
Network Capacity Reliability Analysis Considering

Traffic Regulation after a Major Disaster

Agachai Sumalee & Fumitaka Kurauchi

# Springer Science + Business Media, LLC 2006

Abstract The focuses of this paper are optimal traffic regulation after a major

disaster and evaluation of capacity reliability of a network. The paper firstly dis-

cusses the context of traffic regulation and its importance after a major disaster. Then,

this problem is formulated as an optimisation program in which the traffic regulator

attempts to regulate the amount of traffic movements or access to some areas so as to

maximise the traffic volumes in the network while (a) link flows must be less than

link capacities and (b) re-routing effect due to changes of traffic condition in the

network is allowed. The re-routing behaviour is assumed to follow Probit Stochastic

User’s Equilibrium (SUE). The paper explains an optimisation algorithm based on an

implicit programming approach for solving this problem with the SUE condition.

With this optimisation problem, the randomness of the link capacities (to represent

random effects of the disaster) is introduced and the paper describes an approach to

approximate the capacity reliability of the network using Monte-Carlo simulation.

The paper then adopts this approach to evaluate the performances of different traffic

regulation policies with a small network and a test network of Kobe city in Japan.

Keywords Network capacity reliability . Traffic regulation . MPEC and Probit

Stochastic User Equilibrium

1 Introduction

In an urban area, urban activities carried out under a normal circumstance rely

largely on transportation systems especially road networks. However, the road

network and transportation system in general are not totally disaster-proof. In the
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Great Hanshin-Awaji Earthquake occurred in 1995 in Japan, the road network

system was seriously deteriorated and was in fact the infrastructure which was

mostly damaged. Similarly, in the Chi-Chi Earthquake occurred in 1999 in Taiwan

most of the roads and bridges were hampered by the earthquake forcing the

emergency activities to be mainly carried out by helicopter or walking (Chi-Chi

Reconnaissance Team, 2000). In the recent Indian Ocean Tsunami disaster, the road

network in Indonesia in the vicinity of the tsunami wave was disrupted by around

31% (Athukorala and Resosudarmo, 2005).

Generally, the capacity of the deteriorated road network was recovered only

partially by some temporary measures. It is evitable to take a rather longer period

until the full capacity of the road network system can be restored given the level of

damage. However, after the initial period of the disaster various aid activities, emer-

gency or rescue activities, or other normal activities will take place. Kurauchi and

Iida (1998) analysed that changes in the automobile trip pattern within the Hanshin

region road network and discovered a substantial increase in the automobile trips

with a short-distance as compared to the figure in the normal condition. The increase

was mainly related to recovering activities such as purchasing goods and material.

The road network was found to be more robust to the disaster damage as compared

to the other modes (e.g., rail) and after the disaster all travellers will have to inevitably

shift to the road network to access the life supplies (IATSS, Research Report (2000)).

Under this circumstance, the management of the road network is critically important

particularly after the major disaster to cope with the degraded level of capacity and

increase in travel demand in order to ensure the level of service for certain activities.

In the context of network reliability, several researches have been carried out to

address several concerns over the reliability of the transportation network. In

particular, in the field of network analysis against disasters the main aim has been

to evaluate the robustness/vulnerability of the network or identify critical

components of the network. For instance, Du and Nicholson (1997) evaluated the

connectivity reliability of degradable transport networks in which the connectivity

reliability is inferred to the probability of all OD pairs to still be connected after

different possible road closure patterns. Bell (1999) proposed a game theoretic

based approach between the Bevil entity’’ aiming to degrade the network so as to

maximise the total travel time and the travellers re-routing to minimise their travel

time. The result of this game will be the most critical link in the network. D’Este

and Taylor (2003) defined the concept of node vulnerability whose accessibility

index decreases significantly with a small number of links degraded.

Despite the growing interests in the area of network reliability, there have been a

rather small number of researches which evaluate the potential performance of

different traffic management strategies or policies under the disruption. This is

indeed the main focus of this paper where we aim to develop an evaluation scheme

of the performance of different traffic management strategies under the randomly

degraded network condition.

