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ABSTRACT

This research examines peak-spreading and peak-shifting. The study uses home based

work and work-related trips during the morning peak-period to analyze three different

aspects of the phenomena. First, the study determines the time of peak during the

morning peak-period and finds departure time deviations. It compares these deviations

for metropolitan regions at two different points to establish whether or not peak-

spreading actually occurs or whether the time of peak is the same. Second, the study

identifies factors at a microscopic or individual level that affect peak-spreading. The

study uses individual characteristics from travel surveys to form models specific to each

region. Factors that emerge significant in these models are then compared across different

regions to establish the observed relationships. Third, the analysis is conducted at a

macroscopic level evaluating the impact of city or region specific variables on peak-

spreading. A model is developed comprising different cities as data points to analyze the

impact of region-wide factors on peak-spreading.  Data for the analysis in this study is

obtained from the Metropolitan Travel Survey Archive (MTSA).
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EXECUTIVE SUMMARY

The objective of this study is to better understand peak-spreading and peak shifting. The

study uses home based work and work-related trips during the morning peak-period to

examine this effect. Due to the temporal rigidity of most work trips, there occurs an

increase in the traffic volume in the network during the morning peak-period. This peak-

period congestion may lead some travelers to choose to travel before or after the peak-

period. The cumulative effect of such a decisions leads to trips being made away from the

peak, either earlier and to the left or later and to the right of the peak causing a flattening

and spread of the peak.

This study aims to analyze peaking at two different levels: microscopic and

macroscopic. The study begins by establishing whether peak-spreading or peak-shifting

occurs. For all its analyses the study utilizes data from the Metropolitan Travel Survey

Archive (MTSA) Project, a FHWA funded project. The study has been divided into three

parts.

In the first part, establishing the occurrence of peak-spreading, the study identifies

five different metropolitan regions such that travel survey data is available for two

different points in time. The regions used for this analysis include the Atlanta (1991 &

2001), Puget Sound (1990 & 2000), Sacramento (1991 & 2000), St. Louis (1991 & 2002)

and the Twin Cities (1990 & 2000). For each region the time of peak was observed to

determine the departure time deviations for both the years. The mean deviations for one

year were compared to the other year to determine the occurrence of peak-spreading.

Statistical tests were used to verify the significance of the results. The results of the
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analysis led to rejecting the null hypothesis that there was no difference between the

means of the departure time deviations from the peak for two different years. It was thus

corroborated that peak-spreading was occurring as a systematic effect than a chance

happening.

In the second part of the study, different factors that are likely to affect peak-

spreading were identified and a hypothesis was tested for each of these factors. Linear

regression models were developed to determine the relationship between these factors

and peak-spreading. Ten different regression models were developed, one for each year

and for each region. The dependent variable in all the models was the departure time

deviation from the peak. The results of the analysis showed that there was statistically

significant association between age, gender, household income, full-time / part-time

working status, and work trip distance to peak-spreading. An increase in age, being male,

and increase in trip distance increase peak-spreading. Full-time working status and a

higher household income tend to decrease peak-spreading.

The third part of the study focused on the macroscopic characteristics of a city or

a region that affected peak-spreading. The study estimated a model with 16 different

metropolitan regions having 28 different points in the sample space. A linear regression

model was formed to study the impact of the macroscopic variables. The independent

variables tested include the population density, the available centerline lane miles in the

region, gas prices, and annual congestion per peak traveler. The mean of departure time

deviations from the peak for different regions was used as the dependent variable for all

the models. The results of the analysis showed that an increase in annual congestion per
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peak traveler increased peak-spreading, whereas an increase in lane miles decreased the

peak-spreading.
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CHAPTER 1: INTRODUCTION

Many employers have fixed working times and expect their employees to be at work at

that time. Moreover, a similar schedule followed by different employers results in many

trips being made in the same window of time. This leads to a peak in the traffic volumes

at one time compared to neighboring time windows. The effect is not so stark with

respect to the non-work trips which may not be bound by time constraints; shopping,

entertainment, and other recreation trips are likely to be spread over different regions and

at different times of the day.

The peak produced by work trips due to their time and location presents a

challenge to transportation policy-makers. Any increase in capacity to accommodate the

traffic peak during the morning and evening hours would be underutilized at other times

of the day, thereby making such an investment infeasible. Typically there are two peak-

periods in a day, the first corresponds to home-to-work trips in the morning and the

second corresponds to work-to-home return trips. As the proportion of non-work trips

during the evening peak-period is higher than in the morning, the evening peak-periods

are spread over a longer duration. Even in the peak-periods, the maximum congestion

occurs within a small window and it is common practice to consider an ‘hour’ as one

such window. The congestion during this hour is then known as “Peak-Hour

Congestion”. There are different ways of defining a peak-period or a peak-hour, which

will be discussed in Chapter 2.

