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As the space availability in the new urban technology park is limited and
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scarce, the selection of high-efficient industries and the traffic impact analysis
have become important issues for urban technology park planning. This study
develops a series of models to program industrial land-use spatial allocation
optimization and evaluate transportation network flow allocation. In the first
phase of this study, a spatial allocation optimization towards the land use design
problem is developed by using grey multiobjective programming. Maximizing
industrial value and minimizing access costs are taken into consideration. In the
second phase, a minimum cost flow problem is developed to solve network flow
allocation. The results of this study showed the trade-off between the benefits of
industrial and the accessibility. When consider the accessibility of the transit
station in urban technology park, it will be allocated on the middle area of the
park. This study provides a comprehensive planning framework to determine land-
use design for urban technology park planning. The proposed models provide
ways by which government can evaluate urban technology park devel opment and
positioning. In addition, it is envisaged that the results of this study may shed light
onindustrial land use design.

Keyword : Urban technology park; Transit station; Industtedd use design
planning
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Abstract

Highway congestion is a serious problem in Taiwan. In recent years, high-
occupancy vehicle lanes (HOV lanes) have been applied in America and many
European countries for solving traffic congestion, high commuting costs and oil
consumption problems. High-occupancy toll lanes (HOT lanes), on the other hand,
are another way to increase the utilization of HOV lanes. HOT lanes convert the
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remaining capacity of HOV lanes, which allow low occupancy vehicles (LOVSs) to
use the HOT lanes by paying a congestion toll. This paper uses a bi-level concept
to crystallize an organizational hierarchy in which two decision makers seek to
improve their strategies. In the upper level problem, administrators decide the
policy of freeways as a minimum total cost problem based one the current traffic
flow and desired level of service; in the lower level problem, road users estimate
their travel cost to decide the most economical way. A case of the National
Freeway No.1 from Wugu interchange to Yangmei interchange is used to test our
policies, the HOV and HOT lanes.. The simulation shows that convert an existing
lane to HOT lane is the optimal road policy. And we also find that between 50%
and 80% of the HOVs will divert into the HOT lane, and between 0% and 20% of
the LOVswill carpooling or pay a congestion toll to use the HOT lane.
Keywords: traffic management, congestion pricing, high-o@ngy, bi-level
programming, level of service

1 Introduction

Being stuck in a traffic jam seems unavoidable fioe drivers in
developed or developing countries. Since trafficuonstances are getting
worse, easing traffic congestion has become onthefprimary goals for
governments to focus. In recent years, high-ocotypaehicle lanes (HOV
lanes) have been implemented widely for solvinggestion problems in
America and many European countries. The concept@V lane was first
introduced in 1969 as an exclusive bus lane toLtheoln Tunnel in New
Jersey, USA (Federal Highway Administration, 20@@)ich only allows
vehicles with two or more occupants to use.

In order to improve traffic flow efficiency, manyaffic managers
combine the concept of congestion pricing with H@¥e, and convert the
remaining capacity of the HOV lanes to high-occugyaoll lanes (HOT lanes)
in an attempt to allow single-occupant vehicles YSPor low-occupant
vehicles (LOVSs) to use the fast HOT lanes by pagngll. The SR-91 Express
Lanes which opened in 1995 were the first practggilication of the HOT
lane concept and it also solved the problem of grigote syndrome (Federal
Highway Administration, 2009).

The purpose of this paper is to improve traffic gestion problems by
carrying out the road policy with a model basedramel time data measured
in the field on the National Freeway No.1 in Taiw#vith regard to the road
policies: Mixed-flow lane (General-purpose laneDWIlane and HOT lane
policy, it is undeniable that not all the traffiegulations are suitable in every
scenario. Hence it is important to consider howagply them effectively and
efficiently in different traffic situation. This jper will discuss each road policy
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and give an optimal suggestion for the northernore@f National Freeway
No.1.

We use the concept of bi-level programming probl@ais$) to visualize
an organizational hierarchy in which two decisioakers seek to improve their
strategies. The bi-level decomposition method aved as an adjustment
phase with the upper level decision maker sendintative information to the
lower level decision maker, observing reactionsg dhen updating the
corporate information.

2 Literature Review

Bureau of Census surveys (1979) showed that theagwetransit
commuter trip requires about 70% more time tharatrerage carpooling trip.
Formal carpooling projects have been around imestred form since the
mid-1970s. There are several basic carpool typesgdated driver carpooling,
alternating carpooling, employer carpooling ancetflear/vanpool program.
There are three types of approaches used to stagyoaing problems
(Kostyniuk, 1982). The first type is to predictegharing demand of utility
maximization principle by viewing ridesharing asiadividual or household
travel decision. The second type considers thegss@nd conditions of
formation of a group to estimate the ridesharinggptal of an area. The third
type considers demand and supply effects to oletgunibrium traffic flows.

