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Start Modes of Trips for Mobile Source

Emissions Modeling

MOHAN VENIGALLA, TERRY MILLER, AND ARUN CHATTERJEE

An important determinant of vehicle emissions during a trip is the
engine temperature at trip start. A trip start may be classified as a cold
start or a hot start depending on the emission control equipment and the
duration of engine shut-off period before starting the engine. Cold starts
are usually. associated with higher concentrations of carbon monoxide
and hydrocarbons than are hot starts. The emission modeling process
uses these start modes as direct or indirect inputs to procedures or mod-
els that would be used to determine the portion of vehicle miles traveled
in transient and stabilized operating modes. A methodology for deter-
mining the operating ' mode fractions at trip ends is shown. Specifically,
a comprehensive analysis of personal travel data available in Nation-
wide Passenger Transportation Survey data is performed for deriving
start mode fractions at trip origins and operating mode fractions at trip
destination points. Start mode fractions as cold starts and hot starts are
derived for different trip purposes and for each hour of the day. It was
observed that the trip purpose is the most important explanatory vari-
able for variance in cold starts, followed by the temporal variables such
as the time of day at which the trip is made. The sizes of an urban area
and individual metropolitan statistical areas are found to be the two
most appropriate spatial variables for which aggregated start mode per-
centages may be derived. The start mode fractions derived from this
methodology will be useful for a variety of mobile source emission
modeling exercises. ‘

The Clean Air Act of 1970 (EAA) mandates that mobile source
emission inventories be prepared as an integral part of state imple-
mentation plans (SIP). The CAA Amendments of 1990 (CAAA)
require that all major transportation improvement projects be ana-
lyzed for air-quality—related impacts. To comply with these regula-
-tions, most mobile source emission modeling is performed using
either the Environmental Protection Agency’s (EPAs) MOBILE
model or California’s EMFAC. For the MOBILE model, the start
mode of-a trip is not required to be specified as input; however, the
fraction of the vehicle miles of travel (VMT) in cold and hot tran-
sient modes must be specified. For the EMFAC model and any pro-
cedure based on the modal approach, start modes must be specified
explicitly. o

In this context, it is important to differentiate the start mode at trip
origin from the operating mode during the trip. In this paper, the
operating mode at the start of a trip is referred to as either a cold start
or a hot start. The operating mode during or at the end of a trip is
referred to as either a cold transient, hot transient, or hot stabilized.
The EPA historically has defined a cold start as any start that occurs
4 hrs or later following the end of the preceding trip for noncatalyst-
equipped vehicles and 1 hr or later following the end of the preced-
ing trip for catalyst-equipped vehicles. Hot starts are those starts
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that occur less than 4 hrs after the end of the preceding trip for non-
catalyst vehicles and less than 1 hr after the end of preceding trip
for catalyst-equipped vehicles (I). The duration associated with
restarting the engine after the end of the preceding trip is called a
cold-soak or simply the soak period.

Before attaining the hot stabilized operating mode during which
the rate of emissions is significantly lower, a vehicle will be oper-
ating in either a cold transient mode (for a cold start) or a hot tran-
sient mode (for a hot start). The duration of each of the two transient
modes is specified as 505 sec in the Federal Test Procedure (FTP),
which is used to test the new vehicles for compliance with EPA
emission standards. If the proportion of trips starting in cold and hot
modes is known, it is possible to trace these cold start and hot start
trips along potential routes taken on the network. The purpose of |
such analysis using a number of transportation modeling techniques
is to derive the VMT-weighted proportions of transient and stabi-
lized modes needed to determine average emission rates (2).

The start mode at the beginning of each trip is determined by the
duration of the cold soak period and the vehicle type. To derive
these start modes at trip origins, data pertaining to cold soak period
and vehicle type are needed. Origin-destination data collected for
comprehensive urban transportation planning purposes usually con-
tain this information. However, these data sources are localized,
tend to be outdated, and are sometimes inadequate for determining -
start modes. A comprehensive data base on personal travel, Nation-
wide Personal Transportation Survey (NPTS), available for public

‘use through the U.S. Department of Transportation (USDOT) was

examined for this purpose. This paper discusses the analysis of the
NPTS data base for deriving start modes at trip origins. Following
this introductory section, the state of the art is reviewed. In the
remainder of the paper, the analysis of NPTS data base is discussed,
followed by a detailed discussion on the start modes by time of day
and trip purpose.

STATE OF THE ART

The MOBILE model (version SA) recommends the use of default
operating mode fractions at 20.6 percent cold transient and 27.3 per-
cent hot transient modes. These values are based on the FTP drive
cycle and do not consider possible variations due to several factors,
such as functional class of a roadway facility, geographic location,
and start modes at trip origins. For SIP-related modeling, EPA
accepts the use of FTP operating mode fractions, except for small-
scale scenarios where their use would clearly be inappropriate (1).
These operating mode fractions were derived on the basis of the
start mode fractions that represented conditions of a typical urban
setting (such as Los Angeles) and do not represent variable urban
settings (3).
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One way to resolve the limitations associated with FTP operating
mode mix is to use field observations and measurements. An accu-
rate determination of the operating mode of a vehicle engine
requires measurements of the engine temperature, and such mea-
surements are difficult to implement on a vehicle while operating
under normal traffic conditions.

Only a few studies attempted to determine operating modes of
vehicles traveling on regular roads by field measurements. These
include a study in New Jersey (4). Data representing six functional
roadway classifications were collected at field sites. With the per-
mission of the drivers, engine oil and coolant temperature were
measured, and engine run time estimates were obtained from the
driver. The collected data were analyzed for determining percent-
ages of hot transient, cold transient, and hot stabilized modes of
operation in the traffic.

There is an indirect approach of estimating the operating modes
of vehicles traveling on a roadway. This approach uses the travel
time from a trip origin as an indicator of the operating mode. The
travel time from trip origin can be estimated either by interviewing
drivers (as in the case of New Jersey study) or by modeling. The
interview technique is expensive and difficult to implement. There-
fore, the modeling approach is more feasible.

Venigalla (2) and COMSIS (5) have developed algonthms to
trace transient mode trips on network links. The Traffic Assignment
Program for Emission Studies (TAPES) (2) and the ASSIGN mod-
ule in the latest version of MINUTP (5) use these algorithms. These
models require the analyst to provide data on engine start modes by
trip purpose. The portions of cold or hot starts at the beginning of
trips will affect the proportions of cold and hot transient modes as
well as the hot stabilized modes on various facilities.

Therefore, one of the most important inputs to deriving operating
mode fractions using the modeling approach is the start mode frac-
tions at trip origins. Ellis et al. (6) have analyzed origin-destination
survey data for six Alabama urban areas (Birmingham, Mobile,
Huntsville, Montgomery, Tuscaloosa, and Etowah) and Boston,
Massachusetts. The study analyzed the beginning and ending times
of each vehicle trip and the purpose of the trip. The percentages of
cold starts were tabulated for catalyst-equipped vehicles by trip
purpose (Table 1) for the six cities in Alabama.

