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1. SUMMARY

In response to a Work Assignment from EPA, Sierra Research (Sierra) has developed a
new set of driving cycles that represent passenger car and light truck operation on a
variety of roadway types under a variety of congestion levels and average speeds. Testing
arepresentative sample of new vehicles on these cycles will provide EPA with the
emissions data needed to improve the existing speed correction factors contained in its
vehicle emission factor model, MOBILES.

Eleven facility-specific cycles were devel oped to represent operation under the following
conditions:

 high-speed freeway;

« freeway under congestion levels (i.e, LOS) A-C;
» freeway under LOS D;

» freeway under LOSE;

o freeway under LOSF,

o freeway under LOS“G”;"

o freeway ramp;

o arteria under LOS A-B;

» arterial under LOS C-D;
 arterial under LOS E-F; and
 |ocal roadways.

These cycles, which range from 4-12 minutes in length, were constructed to optimally
match the observed speed-acceleration and specific power frequency distributions of chase
car driving data collected over arange of facilities and congestion levelsin Baltimore,

Los Angeles and Spokane. As shown in Table 1, the average speeds of the cycles range
from 13.1 to 63.2 mph.

“Level-of-Service (LOS) is ameasure of traffic congestion developed by the Transportation Research Board
and used by the Federal Highway Administration.

““Based on the definitions of LOS, travel under the most congested conditions is categorized asLOSF. In this
study, Sierraalso created afreeway cycle called LOS“G” to distinguish a subset of LOS F driving under the
worst conditions routinely observed.



Table 1
New Facility-Specific Speed Correction Cycles
Average | Maximum [ Maximum
Speed Speed Accel Rate | Length Length
Cycle (mph) (mph) (mph/s) (seconds) | (miles)
Freeway, High Speed 63.2 74.7 2.7 610 10.72
Freeway, LOSA-C 59.7 73.1 34 516 8.55
Freeway, LOS D 52.9 70.6 2.3 406 5.96
Freeway, LOSE 30.5 63.0 5.3 456 3.86
Freeway, LOSF 18.6 49.9 6.9 442 2.29
Freeway, LOS“G” 131 35.7 3.8 390 1.42
Freeway Ramps 34.6 60.2 5.7 266 2.56
Arterials/Collectors 24.8 58.9 5.0 737 5.07
LOSA-B
Arterials/Collectors 19.2 495 5.7 629 3.36
LOSC-D
Arterials/Collectors 11.6 39.9 5.8 504 1.62
LOSE-F
Loca Roadways 12.9 38.3 3.7 525 1.87

Some of the facility-specific cycles are used in conjunction with a new “non-freeway”
cycleto create anew “area-wide” urban driving cycle. The area-wide cycleisa
multi-segment driving trace that can be applied to represent travel in any city based on
generdly available weighting factors for that city. The individual segments are the new
freeway cyclesfor LOS A-C, LOSD, LOSE, LOS F, and ramps added to a 22-minute
non-freeway segment, which represents operation on arterials, collectors, and local
roadways. Each of these cycles represents a segment that is weighted appropriately for
each city of interest. Table 2 summarizes the basic characteristics of the new non-freeway
portion of the composite area-wide urban cycle.



Non-Freeway Segment of New Area-Wide Speed Correction Cycle

Table 2

Average | Maximum | Maximum
Speed Speed Accel Rate | Length Length
Cycle (mph) (mph) (mph/s) (seconds) | (miles)
Non-Freeway Urban 194 52.3 6.4 1,348 7.25
Travel

A detailed statistical evaluation of the representativeness of facility-specific cycles and the
area-wide cycle has been performed. A comparison of the primary statistics used to
evaluate cycles indicated that the facility-specific cycles closely matched their intended
joint speed and acceleration driving distributions. Using appropriate segment weighting
factors, it was aso determined that the new area-wide cycle better matches the chase car
data collected in Los Angeles than the “LA92" cycle now being used by the California Air
Resources Board (CARB) to represent area-wide operation in LA. The improved
representation of urban driving provided by the new area-wide cycle is due to two factors.
First, the current cycle development methodology contains refinements that increase the
representativeness of the new cycles. Second, the total length of the new area-wide cycle
is three times longer than the LA 92, which made it easier to match the characteristics of
the data set from which the cycle was devel oped.

Testing a representative sample of vehicles on both cyclesis required to determine
whether the difference in emissionsis significant. Depending on the results of such tests,
the LA92 cycle may still prove to be a cost-effective alternative to the devel opment of
area-wide emission estimates for large urban areas. However, data collected using the
speed- and facility-specific segments like those contained in the new area-wide cycle will
be needed to account for changes in traffic congestion between urban areas and over time.




2. INTRODUCTION

Except in Cdifornia, overal air quality planning and project-specific air quaity analyses
are conducted using one particular motor vehicle emissions smulation model, called
“MOBILES,” which was developed by the U.S. Environmental Protection Agency.”
Currently within the MOBILES model, speed correction factors are used to adjust the
emissions measured using the Federal Test Procedure (FTP) for light-duty vehiclesto
account for speeds that are different from the average speed of the “LA4” driving cycle
used in the FTP, which is 19.6 mph. It isassumed that emissions measured using the FTP
properly represent travel occurring at an average speed of 19.6 mph, regardless of the
roadway type, or combination of roadway types, over which that speed occurs. The speed
correction factors are based on the relationship between emissions measured on the FTP
and emissions measured on several other cycles, called “speed correction cycles,” which
have speeds that are higher and lower than the LA4 cycle.

There are three fundamental problems with the manner in which MOBILES is used to
estimate emissions at various average speeds. First, recent research has shown that the
base driving cycle (the LA4) does not adequately represent the range of speeds and
acceleration rates occurring in customer service. As aresult, the basic emission rates used
in the MOBILE model are not accurate even when the average speed of vehicle operation
isequal to the 19.6 mph speed of the LA4 driving cycle. Second, the speed correction
cycles used to develop the current speed correction factors do not represent either facility-
specific or area-wide travel in urban areas. Two of the speed correction cycles share the
deficiencies of the LA4 cycle because they are subsets of the LA4. Other speed correction
cycles are suspect because they were not developed from data representative of vehicle
operation in urban areas. Thisistrue for the so-called “Highway Cycle” and several
variants of that cycle that have been used as speed correction cycles.”” Third, thereis no
mechanism built into MOBILE for distinguishing between area-wide and facility-specific
operation. It isassumed that the speed correction factors apply universally, regardless of
the type of roadway, or combination of roadway types, over which the speed occurs.
However, observations of travel on various types of roadways indicate that this
assumptionisinvalid. For example, at an average speed of 35 mph, travel over surface
streetsis likely to be dominated by cruising in the vicinity of the speed limit at alow level

“The state of California usesits own model, called “EMFAC,” which, as far as speed correction factors are
concerned, shares most of the deficiencies of MOBILES described herein.

“"The so-called “Highway” cycle actually representstravel (highway plus non-highway) in non-urban areas
where the 55 mph speed limit is strictly enforced.



of traffic congestion, while travel on afreeway at the same average speed results from a
high congestion level and there is much less cruise operation.

To address the concerns summarized above, EPA issued a Work Assignment to Sierra
Research during 1995 calling for the development of a methodology for generating new
driving cycles for inventory development. The methodology recommended by Sierral”
called for developing both facility-specific and area-wide driving cycles that match the
speed-accel eration frequency distributions (SAFDs) of vehicles operating in customer
service.