There are costs involved with traveling both during the peak period and off-peak

period. Due to congestion in the peak period, travel time is higher, so there is an extra
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cost attached with the delay time spent in the commute. There could also be increased

fuel consumption due to congestion adding further to the cost. The motivation for bearing

the additional cost could be reaching the destination (work) at a desired time. On the

other hand these costs may be avoided if the work schedule permits some flexibility in its

hours. That may incur other costs (coordination costs in the workplace may be higher if

the overlap in the times at work is reduced).

Peak-spreading occurs when travelers change their trip starting times to avoid (or

reduce) peak-hour congestion. Peak-shifting is when enough travelers change their

departure time that the peak occurs at a different time of day. Shifts in individual trip

departure times either to the left (earlier) or to the right (later) of the peak will not only

flatten the peak but also spread it to the left or to the right respectively. Due to the

discretionary nature of most non-work trips, the departure times for such trips are more

flexible than work trips. As a consequence, non-work trips are more likely to be able to

avoid the peak-period congestion by altering their departure times. However, due to the

discretionary nature of many of these trips, it is difficult to ascribe a change in departure

time of a trip to peak-spreading. Moreover, in the evening peak-period it is common that

work-to-home return trips are linked with some other trip purposes. It is therefore

difficult to disentangle the trip purpose for which any change in trip departure times

might have made. The morning peak-period offers the best opportunity to cleanly study

peak-spreading as any change in departure times of work trips can be attributed to the

congestion in the morning. Consequently, most of the researchers studying peak-

spreading focus on work trips in the morning peak-period.
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The objective of this study is to analyze peak-spreading using work and work-

related trips during the morning peak period. The study has two goals: First, examine

whether, and the extent to which, peak-spreading actually occurs; and second, determine

and analyze the factors that result from or affect peak-spreading.

The remainder of this study is arranged as follows:

Chapter 2 reviews the studies related to the various aspects of departure time

choice, peak-period congestion, and peak-spreading.

Chapter 3 gives background about the data used and a brief summary of different

travel surveys that have been used in the study.

Chapters 4, 5 and 6 comprise the analysis component of this study. Each chapter has been

structured into three main components. The first part lays down the hypotheses to be

tested in the analysis and explains the theory and rationale for adopting the hypotheses.

The second part explains the methodology adopted to test the hypotheses and the last part

presents the findings and results of the analyses. Chapter 4 undertakes a before and after

analysis. Different metropolitan areas are chosen and the peak-spreading in each region is

compared at two different points of time. Such a comparison across different regions also

gives an opportunity to observe any systematic patterns in travel behavior.

Chapters 5 and 6 identify factors that affect (either reduce or increase) peak-

spreading. Chapter 4, conducts a microscopic analysis for metropolitan regions where

individual characteristics of the travelers such as age, gender, income etc. are used to

identify the factors affecting trip starting times and therefore the peak-spread. Chapter 6

analyzes macroscopic physical factors affecting the entire region such as the available
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lane miles and population density. Each analysis is explained in detail in the respective

chapters.

Chapter 7 summarizes the results of all the analyses and presents the conclusions

of the study.
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CHAPTER 2: LITERATURE REVIEW

The phenomenon of peak-spreading results from a combination of social factors and

transportation infrastructure. The majority of work trips begin in the morning peak-

period. These occur due to a socially accepted, common decision by employers and

employees for work to begin at a designated hour to achieve temporal coordination at the

workplace. When such a collective decision is imposed on the available transportation

infrastructure, highways may strain to serve the concentrated demand.

The review of literature in this study has focused on two broad areas. First, the

review covers studies that have tried to model peak-spreading under congested

conditions. Second, it includes those studies that focus on the causes and effects of peak-

hour congestion.