Huang et al. (2000) presented a deterministic maael a stochastic
model for studying carpooling problems. Each madedstablished for both
no-toll equilibrium and social optimum equilibriurand explains how the
amount of carpooling is affected by fuel cost, addlg cost, time value,
preferential or attitudinal factors and traffic gastion. It is found that tolling
scheme is implemented only when a congestion eafigribased, carpooling
Is sensitive to traffic congestion reduction. Gatigrin the absence of external
factors of circumstances, road users will not carpa their own initiative for
overcrowding. There must be a reliance on publiticpoto encourage
carpooling.

The HOV lane was first introduced in 1969 as anwestee bus way on
Virginia's Shirley Freeway (1-395), USA. The contépas been developed and
been tested to mitigate traffic congestion and owertransport efficiency
(Chung and Choi, 2010; Ungemah et al., 2008). Hmefits to set HOV lanes
include reducing truck-mileage, pollution emissiccemmuting time and fuel
consumption; increasing vehicle loading and impnguravel speed as well as
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the punctuality of travel time (Institute of Trawsmation, MOTC, 1997).

It might motivate road users to shift from drivieglo to carpooling on
the successful HOV lanes, but HOV lanes are noaydwnore effective when
compared to Mixed-flow lanes. Dahlgren (1998) deped a model to
determine the circumstances in which HOV lanes adé effective. Four
alternatives are presented: adding a high HOV ladeing a Mixed-flow lane,
converting an existing lane to HOV lane, and dainthing.

Li (2001) demonstrated that household income, Velaccupancy, trip
purpose, and age are important determinants of ld@8 use. These findings
provide some useful indications for selecting HOTess and the
implementation of HOT lanes. Turnbull (2008) exaedrthree HOV-HOT
projects on I-15 in San Diego, California; 1-394Ntinneapolis, Minnesota;
and I-25 in Denver, Colorado. Although the chanasties and the experience
on 1-15, 1-394 and I-25 are somewhat different,ytlgrovide different
perspectives on the potential impacts on publitspartation in bus travel time,
trip time reliability and on-time performance.

Plotz et al. (2010) deal with the potential effiga¢ implementing a pure
HOV lane by considering two extreme scenarios finavide a range of the
potential impacts of HOVs trip reduction. It hagaper impacts from both a
vehicular trip reduction and revenue generatingpestive when HOV lanes
have with additional management and pricing. Chamgl Choi (2010)
presented a feasible assessment of implementir@Talahe using a dynamic
toll concept as an alternative improvement to thistimg HOV facility on the
Kyungbu freeway in Korea. Liu et al. (2010) addeskthe analysis of system
performance for Washington State Route 167 HOT aijmers. Based on the
analysis and evaluation results, the speed-floaticeiships in the HOT lanes
systems and quantified travel time savings, SOMEngp incentives are
presented.

3 Model Formulation
3.1 Bi-Level Concept

103 There are three road policies: Mixed-flow lad@V lane and HOT
lane. Administrators decide the policies of freewdgwever, road users have
different responses toward different policies, andose lowest travel cost for
themselves. They estimate travel cost to deciddheheo use a road or not.
We suppose two types of road users: low-occupaebycie drivers (LOVS)
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and high-occupancy vehicle drivers (HOVS). The fermeans that occupants
are below the standard of lane occupants, andatter Imeans vehicles with
more passengers.

We use a bi-level concept to visualize an orgaiumat hierarchy in
which two decision makers seek to improve theiatstfies. Multi-level
programming is characterized as mathematical teesd¢centralized planning
problems. An important feature of multi-level pragrming problems is that
controlling over the decision variables is partigd among the levels, but a
decision variable of one level may affect the otiyecfunctions of other levels.
A planner at one level of the hierarchy may hawedbjective function and
authority determination, however the other variatgetrolled by other levels
influences the objective functions (Bialas and Kamw1984; Wen and Hsu,
1991). Generally, real world problems involvingiararchical relationship are
between two decision levels (Ben-Ayed et al.,199@son et al., 2007).

The bi-level decomposition method is viewed asdjusement phase with
the upper level decision maker sending informatmtine lower level decision
maker, observing reactions, and then updatingdhgocate information. Since
everyone seems to make their choices so as to nmxiheir individual utility
functions, one criticism of the decomposition meth® that the upper level
decision maker is solving an optimization problemah is perhaps very large
with a single objective. Over the fixed feasiblgiom, the lower level decision
maker controls the other variable, and does higiiveroptimizing, and then a
single corporate objective decomposes into thectibigs of subunits. Figure
3.1 show the relationship of the upper level ardithver level problem.
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Upper Level Problem

For government, there are
three road policies: mixed-
flow lane , HOV lane, HOT
lane

* Administrator decide the policy of highway '

Lower Level Problem

* Road users estimate travel cost to decide use road or not

3

For road users, they have
different responses in
different policy, and will
choose lowest cost for
themselves.

