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ABSTRACT

This paper introduces a methodology to assess the mobiligyradd transport network from the
network gerspective. In this research, the mobility of the road transport network is defirtbe as
ability of the road transport network to connect all the origin-destination pairs within the katithor
an acceptable level of service. Two mobility attributes are therefooalirted to assess the physical
connectivity and the road transport network level of service. Furthermorepke $gnhnique based
on a fuzzy logic approach is used to combine mobility attributés énsingle mobility indicator in
order to measure the impact of disruptive events on road transport network functionality.

The application of the proposed methodology on a hypothetical Delft cigorieshows the ability
of the technique to estimate variation in the level of mobility under diffescenarios. The method
allows the study of demand and supply side variations on overall network maiitityging a new
tool for decision makers in understanding the dynamic nature of mobility uadeus events. The
method can also be used as an evaluation tool to gauge the highway networty heokili and to
highlight weaknesses in the network.
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1. INTRODUCTION

Mobility is essential to economic growth and social activities, including commuting, atiathg or
supplying energyl). Higher mobility (or in other words, a better ability of the netwtarldeliver
improved service) iavery important issue for decision makers and operators as it relates to the main
function of the road transport network. Consequerdly,assessment of road transport network
mobility is essential in order to evaluate the impact of disruptive eventstaork functionality and

to investigate the influence of different policies and technologies on theitmddilel. Disruptive
events may be classified as manmade or climate change related events, thevgoile will also
have an impact on road transport network mobility. For example, a small accideletchay closure

of one lane of a local road or a massive accident may cause the closure ofeagnéoorseveral
hours with cascading effects on the entire network. Climate change relateds deegt floods,
inclement weather and heavy snowfall) may increase be set to increase withgesylacts on the
road transport network. As an example, at the European level, the financial costwairk
interruption from extreme weather is estimated to be in excess of €15 billion (2) whereas, in USA the
estimated repair costs on its network caused by snow aiglg2en US$ per frosty da).

Mobility could have two dimensiong) Firstly, mobility as “the ability of people and goods
to move from one place (origin) to another (destination) by use of an accdptablef transport
servic& - commonly measured by vehicle kilometres and evaluated through susyege¢ondly,
from the road transport network prospective, mobility is defined as the abildayrofd transport
network to provide access to jobs, education, health service, shopping, etc, theagfdlers are
able to reach their destinations at an acceptable level of se8yic®. (Therefore, mobility is a
measure of the performance of the transport system in connecting spatialbtesksétes which is
normally identified by system indicators such as travel time and speed. Howevehéarmbility
concept is used as a key performance indicator to measure the functionalityoafctimetwork under
a disruptive event, as in the second case above. It is therefore used to refleiityef aetwork to
offer users a certain level of service in terms of movement.

2. MOBILITY ASSESSMENT

As with many transport concepts, there are no universally agreed indicatored® @esl transport
network mobility froma network prospective. According to National Research Cou8yilnfobility
assessment should take into account system performance indicators such as time andreests for
They propose the mobility level is inversely proportional to variations amekrtime and cost,
whereas, Zhang et ab)(suggested that travel time and average trip length are two key indicators to
evaluate system mobility. The stud) @leveloped a performance index to evaluate the mobility of an
intermodal system, measured by the ratio of travel speed to the free flow spebktddveig truck
miles travelled. However the performance index could be adapted to measure road trasisfigrt m
by considering total traffic flow rather than average daily truck velulm line with this approach,
Wang and Jim1(0) used the average travel time per mile as a mobility indicator, where the @istanc
geographic distance rather than distance travelled. The use of the geographic raiteaigéhan
travel distance could lead to an overestimation of mobility as it is expdwatdhe geographic
mileage is shorter than the actual travel distance between two locations.