Another study by Garmen Associates attempted to derive the per-
centage of cold starts to be used as input for assignment models (2).
The study was aimed at analyzing cold starts VMT for south
and north Jersey planning areas in New Jersey. Table 1 also lists the
cold start vehicle trip percentages used by this study for north and
south Jersey study areas. The study referred to the MOBILE model
user’s guide and a few test runs as the source of these numbers.
However, the study made strong assumptions related to cold starts
by trip purpose. For example, it was assumed that work trips
are almost always cold start trips, because the car usually sits for
hours in the driver’s driveway at home or the parking lot at work,
whereas shopping and non-home-based (NHB) trips are likely to be
hot starts.

It can be seen that there is considerable variation in the numbers
derived or used by different studies for cold start proportions. These
numbers are either old or derived based on a number of crude
assumptions. It is obvious that these percentages significantly influ-
ence the operating mode fractions on different facilities. Erroneous
operating mode fractions will result in wrong emission factors.
Thus, any error in the assumptions made with regard to start modes
would carry all the way over to the stage where emissions are
estimated.
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TABLE 1 Percentage of Cold Starts Used for Different Studies

Percent Cold Starts Used for:
Trip Purpose Alabama/Boston (1978’ New Jersey!(1992) Washington DC (1891
Catalyst CN;;» ’Soulh North Catalyst Non-
atalyst ersey Jerse Catalyst
Work 523 315 N T 337 826
Personal Business 529 303 NI NI NI NI
Social/Recreational 716 25.6 NI NI NI NI
School 86.1 632 NI NI NI Nl
Shop 86.1 236 NI 45 NI NI
Non-Home Based 37.0 148 NI 40 NI NI
Casino Work NA NA 90 NA NI NI
Casino Visit NA NA 75 NA NI NI
Beach NA NA 85 NA NI NI
Other NI NI 50 50 66.4 37.0
12,4 NI NI [ 70 NI NI
Xn NI NI 0 [4 NI NI
X/X NI NI [ ] NI NI
Average Weighted 615 40.3 57 59 74.1 49.9
(Alabama) (Alabama) (Total (Total
4.9 Dmly) Daily)
(Bo:lanz Bo.mm ‘
Note: NA - Not Applicable; NI - Not Indicated; UX - Internal to External Trips; and
- External to Internal Trips
! Type of emission control eqmpmcnt was not indicated for the New Jersey
Study.

PREPARATION OF NPTS DATA

NPTS periodically compiles national data on the nature and char-
acteristics of personal travel. It addresses a broad range of travel in
the United States providing data on all personal trips for all pur-
poses and by all modes of transportation (7). No information on the
trips of commercial nature, such as pickup and delivery trips, is
available in this data base.

The 1990 NPTS data base includes information on 41,178 vehi-
cles used for 149,546 trips made in a 24-hr travel day. Consult
USDOT’S user guide for NPTS data tapes (7) for further details on
the data base.

The analysis of this data base for determining the operating
modes at trip ends was performed in a number of steps while exer-
cising caution at each step with regard to data on questionable trip
and vehicle records. The process involved the following distinctive
steps:

1. Identify relevant variables in the NPTS data base.

2. Identify vehicles with catalytic converters.

3. Determine cold soak period for each trip.

4. Associate each trip end with an operating mode on the basis
of individual mode and trip duration.

5. Perform an analysis for trip duration, operating modes at trip
ends, and percentage of vehicle miles of travel in different operat-
ing modes.

Relevant variables extracted from the vehicle and day trip files of
the data base include the following:

Household identification number;
Vehicle identification number;
Make year of the vehicle;
Census region, census division, metropolitan statistical area
(MSA) variables, and size of urban area;
e Start time and length of each trip in minutes and miles; and
e Trip purpose variables.

Information on emission control equipment mounted on each
vehicle is not present in the data base. For this reason, a methodol-
ogy was devised to identify the emission control equipment on the
basis of available information. This methodology assumes that all
vehicles manufactured after 1975 are mounted with catalyst con-
verters so that the EPA’s emission standards could be met (2). Also,
it was assumed that about 25 percent of the vehicles manufactured
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and sold before 1975 were equipped with the converters as a result
of lack of sufficient information. Because the total number of vehi-
cles with model year before 1975 was less than 8 percent of the total
vehicles (41,178) in the data base, any errors occurring in the over-
all analysis because of this assumption are minimal. This procedure
identifies 2,191 (5.3 percent) vehicles in the data base as noncatalyst
equipped and 38,987 (94.7 percent) vehicles as catalyst equipped.

The data base was rearranged so the chain of trips made by each
vehicle can be identified individually. The cold soak period between
two successive trips was computed by using the data on begin time
and duration of each trip. After the emission control equipment of
each vehicle and cold soak period of each vehicle trip are deter-
mined, each trip start was identified as a cold start or hot start based
on the standard definitions mentioned in the introduction section of
this paper.

The trip chains used for final analysis were subjected to a series
of consistency checks. Questionable trip chains due to insufficient
information were discarded. The data screening process reduced the
eligible data base size from 149,546 to 105,903 trips. After final
screening, the data base was found to adequately represent the
sampling characteristics of the original data base.

. ANALYSIS FOR START AND OPERATING MODES
AT TRIP ENDS

Frequencies were obtained, by trip purpose and hour of day, for cold
start, hot start, cold and hot transient, and stabilized modes at the ori-
gin and destination points of trips. The analyses were conducted for
all trips in the data base, which means that the results should repre-
sent nationwide average values. In Table 2, the percentages of cold
and hot start modes as well as the frequencies by hour of day and trip
purpose are presented. The start modes and the operating modes at
the ends of trips for all trip purposes can be derived from Table 2. The

" operating mode percentages—cold and hot transient modes and hot .

stabilized modes—at the ends of the trips are presented in Table 3.
The figures presented in Tables 2 and 3 are national averages and
do not represent any geographic detail. These figures, in general,
indicate that more trips in the morning hours are in a cold start mode.
The percentage of trips starting in cold mode falls as the day pro-
gresses, a trend that would be expected. On the other hand, most trips
appear to be ending in a hot stabilized mode, which also conforms to
intuition on travel patterns in general. The numbers presented in
Tables 2 are plotted in Figure 1 which indicates the following:

e As expected, most of the home-based work (HBW) trips or
home-based other (HBO) trips made in the morning hours (between
3:00 a.m. and 10:00 a.m.) started in a cold mode. As the day
progresses, the share of cold starts is reduced.

e On the other hand, for NHB trips between the hours of 6:00
a.m. and 10:00 a.m. more than 60 percent of the trip starts were in
the hot start mode. Most of the NHB trips made during this time
would perhaps be to leave for work either after stopping for break-
fast or aftér leaving children at schools or daycare centers. Trips of
this nature indicate a cold soak period of 0 min to less than 1 hr,
indicating the engine start in a hot mode.

e The percentage of hot starts for home-based trips reach a peak
during the afternoon hours (2:00 p.m. to 6:00 p.m.).

e The percentage of cold starts for all trip purposes indicates a
peaking of cold starts between 4:00 a.m. and 7:00 a.m. Conversely,
the percentage of hot starts will be the lowest during this period.

