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Abstract

Telecommuting means that employees work completely or someti home or at remote
telecommuting centres instead of daily travel to work at regular affib@pacts of
telecommuting on transport are becomisgnificant This paperreviews the growth of
telecommuting andanalyzes the necessity to evaluate theuarfte of ¢lecommutingin
transport planning and control. The transport network equilibrium is applied to determine the
flow patternby maximizing the consumer surplighe objective function is established from the
demand and supply functions. The deméumakttion is formed from the relationship between
demand and the status of transport network. The supply function formulates the interaction
between the travel time and the flow of links. When telecommuting is introduced, travel demand
can decrease by diffent amounts in different areas and on different paths of the transport
network. This redistributes trips in the network. In addition, the reductiovodf trip demand

by telecommuting leads to reduction of flows and travel time on raiapsak timesThe users

on roads with greater travel time will consider switching routes to roads with less travel time and
that pushes the network to a new equilibrium state with a new flow pattern. Here combination of
the demand function and the supply function enabkdo solve above interactions and to
simultaneously determine demand and the redistribution of flow pattermprdpesednodel is
referred to as an elastitemand network equilibrium model.
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1. INTRODUCTION

Although telecommuting is becoming a popular alternative arrangement of work due to its
positive impacts in different aspects of society, determination of impacts of telecommuting on
transport and how to bring these impacts in transport pignare still difficult problems.
Determination of impacts of telecommuting on transport indicators such as travel time;-vehicle
km traveled; traffic congestion and air pollution have been attempted for years. Those efforts
were however based on aggregataleis, not based on the change of traffic flow. Determination

of impacts of telecommuting on the transport network could be more accurate by accounting for
traffic flow pattern affected by telecommuting. In addition, transport planners want to know how
theflow pattern changes as it directly affects the performance of the transport network. How the
supply side fits to the future scenarios of transportatisa depends on the determination for the
change of the flow pattern. The resulting flpattern impovesthe accuracy in determining of
other impacts of telecommuting.

The concept of telecommuting was coined by Nilles in 1973 and many studies relevant to
investigation of impacts of telecommuting have followed. Nilles (1988) studied the status and the
trend of telecommuting and evaluated the portion of workers able to telecommute in the
workforce. Some impacts of telecommuting on society and on transport were also analyzed in
that study. More recently, ATAC (2006) further researched impacts of telecamgnautisocie
economic aspects and encouraged the government to give priority to further develop
telecommuting. That report also identified opportunities for astionncrease the uptake and
spread of telecommuting. Definitions of telecommuting and gueelfor implementing and
managing telecommuting were researched by Mokhtarian (1991). In that study, the supervision
to ensure output arntie reduction of commuting trips are necessary conditions for a work to be
considered telecommuting. That definitimmhowever found be limitingor our purpose as an
important impact of telecommuting on transport is misskay example, there are workers who

can remote work for part of the day at home and they still commute to work for the rest of that
day. They can wrk at home before going to work or after coming back from work. This type of
remote work do not reduce commuting trips but reduce congestion in peak hours and reduce
travel time as these workers can avoid commuting trips in peak hours. This remote work
arrangement is covered by the transpmrented definition of telecommuting proposed by Vu

and Vandebona (2007), and referred to asgeyttelecommuting. That study also developed a
model to determine impacts of telecommuting on the transport networét basa framework

that deals with fulday telecommuting and patty telecommuting as separate types. A
multiplicative model to evaluate impacts of telecommuting was earlier developed by Mokhtarian
(1998) but it was based on a different framework whicd dot account for paday
telecommuting. Another study about impacts of telecommuting on transport evaluated changes in
travel behavior of hombased telecommuters from the first experiment in Netherlands (Hamer et
al., 1991). The centdrased telecommuttg and its impacts of on travel and emissions were
reported in the Puget Sound demonstration project (Henderson and Mokhtarian, 1996). Most
previous studies, however, are based on either pilot projects or approximations of aggregate data.

