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ABSTRACT

A multiplicative modd is proposed as a framework for examining the current date of
knowledge in forecasting the demand for telecommuting and the resulting transportation impacts. A
runningillustrative example (containing abase and afuturecase) isdeve oped, usng plausible vauesfor
each factor in the modd. The base case suggests that 6.1% of the workforce may be currently
telecommuting (at least in Cdifornia), 1.2 days a week on average, with the result that 1.5% of the
workforce may be telecommuting on any givenday. Itisestimated that the vehicle-milesdiminated by
thisleve of tdecommuting congtitute at most 1.1% of total household vehicletravel. When the limited
knowledge about potentid stimulation effects of telecommuting isincorporated, it isestimated that the
net reduction fals to a most 0.6% of household travel. Reductionsin the future could be smaller as
commute distances of telecommutersfal closer to the average and as the stimulation effect grows. In
any event itislikely that, dueto counteracting forces, the aggregete travel impactswill remain rdaively
flat wel into the future, even if the amount of tedecommuting increases congderably.

1. INTRODUCTION

Thepotentia of telecommunicationsto mitigate urban traffic congestion and improveair quaity
through reducing the need to travel hasin recent years captured the attention of public planners and
policy-makers. The gpplication of telecommuting offers particular gpped snceit addressesanumber of
other policy issues such asthe "family friendly" workplace (Gordon, 1996a) and employment oppor-
tunities for mobility-limited sectors of the labor force (Hesse, 1995). Mokhtarian (1991b) lists
examples of policy statements supporting telecommuting from the state governments of Cdifornia,
Washington, Florida, and Virginiaaswell asthe Federa Government (Bush Adminigration). Sincethat
time, smilar laws, resolutions, and proclamations have been adopted by the states of Arizona(Gordon,
1996b), New Jersey (Gordon, 1992), Georgia (Gordon, 1993), and Minnesota (proclamation by
Governor Carlson declaring the week of May 13, 1991 to be " Telecommuting Week™), among other
activities a local, sate, and federd levels. At the federd levd, the Clinton Administration recently
released the President's Management Council National Telecommuting Initiative Action Plan
(November, 1995), which cals for an increase in the number of Federa government telecommuters
from about 4000 to 60,000 by the end of fisca year 1998 (about 3% of the civilian federd workforce).
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A number of regiond planning agencies are congdering what thelikely impacts of tdecommuni-
cations on future travel might be and how to incorporate thoseimpactsinto the conventiona transpor-
tation demand forecasting process. Occasiondly some agencies must overtly confront the question of
whether thoseimpactswill be of such amagnitude asto affect (reduce) the need for new infrastructure
capacity. The following comment by a planner with the Austin, Texas, metropolitan planning
organization is not aypicd:

“Is it possble to forecast how telecommuting will affect trangportation by the year
20207 We have members of the Austin community who ingst thet the light rail line
whichisin the planning process and roadway expansions are not necessary dueto the
ggnificant future leves of tdecommuting. While we believe that the technology will
continue to advance a a rapid pace, human acceptance of this technology as an
dternative to physica travel isquestionable. Any light you can shed on this subject...
would be most gppreciated. It is difficult to plan atransportation system which takes
into account the use of telecommuting when future levels of diffuson are difficult to
assess’ (e-mail communication from David Mann to Gil Gordon, October 6, 1995).

One government study (US DOE, 1994) estimates that telecommuting in the 339 largest US
cities (accounting for two-thirds of its population) could diminate the need for 7,300 - 11,200 lane-
miles of freeways and mgjor arterids by the year 2010, for an (undiscounted) cost savings of $13- 20
billion. Ancther study (USDQOT, 1993) estimates that nationwide, telecommuting could result in 408-
815 lives saved and 58,850- 117,700 accidentsavoided by the year 2002 dueto reducingtravel. The
same Sudy estimates travel time savings by telecommuters at 826 million to 1.7 billion hoursin 2002.
Y et another study, by arespected consulting firm, ca culated the nati onwide benefits of an expected 10-
20% subdtitution of travel by telecommunications to include 1100 lives saved, 1.6 million accidents
avoided (saving $3.9 hillion), 3.1 hillion hours of time saved, and about $600 million in infrastructure
maintenance cost savings (Boghani, et al., 1991; Boghani, 1992).

Arethese expectationsredistic? With numbers such asthese under seriousdiscusson, religble
information on thetravel impacts of telecommunicationswould gppear to be highly vauableto agencies
a dl levds of government.

Over at least the past decade, anumber of overviews of theimpacts of telecommunicationson
travel have appeared, both conceptua (Salomon, 1985; Mokhtarian, 1990) and empirical (Nilles,
1988; Mokhtarian, 1991b; Mokhtarian, et al., 1995). Most of the empirica research hasfocused on
telecommuting, probably because (1) it has been feasiblefor longer than most other "tele- gpplications’
(such asvideoconferencing or ortline shopping), (2) it hasthe gppeding sde benefits aluded to above,
and (3) the prospect of diminating or reducing the peak-period commute trip is epecialy attractive.
Althoughitsshareof totd trips (but not miles) isdeclining, commuting till accountsfor moretrips (26%
in 1990) and milestraveled (32%0) than any other single purpose (Hu and Y oung, 1992). Also, it may
well be the case that ahigher proportion of commute trips than other types of tripswill be amenableto
subtitution through telecommunications. Both factors combined mean that telecommuting probelly hes
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the highest potentid for travel reduction of any of the tele-gpplications, which undoubtedly justifiesa
continued interest in the study of its adoption and impacts.

Even though the most recent review of theimpacts of telecommuting on travel was publishedin
just 1995, considerable empirical research has occurred since thetimethat paper waswritten (1992-3),
much of whichisonly recently published, dtill in press, or il in progress. Thisbody of research offers
extensve ingght into the impacts of telecommuting on travel, and it would be productive to bring
together and placein context many of thoseindividud findings. The present paper attemptsto assemble
the substantive findings to date under a unified framework. The framework is a smple multiplicative
mode, the factors of which represent various eementsccritical to forecasting the transportation impacts
of tdlecommuting. Each factor isitsdf the subject of separate research efforts.

The New American Webster Dictionary defines"synthetic' as(1) "pertaining to or based on
gynthesis’, i.e. on "the combination of separate dementsinto acomplex whol€e”, or (2) "artifiad”. | refer
to the framework presented in this paper as a "synthetic gpproach to estimating the impacts of
telecommuting on travel” in both senses of theword. Certainly it represents a complex combination of
separate e ements, but that combination will of necessity be somewhat artificid, precisly becauseof the
complexity of therdationshipsinvolved. At thesametime, the gpproach offersabasisfor gettingtothe
"bottom line" that isboth reedily understood by practitioners and based on the best research to date. It
further makes very clear the areas in which additiona research is needed and to some extent implicitly
suggests the specific form that such research might take. 1n any gpplication of the mode, each factor
can be updated as better information becomesavailable. Depending on the context, " better” may mean
more broadly representative or more locally specidized.

Thefollowing section focuses on the portion of the framework relating to estimating the amount
of telecommuting that occurs on any given day. Section 3 continuesthe framework to account for the
impact that a given leve of telecommuting will have on travel.  Section 4 summarizes the preceding
discussion and examines fruitful directions for future research.

2. FACTORSIN ESTIMATING THE AMOUNT OF TELECOMMUTING
21 A"Smple' Modd of Telecommuting Levels

The amount of telecommuting that occurs on any given day, independent of its transportation
impacts, will itself be of interest to anumber of parties bes destrangportation planners—for example, to
providers of telecommunications servicesto thehome. That amount isliteraly the product of aseriesof
factors. Who can doit? Of those who can, how many want to doit? Of thosewho can and want to,
how many will do it? Of those, how often will they telecommute, and for how long? Specificaly, let

an average number of people employed within a certain time frame,

the proportion of workers who are able to telecommute,

the proportion of those able to telecommute who want to,

the proportion of those able and wanting to telecommute who choose to, and

os>m
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F = theaveragefrequency of telecommuting, expressed asafraction of afive-day work week (for
example, telecommuting two days aweek means doing so 40% of thetime, or afrequency of
0.4).

Then the expected number of people who arein aperiod of active telecommuting at any given
time can be estimated by

T= EAWZC

The average number of people telecommuting on any given day, that isthe expected number of
telecommuting occasions, is estimated by

O= EAWCEF=TEFE

ThenumbersT and O illustrate the difference between the concepts of telecommuting penetra-
tion andlevels, respectively, discussed in Handy and Mokhtarian (1995). Obvioudy E can be omitted
from both equationsif the focusis on the proportion of the workforce rather than on the actual number
telecommuting, but for some applications (notably, in assessng the fadility-specific impacts of
telecommuting, whether on communications or transportation networks, since network capacities are
absolute rather than relative quantities) knowing the actua number is critical.

