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Using Travel Diary Data to Estimate the Emissions Impacts
of Transportation Strategies: The Puget Sound Telecommuting

Demonstration Project

Dennis K. Henderson, Brett E. Koenig, and Patricia L. Mokhtarian

University of California, Davis, California

ABSTRACT

Transportation control measures are often implemented for
their environmental benefits, but there is a need to quan-
tify what benefits actually occur. Telecommuting has the
potential to reduce the number of daily trips and miles trav-
eled with personal vehicles and, consequently, the overall
emissions resulting from vehicle activity. This search stud-
ies the emissions impacts of telecommuting for the partici-
pants of the Puget Sound Telecommuting Demonstration
Project (PSTDP). The California Air Resources Board’s emis-
sions models, EMFAC7F and BURDENTYE are used to esti-
mate the emissions on telecommuting days and
non-telecommuting days, based on travel diaries completed
by program participants. This study, among the first of its
kind, represents the most sophisticated application of emis-
sions models to travel diary data.

Analysis of the travel diary data and the emissions model
output supports the hypothesis that telecommuting has ben-
eficial transportation and air quality impacts. The most
important results are that telecommuting decreases the num-
ber of daily trips (by 30%), the vehicle-miles traveled (VMT)
(by 63%), and the number of cold starts (by 44%j), espe-
cially those taking place in early morning. These reductions
are shown to have a large effect on daily emissions, with a
50% to 60% decrease in pollutants generated by a
telecommuter’s personal vehicle use on a telecommuting
day. These net savings are almost entirely due to the elimi-
nation of commute trips, as non-commute trips increased
by 0.33 trips per person-day (3% of the total trips), and the
non-commute VMT increased by 2.2 miles. Overall reduc-

IMEPLICATIONS

Telecommuting is one of many Transportation Demand
Management (TDM) strategies being considered by policy
makers to reduce congestion levels and improve air qual-
ity. As one of the first studies to directly measure the im-
pacts of telecommuting on vehicle emissions levels, this
research contributes to a new body of data on the air quality
impacts of telecommuting. The findings support the hy-
pothesis that telecommuting benefits both air quality and
congestion. The methodology presented may be applied
to other TDMs to analyze the comparative impacts of each
strategy. This information will help policy makers identify
the most effective congestion reduction and air quality
improvement approaches.
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tions in travel and emissions of this magnitude are observed
because the telecommuters in this sample are long-distance
commuters, with commutes twice as long as the regional av-
erage. However, even as telecommuting adoption moves into
the mainstream, its net impacts are still expected to be ben-
eficiai—a reduction in VMT and in emissions.

It is importart to note that when the level of telecommuting
is considered (that is, the percentage of work days that em-
ployees actually telecommute), the weekly savings are a much
smaller proportion of total weekday travel. Also, these find-
ings represent average per-capita reductions; the aggregate (or
overall, regionwide) impacts are determined by scaling these
reductions by the number of program participants. Thus, the
aggregate effectiveness of telecommuting must take into account
the number of people likely to participate as telecommuters
and how often they telecommute, not just the per-capita, per-
occasion impacts.

INTRODUCTION

Transportation and energy planners became intrigued with
the possibility of substituting telecommunications for travel
as early as the 1960s,! again during the energy crisis of the
1970s,2 and then in the 1980s as a strategy to help decrease
congestion and improve air quality.? Today the adoption
of telecommuting for the improvement of air quality is
becoming increasingly widespread, making it important to
study how changes in personal vehicle use due to
telecommuting will influence the amount of emissions gen-
erated from that activity. Whereas a number of studies have
analyzed the transportation impacts of telecommuting,*
to date few have evaluated the direct emissions impacts which
accompany those changes in travel behavior due to
telecommuting. This research and a companion study of the
State of California Telecommuting Pilot ProjectS constitute
two of the first such analyses. To date, the methodology de-
veloped here represents the most sophisticated application of
emissions models with travel diary data.

This study evaluates the ernissions impacts of telecommuting
using travel diary data from the Puget Sound (Washington State)
Telecommuting Bemonstration Projects (PSTDP). The emissions
generated by telecommuters’ personal vehicle use on
telecommuting (TC) days and non-telecommuting (NTC) days
are compared to each other and to the emissions of a nen-
telecommuting control group. To estimate the emissions for
the analysis, the Puget Sound data are used as input to the
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California Air Resources Board's emissions models, EMFAC7F
and BURDEN7FE. Modifications were rade to the models to cus-
tomize the analysis as much as possible to the characteristics of
the Puget Sound, Washington area and of the data itself.