This paperreviews the growth of telecommuting arahalyzes the necessity to evaluate the
influence of €lecommutingn transport planning and control. The transport network equilibrium
is applied to determine the flow pattehthe transport network with telecommugin
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2. GROWTH OF TELECOMMUT ING
2.1 State of thePractice of Telecommuting

Successesf projects encouraging telecommuting have concluded that telecommuting is rapidly
increasing. Previous studies have shown that the number of telecommuters is significant and
telecommuting will become a popular work pattern in the futiidal (2004) estimated that
Australian mobile teleworkers will increase from 2.8 million (30%) in 2004 to 3.4 million (37%)

by 2008. ITAC (2004) forecasted that an estimated 100 million US wofdepsoximately 70%)

will telework by 2010Most European surveys show that there is a far greater proportion of the
workforce wanting to telework than are actually teleworking. Employees and employers will find

it easier to implement telework due to tladlihg equipment and communications costs and the
increased availability of ofthe-shelf communications packages designed for teleworkers.

According to the European Union's Emergence Project, by 2010 27 million Europeans will work
from home with the UKeading the field. By 2005, eight million are projected to work at home,
compared to 2.2 million in 200Research suggests that France (43%) and the UK (48%) had the
lowest levels of home working in the five European countries studied; Germany camehtop wi
60% (The Herman Trend Alert, 20D5

According toThe Statistical Indicators Benchmarkifigr the Information SocietySIBIS) study
from 2002 to 2003 andAustralian Telework Advisory Committee (ATAC3tudy 2005,
Australian and internationaklecommutng has increased fast from low base over last decade
and reached the level as in tAgure 1 in 2003

Australia
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EU 15 country average
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Switzerland
UK

Sweden

Denmark
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Netherland

0% 5% 10% 156% 20% 25% 30%

Figuge 1: State of the practice of telecommuting

Impacts of telecommuting depend on not only the proportion of telecommuting but also the
frequency oftelecommutingln this paper, the fraction form of telecommuting frequency is used.
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In this form, telecommuting frequency is the ratio between the number of telecommuting days
and the number of working days. Five working days per week was used to ¢hewatues of
telecommuting frequency to fraction form. By this way, telecommuting once per fortnight
corresponds to the telecommuting frequency of 0.1 and telecommuting once per four weeks
corresponds to the telecommuting frequency of 0.05. Lake and eB@h&602) stated that
predominant teleworking practice was pame telecommuting, and the average telecommuting
frequency was 0.3 away from the normal workplace. Telecommuting frequency wasfkU A& in
(1995)and 0.24 irMokhtarian (1998)In Sensis (2005 over 80% teleworkers teleworked up to
frequency of 0.25. Telecommuting frequency of 0.3 was observétalylton (2006)as well.

ABS (2002) reported that nearly half of existing teleworkers would like to telework more. This
can lead to an increase of telecommuting frequency in the future.

2.2 ForecastingProportion of Telecommuting

To forecastproportion of telecommuting, we adopt the model proposed by Blackman (1974) to
forecast the uptake of a new technology. The model has been later applied to telecommuting by
Handy and Mokhtarian (1996) and Shafizaded (2000). According to Handy and Mistarian

(1996), the telecommuting growth can be approximated by considering telecommuting as a new
technology and its adoption follows arsBape curve, characterized by low growth rates at the
initial and final stages, and high growth rates around tltevay point. The general model of
Blackman (1974) is given by Equatial) (

ln(Fj:f)=c1(t—t0)+c2 (B

wherefis the market share captured at tim€ is the carrying capacity of the market ants the
yearwhen the innovation first captures a portion of the markeandc, are constants.

In telecommuting applicationf’ is the proportion of telecommuting in yearand F is the
maximum proportion of telecommuting achievable by the workforce. The consiaatsl c,

need to be calibrated using historical data. Blackman suggested fitting a regression line to the
historical data. To simplify this process, Equatitbhi¢ rewritten in a linear form:

ln(F{f)=clt' +c, 2

where
t=t-t, 3
¢’ is the period of time from the initial year to the year of interest.