For facility-specific cycles, the proposed approach involved constructing cycles to match
the SAFDs for awide range of roadway types and congestion levels. These cycles were
to be developed from “chase car” data, a data set containing second-by-second
information regarding roadway type and congestion level.

For area-wide cycles, Sierrarecommended a method involving the development of a
“primary” cycle, representing overall average driving conditions, and at least two
additional cycles, intended to represent areas with higher and lower average speeds. One
option suggested for a higher speed composite cycle was to use data collected in an urban
areawith relatively low traffic congestion, like Spokane, Washington. It was also
suggested that data collected in Baltimore, Los Angeles, and Atlanta during certain
periods of the day could be used to construct cycles with different average speeds. For
example, it was suggested that data collected only during the morning and afternoon
commute periods could represent relatively high congestion levels and lower average
speeds, while data collected during off-peak periods could represent lower congestion
levels and higher speeds. It was noted, however, that further analysis would be required
of differencesin the fraction of area-wide VMT by facility-type between different urban
areas and between peak and off-peak periods. Depending on the degree of variation
observed, it was suggested that alternative cycle construction processes might be required.
Asdiscussed in Section 4, an aternative cycle construction technique was necessary.

Scope of Work

This report combines the results of two related Work Assignments (1-04 and 2-01), the
second of which was afollow-on to the first. Under the initial scope, a Work Plan was
developed to provide EPA with actual driving cycles intended to represent both facility-
specific and area-wide vehicle operation. The Initia (1-04) Work Plan consisted of the
four tasks described below.

Task 1, Development of Facility-Specific Driving Cycles - Facility-specific data regarding
driving patterns in customer service are required for the development of facility-specific

" Superscripts denote references provided in Section 7.
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cycles. Datacollected by the chase car” in Baltimore, Spokane, and Los Angeles were
used to develop 11 facility-specific cycles, to represent travel on freeways, ramps,
arterials/collectors and local roadways. Target length for each cycle was established as
approximately 10 minutes.

Task 2, Development of Area-Wide Driving Cycles - The original concept under Task 2
involved the development of afamily of “composite” driving cyclesto represent overall
travel within an urban area, with each cycle representing different levels of average speed
and congestion. However, during theinitial phase of this task, in which driving data
comparisons were performed by city and data type (i.e., chase car vs. instrumented),
analysisindicated that average speed would not adequately define travel in a particular
area. In addition, the question remained as to how area-wide cycles developed from data
for specific cities in which the data collection was performed (Atlanta, Baltimore, Los
Angeles and Spokane) could be extrapolated to represent driving in other U.S. urban
areas. In consultation with the Work Assignment Manager, an approach was devel oped
for a city-weighted area-wide driving cycle based on facility-specific “bags’ and
city-specific bag weighting factors that can be obtained from transportation planning
model outputs.

Task 3, Evaluation of the Driving Cycles - During the course of facility-specific and area-
wide cycle development, a detailed series of statistical tests were performed on each cycle.
The characteristics of each cycle developed under Tasks 1 and 2 were compared to the
data from which the cycle was constructed to show how well the cycle correlates with the
“target” driving behavior recorded by instrumented vehicles and chase cars. The
evaluation included comparisons of speed, acceleration, power, and other measures
acceptable to the Work Assignment Manager. In performing the evaluation, Sierra
utilized the statistical evaluation criteria recommended by EPA.? The following statistics
were compared for each cycle and target driving population:

» timein acceleration;

» timein deceleration;

* timeat cruise

o timeatidle

* maximum speed;

* average speed;

» average or predominant speed during cruise (“subjective’ cycle speed);
* maximum acceleration rate;
* maximum deceleration rate;
* maximum power;

* length (time and miles);

* stops per mileg;

“Instrumented vehicle data are not suitable for the development of facility-specific cycles because facility type
cannot be determined from the available data, except for uncongested freeway operation. However,
instrumented vehicle data were compared to chase car data on an overall basisto evaluate the
representativeness of the chase car data.



» average positive kinetic energy (PKE) change per mile and specific power; and
» detailed distributions of speed and acceleration.

Using the above-listed parameters, the characteristics of the composite cycle were
compared to CARB’s LA92 cycle (sometimes called the “Unified” cycle) to determine
whether it is significantly different.

Task 4, Data Analysis and Reporting - Under thistask, Sierra provided progress reports to
EPA during the course of the project and prepared the draft final report and an electronic
copy of the speed/time traces for each cycle developed under this effort.

Under the follow-on Work Plan developed under Work Assignment 2-01 (which was
prepared after EPA’s review of draft final results from the initial effort), severa additional
analytical tasks were added. These additional tasks are described below.

Task 1, Revisions to High-Speed Freeway Cycle - Under EPA’s direction, a new high-
speed freeway cycle was developed as a replacement for the high-speed cycle developed
under the initial Work Plan to better represent the frequency of high power events found
in the driving population for high-speed freeway operation.

Task 2, Evaluation of New High-Speed Freeway Cycle - In thistask, statistical
characteristics of the revised high-speed freeway cycle developed under Task 1 were
compared to their “target” driving population to quantify how well the new cycle
represented its intended driving patterns. The statistical measures compared were
identical to those listed under Task 3 of the initial Work Plan, with key emphasis on
ensuring a comparable “match” of high power events obtained for the other facility-
specific driving cycles.

Task 3, Further Analysis of Surface Street Cycles - Under this task, the videotaped
records of driving traces from arterial/collector and local roadway operation were
reviewed to determine the extent to which portions of surface street driving are influenced
by intersections. The actual traces from the arterial and local cycles aswell as additional
randomly selected traces from their driving populations were examined. Each second-by-
second trace was marked (based on the video review) with flags that identified when the
vehicle' s operation was being influenced by approaching or departing intersections.
Summaries of these data from the cycles and target populations were compared to
determine the extent to which the new surface street speed correction cycles properly
represent intersection activity and identify those sections of the cycle traces that represent
intersection-influenced operation.

Task 4, Data Analysis and Reporting - Under thistask, Sierra provided progress reports to
EPA during the course of the project and prepared the draft final report and electronic
copies of the second-by-second speed trace for the new high-speed cycle devel oped under
Task 1 and second-by-second identification of intersections and their influence for surface
street driving traces analyzed in Task 3.




Organization of the Report

Following this introduction, Section 3 provides a description of how the facility-specific
cycles were constructed. Speed traces and basic statistics for each of the facility-specific
cycles are dso contained in Section 3. The rationale and methodology for the
development of the city-weighted area-wide cycle are described in Section 4. Statistical
comparisons of instrumented vs. chase car and city-by-city driving variations that led to
the modified area-wide cycle approach are also presented in Section 4. Detailed statistical
tests of al of the cycles developed under this effort against the driving behavior they are
intended to represent are presented and discussed in Section 5. Included in this series of
testsisa similar comparison of CARB’s LA92 driving cycle against its intended driving
behavior to compare the “fit” of cycles developed under this effort to that of the LA92. A
comparison of the area-wide cycleto the LA92 is also presented in Section 5 to determine
if they are significantly different. The analysis of the influence of intersections on surface
street driving is documented in Section 6. Section 7 contains alist of references cited
throughout the report.



3. FACILITY-SPECIFIC CYCLE DEVELOPMENT

Different driving patterns on two different roadway types may exhibit the same average
vehicle speed, but result in different vehicle emissions. Facility-specific driving cycles
intended to represent driving behavior on specific roadway types under various congestion
levels were generated in order to develop emission factors specific to each type of facility.
This section describes the methodology and driving data used to create facility- and
congestion-specific driving cycles, and provides basic statistics for each cycle.

