city center (CBD).
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In a non-congestion situation, the travel time is, in general terms, upper in the re-
ticular network. Only in the relations NE-SE and NE-CBD this situation is reverted.

The justification of the mentioned results and the detailed analysis of other distri-
bution conditions are described in [26].

6.2 Measures of Effectiveness

In dynamic approach, the simulations were carried out using the METROPOLIS soft-
ware [10] which produces aggregated MOE’s from aggregation of individual data.
Due to the extension of this work, all the results related to the costs (schedule delay
cost and individual travel costs) will be omitted. However, the next variables will be
used: the average travel time, the total average travel cost, the congestion level, the
average vehicles-kilometer, and the average number of links used by motorist.

6.3 Comparing Approaches

The table 2 provides information of the travel time for each prototype and to each
modeling approach. Taking into account the total travel time as the criterion for elec-
tion of the measures to implement, it is known that:

The modelling approach does not end up to the same conclusions. In the static ap-
proach we need to improve total travel time with extra flexible measures whereas in
the dynamic approach the additional measures only give marginal improvements
(reticular network) and can even increase the travel time (circular network).

The relation among the induced improvements, in terms of travel time, in the reticular
and circular networks is independent of the simulation approach when the actions on
the network are equivalent. This conclusion is verified by the relation: average travel
time in the reticular network against that in the circular network represented in the
column “RET/CIRC” of table 2, since for scenery SC, BC, 1 and 2 have values of
around 1.06. Sceneries 3 and 4 differ completely from each one of the networks (see
section 5). That is why the measures implemented are not equivalent.

Table 2. Results by simulation approach based on total average travel time comparison

Scen. STATIC APPROACH DYNAMIC APPROACH STAT/DYN
Circr Grid G/C Circ Grid G/C Circ Grid
NC 5.06 5.35 1.06 5.00 5.28 1.06 1.03 1.03
BC 8.13 8.56 1.05 6.35 6.87 1.08 1.28 1.25
8.50 8.90 1.05 6.72 7.02 1.05 1.27 1.27
8.04 8.51 1.06 6.40 6.86 1.07 1.26 1.24
9.04 10.21 1.13 8.80 8.28 0.94 1.03 1.23
9.40 10.18 1.08 6.98 7.71 1.10 1.35 1.32

0N -

6.4 Additivity of Effects

In terms of travel time, the implemented measures do not always induce positive ef-
fects, the aforesaid effects vary according to the modelling approach that is being
used. Table 2 shows that, for scenery 2 and according to the static approach, the addi-
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tional measures improve the conditions of circulation with regard to the “current
situation” and to the situation where traffic circulation in the CBD was prohibited.
Therefore, the positive effects are added. It is not established in sceneries 3 and 4,
whose measures worsen the conditions obtained in scenery 1. In the dynamic ap-
proach, the additional measures do not contribute to neither beneficial nor additional
effects.

For the dynamic approach, the MOE’s are not always directed on the additivity of
effects. In the table 3, it can be observed that, except for a cell, the MOE’s values are
over the “current situation” (base case), this shows that any taken measure will come
to worsen the circulation conditions. On the other hand, the minimum values of the
indicators for each network do not always belong to specific scenery. This justifies
the need to employ a ranking alysis to make hierarchical the TDM measures.

Table 3. MOE’s for dynamic approach where results were normalized to “current situation”
values

GRID RET
Scen. Time Cost Congest Veh-km Time Cost Congest Veh-km
[min] (8] [V0] [min] (3] [%0]
1.02 1.09 1.18 1.00 1.06 1.03 1.22 0.99
1.00 1.07 1.23 0.98 1.01 1.00 1.13 0.98
1.20 1.25 1.50 1.19 1.39 1.24 2.58 1.10
1.12 1.18 1.12 1.17 1.10 1.06 1.05 1.09

B W N -

6.5 Scenery Ranking

There is some information about the multicriteria analysis in tables 4 and 5 applied to
the circular and reticular networks respectively. In order to obtain the final note of
sceneries considered, the value of a specific MOE was normalized in respect of their
average value in the analysed scenery. Subsequently normalized value was affected
by a K factor. Finally, these values were added up, so that the minimum value belongs
to the best alternative. The mentioned tables permit to verify that none of the scener-
ies obtains a better rang than the present situation. Only scenery 2 presents the closest
testing to the present situation, for both the reticular and the circular networks. It
could be said that the two simulation approach match in indicating that scenery 2 is
the one with the most “benefits”.

Table 4. Ranking scenarii for the grid network (dynamic approach)

GRID Time Cost Congest Veh-km Narcs Ranking
Scen. [min] [$] [%]
K 5 4 3 2 1
Average  7.00 2.58 20.7 0.41 5.99 15.0
NC 5.28 231 0.0 0.36 5.38 10.0
BC 6.87 2.36 20.6 0.39 5.76 14.4
1 7.02 2.57 243 0.39 5.79 15.4
2 6.86 2.52 253 0.38 5.67 153
3 8.28 2.94 30.9 0.46 6.73 18.4
4 7.71 2.77 23.06 0.46 6.62 16.5
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Table 5. Ranking scenarii for the circular network (dynamic approach)

GRID Time Cost Congest Veh-km Narcs Ranking
Scen. [min] [$] [%]
K 5 4 3 2 1
Average  7.00 2.58 20.7 0.41 5.99 15.0
NC 5.28 231 0.0 0.36 5.38 10.0
BC 6.87 2.36 20.6 0.39 5.76 14.4
1 7.02 2.57 243 0.39 5.79 15.4
2 6.86 2.52 253 0.38 5.67 15.3
3 8.28 2.94 30.9 0.46 6.73 18.4
4 7.71 2.77 23.06 0.46 6.62 16.5

7 Final Comments

The results obtained allow showing that, to spatial distribution of continuous trips, the
effects induced by the TDM depend so much on: the network configuration, the
evaluation criterion chosen and the simulation approach used. In the static model
case, it is clear that the access interdiction of motorists to the city center have to be
compensated by other measures. In the dynamic model case, the preceding idea is not
verified in reference to the type of measures proposed. Nevertheless, the effects of
other flexible measures, such as fixing a toll on fuel or the implementation of flexible
arrival schedules, are topics to explore. There are some other non-analyzed alterna-
tives:

The spatial distribution patterns of trips. In our analysis, we considered a fixed vol-
ume and trip spatial distribution. Nevertheless, it is necessary to evaluate whether the
described conclusions are still valid for other levels of demand (consequently differ-
ent infrastructure’s saturation levels) and another kind of spatial distributions.

Spatial distribution of effects. The comparative analysis of the induced effects by
sceneries analysed was based on the addition of the total travel time. However, the
distribution of these effects in each zone and the definition of criteria that allows
gathering together this kind of considerations, have not been analyzed in testing bene-
fits as an alternative.

Evaluation of effects on a multimodal system. The O/D matrix considered corresponds
only to the trips in private cars. In a more realistic case, we need include alternative
transportation modes. This would modify aforementioned conclusions. Thus, it is
recommended to include, in further analysis, multimodal transportation networks.

Situation for each individual. Differing from the static one, the dynamic focus allows
knowing, individually or in a separated way, a wide variety of performance rates that
inform about the measurements used and that affect all kind of users. Therefore, an
analysis of this kind, would allow defining measurements according to the needs of
all people.

All the aforementioned represents a fascinating field of investigation which will be
explored in future works.
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