TRANSPORTATION RESEARCH RECORD 1472

TABLE 2 Start Modes at Trip Origins by Time of Day

Percent Percent Percent
HBW Trips in: HBO Trips in: NHB Trips in:
Time Period Cold Start !J}Tm Start_|| Cold Start | Hot Start_|| Cold Start r%mﬁn—
12AMw 1AM - 87.2 128 70.5 205 724 216]
(170 (25) (249) (102) (84) (32)
TAM 02 AM 85.4 146 70.5 29.5 732 268
88) s (141) (59) (41) 15,
2AMt03 AM 93.0 7.0 720 280 776 224
80, () (85) 33 38 {n
3AM 0 4 AM 912 88 64.2 358 773 227
93 ) (3) 24 (17 ()
4AMt0 5 AM 933 6.7 85.0 150 80.0 20.0
(208) (15) (51) i) (12) 3
SAMt0 6 AM 936 6.4 799 20.1 52.6 74
(703) (8) (19 30) (10) ©)
6AMto 7 AM 919 B.1 729 271 253 747
(2049) (181) (415 (154) (20) 59 |
7AM t0 8 AM 86.4 13.6 638 36.2 218 782
(3119 (493) (1422) | (807) 70 (251)
TAM 0 9 AM 304 19.6 5.0 410 215 78.5
(1666) (406) (1639 (1140) (122 (445)
9AM t0 10 AM 78.5 21.5 60.8 39.2 274 T26
(67 (184) (1887) (1219) (230) (g)_su
10AMto 11 AM 73.0 27.0 60.2 398 298 702
(381, {41 (2075) (1369 (395) (930
11 AM to 12 PM 67.4 326 575 425 395 60.5
(339) (164) (1951) (1440) (766, (11749
1ZPMto 1 PM 588 412 539 46.1 437 563
. _(490) (343) @09  @soy || (1165 (1500,
TPM 102 PM 63.0 37.0 535 46.5 40.4 596
(463) (272) (1888) | (1640) (853) (1257
2PM 103 PM 736 264§ 525 475 419 58.1
_(706) (253) (2006) (1816) 52) (1181) |
TPMtod PM 77 223 46.3 53.7 480 52.0
(1437) (412) (2073) (2401) @145 24
4PM 105 PM 75.4 24.6 452 548 9.9 50.1
(1915 (625) (1933 (2346) (1180) (1185) |
SPM 106 PM 753 247 4.1 559 498 502
(2193 m_ozj (2057 | (2605) (1147) (1154
6PM 107 PM 733 267 49.1 50.9 20.5 59.5
1136) (414) (2357) (2447) (649) 953 |
7PM10 8 PM 739 26.1 50.9 291 403 597
(564) (199 182 | (101 (532 (788) |
8PMto 9 PM 789 211 50.3 49.7 423 577
(418) (112) (1702) (1681) (376) (512)
9PM 10 10 PM 793 20.7 54.9 4s5.1 523 (3]
419 (108) (1388) (1139) (343) 315
10PMto 11 PM 81.9 18.1 60.4 396 628 372
_(398) (88) (892) (586) {199 (118)
TTPM o0 12FPM 849 15.1 62.8 372 65.9 341
(338 (69) (547) (324) 172) (89 |
"Average Daily 79.1 209 53.4 46.6 43.0 57.0
(20040) (5293 | 31200 | (27276) 104200 | (13836)
Note: g p ip

The operating modes at the ends of trips, as shown in Figures 2
and 3, indicate the following:

e In general, a large portion of all trips ended in a hot stabilized
state. More than 50 percent of all trips ended in this mode during
any time of the day. .

¢ The proportions of operating modes at the ends of trips are dif-
ferent for different trip purposes only in the morning, between 5:00
am. and 11:00 a.m. During the remainder of the day, the propor-
tions of operating modes are more or less the same for all trip pur-
poses. This can be expected because the length of a trip, rather than
simply the start mode at its origin, will be a major determinant of
the operating mode at the end of a trip.

e With the exception of non-home-based trips, transient mode
trips (Figure 2) peaked during noon hours. This phenomenon indi-
cates that the trips made between 10:00 a.m. and.1:00 p.m. are
relatively shorter in duration, a trend that could be expected.

ANALYSIS OF VARIANCE FOR COLD START
PERCENTAGES

It would appear that cold and hot start percentages may vary
between geographic regions or urban areas by time of day and by
trip purpose. However, it is not known a priori whether the differ-
ences in cold and hot start percentages are statistically significant
for different geographic regions, times of day, and trip purposes.
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TABLE 3 Operating Modes at Ends of Trips

100
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Percent Trips
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20