Cianfano et al.X1) suggested a number of indicators based on link travel time and speed to
evaluate road network mobility. Specifically, theyl) introduceda vehicle speed indicato#/SI,
measuring the variation in speed compatedree flow conditions. A value oVSI of 1 would
indicate that vehicles are experiencing a travel speed across the network ¢lgedidae flow speed
(i.e. the average free flow speed of the network). Under extreme conditidérrs 0 indicaesa fully
congested road network. Cianfano et dll) @lso proposed a mobility indicator based on travel time.
According to Lomax and Schrank3), transport performance measures based on travel time fulfil a
range of mobility purposes. However, research@r$l) used simple and applicable indictors that
could be easily implemented at a real-life network scale. They only consideredpinet pf traffic
flow conditions (presentedsthe variation in travel speed compared with free flow speed) and took
into account the impact of unconnected zones. If some links are not available (edjdalede an
incident) they are omitted from the indicator calculations, producing misleading values.
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Murray-Tuite (L3) proposed a number of indicators to estimate mobility under disruptive
events, some of which were scenario based measures such as time tneedeate a towris
population and the capability of emergency vehicles (ambulance, police) to passreozone

through to another1@) also suggested that the average queue time per vehicle, the queue length on

the link and finally, the amount of time that a link can offer average speeds fban its posted
speed limit could also be considdias mobility indicators.

Chen and Tangld) introduced link mobility reliability, calculated using a statiastimethod
based on historical data - speed data for 3 months derived from floating lveysal$o investigated
the possible influencing factors on mobility reliability. Their result shthas the mobility reliability
of an urban road networis correlated with network saturation (volume capacity ratio) and road
network density.

At the operational level, 1) carried out a survey including Canadian provincial and
territorial jurisdictions regarding current practicesperformance measurement for road networks
related to six outcomes; mobility being one of them. The study found that averagewsgdeaffic
volume are widely used as measures of mobility. The study also found that the camicepts
accessibility and mobility are used interchangeably in practice which couldctamitih academic
practice, where accessibility and mobility are very different concepts. For exaduytiérrez, 16)
emphasised that the mobility concept relateshe actual movements of passengers or govdr
space, whereas accessibility refers to a feature of either locatiomvidluals (the facility to reach a
destination). In other words, accessibility could be defined as the potential oppeEstuoit
interaction (7) that are not only influenced by the quality of the road transport netvar also with
the qualiy of the land-use systera). Widespread communication technologies could play a crucial
role as an important factor virtual accessibility 19).

A number of further mobility indicators have been reported, namely, origimdgsti travel
times, total travel time, average travel time frarfacility to a destination, delay per vehicle mile
travelled, lost time due to congestion and volume/capacity EgjoNleanwhile, Hyder®) suggested
three indictors to measure the mobility of the road transport network, nammslyimum
volume/capacity ratio, maximum intersection delay and minimum speed. The Btuched linguistic
expressions to evaluate the indicators (as shown in TARLBNd suggested that mobility is gauged
by the lowest value of these indicators.

TABLE 1 Linguistic Expressions and Corresponding Values Of M obility Indicators (7)

Mobility Indicator low Medium High
maximum volume/capacity  >75% 50-75% <50%
maximum intersection delay >300 seconds 60-300 seconds <60 seconds
minimum speed <25 kph 2550 kph >50 kph

However none of the previous research considered the impact of the road traetpork
infrastructure on network mobility. Therefore, the research presented herdecsribie impact of
network infrastructure and network configuration using graph theory measures adoirgsiit
conditions indicatorsas discussed above. The use of the network configuration and traffic flow
conditions will reflect the impact of different kinds of disruptigvents. For example, in caseaof
flood, some parts of the network could become totally disconnectest wthier parts of the network
could benefit from lower network loading. Therefore the impact of amatvent could be masked if
the mobility indicator only considers traffic conditions. In the case of adverather conditions the
overall network capacity could decreas®) leading to congested conditions, but not necessarily
affecting travel distance. Consequently, the consideration of both attributes i.e. pbysitadtivity
and traffic conditios, is necessary to cover both cases. In section 3 below, mobility attrémates
introduced.

