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Abstract

This study estimates Vaue of Time differences between people who arrived at ther destination
as planned and those that were delayed. Theandysisis based on thel-394 MnPASS High
Occupancy/Toll (HOT) lane project recently implemented in the Minneapolis/St. Paul region.
Using a Stated Preference survey, theindviduds are asked aboutartrip they have taken before,
and asked if they would opt for thefreeroute or pay andgo onthe HOT lanes. Theandysis
groups thetravelersinto subscribers and non-subscribers of the MnPASS (eectronic toll
collection transponde) system and further decomposes chaices into categories based on trip time
and experience (delayed or not). Trip times were divided into morning peak, afternoonpeak, and
off peak and trip experience was divided into ddayed and not ddayed, creating Sx categories.
Thefindingssuggest an increased willingness to pay among subscribers who were late to reduce
travel timein the PM rush hour. Aswell, we find some evidence that indviduas who were late

duringthe AM peak havealower VOT as compared to thar on-time courterparts.



Introduction

Reliability is often defined in terms of the adherence of a systems operation to its expected
behavior. Previousstudies have identified costs of excess dday and thewillingness of indviduas
to pay for areductionin variability has been demonstrated both in the Stated Preference and
Reveded Preference settings (Brownstoneand Smal 2005 Smdl 1982 Noland and Small 1998.
This willingness to pay isrelated to the cogs of scheduing, or the ability to meet time
condraints at both the origin and destination without excessive unanticipated dday. Whileit is
apparent that individuals would schedue activities and departure time according to past
experience, once they have departed from ther point of origin, ther ability to meet schedued

arriva timesislargdy influenced by events out of ther control (e.g. unanticipated congestion).

One advantage of recent implementations of vaue pricing project has been to give travelers the
option to get out of unanticipated congestion by paying a premium. In recent times severa High
Occupancy/Toll (HOT) aternatives have been opened across theUSincluding SR-91and 1-15in
Cdifornia, 1-10 and US 290in Texas, and Minnesota® 1-394 MnPASS lanes. This study is
based on stated preference data collected from travelers on 1-394, including both MnPASS and
genera lanes. Thestated preference questions are based on actud travel experiences reported by

therespondents.

HOT lanes, asimplemented on [-394, offer travelers theability to trave in vehicles carrying two
or more people for free, while single drivers can access thelanes by paying atoll, thereby
avoiding congestion. MNPASS uses a variable fee system that depends on traffic levels on the
HOT lanes. While travelers can opt to use thel-394 HOT lanes to avoid both anticipated and
unanticipated congestion, our study focuses on avoidance of unanticipated congestion, which is

at the center of reliability considerations

Researchersin trangport have used severa ways to measure and vaue travel time reliability

including the standad deviation and/or variance of travel time (Black and Towriss 1993)as well



as measures of range (difference between 80" and 50" percentile, 90" and 50" percentile
(Brownstoneand Smdl 2005 Tilahunand Levinson 2007) In dl cases larger measures signify
unreliability and frequent departures from theexpected. For theindvidud traveler, the same
informationis compiled from actud experience of ddays and early arrivas. It would thus be
easier for theindvidua to parse theimpact of 5 minute or 10 minute delays rather thana 1 or 2
minute increase in standad deviation. In this study individuas are asked to respond to SP
guestions that are based onthdr previousexperience. Wetest whether or not indviduas that
were delayed onan actud trip would show awillingness to pay that is higher than individuals

that arrived at thar destinaionontime.