The most important thing to redlize about the above definitions is that each one representsthe
expected value of arandom variable. Thetrue expected number of peoplete ecommuting on any given
day isthe expected vaue of the product of those underlying random varigbles. Now, if al the random
variables implied by the above definitions were independent, then the expected value of the product
would equal the product of the expected va ues, and the expressions given for T and O would be exact
equations. To the extent that the various factors are correlated, however, that equality doesnot hold,
and the expressions given for T and O are only gpproximations of the true expected vaues. It cannot
be emphasized strongly enough that a fallure to properly account for interactions among the various
factors can result in estimates of telecommuting that could be wildly inaccurate in either direction.
Some of the important likely interactions and their impacts on the modd will be examined in further
detail below, and the concluding section of the paper discussesrefining the smple modd presented here
to more formally account for correlaions among variables.

Thus, the gpparent "smplicity” of theequation for O is(not surprisingly) somewhat illusory: firg
because of the interactions mentioned above, and second because each factor in the equation can be
thought of as the outcome of a separate complex modd — with uncertainties of measurement and
forecasting — in its own right.

Nevertheless, this mode is conceptualy smilar to the "demand decomposition” gpproach
commonly taken by marketers and adopted by Gautschi and Sabavda (1995) to andyze the demand
for automobiles and telephonesin the early years of their introduction. Gautschi and Sabavaausethe
smple equation S= N T" R, where Sissdesvolume, N isthe size of the potentia market, T isthe
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fraction of potentid customers who actudly buy, and R is the average number of transactions per
person. Their Sroughly correspondsto our O (number of telecommuting occasions), their N to our
E" A (number of people abdle to tedecommute), their T to our W™ C, and their R to our F (intengity of
telecommuting by those who do s0). Sadlomon (1994) aso used a smilar approach to forecast the
amount of telecommuting (and consequent trip reduction) for the Te- Aviv metropolitan areain the year
2020. The current gpproach is not specifically based on Salomon's, and it is operationdized with
empiricd data not avalable a that time, but the two dudies inevitably have some conceptud
congruence.

The next four subsections of this paper respectively discusswhat isknown about thefactors A,
W, C, andF. For thepurposesof illugtration, plausible vauesfor each quantity are suggested based on
the discussion, and combined to compute hypothetical values of T and O. Table 1 contains each
variable defined throughout the paper, and theillugtrative vauesfor each. A vaueof onemillionisused
for E, asaconvenient unit which can be scaled up or down for aspecific metropolitan area. The astute
reader will have noticed that the question, "How long?', & the beginning of this subsection was not
matched by afactor inthe equationsfor T and O. Thereason for thisisexplained in Section 2.6. The
fina subsection discusses the combined outcome of al the factors presented in this section.

2.2  WhoCan?

A darting point for caculating the Sze of the universe of potential telecommutersis sometimes
taken to bethe number of information workersinthe workforce, with the proportion of such workersin
the U.S. estimated to be somewhere above 50% now and ashigh as 70% in thefuture. Thisapproach,
which essentidly equatesinformation worker statuswith job suitability for telecommuting, errsin being
both too broad, and not broad enough. 1t isnot broad enough because many jobs which would not be
conddered information work contain a sufficient
number of informeation- based tasksto make them tel ecommutabl e to some extent (M okhtarian, 199143,
b). Hence, based on the evidence of actud telecommuting, the universe of potentid telecommuters
should include occupations such as restaurant ingpectors, probation officers, and home hedth care
workers.

Onthe other hand, taking the universe of potentia telecommutersto beinformation workersis
in another sense too broad, for two reasons. Firgt, not al information worker jobs are amenable to
tedecommuting. A number of studies recognize this, but the estimates of the proportion of jobs for
which this is true have been largely judgmentd. For example, Nilles (1988) assumed that 20% of
information jobs would not be telecommutable. Salomon (1994), on the other hand, estimated that
proportion to be around 49%. There are at least two empirica pieces of evidence. One study of 628
employees, 95% of whom were information workers ~ and Sdlomon, 1996a). In a sample of 686,
amilaly dominated by information workers, Mahmassani, et al . (1993) found that 38% believed their
job was not suitable for working from
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TABLE 1
SUMMARY OF KEY FACTORS

Vari- | Definition [lustrative Assumption
able or Computed Result
E number of people employed 1 million
A proportion of employees able to telecommute 0.16 - 0.30
(current base case, hypothetica future case)
w proportion of those able to telecommute who want to 0.50
C proportion of those able and wanting to who choose to 0.76
telecommute
T =E A" W’ C, the (estimated) expected number who are 60,800 - 114,000
in an active period of telecommuting
F average frequency of telecommuting (fraction) 0.24
O =E AW C F=T F, the (estimated) expected no. of 14,592 - 27,360
telecommuting occasions on any one day
D average round-trip drive-aone commute distance 47 - 27
(base case, future)
a proportion of telecommuting occasons diminating a vehicle 0.72
commutetrip
Vv = O aD, thetota (commute) vehicle-miles diminated on a
given weekday 493,793 - 531,878
(low O~ highD, highO” low D)
aD / M4, the proportion reduction in VMT for a
telecommuter on a telecommuting day 0.65- 0.53
(base case, future)
aD” F/ My, the proportion reduction in VMT for a
telecommuter over afive-day workweek 0.16- 0.13
(base case, future)
M, average totd drive-aone VMT by any worker on an 30- 33
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ordinary weekday

TABLE 1 (continued)
P population of licensed drivers (1.22" E) 1.22 million
M3 average totd (drive-aone and rideshare) VMT per driver 189 - 208
in a calendar week
X = 0O aD” 5/ P Mg, average proportion reduction in total 0.011- 0.010
household VMT
N increase in VMT due to non-work travel generation, 0-0.073
expressed as afraction of V
R increasein VMT dueto residentia relocation, expressed 0
asafraction of V
L increasein VMT due to latent demand, expressed asa 0.50
fraction of V
increase in VMT due to induced demand, expressed asa ?7?
fraction of V
1 - (N+R+L+l), the proportion of V representing the net 0.50-0.43
reduction in trave, taking stimulation effectsinto account (taking | = 0)
Z =V - (N+R+L+l)" V, the net changein VMT for agiven 246,897 - 228,708
weekday (taking | = 0)
Z 5/ F Mjs, thenet changein VMT as a proportion of 0.0054 - 0.0045

tota trave

home severd daysaweek. Inoneadditiona study (Brewer and Hensher, 1996), job unsuitability was
given as the reason for not telecommuting by 74% of the sample, but that sample of commutersin six
Audtrdiacapitads probably has alower proportion of information workersthan in the other two cases

cited.

One difference between these high numbers and Nilless lower number isthat Nilles assumed
that a number of jolbs which would not be suitable for home-based telecommuting, would be appro-
priate for center-based tdlecommuting. Thiscertainly seemsplausibleinprinciple, but (1) itisnot clear
that centerswould removethejob suitability congraint for about haf of those whosejobs do not permit
telecommuting from home (as would need to be the case to reconcile his assumed vaue with the two
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empiricaly-derived vaues of 44% and 38%), and (2) the little empiricd evidence available to date
suggests that workers perceive their job suitability to behigher for home-based than for center-based
telecommuting (Mokhtarian, et al., 1996b). Although thismay appear to be counterintuitive, and may
in fact be partidly an atifact of the novelty of the telecenter concept, severd workers who were
interviewed specificdly about thisapparent discrepancy were ableto giverationd explanationsfor their
answers based on the characteristics of their specific jobs. Preference for home-based tdecommuting
also appears to be stronger than for the center-based form at this point (Mokhtarian, et al., 1996b;
Bernardino and Ben-Akiva, 1996).

The second reason that equating information workers with the universe of potentia telecom-
mutersistoo broad isthat job suitability is only one of savera congtraintswhich precludeanindividua
from telecommuting. Mokhtarian and Saomon (1994) identify anumber of potentia congraintsonthe
ability to tdecommute: externd congtraintsthat can berelated either to awareness, to the organization,
or tothejob, and internd psychosocia congraints. Theinternal constraintsmay beviewed asaffecting
the desire and the actud choice to telecommute but not, in generd, the ability to do so. This
digtinction is not absolute, however: some congraints classified as psychosocid (such as household
digtractions) may in fact pose red externa barriers to telecommuting.

Three key externa congtraintsarelack of avareness, manager unwillingness, and job unsuita:
bility. Inthe same sample of 628 described above, lack of awarenesswas activefor 4% of the respon
dents, job unsuitability for 44%, and manager unwillingnessfor 51%. At least one of thesethree con
draints was active for 68% of the sample, meaning that telecommuting was possiblefor no morethan
32%. In view of the characterigtics of the sample (predominantly information employees of an
organization with an active, visble, and long-term tedlecommuting program supported by upper
management), the prevalence of these congraintsis certainly underrepresentative of the Stuation for
the workforce as awhole. Mokhtarian and Salomon (1996b) estimated that, taking these three key
congraints aswell as other externd congtraints into account, telecommuting would have been feasible
for 14-16% of the workforce in 1992, the year their data were collected.