10

et v e
Percent HBW Trips in: Percent HBO Trips in: Percent NHB Trips in:
Time Cold Hot Hot Cold Hot Hot Cold Hot Hot
Period Trans. | Trans. | Stable Trans. | Trans. Stable | Trans. | Trans. Stable
——————— fec— e U
12 AM to 19.0 36 774 19.1 6.1 74.9 27.6 6.0 66.4
1AM (37) ) (151) (66) 2 (259) (32) ) an
1AMto 194 49 75.7 16.0 5.0 79.0 232 143 62.5
2AM 0, ) 8) [£2]] 19 158) a3 (35
2AMto 279 23 %{" 271 8.5 644 224 82 69.4
IAM (24) 2) (60) (32) {19 {76 an ) 39)
3AMw© 216 1.0 5 164 3.0 80.6 318 13.6 54.5
4AM (22) ) 9 (1) ) (34 ¢/] 3) {12) |
4 AMto 175 09 8L6 317 33 65.0 46.7 533
SAM (39) 21 (182) (19) ) 39 @) (c]
SAMto 15.6 08 83.6 235 20 74.5 105 89.5
6 AM (117) (6 (628 33) 03) (1) 2 o] (17)
6 AM to 13.83 1.1 85.2 311 4.2 64.7 76 114 81.0
1AM (307) (24| (1899 (177) 24) (368) (6) ) (64) |
7AM1to8 163 22 81.4 219 4.6 67.5 84 12.8 78.8
AM (590 )] (2941) (622) (103) {1504) 27) (41) {253) |
8AMto9 202 48 750 266 8.0 65.4 9.0 210 70.0
AM (418 ONY (15535) (739 (222) | (1818 (1)) (119) (397)
9AM1o 10 242 6.4 69.4 4.5 10.0 65.5 95 23.0 61.5
AM (207) (33) (3594) (762) (319) 2034} 30) (193) (366)
10 AM to 203 10.7 69.0 240 109 65.2 112 27.0 61.8
11 AM (106) (56) (360) (825) (375) | (2244 (148) (358) (819)
11 AMto 213 14.1 64.6 212 1.8 66.9 15.8 20 3
12PM (107) (1) (G25)y _(720) (401 | (2270) (306) (426) | (1208
12PMto 1 214 19.1 595 19.6 12.1 683 19.4 20.1 5
PM {178) (159) (496) (766) (475) (2672) (518 (336) (1611)
1PMto2 23 15.9 61.8 188 129 68.3 15.1 211 63.8
M (164) 17) (454) (664) (456) | (2408 (318) (443) (1347)
2PMto3 16.9 81 75.0 18.4 12.1 69.6 12.9 200 67.1
BM a6 (81 i) 09| wsn| 69 ) 263 | (406) | (1364) |
3PMtod 174 74 75.2 15.7 143 70.0 159 156 68.5
PM (322) (136) {1391) {703) (639) 132) (379) (373) (1634) |
4PMto5 13.6 8.1 783 149 15.7 69.5 15.5 14.7 69.9
PM (346) (206) | (1988) 636) (670) (2973) 366) (347) (1652)
5PMto6 14.5 73 782 145 143 71.2 15.0 15.1 70.0
PM (422) (214) (2277) (675) 668) (3319) (344) 0347) (1610}
6PMto?7 152 17 770 179 13.7 68.4 13.0 172 9
PM (236) (120) (1194) 859) 638, (3287) 208) £275) (1119) |
7PMto 8 17.3 9.7 73.0 19.1 132 61.7 139 17.1 69.0
PM {132) (74) (557) 319) (563) | _(2899) (183) (226) | (1)
8PMto9 183 53 76.4 19.5 124 68.5 15.2 18.8 66.0
PM 7) 28 | (405) (658) (408) 317) §  (135) {167} (386 |
9PMto 10 199 52 749 171 12.0 709 19.8 12.6 67.6
PM (104) (27) (391) (431) (304) (1792) (31 (83) (446)
10PM to 16.0 53 78.6 19.6 10.4 70.0 24 9.8 678
11PM 18) 26) (382) (289) (154) (1033) 1) (1) 215)
11 PMto 18.1 20 799 19.3 78 729 276 10.7 61.7
12PM (72 @) (318) (168) (68) (635) 72} 28) (161)
Average 17.0 6.3 76. 195 120 68.5 15.2 183 66.5
Daily (4307) §_(1602) | (19424) ] (11410) | (7009) | (40063) ] (3678) (Mil’d (16146)
Notes: Fi in theses are number of trips recorded in each cell
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An analysis of the variance of cold and hot start percentages for
different spatial, temporal, and trip purpose classifications would
not only assess the statistical significance of such a stratification, but
would also lead to a more meaningful cross classification. For
example, the start percentages may be derived for each hour of the
day for a given urban area. However, these percentages may be sta-
tistically similar for several consecutive hours such as morning peak
period, night hours, and so forth. To minimize the level of effort
required to model mobile source emissions, it is necessary to iden-
tify such similarities and combine those levels into one class.

Analysis of Variance for Cold Starts

The percentage of cold starts was used as the response variable to
analyze the variance of start modes. Because the percentage of hot
starts is related to the percentage of cold starts, the inferences drawn
from the analysis of cold start percentages apply to hot starts as
well. Three groups of variable categories were included. as inde-
pendent variables in the analysis of variance for cold start percent-
ages. These groups are spatial variables, time-of-day variables, and
trip-purpose variables. The spatial resolution in the NPTS data
includes the following categories:

* Census region (four levels—Northeast, North Central, South,
and West);

e Census division (nine levels—New England, Middle Atlantic,
East North Central, West North Central, South Atlantic, East South
Central, West South Central, Mountain, and Pacific);

e Urban area size (six population levels—50,000 to 199,999;
200,000 to 499,999; 500,000 to 999,999; 1,000,000 or more with
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1 2 3 4 5 6 7 8 9 1011

12 13 14 15 16 17 18 19 20 21 22 23

Hour of Day

Percentage of cold starts by time of day.
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FIGURE 2 Percentage of trips ending in transient mode.

subway/rail; 1,000,000 or more without subway/rail; and not in
urbanized area);

e MSA size (six population levels—fewer than 250,000;
250,000 to 499,999; 500,000 to 999,999; 1,000,000 to 2,999,999;
3,000,000 or more; and not in an MSA); and

¢ Individual MSAs.

All these spatial variables were considered for analysis of vari-
ance. Because the time each trip started was recorded in the 24-hr

time format, it was possible to derive cold and hot start percentages
for each hour of the day. With regard to trip purpose variables, no
additional data processing was necessary to identify the purpose of
each trip because all the trips in the data base were already identi-
fied with a trip purpose. Another variable in the NPTS data base
(whytrip) describes the purpose of each trip in further detail than the
three variable categories, such as to or from work, school, or church,
and pleasure driving. Because trips are often classified as HBW
trips, HBO trips, and NHB trips for transportation planning studies,

&
e
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15}
-
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FIGURE 3 Percentage of trips ending in hot stabilized mode.
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only the previously mentioned three trip categories were considered
for this analysis. Home-based shopping, social/recreational, and
other trips were grouped as HBO trips.

Thus, from the NPTS data, cold and hot start percentages may
be computed across several levels of spatial, temporal, and trip-
purpose variables. There will be only one value for the response
variable Y, in each cell ijk, which is the percentage of cold starts.
Because the response variable is a proportion, it is necessary to
transform the dependent variable to stabilize the variance. An
appropriate transformation for this case is the arc sine transforma-
tion, which is performed as follows (8):

Y’ = 2 arcsin V'Y

Thus, the final analysis of the variance on the percentage of cold
starts was conducted using the general linear model procedure, and
the results are summarized in Table 4. The model included the main
effects of the three independent variables and only two-way inter-
actions. Because there was only one observation in each cell, no
three-way interaction term was specified. In situations like this, the
general model uses the three-way interaction term as the error term.
The results of the analysis indicate the following:

o Except for the spatial variables, MSA size, and the census divi-
sion, all other main effects have significant influence on the per-
centage of cold starts. Therefore, it may be inappropriate to group
trips by census division and MSA size for composite values of cold
start percentages.

o Trip purpose is the best explanatory variable for variance in the
percentage of cold starts.