In practice, after a major disaster the assigned network manager (e.g., police) will

be able to implement a form of traffic regulation to control the traffic movement in

the network. For instance, an area access regulation may be put in place to control the

level of traffic entering some particular areas so as to maintain the level of service in

those areas under the degraded network capacity. The legal power or specific strategy
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for the traffic regulation will depend largely on the prior analysis and evaluation. One

of the main indicators which may be adopted to compare the performances of

different regulation strategies (e.g., area access control as contrast to link access

control) is the index of capacity reliability.

The concept of the network capacity reliability was first proposed by Chen et al.

(2002).The network capacity is defined as a uniform multiplier of all OD demands

which generates the equilibrium link flows satisfying link capacities. The

introduction of link capacity in the analysis is to ensure a certain level of service

on all links in the network (e.g., non-congested condition). In this paper, the OD

demand multipliers are allowed to be different by OD movements representing

traffic demand regulation parameters. The capacity reliability for a certain traffic

regulation strategy can then be defined as the probability of that regulation strategy

to generate the allowed traffic volume in the network more than a specified criteria

under the random link capacities.

For a given traffic regulation strategy and a realised state of the degraded link

capacities, the actual traffic demand control parameters (i.e., the value of the OD

demand multiplier) can be optimised so as to maximise the total traffic volume in

the network considering the re-routing behaviour without violating the link capacity

constraints. In this paper, travellers’ route choices are assumed to follow the

concept of Probit stochastic user equilibrium (SUE). This problem can be

categorised as an instance of a Network Design Problem (NDP).

The paper adopts the implicit optimisation approach proposed in Connors et al.

(2006a) to solve this problem. This problem is then integrated as a part of the

overall evaluation framework in which the Monte-Carlo simulation is employed to

randomly generate different states of link capacities (under given probabilities

defined as priori) as an input to the sub-problem. The detail of this overall

evaluation algorithm will be discussed in Section 3.

This paper is structured in to further four sections. The next section presents the

mathematical formulation of the capacity reliability evaluation problem. The third

section explains the solution algorithm for the sub-problem in the evaluation process.

The algorithm will then be used to test the performances of different possible traffic

regulation strategies with a small network for demonstration purpose and with a

network of Kobe city. The last section finally concludes the paper.

2 Mathematical Formulation of Traffic Regulation Problem and Capacity

Reliability Evaluation

2.1 Probit Based Route Choice Equilibrium Model with Capacity Constraint

Let G(A, N) denotes a directed graph comprising of a set of directed arcs, A, and

nodes, N. Let x denoted a vector of link flows with the size of |A|. Define q with the

size of |R| (R is the set of OD pairs) as a vector of travel demand in which each

entry, qrs, is associated with a demand for an OD movement from nodes r to s (r m
s; r, s Z N ). For each OD pair, rs, flows can move from r to s through different

paths ( p) in the network. Let f denote the vector of path flows with size equal to the

number of path (|H|, where H is the set of paths) in which each element, fp, denotes
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amount of path flow on path p where p Z 9rs, and 9rs denotes the set of paths between

an OD pair rs. The matrix 4 denotes the path-OD incidence matrix (with the size of

|H| � |R|) in which 4p, r = 1 if path p is associated with OD pair r and 0 otherwise.

The relationship between a path and links (i.e., path is a combination of a

number of links in the network) is defined through a path-link incident matrix,

denoted by $ (with the size of |A| � |H|) in which its element, $a, p = 1 if link a is

related to path p and 0 otherwise.

Next, the Probit based Users’ Equilibrium (SUE) condition for travellers’ route

choices is introduced. Define ta(x) and cp( f ) as a link and path cost for link a and

path p, respectively. In this paper, we assume that ta(x) is a continuous twice

differentiable function and monotone with respect the x, and ta(x) is defined

following a standard separable BPR function: ta xð Þ ¼ aa þ b � xa=sað Þla . Define c =

$t for the relationship between path and link costs and the perceived dis-utility of

travelling on path p is:

Up ¼ cp fð Þ þ ep ð1Þ

where the stochastic term, ep, is assumed to be a joint non-degenerate multivariate

normal distribution (a way to define this term will be discussed later in the

numerical example). We assume that the variance–covariance matrix of e to be a

non-singular matrix. The travellers between OD pair rs will choose to travel on the

path with the minimum perceived dis-utility. The corresponding choice probability

of path p can then be defined as:

Pp Uð Þ ¼ Pr Up � U~pp
8epp 2 Prs

� �

ð2Þ

Thus, we can define the fixed point condition for the Probit SUE as:

x ¼ D � W � qð Þ � P DT � t xð Þ
� �� �

ð3Þ

where � and � denotes the element-wise multiplication and division operators for

matrices in which A � B = C (A, B, and C have the same size) and ci, j = ai, j � bi, j

(i and j denotes row and column of the matrices, respectively). Following the

Brower’s fixed point condition, it is trivial to prove that for a given vector of q

there exists a solution vector x which satisfies Eq. (3). Denote x* as vector of SUE

link flows satisfying the fixed-point condition in Eq. (3).