An emissions analysis such as this one depends on the accu-
racy of the models used. It is generally suspected that the EMFAC
and BURDEN models underestimate the amount of emissions
caused by vehicle activity, although the extent of this inaccu-
racy is not well known.”® The current (7F) versions of the mod-
els, however, are among the most advanced mobile source
emissions models available and provide the best estimates of
the impacts of telecommuting on vehicle emissions at this time.
Because of the potential for inaccuracy in emissions modeling,
the specific emissions figures provided in this paper (in grams/
person-day) should be used with caution. The percent differ-
ence in emissions between telecommuting and non-
telecommuting days shouid be a more reliable measure of the
impacts of telecommuting. These percent changes in emissions,
however, are tied to percent changes in VMT and trips. Future
telecommuting programs with different travel impacts should
expect correspondingly different emissions reductions.

PUGET SOUND DATA

The PSTDP data used in the analysis is composed of travel
diary data provided by 104 telecommuters from about 20 pub-
lic and private organizations and 41 control group members,
who were (for the most part) comparable, non-telecommuting
employees of the same organizations. Although every
telecommuter in the PSTDP was expected to participate in the
evatuation, compliance with that expectation varied; hence,
there is some self-selection bias in the data analyzed here. Fur-
ther, it is not known whether the telecommuters in this project
were representative of all the telecommuters in the region,
and it is known (and discussed later) that these telecommuters
are not representative of the general workforce in some im-
portant ways. Thus, caution should be used in extrapolating
these results to the entire population of telecommuters and
to the workforce as a whole.

Two-day travel diaries were completed by the project par-
ticipants and their driving-age household members to docu-
ment their travel behavior before and after telecommuting.
The data were collected in three “waves,” with one “before”
telecommuting wave (occurring in late 1990 and early 1991)
and two waves occurring about six months and one year,
respectively, “after” telecommuting began. The data collected
included general participant information such as the partici-
pant status (telecommuter, control group member,
telecommuter household member, or control group
household member), age, gender, home and work locations,
locaticons frequently visited, transit lines used and household
vehicle ownership. The travel diaries contain the trip charac-
teristics for every trip reported by the respondents. The infor-
mation for each trip includes the origin and destination,
beginning and ending trip times, purpose, approximate trip
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length as reported by the respondent, mode used, begin-
ning and ending odometer reading if a personal vehicle was
used, and the number of passengers. In the case of personal
vehicle trips, the vehicle make, model, and year are also
included. Detailed discussions of the PSTDP data are reported
in Quaid and Lagerberg.¢ Extensive data clean-up efforts were
undertaken at the onset of the project to help ensure the
accuracy of the data.®

Athorough review of the data revealed that the participantsin
the study telecommuted to varying degrees from wave to wave.
The review showed that 32 of the 104 people recruited to
telecommute in the study were never recorded as doing so
(see Table 1). Also, 8 of the 41 control group members (sup-
posedly non-telecommuters by design) were recorded as
telecommuting over the course of the study. A “Before”/
" After” analysis of the data was considered, but such an analysis
should properly be performed only on the subset of “pure”
telecommuters and “pure” controls for which data were avail-
able for both “Before” and “After” waves (otherwise, differences
due to telecommuting are confounded with differences due to
having different samples “Before” and “After”). However, this
woid have required the exclusion of a large number of par-
ticipants and telecommuting days. To maintain the largest
sample of telecommuting data, it was decided to compare
travel behavior on telecommuting days and non-telecommuting
days for the pure telecommuters and controls, without regard
to whether a participant’s day fell in the “Before” or “After” waves.

Thus, the analysis presented here involves comparing the
vehicle emissions of the 72 people who were recruited to
telecommute, and did, with the 33 control group members
who never telecommuted. A second emissions analysis that
separated all telecommuting day trips into one group and all
non-telecommuting day trips into another (regardless of the
participants’ recruitment status) was performed with similar
results.10 [solating the 72 telecommuters and the 33 control
group members for the primary analysis and comparing the
emissions of the same sample provides greater certainty in
conclusions as to whether observed changes in automobile
use and emissions are actually due to telecommuting. Table 2
tabulates the trips taken by these two groups. All trips are
included for reference, but only the personal vehicle (drive
alone) trips were analyzed in this study. Carpool and vanpool