The literature suggests an absence of an accepted method of defining the peak-

period. Gordon et al. (1990) have proposed several definitions of a peak-period. The

simplest definition may be a 3-hour window from 6:00 am to 9:00 am. Another method is

to start with a fixed time window of 15-minute or 30-minute interval (for e.g. 7:15 am -

7:30 am or 7:00 am - 7:30 am) and estimate the proportion of trips occurring in the same

time interval over a longer duration (for e.g. 5:00 am -10:00 am). The study suggests that

the most comprehensive approach to estimating the peak-period is to do a 24-hour

distribution of trips and consider blocks of 30-minutes or 1-hour interval to determine the

peak hour volumes. The definition of the peak-period is important because if the peak-

period window is small then the effect of the peak-period congestion may affect travelers

who are traveling outside of the defined peak-period and thus may get excluded from the
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study. Ivan and Allaire (2001) have used a peak-period of 4-hours, as compared to the

usual 3-hours to capture the entire period. Loudon et al. (1988) have defined their peak-

periods such that the percentage of travelers in the peak-period is stable and does not vary

much with the level of congestion. They assumed the morning peak-period as 6:00 am to

9:00 am and the evening peak period as 3:00 pm to 6:00 pm. Allen and Schultz (1996)

have used a similar logic while defining the peak-period (6:00 am to 9:00 am) for their

study. Allen (1991) has used a 4-hour window (6:00 am to 10:00 am).

While most researchers assume the occurrence of peak-spreading as a starting

point for their studies, Gordon et al. (1990) in their study concluded that there is little

evidence of peak travel period elongation. They proposed that due to spatial restructuring

people were able to move easily and more efficiently. In fact, the little peak-spreading

that they observed was found in small metropolitan regions where there was not enough

space for decentralization and workplace-residence relocation adjustment. The spatial

structure of a metropolitan region plays a key role in the peaking of congestion. The

distance between residence and workplace determines the travel time of the trip, which

would then affect the departure time of the trip. Gordon et al. (1989) concluded from

their study that polycentric and dispersed metropolitan areas facilitate shorter commuting

times. The study develops a model for the commuting time as a function of various other

factors such as the density, urban size, decentralization, polycentricity, income, industrial

employment etc. The study also provides a good understanding of the location decisions

of different industries such as commercial, retail, services and their impact on people’s

decision to choose their residences, which affects the travel times that may consequently

play a role in the peak-hour congestion.



` 7

The high demand during peak-period may seriously affect the level of service

offered by the highway or freeway. Therefore, it is important to be able to model the

peak-period and peak-hour traffic conditions and predict future demand. These peak-hour

demand predictions may be useful in making network improvement or other

transportation policy related decisions. Several researchers (Ivan and Allaire (2001),

Allen and Schultz (1996), Loudon et al. (1988), Allen (1991)) have tried to model the

peak-hour traffic conditions. The literature review suggests that the first peak-spreading

model under congested conditions was proposed by Loudon et al. (1988), which then

became the starting point for other researchers (Allen (1991), Ivan and Allaire (2001),

Allen and Schultz (1996)). Loudon’s model was prepared for the Arizona Department of

Transportation to incorporate peak-spreading in traffic volume forecasts. The study used

data from 49 freeways and arterial corridors in Arizona, Texas and California for

calibrating the model. The traffic volume during the peak-period was defined as the ratio

of the peak-hour volume to the peak-period volume. A modified exponential function

was then used to relate the peak-hour measure with the volume-capacity (V/C) ratio for

the peak-period.

)/(*
3

1 CVbeAP +=

where:
P = Ratio of peak-hour volume to peak-period volume
(V/C) = Volume to capacity ratio for peak-period
A, b = Model parameters

Though the model was able to predict peak-hour volumes, there were serious

limitations to it. The model is a link based model and therefore may not be able to model

peak-spreading on one link due to congestion on some other link. Typically, it has been
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observed that peak-spreading occurs due to congestion in the entire trip and not just due

to a single link (Allen and Schultz (1996)). Moreover, Loudon’s model also fails to

capture peak-spreading affecting travelers outside of the 3-hour peak window considered.

Ivan and Allaire (2001) applied Loudon’s model to 10 freeway locations in Connecticut.

Their study concluded that with increasing level of congestion the peak-hour proportion

diminishes asymptotically.

Loudon’s study was empirical and largely causal where a functional form was

chosen to fit the obtained traffic data. The study does not give any sense of the

underlying reasons for peak-spreading. However, there are other studies which provide

evidence for the occurrence of peak-spreading. Allen (1991), who based his study on

Interstate 80 in New Jersey, claimed that due to roadway capacity limitations, peak-hour

traffic volume may not increase proportionately with the increasing 24-hour traffic

volumes as travelers move into the shoulders of the peak-period thereby causing peak-

spreading. Allen (1991) hypothesized flexible working hours and traffic congestion as the

possible reasons for peak-spreading effect. In contrast to Loudon, Allen used a Poisson

distribution to estimate the number of trips in the peak-period. The model included

explanatory factors that could test hypotheses relating flexible working hours and traffic

congestion. Some of the factors used in the study included free flow and congested speed

difference, average trip time and location. The study found a strong relationship between

the peak-spreading and speed differences. For a large difference between the congested

flow speeds and free flow speeds, the peak was observed to flatten out, moving slightly to

the right. A small difference in speed led to a higher peak.
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Most of the researchers have concentrated on peak-spreading by focusing on

factors that may flatten the peak. An alternative perspective was adopted by Zhang et al.