Upper Level Problem

* Administrator decide the policy of highway '

For government, there are
three road policies: mixed-
flow lane , HOV lane, HOT
lane.

Lower Level Problem

* Road users estimate travel cost to decide use road or not

L 2

For road users, they have
different responses
different policy. and will
choose lowest cost for
themselves.

Figure 3.1 Bi-Level Concept

Different types of road policies focus on differestijectives, such as
revenue generation, congestion management, or botthis paper, traffic
congestion reduction is our major objective. Thgamtactor motivating new
road policies is severe and recurring traffic catige. A road policy should
be considered only when there is highway congestiorwe need to define
congestion sections of a highway and the congestma periods first. We
collect traffic flow from Institute of Transportati, MOTC, and Taiwan Area
National Freeway Bureau, MOTC, and then use theequirof level of service
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(LOS) to calculate the performance status of curMixed-flow lanes. If
current inner lanes operate above LOS C and cuoetside lanes operate
above LOS D, we do nothing. If current inner lanpsrate below LOS C or
current outside lanes operate below LOS D, wetfiedcongestion sections of
a highway and have to improve them.

Because congestion situation is different in défdérroad sections, we
have two candidates of road policy: HOV lanes ar@dTHanes. Assume
between 70 and 90 percent of the current mainintesarvice road HOVs will
divert into the HOV facility (Federal Highway Admstration, 2008). We can
preliminary estimate the traffic flows of HOV lanemd calculate the initial
LOS. In this step, we add a penalty concept. Ihhigy lanes do not meet
specific service level, which means the crowdedddam, we give them a
penalty. If HOV policy is better than Mixed-flow jicy, we use HOV lane as
new road policy, if not, we will consider HOT landsgure 3.2 shows the
procedures.
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Figure 3.2 Operational Assessments of Road Policies

N N Y

3.2 Level of Service

The Highway Capacity Manual (HCM) is a synthesistate of the art in
methodologies for quantifying operational condigamthin traffic stream and
capacity utilization for a variety of transportatidacilities. One of the
foundations of the HCM is LOS. LOS is a methodraffic analysis to quantify
a roadway’s performance with regard to specifieffitr volumes. We use the
concept of LOS to analyze the traffic congestiorle

Six levels of service are ranking from Ato F, wii®S A representing the
best operating conditions and LOS F representiagMbrst. The design LOS
is related to up to the amount of congestion wanaléllowed on a given road.
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This operational performance can be measured oulesd in terms of mean
speed as well as other factors such as travel trafé¢ flow, and density. LOS
is an indicator showing how drivers and road usgkabout the driving speed,
travel time, freedom to maneuver, traffic interiaps, comfort, and traffic
safety. In this paper, we choose speed as the meestsundard of LOS.

There are several steps in a basic LOS determmatiouninterrupted-
flow facility. These analysis procedures are alovas:

1. Base conditions

The base conditions for a basic freeway segmerntidaclane width,
number of lanes in each travel direction, righttdter clearance, median
lateral clearance, and type of terrain (level,imgllor mountainous).

2. Service measure and the adjustment factors

The adjustment factors such as lane width adjudtnhegieral clearance
adjustment, number of lanes adjustment, interchdegsity adjustment, peak-
hour factor, heavy-vehicle adjustment, terrain suoijient, passenger car
equivalency factor, the proportion a given typegatiicle and driver population
adjustment are used to determining real free flpaesd.

Q =%
a, (3.1)
Q, :QPHF X(l_H)ng +QPHF XH xR,
l, ly (3.2)
S S
1+P, % (E,-1) (3.3)
Pg :QPHF xH ng
N, xQ, (3.4)
SlZV><N1><(1—H +HXxR,)-HXR XN,
VXN, x(1-H)+N,x(1-H) (3.5)
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QPHF = ﬁ (3.6)

Where
Q, : the adjustment flow, unit: vehicle

Q,:the flow on lineg , unit: vehicle (on certain line)

a, : the vehicle population adjustment

Q: total flow in in each travel direction, unit: pers

PHF : the peak-hour fator

H : the ratio of heavy-vehicle in total vehicle

S, : the ratio of passenger-vehicle in total passewmgkiele on inner line or oute line
R, :the ratio of heavy-vehicle in total heavy-vehicteinnerline or outside line
Ig :number of lines, unit: lines

V : the proportion of vehicle on inner line to outslithe

g : type of line;g ={ inner line: 1, outside lineg: 2

P, :the ratio of heavy-vehicle in total vele on inner line or outside line

E, : the passenger car equivalency factor

3. Determining level of service
After calculating the value of service measurecam determine the LOS

from the service measure value. Table 3.1 present.©S criteria for basic
freeway segment.
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Table 3.1 Level of Service Criteria for Basic Fregvegment

LOS Mean Speed Traffic Flow Traffic Flow Characteristics Congestion
(km/hr) Level
Free flow conditions, vehicles are
A ~100 <1600 almost completely unimpeded in Low

their ability to maneuver within the
traffic stream.