Facility-Specific Cycle Construction Methodology

Selection of Driving Data - The facility-specific cycles were developed exclusively from
chase car data. In the chase car studies, second-by-second recording of both facility type
and congestion level was performed (using Level-of-Service [LOS] measures devel oped
by the Transportation Research Board [TRB]* and employed by the Federa Highway
Administration [FHWA]). Public roadways were classified as either freeway, freeway
ramp, arterial/collector, or local. “Freeways’ were defined as multi-lane roadways with no
signalized intersections and access limited to ramps that merge with alane of traffic.
“Ramps’ were those sections of roadway that provide access to, or exit from, afreeway.
“Arterials/collectors’ were defined as non-freeway roads that link population centers and
business centers, or serve as mgjor corridors through urban areas. “Loca” roadways were
defined as non-freeway, non-arterial/collector roads providing access to residential areas,
business parks, and other private property. Driving data collected under instrumented
vehicle studies do not contain second-by-second representation of the type of roadway
being driven and the congestion level. Under an earlier study for EPA,® Sierra
investigated whether the facility type and congestion level could be inferred from the
instrumented data by screening the data with a series of statistical algorithms. 1t was
determined that the facility type and congestion level could not be reliably inferred. Thus,
the facility-specific cycles are based solely on chase car driving data.

Creation of “Target” Driving Populations - Prior to the generation of facility-specific
cycles, the chase car data collected in Baltimore, Los Angeles and Spokane were
combined into asingle data set. Second-by-second data in this merged file were then
divided into separate “segment” files for those facility type and LOS groupings from which
cycles were subsequently developed. (In this study, the term “segment” refersto a
continuous driving trace over the same facility type and at the same LOS and is explained
in greater detail later in this section). The implicit assumption in this approach was that




driving data recorded for a given facility and LOS were not dependent on the city in which
the driving was performed.

These facility/L OS groupings established for each cycle are discussed below. They were
chosen on the basis of earlier analysis performed for EPA and defined under the scope of
work (with exceptions for high-speed freeways and arterials/collectors as noted).

LOS-Based Freeway Cycles - For freeway operation, previous analysis of available
chase car data showed similar speed/acceleration frequency distributions (SAFDs) for
LOS A-C, indicating that this range of LOS could be represented by one cycle.
Additional cycles were developed to represent LOSD, LOSE, and LOSF. It was
also decided to develop afifth cycle to represent driving under conditions that are
more congested than LOS F. Thistype of operation, based on operation observed on
the most congested freeway linksin Los Angeles, was referred to as LOS “G.”

High-Speed Freeway Cycle - In addition to the LOS-based freeway cycles, a“high
speed” freeway cycle was developed to represent operation occurring under low
congestion levels and speed limits higher than 55 mph (or lack of enforcement of a
55-mph speed limit). The driving “population” for this cycle was created from the
combined driving segment files in the three-city chase car data set using the following
criteria

» freeway facility type;

e LOSA,BorC,

» segment length greater than 30 seconds; and

«  minimum segment speed at or above 50 mph.”

Ramp Cycle - A separate cycle was developed to represent freeway ramp activity.
The ramp activity includes driving on both on-ramps and off-ramps, as well as travel
on “trangitional” ramps (i.e., at freeway intersection interchanges where a vehicle
must drive along aramp to move from one freeway to the next).

Arterial/Collector Cycles - Under the initial scope of work, separate arterial/collector
cycles were to be developed for each LOS from A through F. More detailed analysis
of chase car data under this study indicated that travel on arterials and collectors
should be represented by three ranges of observed congestion level: LOS A-B, C-D,
and E—F. These groupings were based on the similarities in average speeds observed
in the data set.

“These criteriareflect the definition of high-speed freeway operation for the revised high-speed cycle
constructed under the 2-01 Work Plan. Under the initial (1-04) Work Plan, the minimum speed criterion of 55
mph was revised to 50 mph aslisted above. The primary rationale for lowering the minimum speed cutoff was
to increase the number of segmentsin the high-speed freeway driving population, thus enhancing the ability of
acycleto gatistically match the “target” driving population. An evaluation of the additional segments added to
driving population when lowering the minimum speed cutoff to 50 mph indicated that over 92% of these
additional segments still had average speedsin excess of 55 mph.
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Local Roadways Cycle - Because essentialy al loca roadway travel was observed to
occur under alow level of congestion, only one cycle was required to represent travel
over local roadways.

Segment-Based Candidate Cycle Construction Method - To construct a new family of
facility-specific cycles, Sierra used a computerized “trial-and-error” approach to
selecting combinations of trip “ segments’ that best matched the SAFD of the target
data set (e.g., aparticular facility type and congestion level). This approach ensured
that the speed-time profiles of the cycles were constructed from real speed-time
profiles that preserved the acceleration profiles and minor speed variations contained
in customer service driving. The method used differed from previous cycle
development effortsin that it did not attempt to use “microtrips’ (speed traces that
begin and end at rest). This change was necessary to develop cycles representative of
roadway operation under which no stops occurred (e.g., uncongested freeway travel)
and to accommodate the segment-based nature of driving data when grouped by
facility and LOS. Under this revised approach, atrip “segment” was defined as a
second-by-second speed trace whose endpoints were determined by either of the
following conditions:

1. the vehicle cameto rest (as at the end of amicrotrip); or

2. thefacility or LOS group changed (e.g., moving from a freeway onto an off-
ramp or from LOS D to LOS E on afreeway).

After grouping the chase car data into separate files by facility type and LOS, the second
condition was tested by searching for discontinuities greater than one second in the
second-by-second time stamp field contained in the chase car data. For example, consider
the following sample of second-by-second data in the “Freeway LOS D” file:

Record Number Time Stamp Speed (mph)
1 04/21/92 14:13:00 58.2
2 04/21/92 14:13:01 59.4
3 04/21/92 14:13:02 59.6
4 04/21/92 14:13:03 59.7
5 04/21/92 14:13:04 59.3
6 04/21/92 15:36:20 59.0
7 04/21/92 15:36:21 60.3
8 04/21/92 15:36:22 60.7
9 04/21/92 15:36:23 60.7
10 04/21/92 15:36:24 60.5

The discontinuity in the time stamp from Record 5 to Record 6 marks the end of onetrip
segment and the beginning of the next. Asin this example, trip segments were identified
within each of the facility/LOS group files.
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The “Hybrid-Random/Incremental” cycle construction logic developed under previous
work for EPA and CARB was then altered to generate candidate cycles from segments,
rather than microtrips. Microtrips could easily be chained together since they began and
ended at rest; after each microtrip was selected, the remaining microtrips were eval uated
and another selected (either randomly or by “best incrementa fit”). This microtrip
selection process continued until the desired cycle time had been reached. To
accommaodate segments, instead of microtrips, the segment-selection process employed
the following changes to the programming logic:

1. Once a segment was selected, its terminal speed and acceleration were identified.

2. Theinitid speed and acceleration of al the remaining segments were then tested
against the terminal conditions of the current segment.

3. Those remaining segments whose initial speed and acceleration matched the
termina conditions of the current segment within allowed tolerances (£0.5 mph for
speed and +0.5 mph/sec for acceleration) were placed into a* Qualified Segment”
subset from which the next segment was selected (again, either randomly or by
best incrementa fit).

Each time a new segment was selected, the Qualified Segment subset was re-determined
and the above steps were repeated until the desired cycle time was reached.