(2002) who examined if increased road capacity led to the narrowing of peak-period

travel. Travelers tend to shift from their desired time of departure when it gets too

congested, however, if freeway or highway capacity is increased then they would prefer

to switch back to their desired times of departure. The study assumes the mean departure

time of all travelers between 5:30 am – 10:00 am as a point of reference and estimates the

absolute deviation of departure times of other trips from the mean. The model uses

absolute deviation as the dependent variable and some measures of roadway supply,

congestion index and population of the region as the independent variables. The variables

that emerge statistically significant are the full-time working status of the traveler, the

distance traveled, and gender. The study also shows that the full-time workers tend to

work 12.2-13.7 minutes closer to the peak time than part-time workers. Gordon et al.

(1989) showed that unmarried females with children have the least flexible work trips.

They also found that two-worker households with no children have the least flexible

departure time schedules and in general households with children were found to have

higher flexibility in their departure schedules. Kwan (1999) suggests that women have

higher daytime fixity constraints irrespective of their employment status. The study also

suggests that the flexibility increases if there are more adults in the household to share the

responsibilities.

Allen and Schultz (1996) conducted a study on a congestion based peak-spreading

model using several different trip purposes – home based work (HBW), home-based

university (HBU) and home based other (HBO) and non-home based (NHB) trips.
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Similar to most other models, this study assumes trip distance and congestion as the

independent factors; however, the dependent factor was defined as the ratio of peak-hour

vehicle hours of travel (VHT) and peak-period VHT. An interesting characteristic of the

distance of a trip that came out of the study was that the longer HBO trips had a higher

peak than the shorter HBO trips. This was completely opposite to the HBW trips where

the longer trips had shorter peaks as compared to the shorter trips. The study suggested

that due to the more discretionary nature of HBO trips, the shorter trips were able to

avoid the peak-hour congestion.

Most of the available literature takes peak-hour congestion and the associated

peak-spreading as a given and works upon that to predict traffic volumes for the future.

Though these studies explore the factors that cause peak-spreading, few explore the

reasons that lead to these factors. Most of the studies use distance of the trip as an

explanatory variable for peak-spreading, however, few studies have tried to examine the

reason behind the existing distances which are governed by the land-use decisions.

Similarly, the ease with which the travelers might be able to change their departure times

would be a useful characteristic to know. Hendrickson et al. (1981b) has proposed that

some of the reasons that may cause a traveler to alter his departure time include – i)

carpooling or ridesharing usually takes longer to reach destinations than drive alone; ii) if

travelers are uncertain about the level of service offered by the highways or the freeways

they may change their departure times accordingly; iii) the traveler may change his/her

schedule to avoid any kind of peak-hour toll or fee; and iv) lastly the traveler may change

his departure time to avoid the congestion. Apart from these factors the mode chosen by

the traveler is also likely to affect the departure time. Interestingly, Hendrickson and
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Plank (1984) found that travelers are more likely to change their departure time schedules

than change the mode of transportation. They use logit choice models to model the use of

a combination of waiting time for a mode, minutes of late arrival at work by a particular

mode and so on. The study concludes that flexibility in work trips is important to

consider because any proposed reduction in congestion due to an increase in the capacity

or an improvement in the transit system, might be offset by an additional induced demand

in the maximum congested period.

Zhang and Levinson (2002) studied the impact of ramp metering on travel

demand in the region. The presence of ramp meters encouraged travelers to schedule their

non-work trips, which are of more discretionary nature, in the off-peak period. In the

absence of ramp meters, short non-work trips are encouraged while peak-period long

non-work trips are discouraged.

As the impacts of peak-hour congestion are increasingly being realized, several

employers in some industries are encouraging their employees to adopt work schedule

that does not entail travel in the peak period. Hung (1996) explores the potential of a

compressed work-week in reducing the work related commute. The study also addresses

the issue of increased non-work related travel trips due to a shortened work-week. Even

though non-work trips are likely to increase, the study suggests that the additional trips

may not be on the routes as work-related trips and also not at the same times.