Rearrangement of2] forms the constrained logistic function thavides the proportion of
telecommuting‘as a function of time:
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F x e(cl"”z)
1+ b )

f =

&)

To estimate the initial year)] we compared the proportion of telecommuting in Australia and in
US. The proporbn of telecommuting in Australia in 1994 was 3.4% (Brewer and Hensher,
1996), approximately equal to the level of telecommuting in US in 1990 (Shafizadeh et al, 2000).
Thus, a four year time lag period was selected. Both Handy and Mokhtarian (1996) and
Shafizadeh et al (2000) have selected 1980 as the initial year of telecommuting in US to forecast
telecommuting. 1984 is our selection as the initial year that telecommuting captured a portion of
workforce in Australia.

To estimate the maximum level of tetenmuting we reviewed other studies. Studies from
developed countries confirmed a positive trend with rapid increase of telecommuting
proportion. The Canadian Telework Association estimated in 2004 that 65 per cent of jobs would
be amenable to teleworkTAC also forecasted that 100 million US workers (approximately
70%) will telework by 2010.

Nilles (1988) hypothesized that 80% of information workers were potential telecommuters and
50% of workforce was composed of information workers. Then Nilles peapthat 40% of all
workers were potential telecommuters. Later, other studies and surveys have shown that the
telecommuters included workers other than just information workers (ECaTT 2000; ABS 2001).
From these reasons the upper limit of telecommutimgbeaexpected to be greater than 40% of
workforce.

However, to avoid overestimation of telecommuting adoptierselected 50% as the maximum
level of telecommuting in Australia. The proportion of telecommuting in 2000 was 11% (ABS,
2001) and 2005 was 30%/i¢flal, 2004 and Sensis, 2005). Using these data to calibrate Equation
(4) (Figure2), an R value of 0.99 was observed and the regression line is found to be:

y=0.2732x - 5.4397 (5)
1 -
0 4
<
w1
= *
i<4
2
—3 T T T 1
5 10 15 20 25
Years since introduction of telecommuting

Figure2. Calibration using linear regression.

Thus, Equation4) can be rewritten:
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0.5 x e(—5.44+0.27r')

J = (s5.44+027¢") (6)

l+e

The proportion of telecommuting in Australia is forecasted as in Fgjuseng Equationq).

0.40 - —

0.35 /
0.30 /
0.25 /

Proportion of telecommuting
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0.05
0.00 "
1983 1989 1997 2005 2013 2021

Year

Figure3. Simulationof growthof telecommuting in Australia.

With those amounts, effects of telecommutarg significant and need to be studiedenable
policy makers and planners to work toward telecommuting scenarios of sdoi¢tys paper we
focus on a method to determine iagps of telecommuting on transport networks.

3. NECESSITY TO EVALUAT E THE INFLUENCE OF T ELECOMMUTING IN
TRAFFIC ASSIGNMENT

The traffic flow pattern of the transport netwowould change when more workers adopt
telecommuting. This hypothesis is related to tasues. (1) Telecommuting reduces flows on
roads and therefore reduces travel time on roads. The reduction of travel time by telecommuting
can change flow distribution over transport networks if the travel time reduction is different in
different paths otthe network. The reason is that the users on roads with greater travel time
would consider changing routes to roads with less travel time. (2) Previous shMdidgarian

et al.,19%) have shown that the number of relatively long distance commutingvripsh are
eliminated by telecommuting, is more than the number of short distance commuting trips
eliminated by telecommuting. In other words, the portion of workers with long commuting trips
that adopt telecommuting is greater, and those telecommutersadelecommute more often.
Because of this point, reduction of commuting trips can be different by areas and by roads. These
two issues push the transport network to a new equilibrium point with a new flow pattern.

When the change of flow pattern igrsficant, it will be less accurate in transport planning and
control if we ignore influence of telecommuting in determination of traffic flow pattern. The
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change of the flow pattern now is significant in Australia and some other develapegdasoas

the proportion of telecommuting in the workforce is large. The proportion of telecommuting has
increased fast in recent years and becom& quopular in some fields such as information
technology and commerce. The proportion of telecommutisgme countashas reached 20 to

30 % as shownin the former sectianin this section, we want to state that the change of flow
pattern is large in term of commuting trips and route choice. Commuting trips reduce due to
eliminated trips and shifted trips by telecommgt Route choice changes due to two reasons
that we have just mentioned above. From this argumentmé&csssary tevaluate the influence

of telecommuting in transport planning and control.