3. MOBILITY MODELLING OF THE ROAD TRANSPORT NETWORK
In the research here, the mobility concept is treated as a performance mepassirexthe
level of road transport network functionality under a disruptive eventefdretr mobility is used as a
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concept to reflect the ability ad network to offer its users a certain level of service in terms of
movement. To obtain a single mobility indicator a number of mobilitjpates are used to captuae
range of mobility issues, as outlined above.

3.1 Mobility Attributes

Based on the definition of mobility (i.e. the ability of the road transpovtarktto move road users
from one place to another with an acceptable level of service), two attrévatpsoposed. Firstly, an
attribute is used to evaluate physical connectivity, i.e. the ability of roagpterto offer a route to
connect two zones. The second attribute is implemented as a measure of the road temspért
level of service, based on traffic conditions. Figure 1 shows a schematic diafythm mobility
attributes and the various factors affecting them. In the following sub sections butitdrs are
presented.

M obility
Physical connectivity Traffic condition
attribute attribute

RN

] Actual Travel
Geo Distance Travel Speed

Distance \

Actual travel

free Flow

_— time
/Traffic flow
Travel
Departure
Demand Rates

FIGURE 1 Mobility Attributes

3.1.1 Physical Connectivity

The physical connectivity (i.e existence of a path between OD pairs)eig fadtor on the network
mobility level. For example, the unavailability of a certain route may leathsatisfied demand,
economic loss or safety concerns arising from disconnecting a group of travdlierare then
effectively trapped.

Physical connectivity an be measured by a number of indicators based on graph theory as
shown in LevinsonZ0). The influence of network configuration on connectivity could be studied by

calculating the gamma index)( They index is measuredsthe percentage of the actual number of
links to the maximum number of possible link3. (They indexis a useful measure of the relative
connectivity of the entire networlas a transport network witla higher gamma index haslower
travel cost under the same demagd).(However,y is not able to reflect the zone to zone level of
connectivity and its impact on overall connectivity. Road density has also dravdiades to they
index. The detour index (also referred to as circuity measure) is defirtbd ratio of the network
distance to the Euclidean distance, or Geo distance, is another graph teesgyarthat is widely
used to investigate the impacts of network structure. According to Rodriguelgt thle (detour index

is a measure of the ability of road transport to overcome distance oicttoa fof space. Meanwhile,
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Parthasarathi and LevinsoR2j concluded that the network detour index measures the inefficiency of
the transport network from a travellers’ point of view.

In the research here a physical connectivity attribR€e], is developed based on the detour
index but modified to consider zone to zone connectivity and taking into account ket iof
demand (see Eq.1 below).

GDij
Ziij—ATDijdij

ptA = Yizjdij

(1)

whereGD;; is the geo distance between zorand zong, ATD;; is the actual travel distance between
zonei and zong andd;; is the demand between zonand zong. The value of PCA varies from 1,
representing 100% physical connectivity, to zero where there is no connectivity. lofchigh
impact disaster the degree of connectivity would be intuitively expected to berzeuxhl case, the
actual travel distanc@TD;;, may be mathematically assumed to be infinity to express the unsatisfied
demand and, accordingly, the value of PCA becomes zero. However, physical connectivity is no
enough to reflect the impact of variation in the performance of the transport network onyméabitit

result, the impact of traffic conditions should also be taken into account as explamed bel

3.1.2 Traffic Conditions Attribute

There are a wide range of mobility attributes based on traffic conditions assdidcin
section 1.3. Some of these are defined using link data suéBlasvhile others are baseat zone
level such as the performance indé%)(and road transport network mobilit¢/f. As physical
connectivity is calculated at the zone level, the variation in travel speed betwde®Raggair is
adopted to show the level of service, given it is widely accepted as a motiitytat (L5). The
travel speed between each OD pdis;f) is calculated using Eqg. (2) then the traffic condition
attribute {'CA) is obtained using Eq. (3) below.