Using varying constraints on the fraction of time that each candidate cycle used randomly
selected segments, and using various methods of optimization (matching either the total,
non-idle or non-cruise portions of each cycle against its target SAFD), the following
number of candidate cycles were generated:

» 1,800 for each freeway/L OS group (A-C, D, E, F, G and High-Speed);

e 1,200 for ramps; and

» 1,000 for each arterial/collector/LOS group (A-B, C-D and E-F) and for local
roadways.

In al, 16,000 candidate facility-specific cycles were generated using the segment-based
Hybrid-Random/Incremental process described above.

“Best” Cycle Selection Process - Once the candidate cycles had been generated for each
facility type and LOS group, a series of statistical tests were applied to each cycle in order
to identify and select the cycle in each group that “best” matched its target driving
population. Sierra s earlier “best” cycle selection process consisted of ranking each
candidate cycle’s “DiffSum” statistic (i.e., sum of differences between cycle and target
joint speed and acceleration frequencies) and selecting the single cycle with the lowest
DiffSum or best “fit” to the target population. At the request of EPA, the cycle selection
process was modified to include an evauation of the amount of operation in relatively high
specific power modes (e.g., between 200-299 mph?/sec and >300 mph?/sec). Among the
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10 cycles with the best fits to the overall SAFD of each target population (e.g., freeway
operation at LOS F), the cycle that best matched the amount of operation in these high
power modes was then chosen as the single best cycle representing that driving
population.” This collection of cyclesis referred to as the final unedited cycles.

Cycle Editing - The last step in the cycle development process involved manually editing
the computer-generated final unedited cycles to improve their fit to the target SAFD.
Editing was limited to segment addition and segment shortening using a procedure
developed under previous work for EPA. Segment addition consists of inserting segments
of the speed-time trace that begin and end with a speed within 0.5 mph of the speed at the
insertion point. Segment shortening involves removing portions of the speed-time trace
between two cruise speeds that are within 0.5 mph. The procedure avoids changes to the
speed-time profile that alter the characteristics of any accelerations. During the editing,
Sierralengthened or shortened cruise operation until an optimum match to the speed-
acceleration distribution of the target data set was achieved within the target cycle length.

Basic Characteristics of the Facility-Specific Cycles

Table 3 summarizes several characteristics of the new facility-specific cycles that were
developed. Asshown in the table, the six non-ramp, freeway cycles have average speeds
ranging from 13.1 mph to 63.2 mph. The ramp cycle has an average speed of 34.6 mph.
The three arterial/collector cycles have average speeds ranging from 11.6 mph to

24.8 mph. The cycle representing travel on local roadways has an average speed of

12.9 mph.

Table 3
New Facility-Specific Speed Correction Cycles
Average | Maximum [ Maximum
Speed Speed Accel Rate | Length Length
Cycle (mph) (mph) (mph/s) (seconds) | (miles)
Freeway, High Speed 63.2 74.7 2.7 610 10.72
Freeway, LOSA-C 59.7 73.1 34 516 8.55
Freeway, LOSD 52.9 70.6 2.3 406 5.96
Freeway, LOSE 30.5 63.0 53 456 3.86
Freeway, LOSF 18.6 49.9 6.9 442 2.29

* All of the “top-10" cyclesin each target group generally exhibited nominally identical fitsto their target
SAFDs. DiffSums only varied in magnitude by 1-2% across each top-10 set of candidate cycles.
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Table 3

New Facility-Specific Speed Correction Cycles

Average | Maximum [ Maximum
Speed Speed Accel Rate | Length Length
Cycle (mph) (mph) (mph/s) (seconds) | (miles)
Freeway, LOS*G” 13.1 35.7 3.8 390 1.42
Freeway Ramps 34.6 60.2 5.7 266 2.56
Arteriag/Collectors 24.8 58.9 5.0 737 5.07
LOSA-B
Arteria g/Collectors 19.2 49.5 5.7 629 3.36
LOSC-D
Arteria g/Collectors 11.6 39.9 5.8 504 1.62
LOSE-F
Loca Roadways 12.9 38.3 3.7 525 1.87

Figures 1-11 show the speed-time traces for each of the facility-specific cycles. The scae
of the axisis kept the same to facilitate comparisons between the cycles.
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Figure 3
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Figure 5

Speed (mph)

100
90
80
70
60
50
40
30
20
10

Edited Freeway LOS F Cycle
Driving Trace

A [

\ A /

/A LAl U /

YRR WAY MRS WAl W

V" H A Vi)

0

L e

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Time (sec)

Figure 6

Speed (mph)

100
90
80
70
60
50
40
30
20
10

Edited Freeway LOS G Cycle
Driving Trace

/
A A M / \V/

Macl AN N e A

AV

"N I WAL 2 T AV Ay

0

L e e o

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Time (sec)

-17-




Figure 7
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Figure 9
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Figure 11
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4. AREA-WIDE CYCLE DEVELOPMENT

Asintroduced earlier in Section 2, the original area-wide cycle concept was to develop a
family of composite driving cycles to represent overal travel within urban areas with
different levels of congestion and average speed. However, analysis of both instrumented
vehicle and chase car data collected from various cities indicated that average speed would
not adequately define travel within a particular area. Furthermore, the question remained
as to how separate area-wide cycles developed from data for specific citiesin which
driving studies were conducted (Atlanta, Baltimore, Los Angeles and Spokane) could be
extrapolated to represent driving in other U.S. urban areas. In consultation with EPA, an
aternative approach was developed that identifies and separates the type of driving that
does not vary appreciably from city-to-city from that which does. By applying this
aternative methodology, an area-wide driving cycle composed of a series of speed traces
(segments) was generated that can be used to represent operation within any urban area,
given city-specific segment weighting factors that can be developed from transportation
planning model outputs.

This section presents driving data comparisons that led to the development of this
aternative approach to area-wide cycle development, as well as a detailed description of
the methodology and the rationale behind it. It also summarizes the basic characteristics
of the resulting area-wide driving cycle, as weighted for Baltimore driving conditions.

Initial Driving Data Comparisons

Prior to the development of area-wide “composite” driving cycles, a detailed investigation
of the available driving data was conducted. A series of statistical comparisons were
performed in order to determine which specific data should be used in the devel opment of
composite cycles intended to represent operation in metropolitan nonattainment areas.
Before proceeding to a discussion of these comparisons, summaries of the driving data
and their inherent biases are presented below.

Available Driving Data - Detailed driving data representing vehicle operation under
current urban driving conditions were collected in field studies®? conducted in Baltimore,
Los Angeles, Atlanta and Spokane using two different methods:
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1. Instrumented Vehicle - direct second-by-second vehicle speed measurement
obtained from an on-board instrumentation package installed on randomly selected
vehicles in customer service (for one to two weeks per vehicle); and

2. Chase Car - remote determination of the second-by-second speed of randomly
followed vehicles by alaser range finder-equipped “chase” car following a
predesignated route.

Both instrumented vehicle and chase car data were collected in Baltimore and Spokane.
Only chase car driving was performed in Los Angeles, and only instrumented vehicle data
were collected in Atlanta.

Data Limitations and Inherent Biases - In evauating driving data collected under these
two methods, there are several important factors to consider. These factors are listed
below.

1. Chase car driving was conducted over point-to-point urban routes selected from
zone-to-zone “trips’ output from transportation planning models. These models
are known to under-represent short “intrazonal” trips.

2. Facility-type and congestion (LOS) were not measured in instrumented driving.

3. Instrumented vehicle biases (which have been cited in previous studies) include the
lack of representation of fleet vehicle operation and possible travel by instrumented
vehicles outside the urban area.