4. METHODOLOGY

This paper applies tmgport networkequilibrium to determine thdraffic flow pattern with
telecommuting. The reduction of travel demand by telecommuting is computed and embedded
into the demand functio he elastiedemand network equilibrium model is solved to determine

the flow pattern of links inhte transport network with telecommuting.

The concept ofransport networlequilibrium was introduced by Wardrop (1952). Trensport
networkequilibrium is well known as his first principle. This principle states that users minimize
travel cost individubly and a stable condition is reached when no traveler can unilaterally lower
his or her travel time. Beckmann et al. (1956) formulated WardropOs first principle as a convex
mathematical programming problem in order to solve pheblem of transport netwde
equilibrium for a transportation network. The formulation has been then applied and modified by
researchers such @&afermos (1971), Smith (1979) and Smith and Vuren (1989). In those
articles, the trip rate between &ligin and Destination (O-D) pairsis fixed and known. This

kind of model is called a fixedemand model. On the other hand, in reality these trip rates may
be influenced by path properties such as level of congestion and toll prices. To model the
relationship between demand and performatieetravel demand is set to be a function of travel
cost and this function is referred to as an elad#imand model. An early example of the
transport network equilibrium with elastitemand was formulated by Gibert (1968), followed

by Florian and Nguye (1974) who presented a method to compute the elstand
equilibrium using iterative application of an algorithm developed for the fixed demand
equilibrium. This topic area is now progressed to handle the-ota#ts, multicriteriatransport
networkequilibrium with elastiBdemand (for example, Nagurney and Dong, 2002).

In the elasticdemand models, thibow pattern is obtained at the equilibrium point between the

demand function and the supply functidrhe general formulation forednandbetweenO-D
(origin-destination)pair w depends on the potential demayidand the travel cost,:

g, =glu,.a) 0

whereat is avector of theparametes of the demand function.
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In the networkscenario withtelecommuting, travel demand depends on the potelgiabng;’,

the travel cost,, of O-D pair w, and thefraction x of eliminated trips(vehicular trips)by
telecommuting

g =hlg%.u,.x,a) 8)

The fractionx of eliminated trips by telecommuting can be evaluated through

ATR
X=—- S|
TR

where ATR is the reduction ofvehicular trips by telecommutingand 7R is the number of
vehiculartrips to work by car of all commuter$his equation is similar to that proposed by Vu
and Vandebong2007). Only the reduction of drive alone mode trips by telecarning are
considered herelrhe reason why we account only drive alone mode is (1) other private modes
like car pool or die share do not lead to vehidtg reduction and (2) persdrp reduction of
public transport modss insignificant toeliminate aus or a train tripunless there is a extremely
high telecommuting proportion

ATR = EXTCX(Fppre + Fppre x7)x MSp, (10)

whereF is the number of employed perspfiC is the proportion ofvorkerswho telecommutéit
is referred to here athe proportion of telecommuting)The proportion of telecommutings
computed usinghe modelas in Equation (1). Frpre and Fppre are the frequency of futlay
telecommuting and paday telecommuting respectively,is the proportionof commuting trips
during peak hours that is shifted to Ae@ak hours onthe days of parday telecommuting and
MSp. is the drive alone mode share.

The fraction form is usedor variablesin equation {0). In this form, the proportion of
telecommuting s theratio between the number of workers who telecommute and the number of
workersin the workforce. The frequency ofdlecommuting is the ratio between the number of
telecommuting days and the number of working days. Five working days per week was used t
convert the values of telecommuting frequency to fraction foAocording this method
telecommuting once per fortnight corresponds to the telecommuting frequency of 0.1 and
telecommuting once per four weeks corresponds to the telecommuting frequér@y. of

The number of vehicular trips to work by car of all commut@edecommuters and nen
telecommutersin equation 9) can be computed as

TR = ExMS,, + 0, 10

whereMSpg is the sharef privatemodeof work trips ofall commuters and)y is theaverage
vehicle occupancy of work trips.