In the review of the earlier studies, there did not appear much research in the area

in the recent past. Most of the peak-spreading related studies were conducted in the late

1980s or early 1990s and most of these studies were regional in nature. However, the
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literature review provides a good insight into peak-spreading and associated factors that

helps to form our hypotheses with respect to the different independent variables.
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CHAPTER 3: DATA DESCRIPTION

The basic objective of this study was to analyze peak-spreading and identify other socio-

economic factors that are likely to affect the effect (either increase it or decrease). With

that as the guiding objective, the following three goals were identified for the study:

1. Establish peak-spreading phenomenon – As some of the literature suggested an

absence of peak-spreading (Gordon et al., 1990), the first goal was to establish the

occurrence of peak-spreading as a systematic phenomenon rather than a chance

happening.

2. Microscopic analysis – The second goal was to identify socio-economic factors at

an individual level that affect travelers’ departure time decisions and consequently

peak-spreading.

3. Macroscopic analysis – The final goal of the study was to identify the impact of

region wide factors that affected all the travelers alike.

Data Requirements

In order to conduct the aforementioned analyses, one of the most important requirements

of this study was access to travel survey data. All the models developed in this study are

based on household travel surveys conducted in different metropolitan regions. Data for

all the metropolitan regions was obtained from the Metropolitan Travel Survey Archive

(MTSA) project.

The Metropolitan Travel Survey Archive Project was funded by the Federal

Highway Administration (FHWA) of the United States Department of Transportation
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(USDOT) following an earlier phase sponsored by the Bureau of Transportation

Statistics. There were two objectives of the MTSA project. The first objective was to

identify, track and collect new travel surveys that have been conducted across the

country. The motivation behind this objective was to make the data publicly available and

also prevent loss of data due to any reason. The second objective was to make the

available datasets compatible with the Survey Documentation and Analysis (SDA)

software to enable online analysis of the dataset. The SDA is a statistical tool that offers

users the opportunity to perform cross-tabulations, regression analysis, logit-estimates,

covariance analysis and other analyses. Currently the archive hosts about 58 surveys from

28 different metropolitan travel survey agencies spanning over 40 years. All the travel

surveys can be accessed on the internet at the project website at http://surveyarchive.org/

. The current study may be considered as a validation of the objective of the MTSA

project.

Datasets

A total of 30 travel survey datasets were evaluated before deciding upon the final list of

surveys for the study. Surveys from some of the regions had to be dropped because of the

lack of requisite information such as the trip starting times, or the purpose of the trip and

so on. Typically, the data for all the surveys comprised 3-4 different component files

consisting of a ‘trip’, ‘person’ and a ‘household’ file. Some of the surveys also included a

‘vehicle’ file and a ‘location’ file. Table 1 gives a list of all the surveys that have been

used in this study.



` 15

For the first and second analysis in the study, a set of 5 metropolitan regions was

chosen. Each of these regions had travel survey datasets available such that a comparison

between two different points of time could be done. For the macroscopic analysis of

peak-spreading another set of 10 metropolitan areas was chosen. As the microscopic

analysis required several household and personal characteristics of the traveler, the

person and household files were merged with the trip file. This process of merging the

different component files of a survey together to form a comprehensive dataset is known

as ‘Rectangularization’. While making comparisons across different metropolitan regions

and across different periods of time in the same region, it is important to consider the

time of year when the survey was conducted. In regions with high seasonal variation,

surveys conducted at two different times of the year may yield slightly different results.

An attempt has been made to control for such extraneous factors that may affect travel

behavior of people. However, due to lack of documentation for several surveys

(especially older ones), it was not always possible to know the period (e.g. which months

or days of the week) during which the survey was conducted. Table 1 gives the period

when the survey was conducted wherever information was available. It also includes a

the number of households that were covered in the survey. This information has been

obtained from the survey reports produced by the concerned Metropolitan Transportation

Organization (MPO) or the agency responsible for conducting the survey.



` 16

Table 1: Surveys used in the study

Agency conducting survey Year
Total trip
records

Period of Survey Regions covered Households

Anchorage , AL 2002 15,030 04/01/02 – 05/17/02 Municipality of Anchorage 2,035
1991 23,308 NA NA NA

Atlanta , GA 2001 65,535 04/2001 – 04/2002 13 County Atlanta Region 8,069
Boston , MA 1991 39,300 NA NA NA
Detroit , MI 1994 65,535 NA 7 Counties in SE Michigan 7,200
Fort Lauderdale, Miami, FL 2000 33,082 12/1998 – 09/1999 3 County Region SE Florida 5,100

1991 71,349 NA NA NA

Los Angeles , CA 2000 190,049
NA

Imperial, LA, Orange,
Ventura, San Bernardino &
Riverside

16,939

1982 21,667 09/1982 – 02/1983 7 County Metropolitan region 2,460
1990 98,534 7-month period 7 County Metropolitan region 13,700