Reasonably free flow, vehicles

B 95-100 1600-1900| maneuver within the traffic stream Low
is only slightly restricted.
Freedom to maneuver within the
C 90-95 1900-2050| traffic stream is noticeably Moderate
restricted.

Freedom to maneuver within the
traffic stream is more noticeably
D 80-90 2050-2300| limited, and drivers experience Moderate
reduced physical and psychological
comfort level.

Operating conditions at or near th
roadway’s capacity, and drivers

D

E 70-80 2300-2600 . . : Severe
experience considerable physical
and psychological discomfort.

F <70 >2600 Breakdown in vehicular flow. Severe

Source: Transportation Research Board (1994).

3.3 Travel Cost Function

To continue our earlier discussion, when the adstri@ior decide the
specific road policy for the freeway, road useilt @stimate travel cost to
decide whether they will use road, they will chodtise lowest travel cost,
which include travel time, fuel cost, carpoolingstand congestion toll.

Every road user has travel cost associated witip avhich is one of the
most vital reason for them to consider about, hemoglying a model to
calculate travel cost is the major focus in thig.pad/e suppose travel costs of
a road user are composed with travel time, fuet, ao@pooling cost and
congestion toll. We calculate travel time by BureduPublic Roads (BRP)
function (see equation 3.9), which is establishesl following relationship
between travel time on a freeway section and volusieg this freeway by the
Federal Highway Administration. The fuel cost ismatary cost which we can
estimate by consumptions per kilometer. The carpgalost is an intangible
cost that cannot be directly quantified, but we estimate the carpooling cost
by the relationship of different transport modeeTdarpooling cost could be
considered as a psychological cost that a comnmuteilling to pay to avoid
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using one transport mode over another. (Chu, 2000)

G :[di 3(Q ):' (3.7)

(3.8)

where

c :the travel cost on line , unit: $NTD

d :the distance on linie , unit: km

t(Q):the average travel time with flo@  penit distance, unit: minui
Q:the flow on lind , unit: vehicle

t, : the free-flowtravel time per unit distance, unit: minute

C, : the road capacity, unit: vehicle

a, [ :constant

i :road policy;i ={ mixed-flow, HOV, HOF

3.3.1 Mixed-flow Lane

Mixed-flow lane means general freeway lane, a mead for travel by
the public between important destinations, sucltigss, large towns, and
states. There are two type road users in Mixed-feve: LOVs and HOVSs.
Base on BRP function, we add the user’s time vdlied,cost and carpooling
cost into Mixed-flow lane travel cost model.

CMixed,HOVs = I:dMixed |:ﬂ(chixed )] m + f -
(3.9)
CMixed,LOVs = I:dMixed |:'ﬂ(QMixed ):' A+ f
(3.10)
B
t (QMixed ) =% {1"' a[QMﬂj ]
C. (3.11)
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— qHOVsl
QMixed - + qLOVsl

n (3.12)

where
Cuived Hovs - the HOVS' travel cost on Mixed-flow line, unit: $1®

Cyixes.Lovs - th€ LOVS' travel cost on Mixed-flow line, unit: $10
dyieq - the distance on Mixed-flow line, unit: km

t(Quiea ) : the average tral time with flowQ,,,, per unit distance, iinminute/km
Quix - the flow on Mixed-flow line, unit: vehicle

t, : the free-flow travel time per unit distance, uniinute

C, : the road capacity, unit: velhc

a, [ :constant

A :the user's time value, unit: SNTD/minute

f :fuel cost, unit: SNTD per trip

s: carpooling cost, unit: per-trip

O.0vs - the carpooling flow, unit: vehicle

J.0vs - the non-carpooling flow, unit:ehicle

n:size of HOVs, unit: person per vehicle

3.3.2 HOV Lane

High-Occupancy Vehicle lane is a lane reserved/édicles with two or
more passengers. These lanes are also known amliagplanes, commuter
lanes, diamond lanes, express lanes, and tram&k.lalo encourage more
efficient use of freeways, governments in manyesithave either built or
reserved special lanes for carpooling.