ATD;;
TS = rr, @

AL A
#] FFTS;j Y

TCA =
Yizj dij

(3)

whereTS;; is the travel speed between zaérend zong, ATT;; is the actual travel time between zone
i and zong andFFTS;; is the free flow travel speed between zorand zong. The value off CA
varies between 1 and zero. For example, a val@& afof 1 indicates that vehicles are experiencing a
travel speed across the network equal to the free flow speed (i.e. the averdigsviegeed of the
network). Under extreme conditiofi€ 4 = 0, indicating a fully congested road network.

3.2 Network Mobility Index Using Fuzzy L ogic Approach

Each attribute (i.e physical connectivity or traffic conditions), can be individuallydesmesi to reflect

the level of mobility from a certaingmspective. Suitable measures can then be introduced to improve
the mobility level related to each attribute. However, there is still a needitwatesthe overall
mobility level by combining the impact of bothCA andTCA. TCA is able to clearly reflect the
effects ofa congested/free flow network, but it could underestimate the impact of certaitseffor
example a link closure could lead to detours with some trips rescheduleahcelled. As a
consequece network loading will decrease, leading to improved flow in some partseofiétwork.

To reflect these effectsm the mobility index the PCA index can be calculated. Consequently, the
network mobility indexN M1 should be a function of bofhCA andTCA as given below:

NMI = f(PCA,TCA) 4)
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To deal with the complexity and uncertainty of traffic behaviour, the randomised oataffic data
and to simulatéhe influences of botl®CA andTCA, fuzzy membership functions are implemented to

scale both attributes.

3.2.1 Fuzzy Membership of Mobility Attributes

Four assessment levels i.e. low, medium, high and very high, are proposed to é\@uatel, TCA
where each level is defined by a fuzzy function having membership grades varying trh.
Various membership functions have been proposed in the liter&BreHowever, triangular and
trapezoid membership functions are adopted to fuzzify the four assessment levesnuihbility
attributes. This is because they are by far the most common forms encounteredide pral also

due to their simplicity in the grade membership calculati@B8s2¢25). Other membership functions
such as the Gaussian distribution may be used, however, previous research, for examplé2shepard
has indicated that reavorld systems are relatively insensitive to the shape of the membership
function. The membership grade vaju®f each attributePCA/TCA, is obtained from the following

fuzzy triangular and trapezoidal functions:

1
05-4

0.5—-0.25
0

Hiow =

0
A—0.25

_ 0.5—-10.25
UMedium 075 — A

k0.75 —0.50

0

0
A—-0.5

0.75—-0.5
1

Hnigh =

0
A—0.75

1-0.75
1

Hyery high =

where A indicates either tH& A or TCA attribute.

0<A<0.25
025<A<05

A=05

A <0.25
0.25<A<05

0.5<4 <075
A=0.75
A<05

0.5<A<0.75
0.75<A4 <£1.0

A <£0.75
0.75<A4<1.0
A>1.0

The membership grade function outlined above can be adjusted or re-scafexttoaa life

conditions and expertise opinion. However a single membership grade function is assumed for each of

the attributes in this paper. The fuzzy matrix for both attributes couékressed in the following

form:

_ ﬂ(PCA)low .“(PCA)medium .u(PCA)high 'u(PCA)very high
:u(TCA)IOW #(TCA)medium 'u(TCA)high .u(TCA)veryhigh

3.2.2 Fuzzy Evaluation

To obtain a fuzzy network mobility vector the weight vecfdrjs introduced to set the score for each
attribute. Consequently, the fuzzy network mobility indicadd¥l, canbe defined by:

—_—

NMI = WwoR

)



©OoOO~NOUIDWNPE

[N
o

11
12
13
14

15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

EL Rashidy, R.A., Grant-Muller, S.M 8

where NMI is a fuzzy vector containing the membership values for network molaityach
assessment level aidis the fuzzy matrix defined above. In the current research a numbeigift
vectors are implemented to investigate its influenceVefi. To calculate a single value fofMI
from the fuzzy vector obtained there are a number of defuzzification techniqueasstich max
membership principle, centroid method (centre of gravity method) andhtedigverage method. For
more details these techniques and theis s Ross2Q).