Consistent with previousstudies (Smdl 1982 Tilahunand Levinson 2007) it is expected that
the case of excess dday is especidly pendized and travelers are expected to behave in such away
such that whenever they anticipate getting delayed, they would increase ther willingness to pay
to avoid such asituaion. Once ontheroad, an individud is expected to react differently when
anticipating delay in the context of paying for service. The premise for ouranaysisis that
indviduals tha anticipate ddays attach higher values for thar time. For ingance an indvidual
tha plans a 20 minute work trip, and findsout that thetrip isgoing to take 30 minutes would
show a higher willingness to pay for time savingson tha day than when his trip would take the
planned 20 minutes. The difference in the vaue of time reflects theindvidua cost of an
unreliable service. The same hypothesisis extended for groups of people. It is expected that
indviduals tha are delayed as agroup would show a higher time value than individuals that
expect to beether ontime or early. Though other studies have shown early arrival to havea
disutility, hereit islumped together with on-time arrival to simplify the number of categories
tha we areinvestigating and for ease of estimation, and because thetrip isaready undeway in

the context examined here.

Onecharacteristic of thel-394HOT lanesisthat thesystem isentirely eectronic and requires
prior subscription for any SOV to use thefacility. Decisonsto pay and use theHOT lanes can
thus only bemade dynamicaly by those who have an active subscription. Theinitial access

hurdle reduces the possibility that atraveler changes behavior the next time they anticipate
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similar traffic condtions By using astated preference survey, it is possible to solicit responses
from both subscribers and non-subscribers and andyze in what ways ther behavior and choice
differs. Thefollowing section briefly discusses the survey andisfollowed by theandysis and

results of the SP study.

The Survey

Thedata used for this study is part of athree phase pre- and post-MnPASS implementation
study. We specificaly focuson waves 2 and 3, which have been condicted after the opening of
the MNnPASS lanes. Themail and cal survey assigned particular trips to respondents on which
to record thar experiences. After afew weeks, individuals were phonel to gather theinformation
onthear travel experience on theassigned trip, attitude and a subset of them were asked stated
preference questions. Complete survey questions used in these studiesis provided in (NuStats
2006) TheSP questions are reproduced in Appendix A.

For our purposes, we focuson those indviduas that participated in theSP study. These
individuals have provided information on ther experiences on ther assigned trip including times
of departures, expected time of arrival, and actud time of arriva which they had recorded into a
worksheet pre-mailed to therespondents. The SP questions were asked by setting up situations
similar to theone that they have been in but by offering them an dternative tha provides time
savingsif they werewilling to pay atoll. Those that participated in the SP study are theones

tha used drove aone on thar reference trips.

Two types of SP questions were asked of therespondents. Thefirst set (method A) has four
guestions that have randamly generated travel time savingsand toll costs. The second set
(methodB) has afixed travel time savings while asking therespondents if they will pay oneof
eight possible tolls consecutively. Theindviduds are told to assume tha in thefuture they are
making the same trip as the one they had recorded, and further thetrip is on the same day, at the
same time, for the same purpose, and under the same time pressure as they werein thereference

trip.



Thenumber of questions unde method B varies from person to person because as a person
switches preference to pay, it isassumed they would pay anything less than offered, or as they
switch to rgect a particular toll, it is assumed they would regect anything higher since thetime
savingsdoesn® change. In order to have a balanced dataset, al eight offers are included and offers
they would have regjected or accepted are coded accordingly.

Trave time savings and toll vaues are randamly generated for both methods A and B. Indl
cases, thetoll timeis equal to theactud experienced time by thetravelers, and thefree option®
travel timeis caculated as thetoll time plus therandamly generated travel time. Therespondent
thus has atotal of 12 chaices to makein which they can pay atoll andget the time savingsor

forego the time savingsand travel onthefreelanes.

In theorigina survey, there was a @lon®knowOchaoice. Out of 908 respondents, 179 had
responded Qlon®knowOon some of thequestions. It isnot clear if respondents were
responding that they wereindfferent or what thar intention was. Therefore, the 179 people have
been left out of theanalysis reported here. Twenty nine additiond people were excluded because

they didn® provide sufficient information on ther reference trip.