The total vehicle demand for scarce road capasitigereby reduced and
the person-movement efficiency of the roadway istimcreased. When the
carpooling are composed by n persons, we consigrcbst and carpooling
cost be divided into equal parts.

f+s

Coovs = [dHOV [ﬂ(QHOV)] [A+ (3.13)
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B
t (QHOV ) =1, {]ﬁ O’[QHOV J ]
C. (3.14)
Quo, = Orovs2
n (3.15)
where

Ciovs - the HOVs' travel cost on HOV line, unit: SNTD
d,oy : the distance on HOV line, unit: km

t(Quov ) : the average travel time with flo@,,,  penit distance, unit: minute/k
Q. oy :the flow on HOV line, unitvehicle

t, : the free-flow travel time per unit distance, uniinute/km
C, :the road capacity, unit: vehicle

a, [ :constant

A :the user's time value, unit: $NTD / minute

s: carpooling cost, unit: SNTD per trip

Juovs - the carpooling flow, unit: vehicle

n:size of HOVSs, unit: person per vehicle

3.3.3 HOT Lane

While some HOV lanes have been proven effectiiegrstare found to
be underutilized, because carpooling account fdy arsmall proportion of
total vehicle travel and not all carpooling use HQAhes. HOT lanes
are similar to HOV lanes but they also offer a roption for solo drivers to
avoid congestion. HOT lanes offer an alternativeesolving the problem of
underutilized HOV lanes. In congestion road sectamadditional road user
forces other road users to slowdown, and let eusey have longer trip times.
A driver does not have to pay for the costs of @oldal travel time in the
absence of a toll. The situation can be improveddryective policy measures,
a congestion toll being the main example. Congegtitls may vary with the
time of day, for a specific road, or by the specitehicle type.

There are two type road users in Mixed-flow lan@Ms and HOVs.
LOVs need to pay a toll for using the HOT laneg] BiOVs are exempt from
the charge.

56



BELE AR LR - R 2R A S b

f+s
Chot Hovs = I:dHOT [ﬂ(QHOT ):' A+ n (3.16)
Crior Lovs = [dHOT |:ﬂ(QHOT )] A+f+7 (3.17)
B
t(QHOT) =t, {1+a[QHOTJ ]
a (3.18)
Quor = qszss * QLovs2
(3.19)

where
Cuor Hovs - the HOVs' travel cost on HOT line, unit: SNTD

Chor Lovs - the LOVS' travel cost on HOT line, unit: $NTD
d,or : the distance on HOT line, unit: km

t(Q.or ) : the average travel time with flo@,,,  peritdistance, unit: minute/ki
Q,or:the flow on HOT line, unit: vehicle

t, : the free-flow travel time per unit distance, uniinute/km
C, : the road capacity, unit: vehicle

a, [ :constant

A :the user's time vady unit: SNTD/minute

f :fuel cost, unit: SNTD per trip

s: carpooling cost, unit: SNTD per trip

0.0vs - the carpooling flow, unit: vehicle

0,0vs - the non-carpooling flow, unit: vehicle

r:a toll fee, unit: SNTD pr trip

n:size of HOVSs, unit: person per vehicle

“Second-best pricing is particularly relevant fanplementation paths’
for marginal cost based pricing in transport” (Rexmdal and Verhoef, 2006).
In the presence of HOV lanes, the optimal commdng@ weighted average
of the marginal external congestion costs between-aarpooling and
carpooling commuters, Yang and Huang (1999) preslemt second-best
pricing models for the objective of maximizing saaivelfare.
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=W {ANT'(IC,, N} -w {ANT'(1 L,, N,/n)/n}
(3.20)
where
w, : weighting factors o 0{ 1}2
7: the optimal uniform toll for allvechicles,, un8NTD per trip

.. the number of Mixed-flow lanes for non-carpoolweghicles, unit: lane

, . the number of HOV lanes ftine exclusive use of carpooling vehiclasit: lane
C: the capacity of each highway lane, unit: vehicle

N, : the numbers of non-carpooling commuters, unitsq@e

N, : the numbers of carpooling commutassjt: person

A :time value, unit: SNTD/minute

T : congestion travel time, unit: minute

n: size of person of carpool, unit: person per Vehic

The terms ANT (C. N gpg ANGT(LC, N /N)/N are the marginal
external congestion costs of a non-carpooling cotamand a carpooling
commuter (not vehicle), respectively, in the seecbadt optimum.
Consequently, the optimal uniform toll is a weighteum of the marginal
external congestion costs associated with the tasses of commuters. If
overall demand is perfectly inelastic, then we obta=2.0, w>=-2.0. T is
congestion travel time in the mathematical modet take the partial
derivative of it, get the result as following:

B
T= 1+C{%j [, dl,
2 (3.21)
-1+
Q
T _awmi(caj b
0Q, C. (3.22)

3.4 User equilibrium

Road user’s decisions to take specific routes alihy determine the
route traffic on which their route decisions aresdxh This interdependence
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between road user decisions and modal traffic floechematically presented
in figure 3.2. The interdependence of road usegsisions and traffic flow
creates the problem of equilibrium, which is commonmany model’s
applications. Following this, we will present anidaiiss typical function of the
mathematical models used to forecast freeway rchuece.