Condgraints can be mitigated over time; useful questionsfor further research arehow rapidly and
to what ultimate degree. For the hypothetica example of this paper, we will take A=0.16 as a base
case, and set A=0.30 for some unspecified point inthefuture. By contragt, another study, focusing only
onthejob suitability factor, proposed 40% asa" current” (1988) floor (which wasalso assumedtorise
over time) on the proportion of the workforce that could potentially telecommute (Nilles, 1988).

2.3 Who Wantsto?

Not everyonewho isableto telecommutewill want to. Mokhtarian and Salomon (1994) point
out thet the absence of binding condraintsis anecessary but not sufficient condition for telecommuting
to occur. One or more drives or motivations to telecommute must aso be present. Five such typesof
drives are identified: work, family, leisure or independence, commuting, and ideology (specificdly a
pro-environment orientation).

Thus, there are two reasonswhy not everyone who can telecommute (in termsof externa con
graints) will want to: adrive to do so may not be present, or, the drive(s) may be outweighed by the
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intengty of internd condraints such asrisk averson, interpersond interaction needs, or the perceived
benefit of the commuite.

Some estimates of the proportion of workerswho want to telecommute that have gppeared in
the literature include 88% (Mahmassani, et al., 1993, sample proportion), and 50-80% (Salomon,
1994, judgmentd range). In this context, however, given the structure of the proposed modd it is
important to condition the desire to telecommute on the ability to do so. Thereis evidence that those
two factors are not entirely independent: in the sample of 628 workers mentioned earlier, Mokhtarian
and Salomon (1996a) found that 87% of those for whom telecommuting was not possible (based only
on the three key externa congtraints described in Section 2.2) wanted to telecommute, compared to
91% of those for whom it was possible. They dso found job suitability to be the strongest and most
sgnificant out of nine explanatory varigblesin amode of telecommuting preference (Mokhtarian and
Sdomon, 1997). Hence, not unnaturdly, oneislesslikely to want to telecommuteif it isnot possibleto
do so. However, those specific numbersare heavily influenced by the selection bias of thesample (asis
the 88% figure cited above). That is, peoplewho do not want to or cannot telecommute arelesslikely
than othersto return the survey, and hence the numbers given are overrepresentative of the population
as a whole. Correcting for that bias, Mokhtarian and Salomon (1996a, 1996b) estimate that
telecommuting may be "desired by asfew as 46% of those for whom it is possible.”

Sincedesire (once externa cordraintsare controlled for) isprimerily afunction of psychologica
characteridtics, thereislittle reason to expect large changes over timein thevaue of W. Hence, for the
illustrative example developed here, we take W=0.5 for both the base and the future cases.

At this point, severd studies have modeled the preference to telecommute (including both
home-and center-based forms), and it may be of interest to review characteristicsfound to be sigrificat
to the dedire to tedecommute. Such a review is beyond the scope of the present paper, but the
interested reader isreferred to Mokhtarian and Salomon (1997), Bagley and Mokhtarian (forthcoming),
Stanek and Mokhtarian (1997), Bernardino and Ben- Akiva (1996), and Sullivan, et al. (1993, adated
preference modd of telecommuting frequency).

24  WhoWill?

It was pointed out in Section 2.3 that even when no external congtraintsare binding and adrive
to telecommute is present, interna congtraints may be strong enough to cause telecommuting to be
perceived as undedrable. In other Stuations, those condtraints may not be powerful enough to
overcome a preference to telecommute, but they may be sufficiently strong to prevent choice. For
example, it is quite possible for someone to express a desire to telecommute based on one or more
drives, but to choose not to out of afear that it would negatively impact her promotion potential (see,
eg. Bagley, et al., 1996). Thus, not everyone who can and wantsto telecommutewill do so. Based
on Mokhtarian and Salomon (1996b) we can estimate that of the portion of the workforce for which
telecommuting is both possble and preferred, aout 76% will choose it.  With no other known
empirica evidence, we take for our example C=0.76.
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Again, there are saverd studies modeling the choiceto telecommute, which identify explanatory
variables sgnificant to choice. Theinterested reader isreferred to Mokhtarian and Salomon (1996b)
and Mannering and Mokhtarian (1995, the choice of telecommuting frequency).

25 How Often?

Wheress early treatments of telecommuting often considered it as occurring full-time or not at
al, conventiond wisdom holdsthat most telecommuting today ispart time— " one or two daysaweek”.
Conventiona wisdom is supported by the empiricd evidence. Inareview of eight home-based tele-
commuting studies (taking place in the late 1980s and early 1990s), Handy and Mokhtarian (1995)
found an average telecommuting frequency of 1.2 daysaweek, or 24%. Brewer and Hensher (1996)
present a distribution of telecommuting frequenciesfor their 1994 sample; estimating each category by
its midpoint and assuming a 21-workday month yields an estimated average frequency of 22%. A
recent study of center-based tdlecommuting (Varma, et al ., 1996) found frequencies of 17-25% (besd

on data collected from 1992 to 1995).

These various estimates appear to show a fair amount of spatia and tempora stability. As
Handy and Mokhtarian (19964) point out, there are plausible argumentsin elther direction for theway
in which the average frequency of telecommuting may change over time. On the one hand, the early
adopters of teecommuting being measured in most of these studies may be more motivated, and hence
telecommute more often, than the later adopters will as tedlecommuting spreads. On the other hand,
improvements in technology and in the comfort of both employers and employees with tdlecommuting
may lead to greater frequencies over time. In the absence of any compelling evidence for a trend
upward or downward, we suggest that average frequencies will remain stable and take F=0.24.

One further observation which can be made isthat actud tdecommuting frequency istypicaly
lessthan the expected and desired frequency (Mokhtarian, et al., 1996b). One sampleof 27 tel ecanter
users (Mokhtarian, et al ., 19964) reported before beginning to telecommute that they wanted to usethe
center 59% of the time (about three days aweek) and expected to do so 50% of thetime. About six
months (on average) after beginning to telecommuite, their actua reported frequency was 39% (two
daysaweek). Hence, it would be unreliable to base an estimate of future telecommuting frequency on
prospective sdlf-reports without applying some kind of correction factor.

2.6 How Long?

The nature of tempora patterns of telecommuting is an important research and practica
question that hasreceived little atention to date. Once people begin to telecommute, how long do they
continueto do s0? Do they telecommute for awhile then quit atogether, do they cyclein and out of it
a various points in their career? Why do they quit, why re-start? How often do they “exit”
telecommuting to take up a home-based business, as opposed to returning to a conventiona work
arrangement or to some other dternative? What isthe average duration of telecommuting periods, or
spells, and what distribution do these periods exhibit?
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Varma, et al. (1996) review thelimited empiricd dataavailable ontelecommuting duration from
three two- year home-based tel ecommuting programs, and present preliminary findingsfrom ate ecenter
program. Acrossthethree home-based programs, they report that 32-60% of those origindly selected
to telecommute were ill doing so at the conclusion of the two-year pilot (not al of those will have
telecommuted the full two years, asrecruitment sometimes spread over Sx monthsor more). Of those
origindly sdlected (meaning that they volunteered and completed an initid questionnaire, that their
managers gpproved, and sometimes that they completed a training session), 17-53% never even
telecommuted at dl. The key finding on duration from the telecenter program was that 50% of its
telecommuters quit within nine months after garting.

Thus, the study of the adoption of telecommuting is unlike the case for asmple technology im-
provement such as a microwave oven or video cassette recorder, which is most often * permanently”
acquired. Inthose stuations, new adopters are added to abase of existing adopters, and penetration
deadily rises. In the case of tedlecommuting, penetration may fluctuate somewhat over time due to
attrition among previous adopters. For example, the market research firm Find/SV P, which conducts
an annud survey of home-based work, estimated that the number of telecommuting employeesin the
USTdl (for the firgt time in the ten years during which the surveys hed been taken) from 9.1 millionin
1994 to 8.2 millionin 1995, lower than the 8.5 million estimated for 1993 (Miller, 1995, aso reported
in Mokhtarian and Henderson, 1996).

Even if the measured drop in penetration isonly atemporary dip in agenerdly riang trendline
(and Find/SVPis projecting an increase to 8.7 telecommutersin 1996), the message seemsto be that
atrition among tdecommuterswill limit the growth in penetration to be lower —perhaps considerably
lower—than would be expected if attrition were not accounted for.

Why do people quit? Different category labels across the studies reviewed by Varma, et al.
(1996) inhibit comparability, but the most common reason (offered in 30-63% of the cases) appearsto
be job changes, whether to a different job atogether or to different emphases, responsihilities, or
circumstances within the same job. (Corporate downsizing and outsourcing were aso cited by Miller
(1995) assomeof thelikely reasonsfor the nationd declineintelecommuting). Thenext most common
reason is gpparently manager concerns (offered by about a quarter of the participants in two of the
reviewed sudies). Dissatisfaction with telecommuting was mertioned rather infrequently asareason for
quitting, and most former telecommuters interviewed in one study expressed adesireto returnto tele-
commuting when possible.