¢ The time-of-day variable closely follows the trip-purpose vari-
able as the second most significant main effect.

e The crossed or interaction effects of time-of-day and trip-pur-
pose variables are highly significant. That is, there is a statistically
significant reason to believe that the percentage of cold starts does
vary by each hour for a given trip purpose.

Even though the census region proved to be a statistically signif-
icant main effect, it may not be appropriate to use it to group cold
start percentages because this class variable represents a very coarse
level of aggregation (four regions for the United States). Individual
MSAs, on the other hand, provide a finer resolution for presenting

TABLE 4 Summary Analysis of Variance for Percentage of

Cold Starts
—Spatial Variable, 3V
Source of Census Census Urban Area | MSA Size Individual
Variance Region Divisi_oe Size MSA
Model 0.0001 0.0001 0.0001 0.0001 0.0001
(10.09) (7.97) (7.99) (6.79) (417)
Main Effects
P 0.0001 0.0001 0.0001 0.0001 0.0001
(249.64) (278.48) (256.85) (197.64) (203.31)
HD 0.0001 0.0001 0.0001 0.0001 0.0001
(23.53) (44.08) (27.59) (24.49) (48.05)
SV 0.0246 0.2116 0.0274 0.1452 0.0001
(3.22) (1.36)" (2.58) _(1.66)° _(3.27)
Interaction
Effects
SV*TP 0.6614 0.3499 0.0442 0.1121 0.0918
0.69)° (.16 (1.92) (1.59° (132"
TP*HD 0.0001 0.0001 0.0001 0.0001 0.0001
(7.59) 3.99) (6.72) (5.21) (5.44)
HD*SV 0.0310 0.1453 0.4481 0.0937 0.0425
(1.46) (1.14) (1.01)° (1.23)° (1.16)
Notes: ® A separate ANOVA was conducted for each spatial variable.
® The figures indicate the probability of Type 1 emor for each of the effects
® The figures in the parenthesis indicate the F value for the indicated
source of variance.
o *indicates that the effect is not significant at a = 5 percent
© TP - Trip Purpose
e HD - Hour of Day
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start mode fractions. However, the results can be used only by the
MSA in question and may not be transferable to any other MSA.
Thus, on a nationwide basis, the most appropriate classification for
presenting transferable results is the size of the urban area. The start
modes at trip origins were derived for urban areas of different sizes
and are presented in Tables 5 to 10.

Procedure for Determining Start Mode Percentages

These findings led to the following recommended procedure for
determining the percentages of cold starts:

e Operating modes at trip starts may be derived by time-of-day
and trip purpose. When the analysis by trip purpose or time-of-day
are unimportant, appropriate composite values for start mode per-
centages may be derived for all trip purposes for the entire day.

¢ Whenever possible, the cold and hot start percentages may be
derived from the NPTS data for the metropolitan statistical area in
question.

e ]t is possible that for many MSA’s there are not enough obser-
vations in some of the cells, such as work-related trips at night.
When the percentages for some cells are missing and are required
for analysis purpose, average trip starts for the urban area size may
be derived and substituted for the required trip starts.

e When observations for individual MSAs are inadequate, the
start modes derived based on the urban area size (Tables 5 through
10) may be used.

TABLE S Operating Modes at Trip Origins (Urban Area Size:
50,000 to 199,999) :

| Percent HBW Trips in Percent HBO Trips in Percent NHB Trips in

Time Period Cold Start Hot Start || Cold Start Hot Start | Cold Start Hot Start
12AMto 1 AM 93.8 63 68.4 3L6 727 273
(135) () (26) (12) 3

1 AM1to 2 AM 62.5 375 68.8 313 50.0 50.0
o) 3 (1 ) @) 2)

2AMto 3 AM 100.0 . 66.7 333 80.0 20.0
12 () ®) (9 (4 )

3AMto 4 AM 94.1 59 66.7 333 333 66.7
(16) () (2) ) (U] 2

4 AMto 5 AM 100.0 . 80.0 20.0 . .
(19) ) (49 ) 16 6]

5AMto 6 AM 934 6.6 85.7 143 100.0 .
(57) (4) (6) () 2 )

6 AMto 7 AM 90.1 9.9 72.1 279 . 100.0
(182) (20) (49 {19 () (6

7AMto 8 AM 86.0 14.0 62.9 37.1 188 813
(282) (46) (149 88) ) (39)

8AMto 9 AM 81.4 18.6 60.5 39.5 182 81.8
(144) (33) 73 (113) (10) (43)

9 AMto 10 AM 83.8 163 67.5 325 37.2 62.8
(67) (13) (187) 90 33 (59

10AM1to 11 AM 74.6 254 59.8 40.2 23.7 76.3
47 (16) (226) (152) 31) (100

11 AM1to 12PM 703 297 547 453 40.3 59.7
(43 (19 (222) (184 5) iy

12PMto | PM 634 36.6 584 41.6 43.0 57.0

59, (34) (239) (170) (122) (162)

1 PMto 2PM 56.9 43.1 49.4 50.6 433 56.7
(1) 31 (195) (200) 97) 27)

2PMto 3PM 68.0 320 50.0 50.0 45.5 545
(66) 31) @) 211) %5) a4y

3PMto 4PM 77.2 28 432 56.8 43.0 57.0
(156) (46) ari) (225) (105) (139)

4PMto 5PM 71.9 28.1 46.1 539 49.4 50.6
184) (72) (213) (249) (118 (121)

5PMto 6 PM 71.2 288 43.0 57.0 53.0 47.0
(173) 70) (203) (269) (116) (103)

6PMto 7PM 69.5 30.5 499 50.1 40.2 59.8
(89) (39) (252) (253) (68) (ol

7PMto 8PM 80.3 19.7 49.9 50.1 417 583
(53) (13 2149 (215) 33) 74

8PMto 9PM 82.1 179 515 48.5 47.5 525
(32) 7 (176) (166) 8 (42

9PM10 10PM 718 222 489 SL.t 574 42.6
(42 (12) (1i3) (120} | (39, 29)

10PMto 11 PM 759 24.1 58.6 41.4 514 48.6
tJ) (13) (85) _(60) (18) {17

11PMto 12 AM 837 16.3 64.0 360 61.5 385

(36) ] (53) (1) (16) (10)

Average Daily 7.8 222 529 47.1 43.0 51.0

sy __sn)  oisn| oeol  gosy (1400
Notes: Figures in parentheses are number of observations in the cell
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TABLE 6 Operating Modes at Trip Origins (Urban Area Size:
200,000 to 499,999)

Percent HBW Trips Percent HBO Trips Percent NHB Trips

Time Period Cold Starts | Hot Starts || Cold Starts { Hot Starts | Cold Starts | _Hot Starts
o o =L e

12AM1to | AM 778 222 762 23.8 769 23.1

() @ (16) (3 10) (3)

1AMto 2 AM 100.0 . 846 154 50.0 50.0

_(©) @ an _2) 3) _(3)

2AM1to 3 AM 100.0 . 571 429 50.0 50.0
_© o ) ) ) 3|

3AMto 4 AM 100.0 . 55.6 4.4 50.0 50.0

[¢)] 0] o) ) ) a

4AMto 5 AM 94.1 5.9 100.0 . 50.0 50.0

(16) () ) 0] ) (U]

5AMto 6 AM 89.7 103 85.7 143 . .