Tabte 1. Distribution of project participants whe telecommuted

Recruited as: # of people # of people Totals

who telecommuted who dicn'’t

during diary periods telecommute

during diary periods

Telecommuting
Group Members 72 32 104
Caontrol Group
Members 8 33 41
Totals 80 65 145
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Table 2. Distribution of tnps across comparison groups

Telecommuters Controls
Telecommuting Days Non-Telecornmuting Days
# Tnps # Person-days # Tnps # Person-days #Tnps # Person-days
Personal «
vehicle tnps 279 67 948 257 648 150
Al trips 334 76 1236 280 780 166
No personal vehicle
irips made — 41 — C — 0

trips were not included since the focus of this research is on
emissions impacts. It is reasonable to assume that many, if not
most, ridesharing trips would still have taken place without
the telecommuter, and that telecommuting would have no
emissions impacts on those trips. Also, weekend data and
household member data were excluded due to infrequent and
unreliable reporting. Thus, this study oniy addresses the per-
sonal vehicle emissions impacts of telecommuting on the work
days of participants directly recruited for the project.

Of the 1227 personal vehicle trips taken by telecommuters,
279 trips took place on 67 telecommuting person-days and
948 trips took place on 257 non-telecommuting person-days.
Emissinns for these telecommuting day/non-telecommuting
day trips are compared to the emissions produced by the 648
control group personal vehicle trips, which occurred on 150
person-days. It is noteworthy that on 41 (38%} telecominuting
days no personal vehicle trips were made at all by the
telecommuter, compared to only 9% (39 out of 446} of the
non-telecommuting days for both telecommuters and con-
trols. To account for different size groups, emissions data are
reported in terms of grams of pollutant per perscn-day.

OVERVIEW OF THE MODELS
The EMFAC7F and BURDEN7F models are designed to calcu-
late aggregate emissions inventories (in tons per day) gener-
ated from vehicle activity for air basins in California.!! The
user specifies the inventory year and the season (either sum-
mer or winter) in which vehicle activity takes place. The tem-
perature distribution and fleet mix vary by year, and the
emissions factors vary by season. Summer and winter are the
two seasons for which vehicle activity patterns and atmo-
spheric conditions combine to produce the worst air quality.
The different characteristics of the seasons are associated with
violations of air quality standards for different pollutants. In
the summer, ozone precursors (TOG and NO,) are of greatest
conicern, whereas in the winter, CO levels are most impor-
tant to monitor. An emissions inventory was run for both
summer and winter, although the winter inventory was of
most concern to the study sponsor and, hence, is the main
focus of this research. Only the winter findings are presented
here; for the summer analysis see Henderson et al.10

Seven pollutant types are modeled by EMFAC7F and
BURDENTEF: total organic gases (TOG), reactive organic gases
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(ROG), carbon monoxide (CO), nitrogen oxides (NQ,), sulfur
oxides (SQ,), particulate matter (PM), and lead. The SO, and
lead outputs are not reported here because the vehicle activity
in this small sample did not generate measurable amounts of
these poltutants. The input requirements for BURDENYF de-
manded that personal vehicles be classified into class/technol-
ogy groups. Four categories of vehicles were present in this
sample: a light-duty automobile class subdivided into catalyst-
equipped and non-catalyst-equipped technology groups, and
a light-duty truck class with the same two subcategories. Ve-
hicles are modeled as having seven different emission-produc-
ing processes: running exhaust, cold start exhaust, hot start
exhaust, hot scak emissions, evaporative running losses, di-
urnal emissions, and evaporative resting losses. To assess the
impacts of changing ambient temperatures on vehicle emis-
sions, BURDEN7F models vehicle activity for six different
time periods throughout the day. These time periods are: 12
midnight to 6 a.m., 6 am. to 9 am., 9 am. to 12 noon, 12
noon to 3 p.m., 3 p.m. to 6 p.m., and 6 p.m. to 12 midnight.

For a particular calendar year, EMFAC7F calculates an ar-
ray of emissions factors for each cornbination of vehicle class/
technology group, emissions process, and pollutant type.
BURDENT7F references these emissions factors and compiles
the emissions inventory for a specific set of vehicle activity
data for each of the six time periods of the day. The emis-
sions inventory is produced by weighting each measure of
vehicle activity (VMT, nurnber of cold starts, etc.) with the
appropriate ernissions factors and adding these emissions
figures for each time period of the day. An in-depth discus-
sion of the models is found in a CARB publication.!!