Hence, attrition seems to be due primarily (dthough not exclusvely) to externad condraints
rather than to adisillusonment with the ddlivery of benefits promised by telecommuting. Asdiscussedin
Section 2.2, these types of congtraints can be mitigated to some degree over time. The lesson here,
however, appears to be (congruent with the path of telecommuting penetration itsef) that dthough
mitigation of these congraints may follow agenerdly upward path in the aggregate, thereislikely to be
consderableturnover at disaggregatelevels. That is, for anindividua, congtraintswill beremoved and
reimposed at various points in time, dthough over time the congtraints will be less often gpplicable to
more and more people. The net result, however, isagain that the growth of telecommuting may not be
as rapid as expected under the view that congraints would be permanently removed for an ever-
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widening circle of people. Inthe current framework, the practical question iswhether and how fast the
hypothetical value of A=0.30 proposed in Section 2.2 could in fact be reached.

How should attrition among teecommuters be incorporated into the multiplicative modd which
congtitutes the framework of this paper? In essence, it is incorporated automatically and implicitly.
When people stop telecommuting, it is either because they are no longer motivated or driven to do o,
or because some condraint (whether internd or externd) prevents them ether from being able to
telecommute, from desiring to telecommute, or from choosing to do so. The effects of dl of these
possihilities are embedded within the factorsof A, W, and C (and F, for that matter); to incorporate an
additional duration factor would be to double-count these effects. Thus, to the extent that A, W, C,
and F are accurately forecast, no further adjustment for duration should be needed.

Nevertheless, the study d tempord patterns of telecommuting remains critical precisely to
improve our ahility to forecast changesin these other factors over time, as well as more generdly to
improve our understanding of the dynamic dement in the adoption of agtrategy such as tedecommuting.
See Kitamura (1990) for a persuasive discussion of the importance of longitudina (pand) datain the
andysis of dynamic behavior patterns.

2.7 Combined Outcome

The entries for T and O in Table 1 show the results of the assumptions made about each
variable so far. The base case assumption that 16% of the workforce can telecommute leads to the
etimate (T) tha for every million workers, 60,800 of them will be in a period of active
telecommuting—in other words, that 6.1% of the workforce istelecommuting. The same assumption
leads further to the estimate (O) that about 14,600 or 1.5% of the workforce will be telecommuting on
any given day. These numbers (illustrated in Figure 1) essentiadly replicate estimates of the penetration
and leved of tdecommuting in the Cdiforniaworkforce in 1991
(Handy and Mokhtarian, 1995). Although the relationship between T and O is based on the same
assumed vaue for F in both cases, the smilarity of T here to Handy and Mokhtarian’s estimate is an
independent outcome (noted by Mokhtarian and Salomon, 1996a).

The assumption that at some point in the future, 30% of the workforcewill be able to telecom-
mute, leads to estimates for T and O equivalent to 11.4% and 2.7% of the workforce, respectively.
Thus, aszable (and highly speculative) increase in the ability of workersto telecommute il resultsin
redively low levels of activity on any given day. It should aso be pointed out that Sncethefactorsin
the modd were "cdibrated” primarily with Cdiforniadata,
they reflect Cdifornia conditions. In view of the higher than average share of workers in
“tdlecommuting-conducive occupations’ in Cdifornia (Handy and Mokhtarian, 1996a), and the
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extent of its congestion problems (perhaps mativating individudsto telecommute), vauesfor A and W
in particular may be lower in many other parts of the country, both now and in the future.

3. FACTORSIN ESTIMATING THE TRANSPORTATION IMPACTS
3.1 Key Factorsand Relationships

Having examined thevariablesre evant to estimating the amount of telecommuting occurring on
any sngle day, we turn now to those factors necessary for estimating the transportation impacts of
telecommuting. The average trangportation impacts for any one occason can be multiplied by the
expected number of occasions (O) to obtain the (estimated) aggregate impacts, which can beexpressed
either on a per-weekday basis, or as a proportion of tota travel. Here, we focus on vehicle-miles
traveled (VMT) as akey trave indicator of interest, but a Smilar gpproach may be taken with other
indicators such as number of trips, peak period tripsor VMT, person-milestraveled, and soon. To
andyze the travel impacts for a sngle occasion, the key questions are: how far does the average
telecommuter commute? How much of that is actudly eliminated due to tdecommuting? What pro-
portion of totd travel doesthat represent? And what about increasesin travel that might occur, dueto
changes in residentid location, increases in non-work travel, mode shifts, latent demand, and induced
demand?

Specificdly, let

D = theaverageround-trip commutedistancein drive-aone vehicle-milesof thasetd ecommutingon
agiven day,

a = theproportion of telecommuting occasons that diminate a vehicle commute trip,

M;= the average tota drive-alone VMT by a tdecommuter on an ordinary (nortelecommuting)
weekday,

M,= theaveragetotd drive-aone VMT by any worker on an ordinary weekday,
Ms;= theaveragetotd (drive-doneandrideshare) VMT per licensed driver inacaendar week, and
P = thepopulation of licensed drivers.

Then aD isthe average number of vehicle-milesdiminated per tedecommuting occasion, anditis
useful to define the key quantity

V = O aD, thetota expected number of vehicle-miles diminated on any given weekday.
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As mentioned earlier, for some gpplicationsit isthe absolute reduction aD or V that isimpor-
tant. Itisasovauable, however, to expressthereductionintermsof proportionsof sometota amount
of travel. Threesuchtotasareof interest, defined asM 1, M ,, and M 3 above. Thefirst measurealows
us to express aD as a proportion of telecommuters own totd travel, and the latter two dlow usto
expressV as aproportion of travel by everyone. Specificdly, we can compute:

aD/M; =  theaverageproportionreductionin VMT for atedecommuter on ateecommuting day,
aD’5 F=  the average number of vehicle-miles diminated per tdecommuter in a five-day

workweek,
aD’5 F/5 M; = aD’ ' F/IM;

the average proportion reduction in VMT for atelecommuter over aworkweek,
Oa/E M, = the average proportion reduction in workers tota weekday VMT,

O aD’ 5=V’ 5=theaveragetotd vehicle-milesdiminaed in afive-day workweek, and

X = O aD’" 5/ P M; = the average proportion reduction in total household VMT.

To account for hypothesized increasesin trave, let

N, R
=  theexpectedincreasesintravel dueto non-work trip generation and longer commute distances
due to residentia relocation, respectively, expressed in terms of fractions of the reduction in
VMT (V), and
L, I

=  the expected increases in travel due to the additiond effects of latent demand and induced
demand, respectively, expressed as fractions of the reduction in VMT.

Then the net change in VMT will be equd to
V - (N+R+L+l)" V.

If N+R+L+l exceeds one, then the cumulative generation effects exceed the subdtitution effects
and the net result will be increased travel.

Aswith the adoption of telecommuting, what isknown about each of thefactorslisted aboveis
discussed in the remaining subsections of this section. We continue the running example by proposing
an illugrative vaue for each factor and discussing the combined outcome in the final subsection.

3.2 How Far?
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Inthis subsection we estimate the reduction in VMT dueto the eimination of the commutetrip
by telecommuting. We focus on drive-donevehide-milesrather than on person-milessincethat isthe
critical measure asfar as congestion and air quaity are concerned. Eliminating a person-trip taken by
bus or waking (or even acarpooal tripif the carpoal vehicle still makes the commute) does not by itsdlf
affect either congestion or air quality.

As asmplification, we assume that when the conventionad commute trip is not made, the full
round-trip distance (in drive-aone vehicle-miles) between the telecommuting location and the regular
workplaceisnot traveled. Thiswill dightly overdtate thereduction, Sncein some casestripsthat were
chained to the commute will till take place. However, this can be compensated for by adjusting the
factor N appropriately (see Section 3.4.1).

3.21 TheValueof a

On the other hand, we do not adopt the smplification, asis often donein a“quick-and-dirty”
esimate of travel reduction due to telecommuting, that every telecommute occason diminates a
conventiona commutetrip (corresponding to a=1). Mokhtarian (1997) pointsout that in one sampledt
34 tddecommuters, closeinspection of the circumstances reveded that for five (15%) of those people,
commute trips were not being diminated. “For three of those participants— maternity and temporary
disability cases — the dternative to working from home was not working & al. For a fourth, the
dternative was continuing to work part-time (three days aweek only, dl in the main office, ingtead of
three days in the office and the other two a home). The fifth respondent telecommuted partial days,
which shifted commute travel out of the pesk but did not diminate it.”

At leadt three other sudies examined thisissue. In analyzing asample of 3,646 center-based
telecommuting occasions, Mokhtarian, et al. (19964) found that trips to the regular workplace were
made on 8% of those occasions. For home-based telecommuting, Henderson, et al. (1996) reported
that 10 (14%) out of 71 home- based telecommutersin their sample made drive-a one commutetripson
teecommuting days. Koenig, et al. (1996) reported that three (7.5%) out of 40 telecommutersintheir
sample did the same, dthough this only accounted for 6% of the telecommuting person-daysin the
sample. Both of theselatter sources aso pointed out thet not every conventional workday involved a
drive-done commute. Nationwide, for example, 73.2% of commute trips in 1990 were drive-aone
(Ball, 1994). Drive-done mode shares for telecommutersin these two studieswere higher, inthe 81-
83% range.