33) (4 6) (1) () o)

6 AMto 7 AM 92.7 73 724 276 250 750

(113) ) (1) 2. ()

7AMto 8 AM 86.0 140 67.5 325 13.0 87.0

asn 31) (110) (33) ) __(20)

8AMto 9 AM 80.8 192 578 422 364 63.6

(101} (24) (96) (79) 12) (21)

9 AMto 10 AM 88.9 111 549 45.1 283 7.7
(0) (5) (o) (83) (13 (33 |

10AM 1o 11 AM 76.3 237 59.6 40.4 425 57.5

(29) (9 (1s) (78) 31 (42)

11 AMto 12PM 65.5 345 58.7 413 328 672

(19) (10) (108) (76) (44) (%0)

12PM1to 1 PM 63.4 36.6 51.6 48.4 46.8 532

(26) {15) (128, (120) (63) 74

1PMto 2PM 59.5 405 50.7 49.3 37.0 63.0

(22 (5) (13 (112 (47) (80)

2PMto 3PM 78.3 217 50.6 49.4 46.9 531
12 (13 (129) (126 (61) (69)|

3PM1to 4PM 69.1 309 523 41.7 46.5 535

©67) (30) 138) (126) ) (83)

4PMto 5PM 70.4 29.6 45.1 549 39.5 60.5

(107} (43) (124) (151) (62) 95)

5PMto 6 PM 75.3 247 413 58.7 50.7 493

(143) (47 (109 | (155) (79 72)

6PM1to 7PM 71.0 29.0 50.5 49.5 350 65.0

(71) (29) (143) (140) (33) _(63)

7PMto 8 PM 829 17.1 50.8 49.2 300 70.0
(29, ©) (124) 120 @i 49) |

8PMto 9 PM 742 258 579 42.1 40.0 60.0

: (23) (8 (14 (83) (22) (33)

9PMto 10PM 813 18.8 59.3 40.7 436 56.4

(26) (6) (86) (39) a7 (22)

10PM1to 11 PM 75.8 242 528 47.2 50.0 50.0

(25) (8) (47) (42) (13) (3

11 PMto 12 AM 88.0 12.0 60.7 393 421 579

_(22) 3 34 (22) (¢]] (1)

Average Daily 78.6 214 536 46.4 41.1 58.9

(1174) (320, (1891) (1639) 620, (889)

Note: Figures in parenthesesare number of observations in the cell

e When none of these analyses is feasible, nationwide averages
in Table 2 may be used for the time period in question.

The use of these tables is illustrated by deriving operating modes
at trip origins for Charlotte, North Carolina, for a morning peak
period (7:00 a.m. to 9:00 a.m.) and a 24-hr period. Because the city
has a population of about 500,000 in the urbanized area, it is appro-
priate to use the figures presented in Table 7.

HBW Trips

—Number. of cold start trips between 7:00 a.m. and 9:00 a.m.:
393 + 193 = 586

—Number. of hot start trips between 7:00 a.m. and 9:00 a.m.:
66 + 47 = 113

—Total number of trips between 7:00 a.m. and 9:00 a.m.:
586 + 113 = 699

—Percentage of cold starts between 7:00 a.m. and 9:00 a.m.:
100(586/699) = 83.8 _

—Percentage of hot starts between 7:00 a.m. and 9:00 a.m.:
100(113/699) = 16.2

—Percentage of cold starts for the 24-hr period: 79.7

—Percentage of hot starts for the 24-hr period: 20.3

HBO Trips
—No. of cold start trips between 7:00 a.m. and 9:00 a.m.:
162 + 188 = 350
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TABLE 7 Operating Modes at Trip Origins (Urban Area Size:

500,000 to 999,999)
Percent HBW Trips Percent HBO Trips Percent NHB Trips
Time Period Cold Starts Hot Starts || Cold Starts Hot Starts | Cold Starts Hot Starts
12AMto 1 AM 80.6 . 194 674 326 88.2 11.8
@3) @l (29 {19 (15 @
1AMto 2AM 68.4 316 70.0 300 62.5 375
(13) © (28 (12) () 3
2AMto 3 AM 100.0 . 68.2 318 833 16.7
6 ; (13) o) ) (1)
3AM1to 4 AM 91.7 83 571 429 . 100.0
() () @ 3 1) (1)
4AMto 5 AM 81.0 19.0 90.0 10.0 - 60.0 40.0
{7 2] ) ] ] 17l
5AMto 6 AM 9.9 8.1 714 28.6 . 100.0
(57) ) (19 (4 © L
6 AMto 7 AM 94.9 5.1 811 189 20.0 80.0
(260) (14, {43 a0 () 4
7AM1to 8 AM 85.6 144 653 347 26.2 738
(393) (66) (162) (86) (11 31
8AMto 9 AM 80.4 19.6 60.3 39.7 222 77.8
(193) (47) (188 (124) (14 (49) |
9AMto 10 AM 80.6 194 60.3 397 313 68.8
as) (18) (226) _(149) 30 (66
10AM1o 11 AM 84.0 16.0 61.0 39.0 378 62.2
(42) 2] el . dss (48) 9
11 AMto 12PM 64.9 351 58.8 41.2 429 57.1
37, 20) (221) (155) (93) (124)
12PMto I PM 61.8 382 56.1 43.9 45.3 54.7
(63) (39 (242) (189) (124) (150
1PMto 2PM 60.3 397 55.1 44.9 44.0 56.0
(47) [£D)) (218 178) (107) (136)
2PMto 3PM 77.6 224 50.3 49.7 35.8 64.2
6) (22) (249 (237) (78 (149
3PMto 4PM 794 206 46.6 534 49.4 . 50.6
(170) (44 (221 (253) (119) (122)
4PMto 5SPM 76.1 239 4.1 55.9 514 48.6
(258) (8i) (217) (275) (144) (136)
5PMto 6 PM 75.4 24.6 44.8 552 48.1 519
(258) (84) (222 (274) (140) (151)
6PMto 7PM 74.1 259 50.8 49.2 40.2 59.8
(140) _(49) (271) (262) (70 (104
7PMto 8 PM ns 282 51.5 48.5 31.0 63.0
(61) (24) (290) (273) (57) (97)
8PMto 9 PM 78.7 213 51.9 48.1 458 54.2
(48) a3 (202, (187) (3) (3)
9PMto 10 PM 85.5 145 57.3 2.7 49.3 50.7
(59 (10) (168) (125) (33) 36)
10PMto i1 PM 75.9 24.1 7.5 28.5 66.7 333
(41) (3 (118) (47) {20) 10)
11 PMto 12 AM 88.9 1.1 63.1 369 79.2 20.8
“@| - @ ©)| 8 (9 2]
Average Daily 797 203 544 45.6 44.1 559
(2401) (611) (36=20) (3038) (1193 (1515
Notes: s in pe
—No. of hot start trips between 7:00 a.m. and 9:00 a.m.:
86 + 124 =210 , .
—Total number of trips between 7:00 a.m. and 9:00 a.m.:
350 + 210 = 560
—Percentage of cold starts between 7:00 a.m. and 9:00 a.m.:
100(350/560) = 62.5 :
—Percentage of hot starts between 7:00 a.m. and 9:00 a.m.:
100(210/560) = 37.5
—Percentage of cold starts for the 24-hr period: 54.4
—Percentage of hot starts for the 24-hr period: 45.6
NHB Trips