2.2 Traffic Regulation Problem Formulation as MPEC

In this section we will formulate this problem as a Mathematical Program with

Equilibrium Constraints (MPEC). Let q denote a vector with the size of |R| in which

each entry, 0 e qrs e 1, represents the ratio of traffic allowed to travel between the

OD pair rs. For a given normal travel demand between OD pair rs, denoted qrs, the

allowed amount of traffic to travel after a major disaster will be qrsqrs. Thus,

the total amount of traffic in the network can be defined as qT � q. In the traffic

regulation problem, the regulator attempts to set q so as to maximise the total traffic

volumes in the network whilst keeping the link flows lower than the link capacities,
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sj, to avoid any congestion. This can be defined mathematically as (referred to as

the REG-problem):

Max
x;qð Þ

Z � qT � q
s:t:

x* qð Þ � s

0 � q � 1

ð4Þ

where following the description in the previous section x*(q) is defined as the SUE

link flow vector for a given vector of demand (controlled by q) satisfying the fixed-

point condition of:

x* ¼ D � W � q� qð Þ � P DT � t x*ð Þ
� �� �

ð5Þ

For a given vector of q, the existence of x*(q), again, follows the Brower fixed-

point theorem. Note that the SUE link-flow in Eq. (4) is written as an implicit

function of q to signify that as the allowed travel demand in the network change the

SUE link flows may also change accordingly. The constraint of x*(q) e s, where s

is a vector of link capacity, ensures that the resulting SUE flows do not violate the

link capacities.

The objective function from the solution of Eq. (4) can be considered as the

capacity of the degraded network. This can be used to evaluate the capacity

reliability of the network as defined in the next section. The existence of a solution

of Eq. (4) can be shown that for a given value of q � q, one can reduce the level of

demand in the network until all SUE link flows satisfy the link capacities. The

trivial case for this is that of q = 0. Thus, the REG-problem definitely has at least

one solution satisfying the optimality condition.

2.3 Definition of Capacity Reliability

Given a directed graph G(A, N), each link a Z A may be degraded by the effect of

the disaster. We assume that the nodes in the network will not be degraded in this

analysis for simplicity. Once a link is degraded, its capacity may be reduced (which

may be due to a closure of lanes, road disruption, etc.). We assume that each link

has an independent probability of failure (0 e +a e 1) and uniform probability of the

level of degradation. With a realised state of the link capacities in the network (after

the disaster), the traffic regulation scheme as described by Eq. (4) is assumed to be

in place. The probability of each state of the network is denoted by �k.

From Eq. (4), we can obtain the maximum level of travel demands in the

network which are allowed to travel, denoted Ok. Let O* denotes the traffic volume

as defined by Eq. (4) with a non-degraded network. We can then define the ratio

between the traffic volumes after and before the degradation of the network (under

state k) as mk = Ok/O*. Indeed, Chen et al. (2002) adopted this measure to define the

capacity reliability as:

R mð Þ � Pr mk � mð Þ ¼
X

8k
hk � akð Þ ð6Þ
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where m is defined as an acceptable level of capacity of the network (defined by the

regulator) and !k = 1 if mk � m � 0 and 0 otherwise.

Evaluating Eq. (6) exactly for all possible network states may be too

computationally intensive and even impossible for the case with continuous

capacity. For instance, for a network with 50 links (and assume three discrete levels

of link capacity after degradation), there will be around 350 states. If we assume a

continuous level of degraded capacity, the number of possible states becomes

infinite. Thus, we adopt the method of Monte-Carlo simulation to estimate the

capacity reliability measure. The procedure is as follows:

Step 0: Set sample number k = 1;

Step 1: Generate a uniform random number Ya ranging from 0 to 1 for each link;

Step 2: if Ya < +a (link failure probability), generate another uniform random

number Ba, and reduce the capacity of link a as (1 j CaBa) sa, where Ca

is an input parameter.