Thus, unless the proportion of telecommuting occasions is discounted by the share of those
occasions which would not have involved adrive-aone commute and the share on which the commute
isactudly made, the effects of telecommuting on traffic and ar quality will beexaggerated. To seethe
combined impact of thesetwo possibilities, consder 100 tedecommuting occasions. Ononly 82 (say) of
them would the telecommuter have commuted by driving done, so a most 82 commute round trips
would be diminated. But on perhaps 10 of those 100 occasions (taking the midpoint of the 6-14%
rangefoundin theliterature), thetd ecommuter actualy makesadrive-donecommutedfter dl, meaning
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that only 72 round trips are diminated. Thus, we take 0.72 as our illustrative vdlue of a That is, we
edimate that telecommuting actudly eiminates acommute vehicle-trip only 72% of the time,

3.2.2 TheValueof D

The second factor in assessing the quantity of vehicle-milesdiminated dueto tdlecommuting is
the average round-trip (drive done) commute distance, D. For our
TABLE 2
SUMMARY OF TRANSPORTATION FINDINGS FROM PREVIOUS STUDIES*

Puget Sound’ State of Puget Sound Neighbor hood
California’ Telecenter* Telecenters®

Dates of Study 1990-91 1988-90 1990-91 1993-95
Type of Telecommuting home+center home center center
Sample Size (Telecommuters) 72 40 8 24
Sample Per son-Days

Non-t'cing (NTC) Day 251 114 28 39

Telecommuting (TC) Day 108 52 13 30
SampleTotal Trips

NTC Day o8 429 % 88

TC Day 279 142 53 9%
Per Person-Day Averages (Drive-Alone Mode):
Vehicle-Miles

NTC Day 52 45 63 59

TC Day 19 10 29 21

Difference (TC - NTC) -33 -35 -34 -38

Percent Change -63% -T1% -54% -65%
Vehicle-Trips

NTC Day 37 38 34 23

TC Day 26 27 41 32

Difference (TC - NTC) 11 -10 +0.7 +0.9

Percent Change -30% -27% +20% +42%
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Changein CommuteVMT -35 -29 -32 -1

Changein Non-CommuteVMT +2 -5 -2 +3
Changein Commute Trips -14 -15 +0.5 not avail.
Changein Non-Commute Trips +0.3 +0.5 +0.2 not avail.

hypothetical example, we offer ahigh estimate of D representing current conditions, and alow estimate
of D representing hypothetical future conditions. The high estimate of D isbased on average distances
observed for telecommuters to date. For example, Mokhtarian, et al. (1995) take the weighted
average of drive-adone commute distances for telecommuters in five sudies and obtain a 26.3-mile
round-trip distance. In the four more recent sudies summarized in Table 2, average commute VMT
savingsranging from 29 to 41 mileswere found, with aweighted average of 34 miles per tdecommuting
occasion.

Notesto Table 2;

! All four studies are based on travel diary datacollected before and after tel ecommuting began.
2 Source: Henderson, et al. (1996).

3 Source: Koenig, et al. (1996).

4 Source: Henderson and Mokhtarian (1996).

° Sources. Baepur, et al. (1996) or Mokhtarian, et al. (1996a).

In the former group of studies, each telecommuter was given equd weight. In thelatter group
of sudies, the actud savings for a specific person was weighted by the number of telecommuting
occasionsfor that person. It isplausiblefor thereto be areationship between commute distance and
telecommuting frequency (the longer the commute distance, the greater the mativation to telecommute
more often), although severd previous studies have notably failed to find such acorrelation (Olszewski
and Mokhtarian, 1994; Mannering and Mokhtarian, 1995; Mokhtarian, 1997). Sullivan, et al. 1993,
however, did find commutetime sgnificant in the preference for full-time telecommuting. Nevertheless,
if such a rdationship does exig, the latter estimate of commute VMT savings per tdlecommuting
occasionispreferable because it accountsfor that interaction (the commute reduction for morefrequent
telecommutersis counted more
oftenin the average). However, it isimportant to redize that the number 34 represents not just D but
aD, snce it is averaging out distances traveled over al persont-days in the sample (thus taking into
acocount regular days on which commuting did not occur and telecommuting days on which commuting
did occur). Dividing 34 by a=0.72 would give an estimate of D=47 vehicle-miles reduction on a
telecommuting occasion.

Ontheother hand, it isclear from the above discussion, ashas been noted before (Mokhtarian,
et al., 1995), that the early adopters of telecommuting measured in dl of these studies tend to have
longer-than-average commutes. 1t does seem to be the case that |onger-distance commutersare more
motivated to adopt teecommuting: commute characteristics generaly turn up significant in models of
telecommuting preference and choice (M okhtarian and Salomon, 1997, 1996b; Bernardino and Ben+
Akiva, 1996; Bagley and Mokhtarian, forthcoming), even though as noted above they do not dways
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seem to affect choice of telecommuting frequency. However, the same modd sidentify numerous other
variables sgnificant to the adoption of telecommuting, and hence it would be expected (and isin fact
observed) that people even with rdatively short commutes find telecommuting attractive for other

reasons. The observed commute length averagesfor these tedlecommuters may beduein parttoabias
in the programs studied toward telecommuting as a transportation mitigetion strategy. In somecasesa
long commute was actudly an explicit sdection criterion for participants.

Hence, it isreasonableto believethat interms of commute length, therdatively smdl proportion
of telecommuters measured in these several studies are not even representetive of al current tele-
commuiters, let done of tedlecommutersin thefuture. Neverthdess, toillugtrate an extreme, wewill take
D=47 as our high (current) estimate.

Over time we should expect the commutelengths of telecommutersto decrease, and perhgpsto
goproach the average for dl workers, athough the average for telecommuters will probably remain
somewhat higher (Mokhtarian, et al., 1995). Hence, thelow (future) estimate of D isbased on average
populaion commute lengths. According to the Nationwide Persond Transportation Survey (NPTS)
(Hu and Young, 1992), the average (one-way) commute length in 1990 was 11.0 vehicle-miles
Arbitrarily supposing that length to riseto 15 miles (at least for telecommuters) by somefuture date, and
dividing that by an average vehicle occupancy of 1.1 gives an average of 13.6 drive-adonemiles. We
take D=27 as our low estimate of round-trip vehicle-miles reduced on a teecommuting occasion.

As aside note, we havenot in this paper dwelled on the distinction between home-based and
center-based telecommuting. Table 2 illustrates that even though center- based telecommuterstend to
trave farther on telecommuting days than their home-based counterparts (primarily dueto making the
commute trip to the telecenter), they aso tend to travel about the same amount farther on their non-
telecommuting days, with the net reduction in vehicle- milesbeing gpproximately equa for both groups.
However, differences in adoption and impacts between home- and center-based tdecommuting are
important aresas for future research.

3.2.3 TheValueof V

As indicated earlier, the totd number of vehicle-miles diminated due to tdecommuting on a
sngle workday (V) is equd to the number of telecommuting occasions on that day (O) times the
average number of miles saved per occasion (D). The current base case estimate of V is given by
using the low vaue for O and the high valuefor D; that is,

V = 0O aD =14,592" 0.72" 47 = 493,793 miles per weekday, or (dividing by E) about ¥2-mile per
worker per weekday.

To esimate the vaue of V in the future, we should use the high vaue for O and the low value
for D. That is, in the future, more workers are likely to be able to telecommute, but their average
commute lengths are likely to be shorter and hence the per- capita reductions due to telecommuting
likely to be lower. Multiplying the illugtrative vaues out gives
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V = 27,360 0.72" 27 = 531,878 miles per weekday.

Note that V increased by only 8% even though O, the number of telecommuting occasions,
increased by 88%. Whilethereisobvioudy acertain degree of arbitrarinessin the choicesfor the high
vaues of A and the low vaues of D, the point is not the specific number arrived at here for afuture
vaue of V, but rather to illudtrate that counteracting forces may well result in the travel impacts of
telecommuting increasing much more dowly than the adoption of teleconmuting itsdlf. Infactinthe
short termit is possible for the travel impacts of telecommuting actudly to decrease in the aggregate.

3.3 Out of How Much?

Isadaily reduction of half amile per worker alot or alittle? To put the absol ute reductionsaD
and V in context, we woud liketo know what proportion of totd travel they conditute. Asdefinedin
Section 3.1, we examine three measures of tota travel, M 1, M, and M 3, to calculate four proportions.

3.3.1 TheValue of M;

For abase case estimate of My, thetotd VMT per telecommuter on a non-telecommuting
weekday, we take an average (weighted by the number of telecommuters in each study) of the
“Vehide-Miles NTC Day” figuresin Table2 and obtain M ;=52. Since, as has been noted before, the
telecommuters in these studies are long- distance commuters, their total weekday drive-alone VMT is
likely to be higher than the current population average, and higher than the average for future
telecommuters. For afuture estimate of M, we take the future value of M, (the population average
weekday drive-done VMT, estimated in Section 3.3.2 to be 33 miles), judgmentaly increasethat figure
dightly to account for gtill-dightly-longer-than-average commute lengths of future telecommuters, and
choose M, (future) = 37.