Instrumented vehicle data, despite the biases cited and the lack of facility type and
congestion level, are believed to be superior to chase car datain representing the entire
range of urban vehicle operation because they include the short, intrazoned travel
under-represented by the chase car surveys.

Driving Data Comparisons - A series of statistical comparisons were performed on both
the instrumented and chase car driving data. These comparisons were then evaluated to
guide the development of the area-wide cycle methodology. The following types of
variations in the driving data were examined:

* instrumented vs. chase car differences;
* city-to-city differences,
» variationin facility and LOS distributions; and

» time of day variations.
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The driving statistics generated included average speed, average specific power and
specific power distributions, average trip length/time, detailed speed-acceleration
frequency distributions (SAFDs) and Diff Sums (sum of differences between cycle and
target joint speed and acceleration frequencies). Detailed tabular summaries of these
statistical comparisons are contained in Appendix A.

Not surprisingly, one of the primary differences observed in comparing data from city to
city was the variation in the distribution of travel by facility typeand LOS. Table 4
compares the travel distributions by facility type and LOS for each of the chase car cities
(Baltimore, Los Angeles and Spokane). The distribution of freeway travel by LOSisaso
shown.

Table 4
Comparison of Chase Car Facility and LOS Travel
Distributions by City
Travel Freguency (% time)

Facility/LOS Baltimore | Los Angeles | Spokane
Freeway Tota 16.91 25.77 9.79
Ramp Total 3.47 5.11 155
Arterial Tota 60.53 66.52 76.53
Local Total 16.38 2.27 10.03
Other Facilities Tota 2.71 0.32 2.10
LOSA Totd 50.64 32.92 62.49
LOSB Tota 23.62 19.64 2221
LOSC Tota 15.30 19.84 12.17
LOSD Totd 6.79 11.02 1.67
LOSE Totd 213 7.49 0.38
LOSF Tota 1.52 9.08 0.04
Freeway LOS A 23.76 251 39.04
Freeway LOS B 31.96 7.96 31.58
Freeway LOS C 23.82 25.17 26.15
Freeway LOS D 10.45 15.52 181
Freeway LOS E 3.06 18.10 1.42
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Table 4
Comparison of Chase Car Facility and LOS Travel
Distributions by City

Freeway LOS F 6.96 30.74 0

AsTable 4 illustrates, the freeway travel fraction in Spokane (9.79%) is lower than that in
Baltimore (16.91%) and Los Angeles (25.77%), and the fraction of travel on arterials and
collectors in Spokane exceeds that in Baltimore and Los Angeles. Table 4 also shows that
the LOS distribution varies dramatically on freeways. The freeway travel under LOS D or
worse on the congested Los Angeles freeway network totaled over 63% of the freeway
driving time. Conversely, LOS D or worse accounted for alittle over 3% of freeway
driving in Spokane.

Despite these variations in the mix of travel by facility and congestion level, the overall
average speeds of both chase car and instrumented vehicle data compared quite closely
from city to city. For example, the average chase car speed for Spokane, Washington
(26.9 mph) was comparable to that recorded in Los Angeles, California (26.3 mph). This
comparison indicates that similarities in overall average speed can “mask” large differences
in the amount of travel by type of roadway and by level of congestion. Detailed analysis
of the chase car data suggested that most of the differences between overadl travel in
different cities were related to 1) the fraction of total travel that occurred on freeways, and
2) the mix of congestion levels associated with freeway travel.

Table 5 illustrates the differences in freeway and non-freeway travel between the three
cities for which chase car data were available. The values shown in the table were
calculated by summing the absolute value of the differences between the percent of
operation in each cell of a31 x 18 matrix (SAFD) of acceleration rates and speeds for
facility-specific chase car data. (Appendix A contains the detailed matrices and the rest of
the driving comparison statistics referenced above.) Each matrix was constructed by
subtracting the frequency of operation recorded in the second city listed in the title of the
table from the frequency of operation recorded in the first city.
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Table 5
Comparison Of Chase-Car Freeway and Non-Freeway
Driving Differences Between Cities
(Sum of Differences in Percent Operation in 31 x 18 Speed-Accel Matrix;
200 = Maximum Difference)

Total Difference
City-Pair Freeway Non-Freeway
LA vs. Baltimore 60.41 23.85
Spokane vs. Baltimore 42.16 25.27
Spokanevs. LA 73.45 29.60

By studying the detailed matrices, the differences in the freeway operation between the
three cities become apparent. Los Angeles has more freeway travel at low speeds than
either Baltimore or Spokane. Conversely, Los Angeles has lesstravel at free-flow speeds
of 55-70 mph. However, as mentioned earlier, smaller differences between cities were
observed for freeway operation at a particular level of service. For example, LOS A-C
activity in Baltimore was similar to LOS A-C activity in Spokane and Los Angeles.” In
contrast to the large differences in freeway travel, differences in non-freeway travel
between the three cities are relatively small.

Area-Wide Cycle Construction Methodology

Based on the findings summarized above, it was determined that area-wide vehicle
operation for different cities could be represented by a multi-segment driving cycle with
city-specific weighting factors applied to each of the segments. The segments needed in
the cycle are asfollows:

1. freeway operation at LOS A-C;
2. freeway operation at LOS D;
3. freeway operation at LOSE;

4. freeway operation at LOSF;

5. freeway ramp operation; and

6. non-freeway operation.

“Large differences occur at the congestion levels when limited data are available for one of the cities.
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The facility-specific cycles developed to represent freeway travel cover five of the six
segments needed for the area-wide cycle. To complete the cycle, these five segments
were strung together with a sixth cycle representing “non-freeway” operation. The
application of the resultant cycleto individual cities would be as follows:

Composite Emissions = WT, % Emissions.,, .+ WTg, x Emissions., -+
WTe,e* Emissions -+ WT, < Emissions,, +

WT x Emissions + WT x Emissions

FwyRamp FwyRamp NonFwy NonFwy

where each WT is a city-specific weighting factor representing the fraction of travel (in
miles) for each operation group; these can be developed by transportation modeling
agencies in each urban area.

Although chase car data collected in Los Angeles, Baltimore, and Spokane could have
been used to construct a cycle representing non-freeway operation, anaysis of differences
in chase car and instrumented vehicle data indicated that the chase car method was
under-representing short trips (< five minutes in length). Routes driven in chase car
studies are based on trips estimated by an urban transportation planning model. Evidence
indicates short “intrazonal” trips are not well-represented by transportation planning
models. To compensate for this limitation, and to utilize the more robust instrumented
vehicle data base, the following technique was used:

» Compute Initial Travel Mix - Freeway and non-freeway travel fractions were
computed for the urban area of interest.

» Adjust Travel Mix - Theinitial freeway vs. non-freeway travel splits were adjusted
to reflect the “short trip” bias not captured by transportation planning model or
chase car data.

» Derive Non-Freeway Target Driving - The target SAFD for non-freeway driving
was back-calculated by subtracting the chase-car-based freeway SAFD, weighted
by the adjusted freeway travel fraction, from the full instrumented vehicle SAFD as
follows:

SAFD, = SAFD,~ TF, x SAFD

NonFwy FwyCC

where SAFDyqry,, IS the computed non-freeway target driving distribution,
SAFD, isthe full instrumented vehicle driving distribution, TF,, is the adjusted
fraction of freeway travel, and SAFDg,, is the chase-car-based freeway driving
distribution.