Medifications to the Models
All major input files that make EMFAC7F and BURDEN7F
California-based models were changed, using the travel
diary data or Puget Sound region data. The default Califor-
nia temperature data files in EMFACTF were replaced with
temperature data from the Seattle-Tacoma Airport. The data
included hourly temperature readings from 1988 though
1991. These data were averaged to obtain a representative
daily temperature distribution for each season modeled. The
Puget Sound data were tabulated to provide the necessary
input for BURDEN7F's four main data files: (1) the cold start
fraction of trips made by vehicles with and without catalytic
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converters for each of six time periods of the day; (2) the num-
ber of trips made and VMT by each vehicle class for each of
the six time periods of the day; (3) VMT fractions by average
speed for each of the six time periods; and (4) the average
temperatures during each time period for the specific air basin
in which the travel tock place.

Several modifications were made to the FORTRAN code of
the models. EMFAC7F and BURDENT7F were developed to
model aggregate emissions for each air basin in California,
and therefore use an average California vehicle fleet. How-
ever, individual-level analyses such as this study require sample-
specific data, rather than aggregate data to provide meaningful
comparisons across groups within the sample. To accomplish
this, the average California vehicle fleet data in EMFAC7F was
replaced with the actual Puget Sound vehicle representation
for each group (telecommuters on telecommuting days, on
non-telecommuting days, and controls). To allow the genera-
tion of accurate weighting functions, the fleet mix file subrou-
tine was de-activated, and the output from the subroutine was
generated manually to include vehicles, VMT, and trip infor-
mation from the PSTDP. Also, internal changes to the
BURDENT7F code were required to produce output in terms of
pounds (rather than tons) of pollutant per day—a more useful
unit for this individual-level analysis.

FACTORS AFFECTING THE AIR QUALITY

IMPACTS OF TELECOMMUTING

Air quality may be affected in three different ways as a
result of telecommuting. Direct transportation impacts are those
first-order effects on the participants’ travel patterns that are
observable from the travel diary data in isolation. Indirect trans-
portation impacts include higher-order changes such as effects
ont household travel, weekend travel, and long-term residential
re-location. Indirect non-transportation impacts are those related
to energy consumption changes due to telecommuting (e.g.
lighting or heating at home that wouldn't be used otherwise).
All three types of impacts should be considered in a complete
analysis of the air quality impacts of telecommuting. Here, the
available data permit only the direct transportation impacts of
telecommuting to be studied. Even this confined analysis must
be performed carefully, since many factors affect the direct air
quality impacts of telecommuting, and the percent change in
emissions levels is, in general, not equal to the percent change
in VMT.3 These factors include: trip length (VMT), number of
trips, cold starts, trip speeds, ambient temperature for the trip,
and the season in which the vehicle activity takes place.

To explain how these factors affect vehicle emissions, each
must be discussed in the context of the emissions processes to
which it is related. Of the seven processes modeled by EMFAC
and BURDEN, the first five can be significantly influenced by
telecommuting. These relationships are discussed in detail below.

Trip length (VMT). Trip length or VMT is an important factor
sirice increased distance and time cause an increase in running
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emissions (including running exhaust and running evapo-
rative losses). While evaporative emissions contribute only
to TOG, running exhaust emissions contribute to every
poliutant in varying degrees. For TOG and CO, running emis-
sions are low in comparison to cold start emissions for short-
to-moderate length trips (less than 20 miles). However,
running emissions are the dominant contribution to NO,, and
are the only contributor to PM emissions. If telecommuting
causes a reduction in number of trips as well as VMT through
the elimination or reduction of cornmutte (and possibly other)
trips, reductions in overall emissions are expected. How-
ever, if shorter trips are made and overall VMT decreases,
but the number of trips with cold starts increases, NO, and
PM should decrease, while TOG and CO would increase.

Number of trips. The number of trips made is important as it
relates to engine start-up emissions (cold-start and hot-start)
and engine shut-down emissions (hot soak). After engine
shut-down at the end of each trip (whether a cold or hot
start trip) a hot soak occurs. This causes evaporative TOG
losses from the fuel system, resulting from hot engine tem-
peratures. Therefore if telecommuting decreases the overall
number of trips, hot soak (TOG) emissions will decrease.

Cold start emissions. Cold-start emissions are greater than
hot-start emissions by an order of rnagnitude and thus are a
major concem. As mentioned, cold starts are the dominant
contributor to TOG and CO emissions for short-to-moder-
ate length trips, as well as a major contributor to NO,. Even
with a reduction in VMT and number of trips, emissions
could actually increase if telecommuting were to cause a
shift in travel behavior resulting in a higher number of trips
that begin with a cold-start. Since the cold-start exhaustis a
major contributor to emissions, a very important measure
in this study is the number of cold starts per person-day and
how it changes with telecommuting.