The relatioship betweentraffic flow and travel time on lirkof the transport network can be
expressedby the travel time functionTravel timey; of link / degends on physical characteristics

-8-
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of link (free flow traveltime ') and the level of congestion (traffic volumy on link / and
capacitys; of link /)

=20 f1.5.8) (12
whereB is a vector of the parameters of the supply function

Considera general transport netwotk= (N, L), defined by a seV of nodes and a sétof links.
The travel time function, / € L, is assumed to be differentiable, convex, and monotonically

increasing with the amount of flov;. Let¢; denote the toll charged on lidk= L , W denotes

the set ofOrigin and Destination pai(©ED pairg, P, is the set of paths between thEBDpair
w € WandP is the set of all paths in the network

Ji G
Minimise 2 [u(Hdf - E [u.(a)dq (13)
subject to
1= 1,9, (14)
PEP

Efp =4, (15)
fiss,lEL (16)
£,=0 (17)
f, =0 (18)

The objective functiorf13) is the sum of integralsf link supply functions12) and integrals of
inverse GD pair demand functions8). The objective faction should be viewed strictly as a
mathematical construct that is usedsolve equilibrium problemsnstead ofas any intuitive
economic or behavioral interpretatiokquation (#) is the flow conservation constrgint
equation 15) is the GD demand onstrainf equation 16) is capacity constraint and equatidir)(
and (L8) are nonnegativity constraint.

5. NUMERICAL EXAMPLE

In this section we apply the network equilibritondetermine the traffic flow pattern and vehicle
travel time for the network in tw scenarios: (i) with telecommuting and (i) without
telecommuting.
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Experimental networkncludes threeoresand six links There are two ways betweeach two
zonesand each way is considered as a separate IB&ch zone is both an origin anda
destiration BetweeneachO-D pair existstwo routes, a directed link and a path through the
remaining nod€Figure5). The supply function will be

t(f)=1" 1+0‘15(§) ] 19

i

The nput data for supply functions arevgn inTable 1 including link fredlow travel timeand
constrainedand nonconstrainedink capacity.Non-constrained capacitgf links presenteds

much higher than possible volumes so that the results will not be affected by capacity. Those
valuesareselected after trial risof the program.

Figure4. Example network

Table 1.Input data

Link / 1 2 3 4 5 6
tlo 5 5 5 5 5 5
Non- 900 800 700 700 800 900
s,  constrained
Constrainec 300 200 300 300 200 300

The demand functions aselecteds follows

(q,, = 700exp(=0.02u,, )
Qs = 500exp(= 0.04u,, )
qs, = 600exp(-0.05u,,)
q,, = 700exp(=0.02u,, )
s, = 500exp(= 0.04u, )

| 415 = 600exp(-0.05u,,)

-10-
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The modelis a nonlinear optimizatiogatisiing conditions for existence of theniquesolution.

The Lagrangian multiplier method is used to solve the proldeohthe modelis coded in
GAMS21.3.The model has 49 variables and 13 constraints with 97 Jacobian elements, 12 of
which are nonlinear. The Hessian of the Lagrangian has 12 elements oagihreatli0 elements
below the diagonal, and 12 nonlinear variablesble 2 presentsaffic flows on links,travel
demand betwee®-D pairs of theexperimentahetwork values of the objective functidn and

total vehicletravel time7 with and without tedcommuting The flow of each linkis the sum of

flows onall patls via that link.

Table2. Userequilibrium solution

Variable Non-constrained capacity Constrained capacity

Notations Units Telecommuting Non- Telecommuting Non-
0.2 telecommuting 0.2 telecomnuting

£ Veh/h 45201 563.® 300 300
£ Veh/h 401.79 501.6 200 200
£ Veh/h 351.56 438.42 300 300
1 Veh/h 351.56 438.42 300 300
1 Veh/h 401.0 501.06 200 200
£ Veh/h 452.01 563.® 300 300
qn Veh/h 505.95 631.8 396.566 431.244
q.s Veh/h 372.73 464.3 202.731 178.885
4, Veh/h 505.95 631.8 396.566 431.244
G Veh/h 326.69 407.25 200.703 189.871
s, Veh/h 372.73 464.3 202.731 178.885
95 Veh/h 326.69 407.25 200.703 189.871

In this paper, a predetermined fraction of eliminated commuting tripgelegommuting is
applied. Determination of this factor using tin@nsport networlequilibrium method would be

our next target. In this problem, the reduction of the number of commuting trips by
telecommuting will be expressed as a function of input kbesasuch as travel distances and
traffic status. This relationship is then embedded into the objective function and solved by
optimization technique to determintbe reduction of the number of commuting trips by
telecommutingand the flow pattern simultapusly. We expect such an improved model would
increase the accuracy of results in reality and increase ability in forecasting of the model as the
proportion of telecommuting depends on travel cost which in turn is the function of traffic flow.