Minneapolis & St. Paul , MN 2000 58,345
04/2001 – 09/2001 7 County Metropolitan region

& 13 Adjacent Counties
8,961

Phoenix, AZ 2001 75,560 02/2001 – 12/2001 Maricopa and Pinal County 4,018
Portland, OR 1996 129,187 NA 8 Counties NA

1991 40,590 NA NA NA
Sacramento, CA 1999 43,086 NA Sacramento 3,941

1990 16,712 Fall 1990 St. Louis Region 1,446

St. Louis, MO 2002 46,909
(04/22/02 – 05/30/02) &
(09/02/02 – 12/12/02)

St. Louis Region 7,046

Salt Lake City 1993 40,952 NA NA NA
1990 40,590 NA 9 County Bay Area 10,838
1996 64,105 NA 9 County Bay Area 3,678

San Francisco, CA 2000 43,086 NA 9 County Bay Area 15,064
1990 34,161
1994 30,792
1996 29,506

Seattle, WA 2000 25,701

Household Panel Survey

1988 47,314 NA NA NA
Washington DC 1994 41,678 NA NA NA
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CHAPTER 4: ESTABLISHING PEAK-SPREADING

In the first analysis we establish the occurrence of peak-spreading or peak shifting in

work and work-related trips in the morning peak-period. Peak shifting and peak

spreading are related phenomena, and both, either or neither may occur in a region.  If

many travelers shift departure times to avoid congestion but shift disproportionately in

one direction (e.g. traveling earlier), the peak may shift to the left. This could be viewed

as the outcome of an “arms race” process, where travelers leapfrog each other with earlier

and later departures. While these data do not allow fully identifying the mechanisms of

the process, they do let us see the product.

 The analysis is conducted by comparing the spread of work trip departure times

in the same metropolitan region at two different points of time. Such a comparison is

repeated for a group of five different metropolitan regions to observe any emerging

pattern. The detailed methodology of the analysis is explained in the next section. The

metropolitan regions along with the years that have been used in the analysis include:

4. Atlanta Regional Commission – 1991 Household Travel Survey and 2001

Household Travel Survey

5. Puget Sound Household Panel Survey – 1990 and 2000

6. Sacramento Area Council of Governments– 1991 Household Travel Survey and

2000 Household Travel Survey

7. St. Louis Region – 1990 Home Interview Survey and 2002 Household Travel

Survey
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8. Twin Cities (Minneapolis & St. Paul) – 1990 Travel Behavior Inventory and 2000

Travel Behavior Inventory

The choice of these metropolitan areas was based on the availability of survey

data for two different years. In order to maintain uniformity across the regions, travel data

for approximately the same years for all the regions was used.

Methodology

Home based Work & Work-related trips
The first step of the analysis was to separate the home based work (HBW) and work-

related trips from the non-work trips. For all the surveys a dummy variable was created

which took the value ‘1’ for home based work and work-related trips and ‘0’ for all other

trips. As all the surveys were administered independently, the definitions of variables

varied slightly from one region to another and from year to year. Some of the surveys did

not have ‘work-related’ trips listed separately under the trip ‘purpose’ variable.

To ensure that these trips originated at home, the ‘origin place’ was considered

and only those ‘work’ and ‘work-related’ trips were used which had home as their ‘origin

place’. In surveys where the variable ‘origin place’ was not included, the sequence of

trips made by the person was used to determine the destination of the previous trip. All

those ‘work’ and ‘work-related’ trips whose preceding trip record had a destination other

than home were not included in the study.

Peak-Period
The literature suggests various definitions for the peak-period, although there appears to

be no well established methodology. The peak-period chosen in this study for all the
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metropolitan regions is from 5:00 AM to 10:00 AM. By adopting such a wide window,

we avoid missing trips that may have changed departure times simply to avoid

congestion. Only those work and work-related trips that had their beginning time between

5:00 AM and 10:00 AM were used in the analysis.

Time Interval
After the trip purpose and peak-period were decided, a frequency histogram was plotted

for all the work and work-related trips in the entire day on the basis of their departure

times to determine the time of occurrence of the peak for all the cities. The entire peak-

period (5:00 AM – 10:00 AM) was divided into windows of equal time intervals to

combine the trips together on the basis of their departure times. This was done to reduce

the number of individual trips into manageable number of groups and also to make the

frequency histogram plot smoother. Departure times for trips were reported in military

time format (hhmm). The different times intervals that were tested included a 30-minute,

15-minute and 5-minute intervals. The 5-minute interval gave the most precise result for

observing the peak. For instance, if the maximum number of trips occur at 7:10 AM, then

a 30-minute or a 15-minute interval is likely to show the peak between 7:00 – 7:30 AM

or 7:00 – 7:15 AM respectively. However, with a 5-minute interval it is possible to

determine the exact time of the peak. A program was written to convert and combine the

trip departure times (generally reported in military time format (hhmm)) into blocks of 5-

minute intervals.