—No. of cold start trips between 7:00-a.m. and 9:00 a.m.:
11+14=25.

—No. of hot start trips between 7:00 a.m. and 9:00 a.m.:
31 +49=280

—Total number of trips between 7:00 a.m. and 9:00 a.m.:
25 +80 =125

—Percentage of cold starts between 7:00 a.m. and 9:00 a.m.:
100(25/125) = 23.8

—Percentage of hot starts between 7:00 a.m. and 9:00 a.m.:
100(80/125) = 76.2

—Percentage of cold starts for the 24-hr period: 44.1

—Percentage of hot starts for the 24-hr period: 54.9

Tables 5 through 10 may be used when the results of an NPTS data
analysis for an individual MSA indicate inadequate observations.
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TABLE 8 Operating Modes at Trip Origins (Urban Area Size:
1,000,000 or More; no Subway/Rail)

TABLE 9 Operating Modes at Trip Origins (Urban Area Size:
1,000,000 or More; with Subway/Rail)

When trip purposes are unknown or when a resolution by trip
purpose is unnecessary, the cell frequencies may be aggregated
across all trip purposes by each start mode within the analysis
period. If the analysis period for a given urban area size contains no
observations in a cell corresponding to a particular trip purpose, the
start modes for this cell can be obtained from the nationwide
averages listed in Table 2.

CONCLUSIONS

A methodology for deriving start mode fractions at trip origins is
presented. This methodology may be applied to derive start modes
for individual MSAs where personal travel data that can identify trip
chains are available. These start modes may be used for a variety of
mobile source emission modeling problems. Potential uses for these
fractions include the following:

¢ As direct inputs to the mobile source emission models based
on actual starts, such as the EMFAC model;

® As determinants of the number of vehicle trips in cold and hot
starts in a trip exchange matrix used for traffic assignment and
simulation studies; and

® As determinants of the VMT weighted transient and stabilized
operating mode fractions used as inputs to emission rate estimation
models, such as the MOBILE model.

Percent HBW Trips Percent HBO Trips Percent NHB Trip Percent HBW Trips Percent HBO Trips Percent NHB Tri

Time Period Cold Starts Hot Starts | Cold Starts Hot Starts Hot Starts Time Period Cold Starts Hot Starts | Cold Starts Hot Starts || Cold Starts Hot Starts

12AMto 1 AM 96.8 32 68.4 316 429 57.1 12AM10 1 AM 93.5 6.5 755 245 824 176

(30) a, (39 8 9 (12) (29) ) )] (23) 14, 3)

1AM to 2 AM 88.5 115 718 282 90.0 10.0 1AMto 2 AM 80.0 200 773 22.7 75.0 250

@3 3 28 ay o 1] (12) 3 34 (19 (12) 4

2AMto 3 AM 90.5 9.5 63.0 37.0 7.4 28.6 2AMto 3 AM 100.0 . 80.8 19.2 875 125

(9 @ a7 (19 o) 2 (1) 0] [ed)] ) (4 (2)

TAMto 4 AM 933 6.7 833 16.7 100.0 X 3AMto 4 AM 78.9 21.1 739 26.1 833 16.7

4 ) ) ) ) () (13) I¢] (7). © _(5) a

4AMto 5 AM 90.5 9.5 875 12.5 . . 4 AMto 5 AM 97.4 26 100.0 . 100.0 .
(38) 4 () 1) ) NC) 38, (1) (4) Il (2) () ]

SAM to 6 AM 942 58 80.0 200 100.0 . SAMto 6 AM 933 6.7 90.5 9.5 50.0 50.0

(130) @) (20) () ) ) (112) 8 (19) 2 ) ()

6AM o 7 AM 94.6 54 672 32.8 235 76.5 6AMto 7 AM 92.8 72 75.9 24.1 50.0 50.0

(313) {8 (80) (39) ~ () a3 (336) (26 (63) (20) 2 @

7AMto 8 AM 859 141 61.0 39.0 19.5 80.5 7AMto 8 AM 89.5 10.5 73.0 27.0 303 69.7
(519 (85) @21) (41 ® (33 _(619) (73) (230) (85) 19 (23 |

8AM1to 9 AM 79.7 203 59.6 40.4 13.0 87.0 8AMw 9AM 825 17.5 56.6 434 21.8 78.2

(279) 1) (267) (181) (12) (80) | (428) 01) (304) (233) 19) (68)

9 AM to 10 AM 75.6 244 62.4 376 244 75.6 9 AM1to 10 AM 80.6 194 59.0 41.0 2438 75.2

(118) (38 (279) (168 (32) (99) 175 (42) (331, (244) (37, 112

10AM to 11 AM 75.6 244 60.2 39.8 245 75.5 10 AMto 11 AM 76.9 2.1 64.9 35.6 23.6 76.4

(65) el (344) (227) (58) (179) (83) (25) (407) (225) (56) (181)

11 AMto 12PM s 26.5 58.4 41.6 399 60.1 11 AMto 12PM™ 64.4 35.6 57.9 42.1 40.3 59.7

(61) (22) (309) (220) (129) {194 | (58) (32) (394) (287) (129, (191

12PMto 1PM 662 338 5.5 245 403 59.7 12PMto 1 PM 56.6 434 582 418 437 56.3

_(88) (45) (287) (230 (183) (271) {69 (53) (452) (324) {226 (291)

1PMto 2PM 70.8 29.2 55.9 24.1 46.2 53.8 1PMto 2PM 60.2 398 543 45.7 42.7 573

(80) (33) (312) (246) (160) (186) (77) [£1)] (365) (307} (163 219)