Step 3: Solve the REG problem to obtain Ok, maximum traffic volume accepted

on the degraded network of k.

Step 4: If k < kmax, k = k + 1 and go to Step 1. Otherwise terminate.

From Ok, capacity network measures considering traffic regulation with threshold

of m can be calculated as follows.

R mrð Þ ¼ Pr m � mrð Þ ¼
X

kmax

k¼1

uk;m

,

kmax

where uk;m ¼ 1 if Ok=O* � m, and 0 otherwise.

3 Implicit Optimisation Algorithm for Optimal Traffic Regulation Problem

The REG problem as defined in Eq. (4) can be solved by many available opti-

misation routines provided that the derivatives of all functions involved can be

calculated. In this case, we adopt the sequential quadratic programming (SQP)

algorithm from the Ffmincon_ solver in MATLAB\ (see Bazaraa et al., 1993 for the

detail of SQP). Noteworthy that due to the non-convexity of the SUE link-flows as

a function of q, there could be multiple optimal solutions for the REG problem.

Under this condition, we can only guarantee the local optimum from the optimi-

sation algorithm.

The objective function and the bound constraints of q in Eq. (4) are relatively

simple in which their values and related derivatives can be analytically defined. For

the non-linear inequality constraints of the SUE link-flows and the link capacities,

the evaluation of these constraints involves solving the Probit SUE assignment for a

given vector of q. In this paper, the algorithm for finding SUE link flows for a

given vector of q employs the method of successive average as defined in Sheffi

(1985) and the method of (Mendell and Elston, 1974) is adopted for evaluating the

Probit path choice probability. Note that other alternative methods can also be

adopted to carry out this task (see Rosa, 2003 for further discussions).
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The derivative of x*(q) with respect to q can be defined through the sensitivity

analysis of the SUE link flows with the perturbation of q (Clark and Watling,

2002). Briefly, a gap function of Eq. (5) can be defined as:

g qð Þ ¼ x*� D � W � q� qð Þ � P DT � t x*ð Þ
� �� �

ð7Þ

Applying the Taylor first order approximation to g(q) around q0 and x*(q0)

yields:

g qð Þ 	 g q0ð Þ þ rxg q0ð Þ � x* qð Þ � x* q0ð Þð Þ þ rqg q0ð Þ � q � q0ð Þ ð8Þ

where lxg(q0) and rqg q0ð Þ are the jacobians (evaluated at q0) of the gap function

vector with respect to x and q, respectively, which are:

rxg q0ð Þ ¼ I� D � W � q� qð Þ � 1 1; Hj jð Þ � I
� � �rCP �DT �rxt

rqg q0ð Þ ¼ �D � P� W �rqqð Þð Þ
ð9Þ

From Eq. (8) since the values of the gap function at q and q0 must be both zero,

one obtains:

x* qð Þ � x* q0ð Þ
q � q0

	 � rxg q0ð Þð Þ�1 � rqg q0ð Þ ð10Þ

Then, the gradient of the SUE link flows with respect to q can be derived as:

rqx* qð Þ ¼ lim
q!q0

x* qð Þ � x* q0ð Þ
q � q0

¼ � rxg q0ð Þð Þ�1 � rqg q0ð Þ ð11Þ

see Sumalee et al. (2006) and Connors et al. (2006b) for the discussion on the

numerical calculation and existence of Eq. (11).

4 Numerical and Policy Tests

4.1 Test with a Five-link Network

This section illustrates the application of the methodology proposed in Sections 2

and 3 to a toy network example. The five link network with two OD pairs as shown

in Fig. 1 is adopted for the test. The variance–covariance matrix of perceived path

costs is derived from the pre-defined values of the variances of perceived link travel

costs using the link-path incidence matrix. For instance, path 1 in the five-link

network is defined as the path from links 1 to 4 and path 3 in the network is defined

as the path from links 1 to 3 and 5. If the link variances of all links are defined as 1,

then the covariance between paths 1 and 3 is 1 (due to the variance on link 3 which

is the overlapping link of both paths).

In this test, the link cost variances for all links are defined as 1. Two OD pairs

are defined, from nodes 1 to 4 and from nodes 1 to 3. The total demands in the base

case for these two OD pairs are assumed to be 10. The initial test is conducted to

investigate the performance of the implicit programming in solving the problem.