Moving Window Method
The time of peak obtained from the 5-minute interval was double checked by using a

floating or a moving window system. In this method the number of trips in three
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consecutive 5-minute intervals were combined together. The cumulative number of trips

in these 15-minute intervals was compared with the 5-minute interval method to ensure

that the time of peak obtained by both the methods was the same. For instance the 5-

minute intervals from 7:00 AM to 7:30 AM were combined such as (7:00 - 7:05, 7:05 -

7:10 and 7:10 - 7:15), (7:05 - 7:10, 7:10 - 7:15, 7:15 - 7:20), (7:10 - 7:15, 7:15 - 7:20,

7:20 - 7:25) to give (7:00 – 7:15 AM) (7:05 – 7:20 AM) and (7:10 – 7:25 AM)

respectively. The moving window method may yield different results because of the way

departure times are reported by the respondents. In most cases the respondent may round-

off the departure times to the nearest 5-minute multiple. For instance, it is common that

trips actually departing at 7:28 AM and 7:32 would be reported as 7:30 AM. This effect

can also be observed in any frequency histograms which show higher traffic volumes on

multiples of 5-minutes. Trips may be further rounded to the nearest 15 minute or 30

minute period, so spikes in departures are observed at those points. As the number of

trips varied from one travel survey to another, the number of trips on the y-axis was

represented as a percentage of the total trips in the analysis.

Deviations from Peak
With the time of the peak known, the deviations of departure times of work and work-

related trips from the peak-time were calculated. The time of peak was subtracted from

the departure times of the relevant trips to yield positive deviations for the trips to the

right of the peak and negative deviations for the trips to the left of the peak. The trips that

actually occurred at the peak time had a deviation of ‘0’ were included in the right side

deviations. As all the surveys had the departure times stored in a number format (for
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instance 7:30 AM was stored as 730, 1:00 PM as 1300 etc.) suitable programs were

written that correctly interpreted the departure times and the associated deviations.

To differentiate the trips on the right side of the peak from those on the left side of

the peak, two different variables ‘right deviation’ and ‘left deviation’ were defined. The

separate variables ensure that a shift in the peak to the left or to the right is detected.

Mean & Standard Deviations
For each of the right side and left side deviations, the mean of the deviations and the

standard deviations of these deviations was calculated. The number of trips on either side

of the peak was also recorded. The formulae used to calculate the mean and standard

deviation are as follows:

Mean (µ) = 
Td − Tp( )∑
n

Standard Deviation = 
Td − Tp( )*m( )2

∑
n

where
Td = Departure time
Tp = Peak Time
n = Total number of trips
m = Number of trips having departure time DTTd

Comparison of Means
After the mean and standard deviations were obtained for both sides of the peak and for

both years being considered for a metropolitan region, a comparison of means test was

performed. The comparison of means or a ‘z-test’ is used to decide whether an observed

difference between two sample means can be attributed to chance or whether it indicates

that the two samples came from populations with unequal means.
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The null hypothesis for this study is that the mean deviation of the departure time

of a work or work-related trip for a metropolitan region is the same across different

points of time, that is the difference between their means is ‘0’ . Therefore, the z-statistic

for the analysis is given by
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where
µ1 = Mean departure time deviation for year 1
µ2 = Mean departure time deviation for year 2
_1 = Standard deviation of the departure time deviation for year 1
_2 = Standard deviation of the departure time deviation for year 2
n1 = Number of relevant trips in the year 1
n2 = Number of relevant trips in the year 2

For a z-value of greater than 1.96, the hypothesis that both the years have the

same means of departure time deviations can be rejected at a 95% confidence level.

Results

The results of the analysis are tabulated in Tables 2 and 3. Table 2 lists the type of trips

used in each of the metropolitan region. It also tabulates the period for which the analysis

was conducted and the observed time of peak for the respective region. The last column

gives the number of travelers during the peak-period and the column to its left gives the

percentage of these travelers making their trips in the observed peak 5-minute window.