In general, there is a U-shaped relationship between
speed and running emissions.’2 Higher speeds mean lower
emissions rates, up to approximately 50 mph tc 60 mph,
beyond which higher speeds lead to Zigher emissions rates.
The impact of telecommuting on travel speeds is ambigu-
ous: other things being equal, higher trave} speeds are
likely if more trips are made at off-peak (uncongested) times
of the day; alternatively, lower speeds will occur if trips
are shifted from the freeways to the surface streets, where
vehicle travel is typically siower.13 Emissions are also influ-
enced by vehicle accelerations, with higher emissions
occurring on trips with more accelerations and decelerations
than on equally long trips with constant speeds. Acceiera-
tion/deceleration patterns are influenced by telecommuting
to the extent that trips are shifted out of congested, stop-
and-go traffic into more free-flowing traffic in the off-peak
period. For the purposes of this study, the data do not allow
accelerations and decelerations to be determined; only the
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average speed for the trip can be calculated from distance
and time. While EMFAC7F and BURDEN7F do not model the
emissions impacts due to acceleration and deceleration in
detail, the Federal Test Procedures (FTPs) used to determine
the baseline emissions factors used by EMFAC7F do include
standardized acceleration/deceleration test cycles, so these
impacts on emissions are modeled to some extent.

Ambient temperature. The ambient temperature affects
vehicle emissions for each pollutant emitting process. Evapo-
rative emissions—TOG losses related to changes in ambient
temperature— increase as temperature increases. These
impacts are included in the models, although their contribu-
tion to overall emissions is rather small and not expected to
be affected by telecommuting. By contrast, cold-start emis-
sions are very sensitive to ambient temperature. In general,
cold-start emissions increase as ambient temperature
decreases. Thus, if telecommuting causes a shift in trips to
times of the day when temperatures are higher (i.e. mid-dayy),
reductions in cold-start emissions could be significant.

Ambient temperatures are also related to the season for
which the analysis is performed. Typically, surnmer tempera-
tures are higher than winter, resulting in a decrease in cold-
start emissions. However, the Reid vapor pressure (RVP) also
depends on the season. In the summer, the RVP is ower, de-
creasing evaporative losses significantly. Because of these out-
side factors, the authors caution that comparing emissions
across seasons may show changes in emissions levels that are
unrelated to vehicle activity.

Other factors related to the climate and topography of the
air basin will also affect the air quality impacts of
telecommuting. For example, mountain ranges, wind patterns,
or the existence of a temperature inversion layer may form
barriers against the natural dispersion of poliutants. Obvi-
ously, these are beyond the scope of this analysis. Here, it is

FICHIUCI DU i, ENUD 118y G I 1V it s

only the production of pollutants by personal vehicles that
is studied. But it is important to point out that the effects of
these emissions are a function of many other factors. The
same absolute levels of personal vehicle emissions may have
very different effects from one basin to the next, depending
on these other factors.

EMISSIONS ANALYSIS

Presentation of the Results

Output from the models represents emissions for all vehicle
activity in the sample (in units of pounds). These numbers
are then divided by the number of person-days represented
by the sample and converted by the appropriate factor to
yield an emissions output in terms of grams of pollutant per
person-day. Similatly, the travel indicators are based on the
sum of all activity for the sample, divided by the number of
person-days. The travel activity totals, however, are simply
tabulated from the travel diary data, independent of the emis-
sions models. In this context, a person-day is defined as a day
on which a participant in the study kept a record of his or her
trips. This study focuses on the impact of telecommuting on
personal venicle travel and emissions. Thus, trips involving
travel by other modes (such as mass transit or walking) have
been excluded from the analysis. Emissions for these modes
are either absolutely zero (e.g., for walking) or zero at the
margin (e.g., for mass transit, assuming the bus will be travel-
ing with or without the telecommuter on board). Conse-
quently, person-days involving only trips by modes other than
personal vehicles have been excluded from the denominator
of the ratio of grams of poliutant to person-days.