Using these two measures of M;, we compute aD / M, the average proportion reduction in
VMT for atelecommuter on atelecommuting day, to be 0.65 for the base case and 0.53 in the future.
Thisillugtratesthet the savingsin commutetravel dueto tedecommuting islikely to beadedining share of
telecommuters' tota weekday travel, as their commute distances gpproach the population average.

ThemeasureaD / M ; iscommonly reported in sudiesof theimpactsof tddecommuting ontravel
(notethe“Vehicle-Miles, Percent Change’ row of Table 2, with reductionsranging from 54- 77%anda
welghted average of 67%; these numbersare cons stent with the 66% reductionin car travel foundinan
Audrdian study: RTA, 1995), becauseit isreadily available and requires no dataexterna to the study.

Although vaid onitsownterms, it can be easly misinterpreted as suggesting highly exaggerated effects

of tdecommuting (Mokhtarian, 1996). One deficiency of this measureisthat it does not indicate the
frequency with which such areduction in VMT occurs. That deficiency is addressed by the second
measure, which averages out the reduction on any one telecommuting day across the entire workweek
based on the frequency with which teecommuting occurs.
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Specificdly, wecomputeaD” F/ M4, the average proportion reductionin VMT for atelecom
muter over aworkweek. Taking F=0.24 as a constant, we obtain 0.16 for the base case and 0.13in
the future. That is, taking the frequency of telecommuting into account, the VMT reduction due to
telecommuting is currently perbeps 16% of a telecommuter's total weekday travel (Baepur, et
al.1996), in process, found the reduction in their telecenter study to be 17%, using the more accurate
method of weighting each individual’s VMT by the frequency of telecommuting for that individua,
compared to areduction of 12% obtained by multiplying averages in the aggregate as we have done
here. Thus, the reminder isagain in order that failing to account for interactions among variables may
ater the results gppreciably. In this case, t appears that there is in fact an interaction between
telecommuting frequency and VMT).

3.3.2 The Value of M,

These relative measures of reduction as a proportion of teecommuters own travel are useful,
but from a system standpoint it is more important to place the reduction in a broader context. Two
measures for doing that are introduced: thefirst looking a workers tota weekday drive-donetravel
and the second looking &t dl household vehicletrave. Thefirst measureis useful fromthe perspective
of the impact of tddecommuting on weekday congestion (dthough from that perspective it is
incomplete—it should redlly include al weekday vehicle travel for the entire population, but vaues for
that are lessreadily available), and the second is useful from the perspective of itsimpact on totd fudl
consumption for persond travel.

Fird, then, we estimate M, the average total weekday drive-aone miles per worker. For the
base case, oneway to do that isto take the wel ghted average for the non-telecommuting control group
workersreported by the studiescited in Table 2, which is 33 miles (the averagesfor each study are not
shown in the table, but are either 32 or 33 milesin each case). However, these sudies suggest that
even the control group membershave commutesand VMT that arelonger-than-averagedthoughnot as
long as the tdlecommuters. This is plausble snce in many cases control group members are
“telecommuter wanna-bes’ who hopeto joinalater cohort of telecommuters(JALA, 1990). Oneclear
lower bound for M isthevaduefor M4/7, whichisbelow taken to be 27 for the base case. Hence, for
the base case here, we judgmentally take M ,=30. For afuture casewewill arbitrarily consder a10%
increase in total weekday drive-done VMT, and take M,=33.

Thenwehave O" aD / E M, =0.493793/ 30 = 0.016 for the base case, and 0.531878/ 33
=0.016 for thefuture case. That is, thereduction in VMT due to telecommuting represents 1.6% of
workers tota weekday drive-alone VMT under both cases, with future increases in the number of
telecommuting occasions being counterbalanced by decreases in average (absolute) reductions per
occasion and dightly higher background amounts of travel.

3.3.3 TheValuesof Mz and P
Findly, it isin some contexts most germaneto examinethereductionin VMT asaproportion of

tota household persond vehicletrave, including travel by non-workersand weekend travel. Thus, we
take a sevenrday week as the unit, with O aD” 5 = V' 5 being the average totd vehicle-miles
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diminated in a week (assuming that tedecommuting diminates commuting only during the five-day
workweek). We need vauesfor P, the population of licensed drivers (expressed in terms of E), and
M3, the average totd household VMT per driver in aweek.

For P, we estimate the number of licensed driversinthe USin 1990 at 143,312,000 based on
the NPTS (Hu and Young, 1992), take the number of (civilian) workers in the same year to be
117,914,000 from The Statistical Abstract of the United States, and computing the ratio of those
two numbersto be 1.22, use P=1.22" E (that is, 1.22 licensed drivers per worker).

For the base case for M3, we estimate the number of licensed drivers per household inthe US
in 1990 to be 1.54 based on the NPTS, find the average annua VMT per household to be 15,100
milesfrom the same source, and from those two numbers compute 9,805 annua milesor 27 daily miles
per driver, for aweekly total of Mz = 7° 27 = 189. For the future case, we again assume a 10%
increase in tota household persona vehicle VMT, giving M3 (future) = 208.

From these assumptionsit can be calculated that X, the average proportion reduction intota is
equal to 0.011 for the base case and 0.010 for the future case. That is, as shown in Figure 2 for the
base case, direct reductionsin VMT currently constitute about 1.1% of total household vehicletravel

(at most —recdll that base case estimates of A, perhaps W, and particularly D are considered to beon
the high Sde), and are likely to Say in that range for sometimeto come. Thesevaduesfdl intherange
(0.7 - 1.4%) projected by a US Department of Transportation study for the year 2002 (US DOT,
1993), dthough those results were based on different assumptions notably, alower proportion of
telecommuters, saving fewer miles on average per occasion, but telecommuting far more frequently).
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34 What about Increasesin Trave?

There has been speculation for sometime (e.g. Albertson, 1977; Salomon, 1985; Mokhtarian,
1990) about the extent to which the savings in travel due to the eimination (or reduction) of the
commute might be counteracted by increases in travel. Trave could be stimulated in severa ways,
representing N, R, L, and |, respectively:

> The time saved by tdlecommuting may partidly be spent in out-of-home activities generaing
new travel.

> The ability to commute less often might prompt some to move farther awvay from work —
potentialy far enough that total commute VMT even on asmaler number of commuting days
exceeds previous levels.

> Any trangportation capacity freed up by large numbersof peopletelecommuting will bepartidly
or completely filled by the redization of latent demand on the part of others. Hence, travel
saved by teecommuters may be compensated for through travel increases by non
telecommuters.

> Tdecommunications may directly simulate new travel (for telecommuters and non-telecom-
mutersdike) through increasing both contactswith other people and information about activities
of interest.

Note that new non-work travel may aso be viewed as aform of induced demand, but in the
present context we conceptudly distinguish N from | by the characteristic that new non-work travel isa
direct consequence of thetime saved by tdlecommuting itsalf (and hence gpplies only to telecommuters
and perhaps their household members), whereas "I" here refers to travel generated by other
telecommuni cations appli cations, which can occur for non-telecommutersaswell. In practioe, however,
it can be difficult to distinguish these two effects, at least for tedlecommuters.

Anacther way in which tdecommuting has been hypothesized to increase trave isthrough shifts
away from shared modes of trangportation in favor of driving aone, resulting in reative increases in
VMT even if person-milestraveled remain constant or decline (see, eg., Mokhtarian, 1991b). These
effects, however, will be automaticaly captured through measured differences in a and N, which
account for dally differencesin vehicle- milesfor commute and non-commute trips due to tdecommuting.

Thefour potentid effectslisted above are discussed inturn. Particularly the last three types of
effects are longer-term and indirect, and hence they have been much less studied than the other factors
andyzed s0 far. For R, L, and I, then, the numbers chosen for the illustrative example become
somewhat more speculative.

3.4.1 Non-work Travel
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Thegudiessummarized in Table 2 partition thetotal VMT on telecommuting and non-telecom:
muting daysinto commute and non-commute, o that it ispossibleto examine separately the changesin
eachtypeof travel. From Table 2it can be seen that (as expected) commute VMT decreased in every
study. Non-commute VMT, on the other hand, decreased dightly in two of the studies and increased
dightly intheother two. For a least the sudiesin thelast two columns of the table, the changesin non-
commute VMT were not significant; statistica testswere not reported for thefirst two studies. Hence,
it might beinterpreted that the observed changes smply congtitute random fluctuations around abase of
essentialy no change.  In fact the weighted average change in non-commute VMT across dl four
studiesis precisaly 0, and thus for the base case we take N=0.