Here two methods are used i.e the centroid method and weighted average method, as both

methods allovanaccumulating effect for each assessment level on the calcMBeR3).
In the centroid method, a single value KV is obtained from the following Eq. (6):

_ Juc.(NMI). NMI ANMI
NMI = [ ue(NMI) . dNMI (6)

In the weighted average method, a fuzzy network mobility vector is obtained-dguicing a
standardising vector to take into account the effect of each assessme(23pvEhe standardising
vector,s, shown in Eq. (7) is proposed to obtain a single value for the mobility indicatstextipn a
scale from O to 1.

s =1[0.25 0.5 0.75 1] 7)

To test the validity of the proposed model a number of scenarios are studigdaus
hypothetical road transport network and this is presented in the next section in detail.

4. CASE STUDY

A hypothetical road transport network for Delft city is employed tesithte the mobility of the road
network under different scenarios using the proposed methodology. Delftyssaaimunicipality in
the province of South Holland in the Netherlands. The total population is 98675 déthsiy of

4,324.1 per ki(27). In general, cars are widely used in the Netherlands and people use this mode fo

almost half their trips 27). The hypothetical Delft road network model is made available with
OmniTrans software (Ver. 6.022). The network is only a representation andewiaie from the real
network for the city of Delft. The Delft study case was chosen due to Hikalzlity of the data
needed to illustrate the methodology. However, the main focus of the rege#iehmethodology
itself rather than the empirical findings and the method should be applicable toaahyransport
network.

The Delft road transport network consists of 25 zones; two of which are deglopment
(24 & 25), and 1142 links; 483 links are two-way whilst 176 are one-waydimg connectors and
different road types (as shown in Figure 2).

In the current case study, user equilibrium assignment (UE) was chosen to obsuatidle
distribution of traffic volume. It is based on Wardrop's first principleer& no individual trip maker
can reduce his/her path cost by switching routes. This principle is also knotva aset optimum
(28). The suitability of the UE method for identifying the most critioak is based on two factors
(21). Firstly, the ability of the methoib take into account the level of link functionality by allocating
the user onto the best route in terms of travel time, so that usemstcanmprove their travel time by
changing their routes. Secondly, using user equilibrium assignment allows iatiestigf the impact
of link removal on both link’s user and non-users due to thee-routing of link users. The
mathematical formulation of UE is explained in detail28)(

However, traffic data obtained from simulation based on static UE assignment as opposed to ‘real-
world’ observations cannot capture the full effects of unexpected link closures, as this process is not
able to capture queuing, imperfect information, etc. To obtain more reaigact results two issues
should be considered; traveller behaviour (e.g. the proportion of travellers wiohavitje their route
with a link closure) and the availability of an en-route choice model implemeritieic whe traffic
assignment software. However, the main aim of the analysis reported here was tgaievése
ability of the attributes to reflect traffic condition importance. The tespibtained and reported,
therefore, assume that all drivers have good knowledge about the link closure and dtditvarl
alternative routes. As the modelled period is the morning peak it would beepstmable to assume
that a high proportion of the road users are regular commuters/travellers and héaelysers have
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a high level of knowledge about route availability and traffic conditions. Altewigtiin practice a
variable massage sign or in-vehicle intelligent transport system may updatirs’ knowledge of
the link closure and alternative routes.

Two main scenario groups are considered. The first group of scenarios investigagattie
of link closure, e.g. due an accident or roadwork, on both attributes and hence on nitidlity.
second group foscenarios explores the impact of demand variations under the same road transport
network conditions, e.g. capacity and free flow speed on mobility.