Analysis

Theandysislooked at subscribers and nonsibscribers separately. Themgjority of the
subscribers were sampled from the subscriber database, while nonaibscribers were randamly
selected from houghddsthat live along therecently opened 1-394 corridor. An addtiona 35
people wereincluded from a Transit database, but they have reported driving aone as thar man

mode of travel and themode used for thereferencetrip.

Thedata for each group (subscribers and nonsubscribers) is then divided into six categories based
ontheindvidua sCtravel experience as reported on ther assigned trip. Each category isa
combination of departure time period (Morning peak (7-9:30AM), afternoonpesk (4:00-
6:00PM) and off peak time durations) and whether each indvidud arrived at ther destination on
time/Early or if they arrived later than they expected. Theassumption hereis tha individuds



tha were actudly ddayed would show a significant increase in thar willingness to pay to
experience some time savings The six categories and the number of peoplein each category is

givenin Table 1.

Table 1. Respondentsin each Category

Category Subscribers | Non Subscribers
Off pesk - On time/Early 56 210
Off pesk BLate 6 41
Morning peak - On time/Early 110 143
Morning peak BLate 22 39
Afternoon pesk - On time/Early 14 39
Afternoonpesk BLate 7 13
Percentage Early/On time 83.7% 80.8%
Percentage Late 16.3% 192%

As discussed earlier, each indvidua makes repeated choices of 12 questions. To accourt for the
repeated chaices, arandam parameter logit mode is used to account for subject to subject
differences.

(Yy/b) ~ binonial (1, py)

logit (py) = Ui+ 6
& ~N (0,09
Uij = Vi+ §;

Theutility form that is considered here for each of the casesis as follows:

V=f (T,C,F,W,A)

For each of the categories then, themodd s are as follows:

Off Peak BEarly/On time: V =got+ &*T + &*C + ag*F + g,*W +g5*A
Off Peak DLate; V =got b*T + by*C + bs*F + g*W +g5*A



Morning Peak BEarly/On time: V =got &*T + C*C + C3*F + g*W +gs*A

M orning Peak DLate: V =got di* T + d*C + dg* F + g/*W +gs*A
AfternoonPeak DEarly/On time; V =got T +&*C + e5*F + gs*W +gs*A
AfternoonPesk DLate: V =gt f ¥ T + £,5C + f5*F + g W + gs*A
Where:

Yij - Chaceforindvidud i onchaice set j.

T - Time Savings

C - Cog (tall)

F - Reported flexibility on arrivd time for reference trip (0= have to beat destination on time or
within 10 minutes, 1=Flexible)

W - Work trip (0 =No, 1=Yes)

A - Method A (randamly generated tolls, timesin SP) (0 =No, 1=Yes)

& PRandam effect for personi

g, &, b;, ¢,d,e.fy wherei=0,4,5 andj=1,2,3 DModd coefficients to be estimated

Thesamemodd isfit for each of the six categories allowing different coefficients for time, cost
andarriva timeflexibility. Thehypothesisisthat thewillingness to pay for those individud's
tha were delayed isgoing to be higher than those that reached thar destinaion either ontime or
early. Thedifference signifies thecos of dday tha arises dueto lateness from expected travel
time. It isaso expected that indviduals would belesslikely to pay for trips that have flexible
ariva time. Table 2 has theestimated modd for the subscribers and non-subscribers. Tables 3
and 4 givetheVOT estimates for subscribers and non subscribers respectively.

Theresultsindcate that among subscribers, trip flexibility increases the probability of opting not
to pay to use thetolls for morning pesk trips on which thetraveler is Early/on timeandin the
afternoonpesk when thetraveler islate. In al other cases subscribers that had flexibility were not
statistically different from those subscribers that had noflexibility. On theother hand, non
subscribers showed increased probability of using thefree lane when they are taking an off peak



trip on which they are early/on time, while they show a significantly high increase in likelihoodof

using thetoll lanesfor AM peak travel for which they arelate. Indl other situations, both for

subscribers and nonsubscribers, atrip@® flexibility either makes the free option more appealing or

doesn® significantly affect chaice of route.