6. CONCLUSIONS
The paper has reviewed and forecasted the growth of telecomparialgzedthe necessary to

account for influence of telecommuting in traffic assignment and proposed the method to
determine traffic flow pattern under influence of telecommutifige objetive function is

-11-
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establishedrom the demand and supply functisnThe demand functiors formed from the
relationship between demand and the status of transport neivin@&upply function formulates
the interactiorbetweerthe travel time and the floaf links. When telecommuting ismitroduced,
travel demand would decrealsg differentamouns in differentareas anan differentpaths of
the transport network. This redistributes trips in the netwbrkaddition, he reduction of
demand by telecommutirigads to reduction of flows and travel time on roads. The reduction of
travel time by telecommuting can changeffic flow distribution overthe transport network
whenthe travel time reduction is differeat different paths of the network. The usersroads
with greater travel time will considewitchng routes to roads with less travel tiraed that
pushes the networko a new equilibriunstatewith a new flow patternHerecombinationof the
demand function and the supply function enables to solve above interactions ando
simultaneouslydeterminedemand and theedistribution of flow patternThe model is referred to
as a elastiedemandnetwork equilibriummodel. The new flow patternis then tilized to
compute impacts of telecommuting.

The keypart of this method is aser equilibrium model with elastic demamaderthe influence
of telecommutingThe fraction of eliminatedcommuting trips by telecommuting is computed in
advance fronproperties ofemploymentandtelecommutingThis factoris then embedded into
the demandunction The model of elasticdemandnetwork equilibrium includes an objective
function and fiveboundary valueexpressions. Travel demands betweeigi® and Destination
pairs and traffic flowpatternon links are determinetly maximizingthe consumer surplusihe
model can be applied for traffic assignmenttlod four-stagetransportplanning model. Other
transport impacts of telecommuting such as saving of travel, tietkiction of vehicl&km
traveled;impact a air pollution and noise pollutioncan bealso determined with thisorm of
model A numerical example is carried out to illustrate thetimd In the numerical example, the
flow patternof a transport network with threeri@n and Destinationpairs and six linkss
determired.

REFERENCES

Aashtiani, H.Z. and Magnanti, T.L. (1981) Equilibria on a congested transportation network.
SIAM journal on Algebraic and Discrete Methods, 2,213 - 226.

Australian Bureau of Statistics (2000) Locations of Work Canbera: ABS
http://www .ausstats.abs.gov.au/ausstats/subscriber.nsf/0/9A2BC8F6F641 BDC4CA256A5A0001
EB68/$File/62750 jun%202000.pdf

Australian Telework Advisory Committee (2006) Telework for Australian Employees and
Businesses: Maximising the Economic and Social Benefits of Flexible Working Practices. Report
of the Australian Telework Advisory Committee to the Australian Government ISBN 0 642
75339 3 Commonwealth of Australia Canberra: ATAC.

Beckmann, M.J., McGuire, C.B. and Winsten, C.B., (1956) Studies in the Economics of
Transportation. Yale University Press, New Haven, CT.

-12-



Son T. Vu and Upali Vandebona Evaluation of Telecommuting in Traffic Assignment

Canadian Telework Association, US Telework Scene — Stats and Facts, URL:
http://www ivc.ca/studies/us.html

Dafermos, S.C. (1971) An extended traffic assignment model with application to two-way
traffic. Transportation Science, Vol 5 (4), 106 — 118.

Electronic Commerce and Telework Trend (ECaTT) (2000) Benchmarking Progress on New
Ways of Working and New Forms of Business across Europe. Bonn.

Florian M. and Nguyen S. (1974) A method for computing network equilibrium with elastic
demands. Transportation Science, 8, 321-332.