2 Bem * -

Sector
<undefined>
Centre

H TUDelit

B North
West

B South

B Tanthof
Ruiven
Emerald

Bl East

Links
Roadtype
<undefined>
-- Connector
= Motorway 4
— Motorway 3
— Motorway 2
— Highway 2
— Highway 1
— Highway 1 with cycleway
— Main road 3 with cycleway

FIGURE 2 Delft Road Transport Network

4.1 Group One Scenarios

A number of links are selected to investigate the ability of the proposed asrtbuteflect the impact

of link closure on mobility. 10 link closure scenarios were carried out using@asgsignment model

for the morning peak, for illustration purpss though many more links could be considered if
needed. Furthermore, a previous investigatii) $howed that these 10 links hadiverse impact on

the network vulnerability. In each scenario only one link is blocked, e.g. closed due tcaacioledt

or roadwork. Both attributes, physical connectivity attrib(P&€A) and traffic condition attribute
(TCA), are calculated based on the zone level data output in each case. Figure 3 and Table 2 show the
results forPCA, TCA andNMI due to 10 link closures. The impact of link closure on both attributes,
PCA andTCA, is seen to vary from one link to another. For example, link 11432_1 (link number
11432 in direction 1) has the greatest impacP64 as the closure of this link leads to a 5% decrease
in PCA when compaed with full network operation. The closure of links 11415 2 and 11411 1 has
the highest impact offCA as each of these link closures leadsatbt0 % reduction inTCA in
comparisorto full network operation. The highest aggregated impact of the link closessured by

the decrease iINMI, occurs with the closure of link 11407_2.
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COTCA OPCA EINMI_WtAvg
0.9 -

0.85 |-
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TCA, PCA and mobility
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o
o))
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Link closure

Figure3 PCA, TCA and NMI Variationsdueto Link Closure

TABLE 2PCA, TCA, NMI-Cent and NMI_WtAvg

Link Closure PCA TCA ?(I)%I/B_CSE;N z\(l)lf/élﬁ)\./gt)Avg
Full Network 0.755 0.868 0.760 0.811
11434 2 0.710 0.795 0.736 0.752
11407_2 0.716 0.773 0.738 0.744
11415 2 0.753 0.762 0.750 0.757
11411 1 0.753 0.762 0.750 0.757
11432_1 0.707 0.828 0.736 0.767
11412 2 0.753 0.762 0.750 0.757
10123 1 0.753 0.762 0.750 0.757
111417_1 0.742 0.818 0.750 0.780
11425 2 0.736 0.789 0.746 0.763
11473 2 0.755 0.822 0.754 0.788

Table 2 shows that the weighted average method tends to give higher netidity imdex
(NMI) values, NMI_WtAvg, than the centroid method, NMI_Cent with some diffeen€er
example, in full network conditions the difference between theNwa values is about 0.4 whereas
for the closure of link 11411 1 the difference between the two values i®.3&f. However,
NMI_WtAvg shows greater sensitivity to the variation in the physical cdivitgattribute (PCA) or
traffic condition attributeTCA).

To study the influence of the weight vecter(Eq. 7) onNMI, three different weight vectors,
[0.5,0.5], [0.6,0.4] and [0.7,0.3], fétCA andTCA respectively were used to calculat® using the
centroid method (NMI_cent) and the weighted average method (NMI_WtAvg), see Figline 4.
proposed weight vectors in Figure 4 are mainly to illustrate the technique ttzeto reflect the
importance of each attribute. In practice, this weight veetaould be assigned based on an expert
opinion. NMI calculated using the centroid method is always less than that calculated hesing t
weight average method for the same weight vector. The impacts from closure eoflisksn for

10
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example 11415 2 and 11411 1, are less sensitive to variations in the weight vigcher 4ka)),
whereas, closure of link 11434 _2 results in slight chang&94h calculated by the centroid method,
due to changes in the weight vector (Figure 4(a)).