Road User | .| Modal
Decisions | "l Traffic

Figure 3.2 Interdependence of Road User DecisindsTaaffic Flow
Source: Mannering and Kilareski (2005)

Route choice presents a classic equilibrium probleenause road users’
choice are primarily a function of travel time, ahd interrelationship between
route choice and travel time form the basis of@éahoice theory and model
development. The theory of user equilibrium routeice model can be made
operational with three assumptions. First, it isuased that road users will
select routes between origins and destinatione®basis of route travel times
only. Second, road users have knowledge of thesliame on all available
routes between their origin and destination. Thind, user equilibrium model
assumes that all road users will minimize their emdividual travel costs.

minZ (v, p)=2fta(w| p)dw

A o (3.23)
subject to
> f,=d,, wOw
riR,

f,20,rdR,,wbw

4 Computational Results

Not all scenarios, fits HOV lane or HOT lane; tHere we need to
determine in which conditions HOV lane or HOT lara® be applied. In this
part, we will bring up a specific case which we {metesting the developed
mathematic models. First, we will collect real ddtam Institute of
Transportation, MOTC, and Taiwan Area National Arag Bureau, MOTC,
and implement the model after arranging and vergyihe data. We will
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analyze the results to verify our models in a satiah.

4.1 Data Collection

Here, we collect the data of traffic flow at easterchanges from Institute
of Transportation, MOTC, and Taiwan Area Nationadway Bureau, MOTC.
There are sixty-five interchanges along the Natiblighway NO. 1 in Taiwan
and they are distributed over the southernmogtaamorthernmost of Taiwan.
Every vehicle passing the interchange is recorde@very hour. Real traffic
flow data in each interchange and every hour i¢ectdd. We also collect
vehicle percentages of vehicle occupancy and roser’su degrees of
acceptance about high-occupancy regulation pobecyhighway. These data
are shown in table 4.1 and table 4.2.

Table 4.1 Vehicle Occupancy Percentages

T.”p Number O.f Weekdays Weekends Mean
Variable | person/vehicle
1 24.32% 9.02% 16.73%
. 2 33.59% 22.75% 28.21%
Vehicle
Occupanc
Hpancy 3 18.53% 26.67% 22 57%
4+ 23.56% 41.56% 32.49%

Source: Chou et al. (2006)
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Table 4.2 Road User’s Degrees of Acceptance abigii-Bccupancy
Regulation Policy for Highway

Degrees of HOV__C* HOV __ F** HOT
Acceptance
Absolutely 3.5% 2.14% 4.09%
Disagree
D%ngee 9.4% 11.48% 17.51%
Neither Agree 14.59% 10.31% 13.42%
nor Disagree
Quite Agree 56.23% 57.78% 55.45%
Ab:g:gtee'y 16.34% 18.29% 9.53%

*HOV __ C: High-occupancy regulation policy for highway
*HOV _ F: It’s free for High-occupancy vehicle on HOV lane
Source: Chou et al. (2006)

The base conditions for National Highway No. 1deéned as [Institute
of Transportation, 1997]: (1) 3.75 meter minimumdawidths; (2) 2 meter
minimum right-shoulder clearance between the edgihe travel lane and
objects; (3) Three or four lanes in each travetation; (4) Only passenger
cars in the traffic stream; (5) Level terrain (madgs greater than 1 %); and (5)
A free-flow speed of 100km/hr.

Since highways are intended for high-speed opersitibis easy to judge
whether the traffic condition is efficient basetbe LOS criteria. In generally,
we maintain LOS C on the inner lanes and LOS Dhenadutside lanes. We
transform the service levels into service flowsadde 4.3. If the flows in each
travel direction exceed the LOS criteria, it metra the traffic flows are out
of road capacity, so we can identify these flowthascongestion road sections
of a highway. Real traffic flow data in each intesiage and every hour is
examed, and we can regard road sections from Tatsliastation to Yangmei
toll station as congestion.
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Table 4.3 The LOS Ciriteria in Each Travel Direction

Type of Lane
Inner Lane Outside Lane
Number of Lané
3 4003 3673
4 5220 4904

*unit: vehicle/hr

We check the number of vehicles near the Taishihstedion, Yangmei
toll station, and between the two toll stations; dedine the road sections as
Wugu interchange to Yangmei interchange and coiogeseériod is 7:00-21:00.
Separated by interchanges, there are eight rodobrs®dn total, and to the
north of Airport interchange, there are 4 lanespaith of airport interchange,
there are 3 lanes. To simplify the simulation, veeluce congestion road
sections to four sections of freeway based on m@tacteristics such as
numbers of lines, traffic volume and flow propesti&/ugu interchange to
Linkou interchange, Linkou interchange to Airporitarchange, Airport
interchange to Jhongli interchange, Jhongli intenge to Yangmei
interchange as figure 4.1.