Thisisaplausbleresult: telecommuters are, presumably, working & least their norma hours
(and thus not making new trips during that time), and there is anecdota evidence that many of them
work through most or dl of what would otherwise be their commuting timeaswel. New tripsthat are
made during those times may be walk or bike trips. Mokhtarian, et al. (1995) present severa other
explanations for the observed result. In particular, they point out that since these tend to be long-
distance commuters, they may dready be traveling more than they would like on their regular
commuting days, and be more than happy to curtail their travel when telecommuting makesit possble.
Inthe Puget Sound study, for example (Henderson, et al., 1996), no drive-aonetripsat al were made
on 38% of dl tdecommuting days, compared to 9% of al nontedecommuting days (for both
telecommuters and controls).

Thissuggests, however, that as average commute distances for telecommuters become shorter
over time, thisresult may change, and the hypothesized desirefor mobility (Salomon, 1985) may lead to
a discernible increase in non-commute travel on telecommuting days. To adopt a reasonable but
consarvativefuturevalue of N (and in keeping with the adagethat “thefutureisaready here; it'sjust not
evenly distributed yet”), we use the highest proportionate increase in non-commute VMT observed to
date, namely the 3 miles found in the Neighborhood Telecenters study (compared to a commute
decrease of 41 miles), and take N (future) = 3/41 = 0.073. That is, in the future, increases in non
commute travel might counteract 7% of the decrease in commute travel.

3.4.2 Residential Relocation

Researchers have speculated for some time about the decentralizing effects on urban form of
telecommuting and other telecommuni cations gpplications, but scant empirica evidenceisavailableto
date. Themeager direct evidencethat isavailable (Nilles, 1991) showslittle or no impact onresidentia
rel ocation, but those findings are based on sdlf- reports from short- term experience with telecommuting,
during which time frame large numbers of relocation decisions could not be expected to occur.

At least onetheoretical modd of residentia rel ocation due to telecommuting has been advanced
fromwhich it is possble to estimate tentative vauesfor R (Stough and Paglinck, 1996, aso model the
impact of telecommunications on resdentia choice, but since their choice dternatives are location
categories—central city, suburb, edge city—it isnot straightforward to expressthe changesforecagt by
their modd in terms of changesin VMT). Lund and Mokhtarian (1994) propose asmplelocation
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modd for amonocentric metropolis. Briefly, to roughly estimate theimpact of resdentia relocation on
the travel saved by telecommuting, we insert representative vaues from the example developed here
into their equations. In their notation, we take for the base case To =470, T, =357,k = 0.2, and do*

=aD/2 = 17, where To and T, arethe number of one-way commute trips per year before and after the
onset of telecommuting (o that T, / To = 1 - Fin our notation), k isthe decay constant of land prices
(smaller vaues of k indicating ashalow declinein prices as one moves away from the city center), and
do* isthe one-way number of vehicle-miles traveled on each commute.

With these va ues, wefind the number of miles saved annudly by tedecommuting in the absence
of residential relocationtobedy*” (T, - To) = 1921, the changein do* with residential relocationto
beln(Ty/ Ty) / k = 1.37 (trandating to a change in one-way commute length of 1.37/ a=1.85), and
the increase in milestraveled due to relocation to be 1.37° T, =490. Thentheratio 490/1921 =0.26
representsthe proportion of miles saved that are offset by resdentia rel ocation, and may betakenasan
edimaeof R. Similar caculationsfor thefuture case, inwhich the only changeisdy* = 10.0, leadsto R
(future) = 0.43.

That is, under classicd location theory, telecommuting at 24% frequency promptsanindividud
to move 1.85 miles farther from work, resulting in 1.37" 2 additiona vehicle-miles being traveled on
each of the 76% of workdays on which a conventional commute is made, resulting in an increase in
travel which condtitutes 26% of the savingsin the base case, and 43% in the future (for whichthe same
absolute increase in trave is divided by alower savings due to the assumption that average commute
distances for tdlecommuters decline over time in the aggregate).

Severd comments are in order. Fird, interreationships among variables should again be
emphasized. Inparticular, in Lund and Mokhtarian’ smodd the assumed increasein commute distance
dueto resdentia relocation isvery much a(non-linear) function of telecommuting frequency: the more
often one telecommutes, the farther away is the optima resdentid location but the less often that
gredter distanceistraveled. The outcomeisthat the more frequently telecommuting occurs, the closer
the net travel impact (taking residentid rel ocation into account) isto the direct impact in the absence of
relocation, i.e. thesmdler Ris. Thismay bethe reason why another sudy (US DOE, 1994) estimated
theincreaseintravel dueto "increased urban sprawl™ a roughly 16% of the savingsintraved (that sudy
focused on fuel consumption rather than VMT) — it assumed average td ecommuting frequenciesaround
60%.

At another leve, however, we must question how accuratdly such asmplereocation modd will
reflect actua behavior, especidly inview of the widespread recognition of thelimitations of such models
(see eg., Giuliano, 1989). Even asde from the question of the extent to which commuting costs any
longer influence location decisons, a change of 1.85 milesin the theoretically optimum location is not
necessarily likely to prompt a move in view of the transaction costs of such an action. Further, the
question of the duration of telecommuting, as discussed in Section 2.6, should betaken into account: a
telecommuting spell of only one or two yearsis dso not likdly to prompt a move.
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In summary, then, this author finds it difficult to believe that the part-time, short-term
telecommuting that seems to be the norm in most cases is itself going to dimulate a great dedl of
resdential relocation (decentralization islikely to continue to occur for anumber of other reasons, but
that isnot the subject here). These observationsare somewheat corroborated by the aggregate empirica
evidence offered by Kumar (1990), in which he showsusing NPT S datathat commute disancesarein
fact decreasing over time for information workers, and increasing for blue-collar workers. Thisis
happening even while commute frequencies decline for information workers (a fact which Kumar
atributes to a combination of telecommuting and "flexible work arrangements’ without being able to
distinguish the relative proportions of each).

Hence, the calculated vaues of R (0.26 now and 0.43 in the future) do not appear to be
redidic, and on the bass of the available empirica evidence, there does not gppear to be any
judtification for choosing any particular vdue of R > 0. Accordingly, we take R=0 until new evidence
presents itsdlf. However, this effect should be monitored empiricaly, asit may be the case that future
adopterswho have shorter commutes when they begin teecommuting than do today's adopters, may be
more likely to relocate.

3.4.3 Latent Demand

The ability of new transportation capacity to attract new trips has been recognized (see, eg.,
Shunk, 1991; Transportation Research Board, 1996) but the behavioral mechanisms involved are
poorly understood. The process is a complex one, in which redized latent demand on a capacity-
improved link may reflect some combination of:

devel opment traffic due to land use changes,
natural growth due to demographic changes,
traffic diverted from other routes,

traffic transferred from other modes;

traffic shifted to new destinations; and

new tripsinduced by the newly-available capacity

YVVYVYYYV

(Zimmerman, et al., 1974, cited in Kitamura, 1991). At a systemwide level, some of these effects
result in only aredigtribution of, rather than an increase in, totd travel.

Apparently only one study (US DOE, 1994) has atempted to quantify the effect of the
redization of latent demand on filling up the system capacity freed by tedlecommuting. That study
estimated that latent demand would offset 50% of the direct savingsin travel. The assumptions made
there differ from oursin ways similar to those for the US DOT study cited above, but, as above, those
differences counteract each other to result in smilar projected savings in travel. Hence, there is no
gpparent reason for modifying the DOE result, and again until further evidenceisdevel oped wetakeL
=0.50. However, that study aso notes that the latent demand effect is unlikely to occur in areasin
which congestion is not a problem. There may dso be a threshold effect; that is, very smdl (and
unpublicized) increases in effective capacity may not be sufficient to bring out latent demand. In that
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case, the systemwide levels of travel reduction due to telecommuting seen today (and even into the
futureif the andysis presented in this paper isto be believed) may not be sufficient to trigger thiseffect.

3.4.4 Induced Demand

If little is known about the impacts of latent demand, even lessis known about the demand for
travel induced by telecommunications capabilities themsdves. One report (Niles, 1994) provides a
thoughtful extended discusson of ways in which this phenomenon might occur, induding:

an increased awareness of activities of interest;

gimulaion of economic growth, which simulates travel;

an expanding network of persona and business relaionships,

geographic decentrdization (partialy represented here asthe "R" effect);
an increased customization and rapid-response capability;

reducing the disutility of travel by making travel time more productive; and
improving the efficiency of the trangportation system.

YVVVVYVVYYVYY

However, thereport stops short of quantifying theimpactsof al these processes, andinfact no
one has attempted to do 0 to this author's knowledge. Not wishing to rush in where angels fear to
tread, this author will refrain from doing so aswell.

It can be pointed out, however, that al of thetravel generation effects discussed in Section 3.4
collectively manifest themsdvesinincreased totd VMT on non-tdecommuting days (for telecommutars
and non-tdecommutersdike). So one (artificia) way of accounting for al these effects s multaneoudy
issmply to adjust an assumed growth ratein VMT to represent various future scenarios of increased
travel. Time-series or other models can be calibrated to forecast increasesin VMT, and refined over
time as more information on the causa processes involved becomes available.