ONMI_0.5/0.5 BENMI_0.4/0.6 @®NMI_0.7/0.3

a) Centroid method with different weight vectors

BINMI_0.5/0.5 BENMI_0.6/0.4 KEINMI_0.7/0.3

(b) Weighted average method with different weight vectors
FIGURE 4 NMI Estimated by Centroid and Weighted Aver age M ethods using Differ ent
Weights

4.2 Demand variation scenario

A dynamic assignment model (Madam) available in the OmniTrans software was imglénnt
investigate the ability of the mobility indicator to respond to demand incrdaseapply different
departure rates every 5 minutes. Figure 5 presents the variatiB64 and hence the mobility level

under different departure rateBCA does not show any variation with demand variations as route
choice does not change within the madam model. The madam model uses turningem®vem
(proportions) calculated for each node in the network and created by static assigarmiedtout

prior to the madam model run to model route choice. This approach to modelling route choice leads to
fixed routes during the dynamic simulation time. Consequenty/ shows the same trend BEA.

Figure 5 shows that the proposEdiis decreases as departure rate increases, reflecting the ability of

11
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1 the network to accommodate the increase in demand. However as the departure rate decreases, f
2  example between 7:30 and 8:18{1, consequently increases with a slight delay change from 7:45 to
3 8:30. Furthermore, both NMI_wtAvg and MNI_centroid demonstrate a similar trend. However
4  NMI_wtAvg is consistently slightly higher than NMI_wtAvg in line with thésf scenario
5 observation.
6
4#PCA HETCA ANMI_centroid @ NMI_wtAvg Xdeparture Rates
0.8 - - 0.45
* * * * * * * * - 0.4
= " 3 t m " g m - 03 @
07 - 2 o
< - 0250
O | - 2
= - 02 g
< 065 1 - S
O - 0150
o (]
_ - 0.1
0.6 X X X «
X X - 0.05
0.55 . . . . X 0
07:00 07:30 08:00 08:30 09:00 09:30
Time
7
8 FIGURE 5 Dynamic Variation in NMI
9

10 5. CONCLUSIONS

11 This paper introduces a new mobility indicator based on two attribatgshysical connectivity
12  attribute PCA) andatraffic condition attributeTCA), accounting for both network configuration and
13 traffic flow conditions. The merit of using both attributes is to allbevinclusion of different types of
14  disruptive events and their impacts on network mobility. For example, in group tmarsrss, a
15 demand increase under the same network conditions, e.g. the same travel distancea ldacdetse
16 in TCA and consequently the mobility level decreases. Howeva,r@al life situation, a demand
17 increase could also influence the travel distance due to a diversion to less congdstegkbubutes,
18 hencePCA will decrease. Furthermore, it has been observed that, under similar disevetits, the
19 impact onPCA and TCA could vary. For example in group one scenarios, each link closure has
20 different impacts on both attributes; some links closures have more impaidiisuch as link
21 11432 1) whereas other link closures affB€d more thanPCA, (e.g. links 11412 2 and10123 1).
22  This emphasises the importance of considering both attributes within a motglsure. Identifying
23 the level of connectivity and level of service could play a crucial role in gigitig network
24  weaknesses under different circumstances. Despite the importance of measuringdtis iof
25 disruptive events on physical connectivity and the road transport level of service gtbegaded
26 impact of both attributes is still needed. A flexible technique based on the fuzeyapmyoach is
27  therefore implemented to estimate the network mobility indiq@idf/) based orPCA andTCA. The
28 proposedNMI could be used by policy makers and Highway Agencies to evaluate the overall
29 effectiveness of certain policies or the implementation of new technologies. Hpwese@mportant
30 that the effectiveness of the proposed network mobility indicator be assesdaddbymeasures of
31 traffic conditions following a decision based on the use of such indicator.

12
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