By itself, the resultant non-freeway target driving distribution was assumed to be
city-independent.
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» Develop Non-Freeway Driving Trace - Sierra then applied the microtrip-based
Hybrid-Random/Incremental cycle development methodology (discussed in
Section 3) to generate 12,000 candidate driving traces. The procedures for
selecting and editing the “best” non-freeway area-wide cycle were identical to
those described in Section 3. Unlike the facility-specific cycles, the candidate
non-freeway area-wide cycles were developed exclusively from actua second-by-
second instrumented vehicle driving data.

» Generate Composite AreaWide Cycle - The non-freeway driving trace developed
in the above step was then chained together with the facility-specific freeway
cycles covering LOS A-F and the ramp cycle.

Appendix B contains a detailed description of the travel mix adjustment procedure and the
adjusted mixes calculated for Baltimore, Spokane and Los Angeles.

The following weighting factors compiled for an individual city would then be applied to
emission test results collected from each segment:

» freeway driving at LOS A-C travel fraction (mileage-based);
o freeway driving at LOS D travel fraction;

» freeway driving at LOS E trave fraction,

» freeway driving at LOS F fraction,

» freeway ramp trave fraction; and

* non-freeway driving travel fraction.

A set of city-specific fleet correction factors can then be compiled by combining city-

gpecific travel fractions with the segment-specific emissions for atest fleet of vehicles,
using either modal data collection or individual sample bags for each segment.

Characteristics of the Non-Freeway Area-Wide Segment

Table 6 summarizes several characteristics of the non-freeway portion of the new area
wide cycle. Figure 12 shows the speed-time profile for the non-freeway segment.

Table 6
Non-Freeway Segment of New Area-Wide Speed Correction Cycle
Average | Maximum [ Maximum
Speed Speed Accel Rate | Length Length
Cycle (mph) (mph) (mph/s) (seconds) | (miles)
Non-Freeway Urban 194 52.3 6.4 1,348 7.25
Travel
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Figure 12

Edited Non-Freeway/Ramp Cycle
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Figure 13 is a three-dimensional SAFD (Watson Plot) for the new area-wide cycle, with weighting factors
applied to each of the segments based on chase car data collected in Baltimore. Figure 14 is a Watson
Plot of the instrumented vehicle data collected in Baltimore. By comparing the two figures, it can be seen
that the SAFD resulting from the application of appropriate weighting factors to the new area-wide cycle
closely matches the SAFD generated from the instrumented vehicle data set.
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Figure 13
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Figure 14

Baltimore-Weighted Area-Wide Cycle SAFD (%)
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5. EVALUATION OF DRIVING CYCLES

During the development of both the facility-specific and area-wide driving cycles, a
comprehensive series of statistics were generated to test the representativeness of each
individual cycle against the target driving population it was intended to match. This
section provides an evaluation of each of the cycles developed under this study by
summarizing these statistical comparisons. For perspective, a comparison of the same
statistics for CARB’s LA92 composite driving cycle and its target driving population is
also provided. Finadly, the entire multi-segment, area-wide driving cycle is compared to
the LA92 cycle.

Facility-Specific Cycle Evaluation

Table 7 compares the key driving statistics for each of the facility-specific cycles with their
respective target driving populations. The statistical tests for the cycles developed under
this study can be compared to that of the Unified LA92 cycle, shown at the bottom of
Table 7. Asseenin the table, average speeds for each cycle match their target driving
with 1-2 mph; however, speed and acceleration maximums for all of the cycles never reach
the entire range contained in the target populations. Comparison of the critical Diff Sum
(sum of differences between cycle and target joint speed and acceleration frequencies)
statistic (listed as “ Total SAFD Difference’ in the table) indicates that, with the exception
of the ramp cycle,” each facility-specific cycles developed under this study matches the
joint speed-acceleration frequencies of itstarget better than the LA92 cycle.

A detailed set of al cycle evaluation statistical comparisons stated in the Work Planis
presented in a series of tabular summaries contained in Appendix C. These detailed tables
include the following statistics:

* timein acceleration;
e timein decderation;

“Candidate ramp cycles proved difficult to develop using the segment-based Hybrid-Random/Incremental
procedure. Asthey were being generated, segment building for many of the candidate ramp cycleswas
prematurely terminated before reaching the targeted cycle length. Due to the extreme transient nature of
freeway ramp activity, segment endpoint matches could not always be found for currently selected segments,
causing premature termination of the segment-building iterations. Asaresult, the match of best ramp cycle's
SAFD against target ramp driving proved to beinferior to that of the other cycles.
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Table 7
Comparison of Key Representativeness Statistics for Facility-Specific Cycles
Maximum
My | sedimony | ey | 208 | Mo

Driving Cydle Cyc. | Pop. | Cyc. Pop. | Cyc. | Pop. Diﬁ;s/ro?ce Diﬁ;s/ro?ce
Freeway High-Speed” | 632 | 627 747 |89 | 27 | 58 9.41 0.16
Freeway LOSA-C | 597 [592 |[731 |82 | 34 | 68 12.12 0.39
Freeway LOSD 529 | 520 | 706 |758 |23 | 61 15.10 0.35
Freeway LOSE 305 | 321 |630 | 713 |53 | 85 25.17 0.18
Freeway LOSF 186 | 199 |499 |695 [ 69 | 96 23.83 0.06
Freeway LOSG 131 | 144 |357 |491 |38 | 57 18.80 0.10
Freeway Ramp 346 | 354 |602 |791 |57 |93 42.74 0.99
Arterid LOSA-B 248 | 252 |589 [749 |50 |149 17.04 0.40
Arterid LOSC-D | 192 | 189 |495 (713 | 57 | 104 16.86 0.21
Arterid LOSE-F | 116 | 120 [399 [568 | 58 | 102 17.86 0.24
Local Roadways | 12.8 | 146 |383 [627 | 37 | 125 21.80 0.11
LA92 Cycle 246 | 263 | 672 |803 | 69 |104 30.27 0.19

* timeat cruise

e timeatidle

* maximum speed,

* average speed;

» average or predominant speed during cruise (“subjective’ cycle speed);
» average non-idle speed;

* average positive acceleration rate;
* average negative deceleration rate;
e maximum acceleration rate;

* maximum deceleration rate;

* maximum power;

* length (time and miles);

“Thefirst high-speed freeway cycle had an average speed of 64.2 mph, with a population average speed of 64.0
mph. Its Total SAFD and High-Power differences were 8.62% and 0.95%. Asdemonstrated in Table 7, the
revised high-speed cycle exhibits afar superior match of high power events (0.16% vs. 0.95%) than the
origina high speed cycle, whichiswell in line with the high-power matches obtained for the other facility-

specific cycles.

-32-



* stops per mile;

» average PKE;

» average total specific power;

* average non-zero specific power; and

» detailed distributions of speed and acceleration frequencies (SAFDS).

The statistical summary tables for each cycle in Appendix C are ordered as follows:

1) cycle statistics, 2) target driving population statistics, and 3) difference between cycle
and target statistics.

Area-Wide Cycle Evaluation

Table 8 compares key statistics for the non-freeway segment of the area-wide cycle. (As
before, statistics for the Unified LA92 cycle are also listed for comparison.) The average
and maximum speeds of the non-freeway segment closely match that of its target
instrumented vehicle-based driving. The non-freeway segment’s DiffSum (total SAFD
difference) and high-power summed difference compare favorably to those of the LA92

cycle.