It should aso be pointed out that if amodel of induced demand does become available, care
should be taken when fitting it into the current framework that N, R, and L effects are not double-
counted.

35 Combined Outcome

The fina two rows of Table 1 present the “bottom ling” impacts of telecommuting using the
illustrative case discussed here (and taking | = 0). N+R+L+l =0.50 for the base case and 0.57 for the
future case, meaning that the net reduction in travel isonly a most about 50% and 43%, respectivey, of
what woud be assumed if stimulation effects were not taken into account (anon-zero assumption for |
would reduce those numbers<till more). Thesetwo vaueshavetheintriguing result that the net absolute
reduction in VMT is higher for the base case (nearly 247,000 miles) than for the future case (about
229,000 miles) —in ether case, about 0.2 miles per worker. Ascan be seen, the outcomes of thetwo
casesare 0 closethat smal changesin the assumptions either way can dter the relative ordering of the
results. For example, had we assumed N to be equa for both the base and future cases, the ordering
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of the two outcomeswould have been reversed. Nevertheless, it isnot unreasonable to expect thetrip
generation effects of tedlecommuting to increase over time to the extent that the net reduction in travel

shrinks. Infact, had wetaken R=0.43 in thefuture case asthe Lund and Mokhtarian model suggested,
then N+R+L+| would exceed one (the more so to the extent that | > 0), meaning that in the future, the
travel simulation effect of telecommuting would equd or exceed itstrave reduction effect.

4, IMPLICATIONS AND DIRECTIONS FOR FUTURE RESEARCH

This paper has attempted to synthes ze (combine) what isknown about the adoption and travel
impacts of telecommuting into a synthetic (artificid) multiplicative modd containing the key relevant
factors. Plausible assumptions (based on the best avail able empirical evidence) about thevalue of each
factor result in estimates of relatively modest trangportation savings— probably currently no morethan
0.6% of tota household travel, asshowninthelast row of Table 1. Even moreimportantly, it appears
to belikely that, due to counteracting forces, the aggregatetravel impactswill remain rdativey flat well
into the future (potentidly even declining), even if the amount of telecommuting increases considerably.
Since it was asserted in the introduction to this paper that telecommuting probably has the highest
potentia for travel reduction of any of the tele-applications, the outlook for telecommunications as a
magor solution to urban congestion is not promising.

Thus, in response to the potentia concerns of regiond planning agencies, it gopears quite
unlikely that telecommuting will reduce travel to the extent of obviating the need for new infrastructure
capacity (whether that capacity should be provided, and the particular moda form it should take,
however, are separate questions to which the current paper does not spesk). On the other hand, the
potentid reductions in travel due to telecommuting are of an order of magnitude comparable to the
estimated impacts of other trangportation demand management (TDM) strategies. A bundle of such
TDM messures that includes tdlecommuting may collectively have anoticeable impact on congestion.
For that reason, it continues to be desirable to promote telecommuting as a TDM drategy (with
appropriate expectations as to its effectiveness), and to learn more about its impacts on travel.

A great ded of uncertainty remains, both in the likely future vaues of the key factors studied
here and in the way those factors will combine to give an aggregate result—enough uncertainty to
warrant further refinement of our knowledge in this area.  For example, until recently, most
telecommuting was vol untary—chaosen by the employee with the concurrence of management. Now,
thousands of employees (so far, typicaly sdes workers) in firms including Erngt and Y oung, IBM,
AT&T, Xerox are being involuntarily shifted to “non-territoria office’ arrangements as a cost-saving
drategy on the part of the organization (see, e.g., Shellenbarger, 1994). Trendsin the adoption of this
form of telecommuting should be monitored and its travel impacts assessed.

Theresults presented here may differ somewhat if atrangportation indicator other than VMT is
chosen asthefocus. For example, adoption of partia-day tedecommuting may beincreasing faster than
full-day telecommuting. That is, it may be increasingly common for professond workers to work a
home an hour or two in the morning to avoid rush-hour traffic, so that if peak-period trips were the
measure of interest, the impacts of telecommuting may be somewhat more substantia. However, itis
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a0 likely that many of those workers would not gpply the labd “tdecommuting” to whet they are
doing, which highlightsthe need for careful question wordingin any atemptsto survey theextent of such
practices.

Discussion of each factor and relationships among them has identified a number of areas
needing further research. For example, it would be vauableto gather dataon A, W, and C (thosewho
can, want to, and do telecommute) from a larger and representative sample (and on an ongoing, say
annud, basis), to andyze the interactions among those dimensions and trends in their vaues. It is
important to further develop causd models of telecommuting frequency. The longitudind study of
tempora patterns and duration of telecommuting is a criticd missng link to date, with duration of
telecommuting potentially affecting downstream factors such asresdentid relocation decisons. Littleis
known so far about the adoption of center-based telecommuting and potentid differences in travel
impacts from the home-based form. And, of course, the entire set of processes by which travel can be
gimulated through telecommunications deserves careful andysis.

These studies would improve our ability to forecast each factor of the Smple multiplicative
modd presented here. Additional work could be done to further refine the model itsdf. Rather than
using only an aggregate expected vaue for each factor as has been done here, distributions for each
factor can be developed. In some casesthese can bejoint distributions among two or more variables
to account for key correlations; in some cases (as has been done by Mokhtarian and Salomon and
othersfor the variables W and C) a variable can be represented through a disaggregate probabilistic
submodd as afunction of other explanatory variables. Then a population outcome can be estimated
through a Monte Carlo smulation, in which for each smulated individud, vaues from the assumed
distributions or submodels are generated and combined in the model at a disaggregate level, with the
results summed across individuds. The mode could eventudly incorporate a dynamic eement, to
account for changes over time in ability to tdecommute, desre to telecommute, frequency of
telecommuting, commutelength, totd VMT, and so on. Such adynamic, disaggregate s mulation mode
seemsto fit well with the current gpproach to improving travel demand forecasting models in generd
(e.g. RDC, Inc., 1995), and could probably be relatively easily integrated with that approach.

The illugtrative future case numbers presented in Table 1 can be viewed as a plausble future
scenario “letting nature takeits course”. Planners and policy-makers may wish to consder how those
numbers might change in the presence of policies that aggressvely support telecommuting.  For
example, dlowing congestion to reach far worse levels than are experienced today, or introducing
serious congestion pricing mechanisms, would increase the sdlience of commute reductionasapersond
motivation to telecommute. This would presumably increase W (the proportion of those able to
telecommute who want to), C (the proportion of those who can and want to who do), and F (the
frequency of teecommuting) which in the present formulation are assumed to remain congtant over time.

Regulatory mechanisms could diminish the organizational condraints on telecommuting and hence
increase A (the proportion of the workforce that is able to telecommute) more rapidly than would be
the case otherwise.
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Further research istherefore needed to understand the likely impacts of such policy measures.
Exiging behaviord modes of tdecommuting preference and choice (containing policy-sendtive
variables) can beused asagtarting point in evauating such “what if” scenarios. New stated preference
models can be developed in the context of policy evauations, and caibrated againg the revedled
preference or manifest behavior shown by current workers (see, eg., Morikawa, 1994). When such
policiesareinitidly introduced on alimited bas's, experiments and pilot studies should be conducted as
ealy as possble and used to identify the actud impacts on tdecommuting. In short, empiricd
information on theimpacts of such policiesshould be gathered early and often, and the expectationsfor
such policies should be revised as new information becomes available.

Findly, two additiona important phenomenafdling under the broader rubric of “tdeworking’
which have not been emphasized here but whose transportation impacts need further sudy are the
increase in home-based businesses and in the number of mobile workersin theworkforce (Handy and
Mokhtarian, 1996b; US Congress Office of Technology Assessmert, 1995). Mokhtarian and
Henderson (1996) found that home-based businessworkershave higher daily totd, work-related, and
drive-aone trip rates than other workers, but have lower tota travel time. Trip departure times for
home-based workers were unimodaly rather than bimodally distributed across the day, and con+
Sderable variations were found across workersin different industries. These resultsillustrate that the
travel patterns of home-based business workers differ substartialy from conventiona workers, and
current regiona travel forecasting model s are not well- equipped to treet these patterns. Further, itisan
interesting research question to explore how operating a home-based business affects the choice of
resdentia location (centra city, suburban, exurban, sadlite town, out of the region of employment
atogether) and characteristics of the dwelling unit.

Smilarly, the travel and communication patterns of mobile workers are likely to exhibit con
Sderable variation, both within subcategories of mobile workers, and between them and non-moabile
workers. For both mobile and home-based workers (which are not mutually-exclusve categories), the
predominant effect of telecommunicationsis probably not to reducetrave, but to increasetheflexibility
of travel. Totd travel may in fact be higher for these workers than for others, but shifted to off-peak
periodswhere possible. When peak-period travel isnecessary, telecommunicaions (thecdlular phone)
can reduce the cost of congestion for these workers. Additional research is needed to further
understand the travel and communications patterns of teleworkers of al types.
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