Table 2. Stated Choice Modd

MnPASS Subscribers Non MnPASS Subscribers
Description Estimate| Error|t Vaue| Pr>|t| | Sg. |Estimate| Error|t Vaue| Pr>|t]| | Sig.
| ntercept g | 1.325 |0575 2.31 |0.022] ** | -3.566 |0.416 -8.57 | 0.000| ***
Off Peak - Early/Ontime | a | -0.256 |0.035 -7.30 | 0.000(*** | -0.320 |0.028 -11.36|0.000]| ***
(agroup) & | -1.466 |0.120-12.27/0.000|*** | -1.609 |0.117 -13.77 | 0.000] ***
a | 0.360 |0.7460 0.48 | 0.630 -1.272 (0467 -2.72 | 0.007| ***
Off Peak -Late b, | -0.420 |0.154 -2.73 | 0.007|*** | -0.297 |0.048 -6.19 | 0.000]| ***
(b group) b, | -1.669 |0.410 -4.07 | 0.000(*** | -1.206 |0.163 -7.42 | 0.000| ***
by | -0.264 11.917 -0.14 | 0.890 0,573 10918 0.62 0533
AM Peak - Early/Ontime| ¢; | -0.331 |0.030-11.01 0.000{*** | -0.329 10.031 -10.74 | 0.000| ***
(C group) C, | -1.558 |0.103-15.14/ 0.000| *** | -1.478 |0.119 -12.39 0.000] ***
Cs | -1.193 |0.553 -2.16 | 0.032| ** | -0.627 |0.542 -1.16 0.249
AM Peak -Late d; | -0.282 |0.062 -4.54 | 0.000(*** | -0.332 |0.048 -6.90 | 0.000]| ***
(d group) d, | -1.776 |0.225 -7.91 | 0.000(*** | -1.974 |0.251 -7.87 | 0.000| ***
d; | -0.245 [1.205 -0.20 | 0.839 3.999 [1.089 3.67 | 0.000|***
PM Peak - Early/Ontime| e, | -0.236 |0.079 -3.01 | 0.003|*** | -0.256 |0.051 -5.06 | 0.000] ***
(egroup) e | -1.335|0.210 -6.36 | 0.000|*** | -1.093 |0.174 -6.27 | 0.000| ***
e; | 0.767 |1.189 0.65 |0.520 -0.728 |0.939 -0.77 | 0.439
f; | -0.758 0.180 -4.21  0.000{*** | -0.531 |0.095 -5.60 | 0.000| ***
PM Peak - Late f, | -1.788 0.418 -4.28  0.000|*** | -1.684 |0.321 -5.25 | 0.000| ***
(f group) fa | -6.250 |2.155 -2.90 | 0.004|*** | -0.410 |1.492 -0.27 |0.784
Work Trip (1=Yes, gs | -0514 |0512 -1.00 |0.317 -0.056 |0.340 -0.17 |0.868
0=No)
Method A (1=Yes, gs | -0.059 |0.154 -0.38 | 0.702 -0.472 |0.151 -3.12 | 0.002| ***
0=No)
Standard Deviation G | 2945 0.227 1299  0.000({*** | 3.054 |0.197 1552 | 0.000]| ***
Numbe of Respondents 215 485
-2logliklihood (at Final 1769 2397
Estimates)
-2logliklihood (at dl 0,0=1) 3320 5392
*** p-val <0.01 ** p-va <0.05 *p-va <0.1




Estimates of time and cost coefficients are negative in sign and congstent with decreasing utility
with rising travel time and monetary costs. Vaue of time estimates for subscribersin each of the
categories suggest differencesin time values for afternoonearly/on time ($10.62/hr) and those
tha were late ($2542/hr) , but no significant differences are detected for the off peak and AM
peak groups. Theafternoonestimates are based on 168and 84 responses from 14 and 7
indviduals tha were early/on time and delayed respectively. This puts the magnitudeof delay
pendty at $1480/r for thistime period (Cl ($5.91, $237)). For the same group, differences are
not detected between those that were on time those that were delayed both in the off pesk
duration and the AM duration.