Table 8
Comparison of Key Representativeness Statistics for the
Non-Freeway Segment of the Area-Wide Cycle
Maximum
Mean Speed Maximum Accel Rate Total Hi
gh-
(mph) Speed (mph) (mph/sec) SAFD Power
Difference Difference
C. Pop. C. Pop. C. Pop.
Driving Segment/Cycle | < P- | O P- | O P %) %)
Non-Freeway 194 | 196 |523 |525 | 64 | 120 8.79 0.11
Area-Wide Segment
LA92 Cycle 246 | 263 | 672 | 803 | 69 |104 30.27 0.19

A second series of statistical tests of the entire six-segment composite area-wide cycle was

developed by generating driving distributions using segment-weighting factors for

Los Angeles. These statistics for the LA-weighted cycle were then compared to both the
LA92 cycle and the Los Angeles chase car driving data population. The results,
summarized in Table 9, indicate that the 34.21% total SAFD difference between the two
composite cycles (area-wide vs. LA92) exceeds that of each of the cycles developed under
this study when compared to their target driving distributions. The area-wide cycleis
compared against the 1992 L os Angeles chase car driving population in the second row of
Table 9. Both the total SAFD difference and the high power difference of the
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Table 9
Comparison of the Los Angeles-Weighted Area-Wide Cycle Against
the Unified LA92 Composite Cycle and Los Angeles Chase Car Data

Total SAFD High-Power
Data Comparison Difference (%) | Difference (%)
Area-Wide Cycle vs. Unified LA92 Cycle 34.21 0.05
Area-Wide Cyclevs. LA Chase Car Data 18.85 0.14
LA92 Cyclevs. LA Chase Car Data 30.27 0.19

Los Angeles-weighted area-wide cycle, 18.85% and 0.14%, respectively, are exceeded by
the differences between the LA92 cycle and the target driving population (30.27% and
0.19%).

Appendix D provides detailed tabular statistical comparisons performed in evaluating the
area-wide cycle from which the resultsin Tables 8 and 9 are based.
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6. INTERSECTION INFLUENCE ANALYSIS

Driving cycles based on vehicle operation over surface streets (as opposed to freeways)
can be heavily affected by the influence of intersections. This section first discusses
several considerations in identifying “intersection influence.” It then describes the
methodology used to analyze and quantify the influence of intersections on the speed
traces of the arterial and local roadways driving cycles described earlier. It aso includes
an evaluation of the representativeness of the level of “intersection influence” in these
cyclesto that in their respective target driving populations.

In analyzing the effect of intersection influence, only signalized (e.qg., traffic lights, stop
signs) intersections were addressed. Intersections for which no traffic signal affected the
direction of travel for the chase car were ignored. In conjunction with second-by-second
emissions data collected on the new speed correction cycles, the analysis presented herein
may alow the cycles to be used to evauate the effect of changes in signalization strategies
and intersection density.

Considerations for Identifying Intersection Influence

Driving cycles based on vehicle operation over surface streets (as opposed to freeways)
can be heavily affected by the influence of intersections. Using straight-line travel on an
arterial/collector as an example, under low congestion levels, decel-idle-accel and decel-
accel (no idle) sequences would be expected to occur in the vicinity of intersections when
the traffic signal is red; quasi-steady cruise operation would be expected through “green
light” intersections and between intersections. To the extent that information is available
on how changes in signalization affects the frequency of encountering “red light”
intersections, second-by-second emissions data collected on the speed correction cycles
could be re-weighted to project the effect of alternative signalization strategies. The effect
of signalization strategies that reduce the frequency of decel-idle-accel and decel-accel
sequences could be estimated by applying a weighting factor of less than 1.0 to the
portions of the speed correction cycle that represent these sequences.

As increased congestion levels are encountered, the extent to which speed-time profiles
are influenced by intersections becomes more complicated. Under high levels of
congestion, 100% of the travel between intersections can still be influenced by the
subsequent intersection. This situation can occur whenever the traffic density is such that
the queue of vehicles waiting at ared light does not clear during the green light.
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Depending on the length of the remaining queue and the distance between intersections,
free-flow speed may not be achieved between intersections. The speed-time profile of
vehicles approaching the intersection is affected regardless of whether the signal isred or
green.

Turns are another activity that influences the speed-time profile in the vicinity of
intersections. Even under uncongested green light conditions, decel-accel sequences
occur during virtually all 90° turns. This pattern of activity typifies operation on “local”
roadways.

Based on the expected pattern of intersection influences described above, it would be
tempting to associate al decel-idle-accel and decel-accel sequences occurring during
surface street travel with turns and red lights; however, numerous other factors cause
similar sequences to occur in real driving. Vehicles entering and leaving parking locations
(e.g., @ roadside businesses) are one example; vehicles dowing down during lane changes
are another. Because of the variety of conditions that can lead to decel-accel sequences,
the actual conditions that caused such sequences in the speed-time segments used to
construct the speed correction cycles may not be representative of the conditions that
cause such sequences in overall operation. The pattern of activity incorporated into the
new speed correction cycles for arterials/collectors and local roadways reflects the amount
of decd-idle-accel and decel-accel sequences associated with the combination of
intersection density and traffic signalization strategies encountered during the chase car
operation, but the specific conditions that caused decel-accel sequences in the new speed
correction cycles may not represent the conditions that cause such sequences in overall
operation.

M ethodology Used to Quantify Intersection Influence

Portions of the videotape archives of all of the three-city chase car driving were reviewed
to classify second-by-second driving traces of the three arteria cycles and the single local
roadways cycle into one of the following categories:

1. Signal Influenced Straight Flow or Right Turns;
2. Signa Influenced Left Turns; and
3. Non-Signal Influenced Operation.

Given the relatively short length of these speed correction cycles (compared to the amount
of driving in each of their target driving populations), a representative occurrence of each
of these conditions compared to those in the larger target driving populations is not
ensured. To determine the representativeness of the intersection influenced behavior in
each of the four surface street cycles, a series of segment traces from each cycle’ s driving
population were randomly selected. These random segment traces were then video
reviewed as resources permitted under the Work Assignment.

-36-



Date/time stamps were included in both the driving data and on the forward-view video
tapes on a second-by-second basis. Date/time stamps for each of the cycle traces and
randomly selected driving population traces were used to identify the proper sections of
video footage for review. These portions of the tapes were watched by an observer
equipped with a multi-position switch box connected to a data logger similar to that
actually used to record second-by-second information during the chase car studies. While
viewing the videotape, second-by-second “markings’ of intersection influence and the
positions where intersections were crossed were identified and computerized.

Results

Table 10 summarizes second-by-second data files containing markings of the presence of
absence of intersection influence for each of the surface street cycles (arterids A-B, C-D,
E-F and local). Both distance- and time-based distributions are provided as well as the
density of signalized intersections encountered per mile. As expected, the influence of
intersections is greater for the more congested Arterial E-F cycle than the uncongested
Arterial A-B cycle.

Table 10
Distribution of Signalized Intersection Influence Within
Surface Street Driving Cycles
Arterial A-B | Arterid C-D | Arteria E-F Local
Time-Based Distributions
(% of time)
I ntersection Influenced, L eft 8.0% 5.4% 16.8% 7.6%
Turn
Intersection Influenced, 29.5% 54.1% 66.5% 23.6%
Straight/Right Turn
Non-Intersection Influenced 62.5% 40.5% 16.6% 68.8%
Distance-Based
Distributions (% of dist.)
I ntersection Influenced, L eft 3.4% 4.7% 7.5% 6.2%
Turn
Intersection Influenced, 14.6% 26.5% 47.4% 19.6%
Straight/Right Turn
Non-Intersection Influenced 82.0% 68.8% 45.1% 74.2%
# of Intersections 13 17 7 5
Intersections/Mile 26 5.1 4.3 2.7
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To provide an assessment of the representativeness of the intersection influence contained
in these cycles, Table 11 shows similarly compiled results for a series of randomly selected
segment traces from each cycle' s “target” driving population.