Gibert, A. (1968) A method for the traffic assignment problem. Technical report LBS-TNT-95,
Transportation Network Theory Unit, London Business School, London, UK.

Hamer, R., Kroes, E. and Van Ooststroom, H. (1991) Teleworking in the Netherlands: an
evaluation of changes in travel behavior. Transportation, 18, 365-382.

Hamilton, B. A. (2006) International Approaches to Tackling Transport Congestion, Paper 6
(Final): Information & Communications Technologies A5022/WP/WP6 Melbourne Victorian
Competition and Efficiency Commission.

Hearn, D.W., Lawphongpanich, S. and Nguyen, S. (1984) Convex programming formulations of
the asymmetric traffic assignment problem. Transportation Research, 18B, 357 — 365.

Henderson, D. K. and Mokhtarian, P. L. (1996) Impacts of the center-based telecommuting on
travel and emissions: analysis of the Puget Sound demonstration project, Transportation
Research Part D, 1,29-45.

Heydecker, B.G. (1986) On the definition of traffic equilibrium. Transportation Research, 20B,
435 - 440.

International Telework Association and Council (2004) Work at home grows in past year by
7.5% in U.S. use of broadband for work at home grows by 84% Scottsdale: ITAC.

Kuhn, H. W. and Tucker, A. W. (1951) "Nonlinear programming". Proceedings of 2nd Berkeley
Symposium, University of California Press, Berkeley, pp. 481-492.

Lake, A.S. and Cherrett, T.J. (2002) The Impact of ICT on Travel and Freight Distribution
Patterns London: UK Department for Transport.

Mokhtarian, P. L. (1991) Defining telecommuting, Transportation Research Record, 1305, 273-
281.

Mokhtarian, P. L. (1998) A synthetic approach to estimating the impacts of telecommuting on
travel. Urban Studies, 35,215-241.

-13-



Son T. Vu and Upali Vandebona Evaluation of Telecommuting in Traffic Assignment

Mokhtarian, P. L., Handy, S. L. and Salomon, I. (1995) Methodological issues in the estimation

of the travel, energy, and air quality impacts of telecommuting. Transportation Research Part A,
29A,283-302.

Nagurney, A. and Dong, J. (2002) A multi-class, multi-criteria traffic network equilibrium model
with elastic demand. Transportation Research Part B, 36,445 - 469.

Nilles, J. M. (1988) Traffic reduction by telecommuting: A status review and selected
bibliography. Transportation Research,22A,301-317.

Road and Traffic Authority NSW (1995) Report of travel impacts: RTA Teleworking Pilot
Project. Network Development Branch, Surry Hills, New South Wales: RTA

Sensis (20057 eleworkingSensis Insights Report Melbourne Telstra Corporadn Limited
http:/ /www.dcita.cov.au/ data/assets/pdf file/31984/Sensis Insights Teleworking
_Report June 2005.pdf

Statistical Indicator8endimarking for the Information Society (SIBIS) Pocketbook, 2082
http://www.sibiseu.org/files/Sibis_Pocketbook_updt.pdf

Smith, M.J. (1979) The existence, uniqueness and stability of traffic equilibria. Transportation
Research, 13B, 293 — 304.

Smith, M.J. and Van Vuren, T. (1989) Equilibrium traffic assignment with two vehicle types.
Mathematics in Transport Planning Control, Clarendon Press, Oxford.

The Herman Trend Alert (2005)terest in Telecommuting Rising Internationally
http://www.hermangroup.com/alert/archivel32005.html

Vidal, S. (2004), Australia Telecommuting Services and Equipment 2004-2008 Forecast &
Analysis: IDC Australia.

Vu, S. T. and Vandebona, U. (2007) Telecommuting and Its Impacts on Vehicle-km Travelled.
Proceedings of International Congress on Modelling and Simulation, the University of
Canterbury, Christchurch, New Zealand, pp. 253-260.

Wardrop, J. G. (1952) “Some Theoretical Aspects of Road Traffic Research,”. Proceedings of

the Institute of Civil Engineers, Part 11, Engineering Divisions, Airport Maritime Railway Road,
Vol. 1, pp. 325-378.

-14-