With the normal probit SUE condition, the equilibrium link flows are 15.2129,
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4.7871, 9.8929, 5.32, and 4.68 for links 1 to 5 in that order. In the initial test, the

capacity of all links is set to be 10. The implicit programming algorithm is then

applied to solve the REG and gave q1 = 1.00 and q2 = 0.3912 as the optimal

solution with the total demand in the network of 13.9121. The resulting SUE flows

are 10, 3.9121, 7.5747, 2.4253, and 1.4869 for links 1 to 5, respectively, which all

satisfy the link capacities of 10.

To verify this result, Fig. 2 depicts the comparison between, on the vertical axis,

the aggregated level of link capacity violation (if greater than 0 there is at least a

link with the flow higher than the link capacity) and, on the horizontal axis, the

total trips in the network. This figure was generated by finding the SUE link flows

for each of the given values of q1 and q2. The highest level of the value of the

horizontal axis with the corresponding level on the vertical axis of zero (all link
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flows satisfies the link capacities) is between 13 and 14 which is consistent with the

result from the implicit programming (13.9121).

After this initial test, two cases of traffic regulation are defined for testing their

performances in terms of the network capacity reliability. The first is with two

parameters of OD demand control, q1 and q2, one for each OD pair controlling the

level of OD demand allowed to travel in the network. The second case is with only

one parameter of OD demand control applied to both OD pair, q1.

For the first test, the range +a values (link failure probabilities) is tested (from 0.1

to 1) as well as the acceptable level of network capacity, m (ranging from 0.1 to

0.95). Figure 3 shows the plot of the result.

This result is based on the value of Ca of 0.6 for all links (see Section 2.3) and

the number of iteration of the MC adopted is 50. As expected, the higher the link

failure probability the lower the capacity reliability. Similarly, the higher the

acceptable capacity level, the lower the capacity reliability indices.

Similar assumptions are made for the second test but with only one demand

control parameter applied to both OD pairs. Figure 4 below plots the difference

between the capacity reliability indices as found from the first and second tests

(cases 1–2). As expected, most of the cases have positive values implying the

higher capacity reliability indices in the case with two control parameters. This is

due to a higher degree of freedom for the REG. However, there exist some negative

values which may be mainly due to either the sampling error from the MC

simulation (only 50 samples are used) or the local optimum of the values of q1 and

q2 found by the implicit programming algorithm.

Fig. 3 Capacity reliability test with the small test network with different values of link failure probability

and acceptable levels of demand
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Comparing between the two cases, the highest value of the difference between

the capacity reliabilities is 0.40 which significantly suggests the higher performance

of the first regulation scheme. As mentioned, this is relatively straightforward result

as expected due to the higher degree of freedoms in the design parameters of REG.

A more interesting investigation can be made regarding the trade-off between the

level of complexity of the traffic management regime and the potential increase in

the network capacity reliability.

4.2 Test with the Kobe Network

The proposed algorithm is further tested with the network of the Kobe city in Japan,

see Fig. 5. The network consists of 140 directed links, 42 nodes and 8 centroids (56

OD pairs). +a is set to be 0.05 for all links in this test. The values of the capacity

reliability for different m are obtained by the MC simulation of 50 runs. To show

the effect of area-based traffic regulation, three scenarios are assumed;

Scenario 1: Whole area regulation which employs the same value of regulation

rate for all OD pairs and is equivalent with the original definition of

the capacity reliability as proposed in Chen et al. (2002),

Scenario 2: Origin-based regulation which applies the same value of regulation

rate for each origin. This assumes that we can control the number of

vehicles coming out from each origin,

Scenario 3: OD-based regulation in which the different regulation rate is enforced

for each OD pair.

Fig. 4 Comparison between the capacity reliability indices for the test with the small network with two

and one OD demand control parameters
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Figure 6 illustrates the calculation result of capacity reliability by different

values of the threshold and scenarios. The vertical axis shows the traffic volume

that the network can accommodate. The traffic volume that the network can

accommodate with the capacity reliability of 0.9 is 38,530 for scenario 1, 85,378 for

scenario 2 and 87,835 for scenario 3. From the tests, the OD based scheme

Fig. 5 Kobe test network
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generally performs best. With the lower acceptable level of demand in the network,

the difference between capacity reliability indices of the whole area and OD based

regulations becomes smaller. In contrast, the reliability indices of the origin based

and OD based regulations are closer when the acceptable level of demand is lower.