Thereare severd possibleimplicationsof thismodel; oneis tha costs of unrdiability are more
severefor afternoonrush hourtravelers than either morning rush hourtravelers or off peak
travelers particularly among sub<cribers. Our confidence is weighed down by the wide estimate
and thefact that few indviduds werein this Situation. For both subscribers and nonsubscribers,
VOT estimates are larger in this last category (PM travelers that are late) suggesting a

congstency of preference among travelers.

Theresults show that thereis no evidence to suggest that chaces over work trips are any
different from other trips. In addition while subscribers show no difference between survey
guestion methods suggestion more reliable chaices, non subscribers are more willing to pay unde
method B than they are under method A. Additiond indvidual variables such as sex and income
were foundto be not significant in this mode specification and were dropped. Appendix B
shows income categorized by MnPASS subscription and trip experience for those that were used

in thisanaysis.

Among non-subscribers, possible differencesin VOT are detected between those that are early/on
time ($1363/hr) in the AM peak and those tha arelate in the same time period($1010r) (p-
va=0.046) However theVOT magnitudefor those that are lateisless than the VOT for those
tha are early/on time. This seems courter intuitive; however, againit is possible tha thisisdue

to a self selection process where those tha are late were so because they had lower vaues of time



or lower pendtieson latenessin thefirst place. TheCl ($0.06, $6.44) illustrates that the

differences between these two experiences are very close to oneancther.

Table 3. Vaue of Time (VOT) Estimates for Subscribers ($UShour)

Confidence
Labe Estimate | SE t-Stat p-va Interva
Off pesk Pearly/ontime (VOT,) 1047 | 1.241| 844 |0000| (8.03,1292
Off pesk Plate (VOTy) 1511 | 3856 | 3.92 | 0.000 (7.51,2277])
M orning - early/ontime (VOT,) 1273 | 0955 | 1333 |0.000| (1084,1461])
Morning Plate (VOT,) 954 | 1811| 527 |0000| (5.97,131])
Afternoon - early/ontime (VOT,) | 1062 | 3004 | 354 | 0.001 (4.7,1659
Afternoonblate (VOTY) 2543 | 3386| 751 |0000| (1875,32])
VOT,- VOT, -463 | 3999 | -116 |0.248| (-1251,3.25)
VOT,- VOTy4 319 | 1952 | 163 |0.104 (-0.66, 7.04)
VOT, - VOT; -1480 | 4513 | -328 |0001| (-237,-591)
Table 4. Vdue of Time (VOT) Estimates for Non Subscribers ($UShour)
Confidence
L abel Estimate SE t-Stat p-va Interval
Off peak Dearly/ontime (VOT,) 1194 | 0971 | 12290 | 0.000 (10.03,1384)
Off pesk Dlate (VOT,) 1482 | 2247 | 6590 | 0.000 (104,1923
Morning - early/ontime (VOT,) 1336 1169 | 11430 | 0.000 (11.06,1565
Morning Blate (VOT,) 1010 | 1.331 | 7590 | 0.000 (749,1272)
Afternoon- early/ontime (VOT) 1396 2714 | 5.140 0.000 (8.62,19.29
Afternoonblate (VOT)) 1895 | 3.052 | 6.210 | 0.000 (1295, 2494
VOT,- VOT, -288 | 2317 | -1.240 | 0.215 (-7.43,1.67)
VOT.- VOTy 3.25 1.624 | 2000 | 0.046 (0.06,6.44)
VOT. - VOT; -499 | 4022 | -1.240 | 0.215 (-12.89, 2.91)
Conclusion