Table 11
Distribution of Signalized Intersection Influence Within
Random Surface Street Driving Segments
Arterial A-B | Arterial C-D | Arterial E-F Local
Time-Based Distributions
(% of time)
Intersection Influenced, Left 14.5% 22.1% 32.2% 16.2%
Turn
Intersection Influenced, 32.8% 34.9% 55.0% 3.2%
Straight/Right Turn
Non-Intersection Influenced 57.7% 42.9% 12.7% 80.6%
Distance-Based

Distributions (% of dist.)

Intersection Influenced, Left 2.6% 4.3% 5.2% 15.2%
Turn
Intersection Influenced, 19.6% 19.3% 42.2% 1.9%
Straight/Right Turn
Non-Intersection Influenced 77.8% 76.4% 52.6% 82.9%
# of Intersections 17 21 9 2
Intersections/Mile 35 5.2 9.7 2.1

Asshown in Table 11, the distributions and trends (from congested to uncongested
driving) are similar for the arteria driving groups to the results given for the cycle traces
in Table 10. The local roadways distributions for the random segments do not generally
agree with the distribution of intersection influence for the local driving cycle. However,
caution should be exercised in comparing the resultsin Tables 10 and 11. Because of the
effort required to perform the video review, only small random samples of the driving
populations for each cycle could be reviewed. For example, the random local roadways
segments reviewed represented less than 0.5% of the entire population of local roadways
driving.
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Appendix B

Travel Mix Adjustments for
Area-Wide Cycle



Weighting Factors to Derive Non-Freeway Instrumented Driving

Chase Car Short Trip "Bump Up" factor

Initial Travel Fractions (% time)
Non-Freeway/Ramp
Freeway/Ramp

Adjusted Travel Fractions (% time)
Freeway/Ramp LOS A-C
Freeway/Ramp LOS D
Freeway/Ramp LOS E
Freeway/Ramp LOS F

Freeway/Ramp Total

Non-Freeway/Ramp Total

Short Trip (< 5min) Percentages

Driving Database

Baltimore Instrumented
Baltimore Chase Car

Spokane Instrumented
Spokane Chase Car

Atlanta Instrumented

Los Angeles Chase Car

Unadjusted Freeway/Ramp Travel Fractions (% time)

Freeway/Ramp Total
Freeway/Ramp LOS A
Freeway/Ramp LOS B
Freeway/Ramp LOS C
Freeway/Ramp LOS A-C
Freeway/Ramp LOS D
Freeway/Ramp LOS E
Freeway/Ramp LOS F

Calcnofr.xIs!WgtFacs Page 1

Baltimore Spokane Los Angeles Atlanta
6.21 3.49 3.85 5.50
20.38% 11.34% 30.89% 19.15%
79.62% 88.66% 69.11% 80.85%
15.56% 10.20% 11.68% -
1.91% 0.16% 4.69% -
0.52% 0.13% 4.93% -
1.22% 0.00% 8.02% -
19.21% 10.50% 29.32% -
80.79% 89.50% 70.68% -
Short Trip
% Time
6.86
1.17
10.42
3.23
6.13
1.88
Baltimore Spokane Los Angeles Combined
20.38 11.34 30.89 19.15
27.14 41.74 4.60 22.74
31.83 30.80 10.47 24.30
22.06 24.67 24.78 23.58
81.02 97.21 39.84 70.62
9.95 1.57 16.00 10.12
2.71 1.23 16.81 7.19
6.33 - 27.35 12.07

6/9/97 4:01 PM



Non-Freeway/Ramp Total
Non-Freeway/Ramp LOS A
Non-Freeway/Ramp LOS B
Non-Freeway/Ramp LOS C
Non-Freeway/Ramp LOS D
Non-Freeway/Ramp LOS E
Non-Freeway/Ramp LOS F

Freeway Only Total
Ramp Only Total

Short Trip-Adjusted Travel Fractions

Instrumented Vehicle short trip % time (IVshort)

Chase Car short trip % time (CCshort)
Raw % time on freeway/ramp (Fraw)
Raw % time on non-freeway/ramp (NFraw)

Chase Car short trip "bump up" factor (BF)

Adjusted % time on freeway/ramp (Fadj)
Adjusted % time on non-freeway/ramp (NFadj)

Adjusted % time on freeways only total
Adjusted % time on freeways only LOS AC
Adjusted % time on freeways only LOS D
Adjusted % time on freeways only LOS E
Adjusted % time on freeways only LOS F
Adjusted % time on ramps only total
Adjusted % time on non-freeways/ramps

Calcnofr.xIs!WgtFacs

(bag 1)
(bag 2)
(bag 3)
(bag 4)
(bag 5)
(bag 6)

Page 2

79.62 88.66 69.11 80.85
56.59 65.12 4558 58.17
21.55 21.13 23.74 21.77
13.59 10.58 17.63 13.06
5.99 2.63 8.80 5.09
1.98 0.33 3.33 1.53
0.29 0.21 0.92 0.37
16.91 9.79 25.77
3.47 1.55 5.11
Baltimore Spokane Los Angeles  Atlanta
6.86 10.42 6.86 6.13
1.17 3.23 1.88 1.17
20.38 11.34 30.89 -
79.62 88.66 69.11 -
6.21 3.49 3.85 5.50
19.21 10.50 29.32 -
80.79 89.50 70.68 -
15.93 9.06 24.46 -
12.91 8.81 9.75 -
1.58 0.14 3.91 -
0.43 0.11 4.11 -
1.01 - 6.69 -
3.27 1.44 4.85 -
80.79 89.50 70.68 -

6/9/97 4:01 PM



Short Trip Adjustment Procedure

Variable Definitions

FWY init = % time driving on freeway/ramp (from chase car data)

NonFWYinit = % time driving on non-freeway/ramp facilities (also from chase car data)
SHORTcc = % time driving short trips from chase car data (5 minutes or less)
SHORTiv = % time driving short trips from instrumented data

Approach

The basic ideainvolves adjusting the initial freeway/ramp and non-freeway/ramp travel mix,
which is based on chase car data, to contain the fraction of short (5 minutes or |less) trips found
in instrumented vehicle driving.

By assumption, short trips occur exclusively over non-freeway/ramp facilities. The following
equation can then be applied to identify the “bump-up” factor needed to bring short tripsin the
chase car datain line with the instrumented vehicle short trip fraction:

Shortcc x BF

x 100 = SHORTiv
SHORTcc x BF + (NonFWYinit-SHORTcc) + FWY init

Solving for BF, the multiplicative bump-up factor, and simplifying yields:

SHORTiv x (1-SHORTcc/100)

BF =
SHORTcC X (1-SHORTiv/100)

The adjusted freeway/ramp and non-freeway ramp fractions are then computed from the
following equations:

FWYinit
FWYad] = x 100
SHORTcc x (BF - 1) + 100

NonFWYadj = 100 - FWYadj



Appendix C

Facility-Specific and Non-Freeway Area-Wide
Cycle Statistical Comparisons
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Appendix D

Composite Los Angeles-Weighted
Area-Wide Cycle Comparisons
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