4 lanes 3 lanes
a ” 7
Road Road Road Road
Segment 1 Segment 2 Segment 3 Segment4
_/ Y ,
Wugu Linkou Taoyuan Airport Neili Jhongli Pingzhen Youshi Yangmei

Figure 4.1 Road Section from Wugu Interchange tagviaei Interchange

4.2 Implement the Model and Simulation

We use a bi-level concept to visualize an orgaitmat hierarchy in
which two decision makers seek to improve theiatsggies. In upper level
problem, administrators decide the road policy reetvay. In lower level
problem, road users have different responses ferdift road policies, and
choose lowest travel cost for themselves.
4.2.1 Upper Level

We use the concept of LOS to calculate the perfoo@atatus of current
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Mixed-flow lanes (we maintain LOS C on the innerda, and LOS D on the
outside lanes). If it does not meet specific serlevel, we give it a penalty to
present the crowded condition and the values ddlpeare shown in table 4.4.

We implement the equation (3.1) to (3.6) with tltguatment factors
(from Figure 4.2, and the proportions of differeehicles in Taiwan (small
vehicle: 83.51%, heavy-truck and bus: 9.26%, tradtailer: 7.23%) to
calculate traffic flows of current inner lines andtside lines, and estimate
LOS values.

The Ratio of Heavy-Vehicle Which Using
InnerLanes in Level Terrain

”
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b -
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- 04 ”/’
_ .
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The Ratio of Heavy-Vehicle

Figure 4.2 The Ratio of Heavy-Vehicle Which Usingér Lanes in Level Terrain

By referring to table 3.1, we can estimate LOSraffic flows, and we
can find that many road sections which do not nieetLOS C on the inner
lanes and LOS D on the outside lanes from Taisblatation to Yangmei toll
station, so we need new road policy to improvecthregestion problem.

Table 4.4 Penalty of Missing LOS

LOS
Lane A B C D E F
HOV 0 0 1 2 3 4
Inner 0 0 0 1 2 3
Outside 0 0 0 0 1 2
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First, we consider HOV and HOT policies as new rpaticy. High-
occupancy policy usually class with non-carpookng carpooling. In U.S.A.,
non-carpooling usually mean SOVs, but the rati®@Vs is low in Taiwan
(SOVs: 16.73%, carpooling: 83.27%), so we needtaadconsiderations to
redefined non-carpooling and suitable vehicle oaeogy ratio.

In the case, we address non-carpooling as LOSsdaiekss carpooling
as HOVs and set up two kind of occupancy vehicloyd 4+, HOVs 3+). In
HOV case, we assume 80% of the current mainlinesandce road HOVs
will divert into the HOV facility; in HOT case, wassume 80% HOVs and
10% of LOVs will divert into the HOT facility (Fedal Highway
Administration, 2008). We preliminary estimate thésffic flows of the road
policy lanes, and calculate the initial LOS of difint road policy lanes.
Penalties of missing LOS in are shown in table 4.5.

Table 4.5 Penalties in Every Set of Road PolicshenUpper Level

Road
ection| Wugu-Linkou | Linkou-Airport | Airport-Jhongil | Jhongil-Yangmei

Policy

Mixed-flow 20 66 54 26

Lane

HOV4+ Lane 42 86 67 56
HOV3+ Lane 42 88 59 32
HOT4+ Lane 15 58 53 38
HOT3+ Lane 43 69 49 17

The degree of congestion is determined by the nuwijgenalties,
therefore our objective is to minimize the valudladse penalties. In the
upper level problem, we recommend the followingdrpalicies as figure
4.3:

Wugu interchange to Linkou interchange: converéxsisting lane to HOT4+
lane;

Linkou interchange to Airport interchange: conwaartexisting lane to
HOT4+ lane;

Airport interchange to Jhongli interchange: conariexisting lane to
HOT3+ lane;

Jhongli interchange to Yangmei interchange: coraenmexisting lane to
HOT3+ lane.
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4 lanes

3 lanes
(HOT4+ HOT4+ HOT3+ HOT3+
Wugu Li/nkou :;irport Jhongli Yangmei
Figure 4.3 Road Policies in the Upper Level
4.2.2 Lower Level

After administrators decide the road policy of fag, we will simulate
traffic flow of freeway. We suppose that road useitsestimate travel cost to
decide use road or not, and consider for the miatron of travel costs which
include travel time, fuel cost, carpooling cost aodgestion toll.