2PMto 3 PM 71.5 28.5 51.3 48.7 42.2 57.8 2PMto 3PM 753 247 54.4 45.6 457 54.3

(138 (55) (307) (291) (143) (196) 116 (38) (403) _(338) a9 (213

3IPMto 4 PM 79.6 20.4 45.7 54.3 50.3 49.7 3PMto 4PM 82.6 174 45.7 54.3 52.3 41.1
(215) (55) (341) (405) (177) (175) (281) (39) (405) (481) (225) _(205) |

4PMto 5PM 79.1 209 444 55.6 53.0 47.0 4PMto SPM 79.5 20.5 463 53.7 54.9 45.1

(317, _(84) 279 (349} _(184) (163) 373) (96) (358) (416) (226) (186)

5PMto 6 PM 786 204 452 548 503 29.7 5PMto 6PM 76.6 234 432 56.8 60.5 39.5

(382) (104 (330)_ (400) (199 (197) (452) 138 376) (494) (228) (149

6PMto 7 PM 696 304 51.8 482 449 55.1 6PMto 7TPM 78.6 214 50.9 45.1 48.6 514

(199) (83 (392) (365) (137) (168) | (264) (72) (442) (426) (139) (47,

7PM1o 8 PM 73.8 262 49.1 509 41.7 583 7PMto 8PM 71.9 281 54.6 454 46.5 53.5
(107) (38) (347) (360) | (100) (140) (110) (43 (429) (357) (13) (130) }

8PM1o 9PM 78.7 21.3 50.5 49.5 455 54.5 8PMto 9PM 85.7 143 50.8 49.2 41.2 58.8

(74) (20) (278) (273) (70) (84) _(96) (16 (330) (320 (73) (1049

9PM o 10 PM 724 27.6 50.5 49.5 55.9 44.1 9PMto 10 PM 81.9 18.1 59.8 40.2 534 46.6

(63) (24) (220) (216) el (56) (77) 17 (319) (214 (70) (61)

10PMto 11 PM 78.8 213 60.9 39.1 62.5 37.5 10PMto 11 PM 89.7 103 61.3 38.7 68.8 313
(63) 7 (142) 1)) (35) 1) | (70) e (195) 23 (44) 0) |

11 PMto 12 AM 88.5 s 64.5 355 63.0 370 11PMt0 12AM 86.9 131 66.0 340 632 36.8
54 /) (109) (55) 39 (20) 73) (1) (138) (71) (36) (1) |

Average Daily 80.1 19.9 53.5 46.5 43.5 56.5 ‘Average Daily 814 186 55.0 45.0 46.6 553.6

(3380) (839) (4951) (4303) (1762) (2290) (3974) (909, (6127) (5011) (2023) (2334

Notes: Fi igures in parentheses are number a‘ observations in the cell Notes: Fi igures in gunthese.r are number ag observations in the cell

The analysis methods used in this research to derive start mode
fractions may be used for personal travel data sources other than the
NPTS data source. Where available, local data are preferred to
NPTS data. When such data are unavailable or individual analysis
is infeasible, appropriate figures presented in several tables of this
paper may be used.

The most important element lacking in the results presented
in this paper is the effect of commercial trips. Intuitively, most
commercial trips, such as truck trips and pickup and delivery trips,
will be in the hot start mode. Therefore, the results presented may
be biased toward a higher number of cold starts. It is advised
that, based on sample surveys or any other available data source,
appropriate adjustment factors showed be derived to account for
commercial travel. The home-based trips, however, are expected
to represent only personal travel and hence do not require any
adjustment.
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TABLE 10 Operating Modes at Trip Origins (not in Urbanized Areé)

Percent HBO Trips

| Percent HBW Trips Percent NHB Trips
Time Period Cold Starts | Hot Starts § Cold Starts | Hot Starts | Cold Starts | Hot Starts
e

12AM1to 1 AM 83.1 16.9 67.7 323 75 243

64) a3 63 IE0] (28) o)

1AMto 2 AM 100.0 . 60.4 39.6 833 16.7

(29) 8 29, (19 (10 )

2AMto 3 AM 85.2 14.8 833 16.7 778 222

(23) () (20) (4) () 2

3AMto 4 AM 94.7 53 526 474 100.0 .

(36) e} (10 0] ¢/ £

4AMto 5 AM 94.1 59 76.9 231 100.0 N

(80) 0O (20) (6) (6) ()

5AMto 6 AM 94.3 5.7 713 227 462 538

(312) (19 38) (17 (6) )

6 AMto 7AM 90.0 10.0 733 26.7 28.2 71.8

(843) 94 (159) (58) (1 (28)

7AM1t0 8 AM 853 147 60.8 392 216 78.4

(1113) (192) (550) (354 29 (105)

8 AMto 9 AM 788 21.2 593 40.7 23.2 76.8

(321) (140) {611 (419) (35 (182)

9 AMto 10 AM 74.3 257 60.5 39.5 25.7 743

(197) (68 (743) (485) (83) (240)

10 AMto 11 AM 65.0 35.0 58.3 417 329 67.1

(115) (62) (772) (552) a7l (349

11 AMto 12PM 66.1 339 574 42.6 389 61.1

(119 (/] (697) (518 (296} (464)

12PMto 1 PM 54.1 459 49.7 50.3 44.6 55.4

(185) (157) (761) 771 (445 (552)

1PMto 2PM 63.8 36.2 534 '46.6 354 64.6

(196) [ _(683) (397) (279) (509)

2PMto 3PM 73.7 263 539 46.1 397 60.3

(263) 99 (716) {613) (296) (449)

3PMto 4PM 75.5 245 46.7 53.3 46.4 53.6

(548) (178) (797) o1 (447) _(517)

4PMto 5PM 3.2 26.8 45.0 55.0 48.0 52.0

(676 (247, _(742) (906} (446) (484)

5PMto 6 PM 73.9 26.1 446 55.4 44.7 55.3

(783) _277) (817) (1013 (390) _(482)

6PMto 7PM 729 271 46.1 53.9 352 64.8

(382) (142) (857) (1001) (200) (368)

7PMto 8 PM 731 26.9 50.1 49.9 387 61.3

(204) %) (778 {776) (188) (298)

8PMto 9PM 751 249 48.0 52.0 39.1 60.9
-(143) (48) (602) (652) (118 (189) |

9PMto 10 PM 79.0 21.0 54.2 45.8 50.4 49.6

147 39, (480 (405) (1i3) (1)

10PMto 11 PM 84.5 15.5 518 422 65.1 349

(158) 29 (305) (223) (69) 37

11 PMto 12 AM 80.2 198 592 40.8 72.8 272

{03) 6) (155) (107, (59 2,

Average Daily 7.2 223 522 478 41.0 59.0

(7248) (2083) (11425) (10446) (3760) (5401)

Notes:
b

-
Figures in Earemhe:e: are number of observations in each cell
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