In general, the result suggests that the network capacity can be improved

substantially by applying the traffic regulation.

Figure 7 and Table 1 illustrates one of calculations to show some detail result. In

the Fig. 7, dotted arrow-lines highlight the links with the traffic volumes equal to

the link capacities. The locations of the saturated links were same for all scenarios

implying that these links are critical for ensuring a certain level of network

Fig. 7 Links with the flows equal to link capacities in a test with the Kobe network

Table 1 Results of the optimal regulation rate for each scenario with the Kobe network

Whole Origin-based
OD-based

Origins 1 2 3 4 5 6 7 8

1 0.83 1.00 – 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2 0.83 1.00 – 1.00 1.00 1.00 1.00 1.00 0.78

3 1.00 1.00 1.00 – 1.00 1.00 1.00 1.00 1.00

4 1.00 1.00 0.00 1.00 – 1.00 1.00 1.00 1.00

5 1.00 1.00 1.00 1.00 1.00 – 1.00 1.00 1.00

6 1.00 1.00 1.00 1.00 1.00 1.00 – 1.00 1.00

7 1.00 1.00 0.98 1.00 1.00 1.00 1.00 – 1.00

8 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 –
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capacity. The rectangles and the contained values mark the degraded links and their

rates of degradation. In this example, the capacity degradation of the link from

nodes 4 to 39 decreases the total network capacity substantially. This link is the

only outgoing link from zone 4 which is not the case for the other zones. Thus, the

degradation on this link should inevitably decrease the level of demand from zone 4

which can enter the network.

In scenario 1, only 83% of the original demand can be accepted. In scenario 2,

travel demands from all origins except that from origin 2 can be accommodated. In

this case, applying the origin-based traffic regulation increases the network capacity

from 84,277 (from the test with the whole area regulation) to 96,916. If OD-based

traffic regulation (Scenario 3) can be implemented, the network capacity can be

further increased to 98,635. In this case, the OD pairs with the suppressed demand

levels are (4,2), (7,2), (8,2) and (2,8) which are all related to the traffic originated and

destined at zone 2. In particular, the regulation rate of OD pair (4,2) and (8,2) are set

to be zero. This implies that an efficient traffic regulation scheme does not

necessarily involve many OD pairs in the network. However, this result can be

highly subject to the network and demand configuration. Nevertheless, this result

highlights the benefit of using this kind of analysis to detect the most important travel

movements or links for ensuring a certain level of network capacity reliability.

5 Conclusions

The road network becomes extremely important after the major disaster. This is due

to the decoupled effect of the degraded level of the link capacity and the sudden

increase in the number of short-trips made by private cars to access goods and

necessary life recovering activities as the systems of the other modes of transport

can be more disrupted than the road network. Under such a degraded condition, the

network manager may have to implement a form of traffic regulation to ensure a

certain level of service (to avoid congestion). One measure to evaluate the

performance of different traffic management schemes is the capacity reliability.

In this paper, the capacity reliability index refers to the probability of a certain

traffic regulation measure to induce an acceptable level of travel demand in the

network without violating the link capacities (possibly degraded). For a given state

of the link capacities in the network, the problem of evaluating optimal traffic

regulation parameters and the associated level of traffic demand allowed in the

network can be formulated as a Network Design Problem. The concept of Probit

SUE was introduced in the paper to represent travellers’ route choices.

The method of sensitivity analysis was then proposed for the calculation of the

derivative of the SUE link flows with respect to the traffic regulation parameters

governing the level of travel demand for a certain movement. This derivative can

then be used in any optimisation algorithm to solve the optimal traffic regulation

problem. This problem is then integrated with the method of Monte-Carlo

simulation which will randomly generate different states of the network (i.e., link

capacities) from given statistical parameters of the possibility of each link to be

disrupted. This method can be used to evaluate the capacity reliability index.
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The algorithm was then tested with the five-link network and the network of the

Kobe city in Japan. Different tests with different degrees of freedom of the traffic

regulation parameters were carried out. Generally, the results from the tests with

both network suggested a possible higher level of network capacity reliability with

the regulation scheme with a higher degree of freedom (e.g., the scheme applying

OD based traffic regulation has a higher degree of freedom than the whole area

traffic regulation scheme). However, it is also found that an efficient control of the

travel demand in the network to improve its capacity is not necessarily involved

with a high proportion of the trips in the network. In the test with the Kobe network,

mainly the trips associated with zone 2 were controlled under the OD-based

regulation scheme. However, this result may depend largely on the network and

demand configuration. Future research should investigate this pattern. In addition, a

problem of optimal network improvement to improve the network capacity

reliability is also an interesting topic for further investigation.