Table 4.6 Parameters

Parameter Value Unit Parameter Value Unit
Ca 2300 veh/hr to 0.6 Min/km
A 4.9 $NTD/min o 0.25
f 30 $NTD/ trip B 8
s 60 $NTD/trip

We implement the equation (3.19) to (3.22). Undistathice of road
section and parameter of table 4.6, we apply tftevace NetBeans IDE 6.8 to
solve the model, and find the equilibrium of traffiows and the congestion
toll in each policy lines.

We estimate LOS value of traffic flows, the valudspenalty and the
proportions of using HOT lane. HOT policy is optimaad policy in the upper
level, and we find that it is still optimal roadljpy after we carry out HOV
policy into the lower level. By comparing the LOSroad policy in the upper
level with the lower level, our final suggestioris@ad policy are following as
figure 4.4:
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4 lanes 3 lanes
= a ”
HOT4+ HOT4+ HOT3+ HOT3+ J
] ]
Wugu Linkou Airport Jhongli Yangmei

Figure 4.4 Road Policies in the Lower Level

That is: Wugu interchange to Linkou interchangenast an existing lane
to HOT4+ lane; Linkou interchange to Airport inteange: convert an existing
lane to HOT4+ lane; Airport interchange to Jhomglerchange: convert an
existing lane to HOT3+ lane; and Jhongli interchatmyYangmei interchange:
convert an existing lane to HOT3+ lane.

4.3 Solution Analysis

We obtain the final solution of traffic flows, am@t the suggestions of
road policy as figure 4.5 and figure 4.6. In upleeel problem, administrators
decide to convert an existing lane to HOT4+ lamenf\Wugu interchange to
Airport interchange, and convert an existing lamnelOT3+ lane from Airport
interchange to Yangmei interchange. In lower lguelblem, the simulation
shows that these new road policy is better than af28ixed-flow policy, and
we find that between 50% and 80% of HOVs will diveto the HOT lane,
and between 0% and 20% of LOVs will carpooling ay a congestion toll to
use the HOT lane.

HOT 4+
Mixed-flow
Mixed-flow
Mixed-flow

Wugu Linkou Taovuan Airport

Figure 4.5 Road Policies from Wugu Interchangeitpdxt Interchange
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HOT 3+
Mixed-flow
Mixed-flow

Airport Neili Jhongli Pingzhen Youshi Yangmei

Figure 4.6 Road Policies from Airport Interchange&’angmei Interchange

5 Conclusions and Future Research

This study presented the feasibility assessmenthigh-occupancy
regulation policy implementation as an alternafmeimproving the existing
Mixed-flow lane on northern region of the Natiofkakeway NO.1. NetBeans
IDE 6.8 is used to solve the model and the simanatipresent the following
result:

1. Formaintaining LOS C on the inner lanes and LO&Ehe outside lanes,
we suggest to convert an existing lane to HOT4+4e [amom Wugu
interchange to Airport interchange, and converteaisting lane to
HOT3+ lane from Airport interchange to Yangmei noteange. It can
reduce congestion of current freeway.

2.  We find that between 50% and 80% of HOVs will diveto the HOT
lane, and between 0% and 20% of LOVs will carpaplor pay a
congestion toll to use the HOT lane.

3. Congestion toll rates variable by the traffic cdiwh. Congestion tolls
increase when traffic is heavy, and decrease witsdfictis light. The
adjustment of the tolling is to guarantee a trdwek saving and an
improved travel time reliability in HOT lane.

4. With the increase of road congestion, LOVs willrhere willing to use
the HOT lane by paying toll or carpooling. The prdmn of LOVS on
HOT lanes in peak hour is higher than off-peak bour

In further research, the model can be extended&ivaork scenario with

multi origin and destination, heterogeneous comnmsutgdastic trip demand or
combinations of some of these elements.
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Abstract

Transportation planning is such an important infrastructure which is
intimately related to the analysis of policy and traffic management. This paper
synthesized the survey data from ingtitute of Transportation, MOTC and also
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collected the data of all the main transportation system included passenger car,
freeway bus, train, highway speed railway and navigation. This paper analysisthe
trip behavior in the top 3 metropolitan region in Taiwan by using this data.
Looking forward to discuss the changing about intercity trips in Taiwan.h the
resource ticket released 10% allowance daily would be more desirable.

Keywords: metropolitan region, travel behavior analysis
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