However, the 41 telecommuting days on which no per-
sonal vehicle trips were recorded are included in the de-
nominator, as the reduction of personal vehicle travel due to
telecommuting is precisely one of the impacts we are attempt-

ing to measure. To the extent that

Table 3. Travel and emissions comparison of telecommuters and controis (per person-dayy. a given telecommuter would vir-

Telecommuters Controls % Difference tually neve travel by personal ve-

NTC Days # of people=33 between Controls hicle (e.g., the telecommuter

# people=71 # person-days=150 and NTC doesn’t own a car and takes mass

# person-days=257 Days transit or walks everywhere), we

are slightly overstating the im-

# of personal vehicle trips 3.69 4,33 -14.78 pacts of telecommuting by in-

VMT (personal vehicles) 52.00 3341 57.05 cluding such a case (because the

# of cold starts 250 2757 -9.09 reduction in travel due to

# of hot starts 119 1577 ~24.20 telecommuting would have no

Average mph (weighted by VMT) 32.47 27.42"" 18.42 emissions impact). However, the
Total Qrganic Gas” 54.75 61.02 -10.28 . . .

Carbon Monoxide* 437.25 462,99 555 impact of such cases (tf any in fact

Oxides of Nitrogen” 46.09 37.83 2183 exist) is expected to be negligible.

Particulate Matter” 11.00 6.96 58.05

Findings

*Measured in gm/person-day. Statistcal tests could not be performed on these measures, because the model does not Before assessing the changes in

produce emissions by individual and therefore standard deviations could not be computed.

~Statistically different fron telecommuters on NTC days at a < 0.005
=*Statistcally gifferent from telecommuters on NTC days at o < 0 050
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emissions due to telecommuting,
it is important to check the
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Fable 4. Travel and Emussions Comparnison of TC Days and NTC Days (per person-day;.

We turn now to the compari-

Telecommuters
TC Days NTC Days
# people = 72 #people =71

# person-days = 108

# person-days = 257

son of telecommuters’ TC days
and NTC days. This analysis re-

% Difference between g
veals several important transpor-

# of personal vehicle tnps 258" 3.69
VMT (personal vehicles) 18 22°* 52.00
# of coid starts 141 2.50
# of hot starts 1.18 1.19
Average mph (weighted by VMT) 27.74* 32.47
Total Organic Gas” 2879 54.75
Carton Monoxide* 233.10 437.25
Oxides of Nitrogen® 18.77 46.09
Particulate Matter” 4.08 11.00

NTC Days and
TC Days tation-and emissions-related
findings. Table 4 shows that VMT,
-30.08 number of trips, and daily emiis-
-63.04 sions have dramatically decreased
-43 60 .
084 as a result of telecommuting.
-14;.57 Telecommuters made significantly
-47 .42 fewer (30%) trips on TC days than
-46.69 on NTC days. Average VMT per
-59.28 person-day decreased by 63% on
-52.91

TC days, from 52.00 miles per day

*Measured in gm/person-day. Statistical tests could not be performed on these measures, because the model does not
produce emissions by individual and therefore standard deviations couid not be computed.

*Statistically different from Telecommuters on NTC days at o< 0.005.

Table 5. Number and percent of cold starts per person-day, by time of day.

to 19.22 miles per day. Emissions-
related findings include reduc-
tions in the number of cold starts
by 44% (significant at a < 0.005)
and hot starts by 1% (not signifi-

Telecommuters
TC Days NTC Days

cant). Each pollutant of major

12 midnight - 6 a m.
6am.-9am.

0.01 (10%)
0.28 (19.9%)

0.14 (5.6%)

9a.m. - 12 noon 0.20 {14.2%) 0.14 (5.6%)
12 ncon - 3 p.m. 0.25 (17.7%) 0.16 {6.4%)
3p.m.-6pm. 0.44 (31.2%) 0.86 (34.3%)

6 p.r. - 12 midnight
Total # Cold Starts

023 (16.3%)
1.41 (100%)

0.84 (33.5%)

0.37 (14.7%)
2,50 (100%)

Controts
concern was considerably reduced
on TC days. Figures 1 through 4
0.01 (0.4%) show that total organic gas and
0.96 (34.9%) carbon monoxide decreased by
0.28 (10.2%) approximately 47%, while oxides
0.23 (8.4%

of nitrogen decreased by 59%. The
decrease in particulate matter
emissions was exactly propor-
tional to the reduction in VMT

0.92 (33.4%)
0.35 (12.7%)
2.75 (100%)

extent to which the telecommuters and controls are compa-
rable, independent of telecommuting. Comparing
telecommuters on NTC days with the control group reveals
two critical differences (see Table 3). First, telecommuters make
15% fewer trips than controls (3.69 versus 4.33 per person per