Acknowledgments The first authors would like to thank Prof. David Watling and Dr. Richard Connors

for their contributions on the development of the sensitivity analysis method of the Probit SUE flows. He

also would like to thank the UK EPSRC for the financial support.

References

Athukorala PC, Resosudarmo BP (2005) The Indian Ocean tsunami: economics impact, disaster

management and lessons, Working Paper in Trade and Development No 2005/05, Division of

Economics, the Australian National University

Bazaraa MS, Sherali HD, Shetty CM (1993) Nonlinear programming: theory and algorithms. John Wiley

& Sons, Inc., New York

Bell MGH (1999) Measuring network reliability: a game theoretic approach. J Adv Transp 33(2):

135–146

Chen A, Yang H, Lo HK, Tang WH (2002) Capacity reliability of a road network: an assessment

methodology and numerical results. Transp Res, Part B: Methodol 36(3):225–252

Chi-Chi Reconnaissance Team (2000) BEvent report: Chi-CHi, Taiwan earthquake.’’ Risk Management

Solutions, California, USA

Clark SD, Watling DP (2002) Sensitivity analysis of the probit-based stochastic user equilibrium

assignment model. Transp Res, Part B: Methodol 36(7):617–635

Connors R, Sumalee A, Watling DP (2006a) Variable demand probit-based network design problem:

implicit programming approach. Transp Res, Part B: Methodol. Submitted

Connors RD, Sumalee A, Watling DP (2006b) Sensitivity analysis of the variable demand probit

stochastic user equilibrium with multiple user-classes. Transp Res, Part B: Methodol. Submitted

D’Este GM, Taylor MAP (2003) Network vulnerability: an approach to reliability analysis at the level of

national strategic transport networks. In: Bell MGH, Iida Y (eds.) The network reliability of

transport. Pergamon, Oxford

Du ZP, Nicholson AJ (1997) Degradable transportation systems: sensitivity and reliability analysis.

Transp Res, B: Methodol 31(3):225–237

IATSS, Research Report (2000) Study on personal passenger car traffic regulation following the great

earthquake disaster (in Japanese)

Kurauchi F, Iida Y (1998) Study on origin/destination flow fluctuations in the period following the Great

Hansin-Awaji earthquake. IATSS Rev 23(3):146–154 (in Japanese)

Mendell NR, Elston RC (1974) Multifactorial qualitative traits: genetic analysis and prediction of

recurrence risks. Biometrics 30:41–57

Rosa A (2003) Probit based methods in traffic assignment and discrete choice modelling, PhD thesis,

Napier University

218 A. Sumalee, F. Kurauchi



Sheffi Y (1985) Urban transportation networks: equilibrium analysis with mathematical programming

methods. Prentice-Hall, Englewood Cliffs, New Jersey

Sumalee A, Connors R, Watling DP (2006) Optimal toll design problem with improved behavioural

equilibrium model: the case of Probit model. In: Lawphongpanich S, Hearn DW, Smith MJ

(eds.) Mathematical and computational models for congestion charging. Springer, Berlin

Heidelberg New York

Network Capacity Reliability Analysis Considering Traffic Regulation after a Major Disaster 219


	Network Capacity Reliability Analysis Considering Traffic Regulation after a Major Disaster
	Abstract
	Introduction
	Mathematical Formulation of Traffic Regulation Problem and Capacity Reliability Evaluation
	Probit Based Route Choice Equilibrium Model with Capacity Constraint
	Traffic Regulation Problem Formulation as MPEC
	Definition of Capacity Reliability

	Implicit Optimisation Algorithm for Optimal Traffic Regulation Problem
	Numerical and Policy Tests
	Test with a Five-link Network
	Test with the Kobe Network

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