This study examined differences in chaice behavior for indviduas tha have had different travel

expeiences. Theanaysisis based on thel-394 MnPASS HOT lane project recently




implemented in the Twin Cities. Using aStated Preference survey, theindviduals are asked
aboutatrip they have taken before, and asked if they would opt for the free route or pay andgo
ontheHOT lanes. Thebasic hypothesis, that individuas would be willing to exchange more
money per time savingsafter experiencing an unexpected dday bears out in theafternoonpeak
for subscribers, but not themorning or off-peak cases, nor the afternoonpesk for non
subscribers. Theresults for non-subscribers suggest tha individuas who are late in themorning
actudly have lower values of time in the SP context as well. The findings suggest an increased
willingness to pay among sub<cribers who were late to reduce travel timein theafternoonrush
hour. As well, we find some evidence that indviduas who were late during the morning peak

havealower VOT as compared to ther on-time counterparts.
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APPENDIX A: Stated Preference Questions

Now assume you®e making the same trip in the future that you recorded in your travel log. It& a
trip on the same day, at the same time of day, for the same purpose, and you@®e under the same
time pressures. You enter thefreeway, 1-394,and have the option of making thistrip using
MnPASSif youwant to. RANDOMLY ASSIGN [$] AND [#] BELOW

Method A

SP1-2. If you were to use thegenerd traffic lanes on1-394, your trip would take
TOLLTIME+[#]

and befree. If you used the MnPASS lane you would pay [$] and your trip would take

TOLLTIME, saving [#] minutes. Now unde these condtions, which would you choo to use:

The MnPASS lane, pay [$] and save [#] minutes 1
Thegenera lanefor free 2
DK 998

SP1-2. If you were to use the MnPASS lane on -394, you would pay [$] and your trip would
take TOLLTIME. If you were to use thegenera traffic lanes, your trip would take
TOLLTIME+[#], [#] minutes longer than in thetoll lane, butit would be free, Now unde these
condtions which would you choo to use:

The MnPASS lane, pay [$] and save [#] minutes 1
Thegenera lanefor free 2
DK 998

Method B
SP3. Now imagine a different scenario. If you were to use the MnPASS lane on -394, you would
pay [$] and you would save [#] minutes. Unde these condtionswhat would you do?

Use the MNPASS lane, pay [$] and save [#] minutes 1

Use thegenera lanefor free 2
DK 998
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Appendix B. Income by Subscriber, and Trip Status

Trip Status Income ($US M0O09

<50 | 50-100| 100-125| >125

Off pesk Bearly/ontime 37 86 25 52

& [ Off pesk Dlate 10| 17 | 5 | 6
g | Morning Dearly/on time 15 50 26 47
§ Morning - late 13 10 13
CZCD Afternoonbearly/on time 24 6
Afternoonblate 1 3 1 6
Total BNon Subscribers 67 193 73 136
Off peak Bearly/ontime 3 13 27

«» | Off pesk Plate 2 1 1 1
% Morning Bearly/on time 4 21 13 59
E Morning - late 0 6 3 12
2 Afternoonbearly/ontime| O 3 3 8
Afternoonblate 0 0 0 7
Total B Subscribers 9 44 25 114
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Appendix C. Sex by Subscriber, and Trip Status

Trip Status Made | Femde
Off peak Bearly/ontime 85 125
8 [ Off pesk Dlate 16 | 25
g | Morning Dearly/ontime 52 91
§ Morning - late 18 21
cZC: Afternoonbearly/ontime | 15 24
Afternoonblate 7 6
Total BNon Subscribers 193 292
Off pesk Bearly/ontime 24 32
o | Off peak Blate 2 4
% Morning Bearly/on time 44 66
E Morning - late 12 10
A Afternoonbearly/ontime 5 9
Afternoonblate 4 3
Total B Subscribers 91 124
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