Table 3 summarizes the results for trips to the left and to the right of the observed

peak window. The table gives the mean of deviations of trip departure times from the

observed time of peak. It also gives the standard deviations of the deviations from the

peak. The table also summarizes the results of the comparison of means test for each
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metropolitan region. It uses the mean deviations of the trip departure times from the time

of the peak for trips to either side of the peak. Discussion related different cities is as

follows:

Atlanta

Atlanta 1991

The home based work and work-related trips were defined by using two variables in the

survey. The trips with their ‘origin place’ as ‘residential’ and the ‘destination purpose’ as

‘work’ or ‘work related’ were chosen for analysis. Figure 1 shows the frequency

distribution of these trips with the time of departure. The times on the x-axis represent the

trip departure times in military format. A total of 2,981 trips qualified for the home based

work and work-related trips in the entire day out of a total of 23,308 trips in the survey.

The peak traffic was observed in the 5-minute window ending at 7:30 AM.

Atlanta 2001

The variables used in the 2001 Household Travel Survey differed from those in the 1991

survey. The survey did not have ‘origin place’ and ‘destination purpose’ as separate

variables, instead the survey coded different locations under ‘place number’ and defined

the purpose of the trip as the ‘main activity’. To ensure that only the work trips

originating at home were being considered, the ‘place type’ of the previous trip record

was used. The trips whose previous trip record had ‘home’ as the ‘place type’ were used

in the analysis.

Of the total 65,535 trips in the survey, 5,325 trips qualified for the home based

work and work-related trips in the entire day. The frequency distribution in Figure 1
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shows that the peak volumes are the same at 7:00 AM and 7:30 AM. A total of 5.9

percent of all the work and work-related trips took place in each of the 5-minute window

ending at 7:00 AM and at 7:30 AM. The floating window method was used to break the

tie and determine the peak. It was found that the floating 15-minute window yielded the

highest traffic between 7:15 AM to 7:30 AM. Therefore, 7:30 AM was chosen as the

peak for Atlanta 2001.

Puget Sound

Puget Sound 1990

The survey did not contain a variable for the ‘origin’ or ‘destination’ place. It included a

variable for ‘trip purpose’ which did not have ‘work-related’ trips as a separate category.

It is therefore assumed that the work-related trips have been included as a part of the

work trips itself. Of the total 34,161 trips, 7,399 trips qualified for work trips in the entire

day. Figure 2 shows the peak at 7:30 AM with a total of 3.2 percent of all the work trips

taking place in the 5-minute window ending at 7:30 AM.

Puget Sound 2000

Even though the 2000 survey in Puget Sound was part of the panel survey, there were

some modifications to the variables being used. Apart from the ‘trip purpose’, a new

variable ‘trip type’ which classified trips as home based work, home based other and non-

home based was included in the survey. This enabled selection of home based work and

work related trips. The peak was observed in the 5-minute window ending at 7:00 AM.

The analysis for Puget Sound was a little different from the remaining regions because

the observed time of peak in the two years compared was different. In 1990 the peak was
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observed at 7:30 AM and in 2000 at 7:00 AM. For all the other regions the observed peak

in both the years was at 7:30 AM. Due to the difference in observed peaks in Puget

Sound, the mean deviations of trip departure times for the two years could not be

compared with each other. Therefore, the analysis was repeated twice, first assuming the

common peak in both the years at 7:00 AM and second assuming the common peak at

7:30 AM.

Sacramento

Sacramento 1991

The 1991 Sacramento Council of Governments survey included two variables for ‘trip

origin purpose’ and a ‘trip destination purpose’. The latter included both work and work-

related as different categories. These variables were used to separate the home based

work and work related trips. Also, the trip departure times were coded in the survey

separately as departure hour and departure minutes and AM/PM. A program was written

to convert the departure time to military time.

Sacramento 2000

This survey included a variable for ‘main activity’ on the trip and has ‘work’ as one of

the categories. It does not have separate category for ‘work-related’ trips. Moreover, the

survey does not have any information about the origin place and therefore, the destination

of the previous trip record is used as a reference to select home based work trips.

Figure 3 compares the frequency distribution of home based work trips for

Sacramento area in 1991 with that in 2000. A total of 3,115 trips qualified for the home

based work trips, of which 6.5 percent of the trips were made during the peak 5-minute
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interval ending at 7:30 AM. We observe a spike in traffic volume at around 3:00 AM. It

is probably because the survey starts recording the activities for the day at 3:00 AM. The

increase in traffic is most likely due to some false reporting by the respondents, however,

it does not affect this analysis as we consider the trips between 5:00 AM and 10:00 AM.

St. Louis

St. Louis 1990

This survey did not have any variable with any reference to the location. Therefore, the

trips used in this survey are work trips, though it is not sure if all of them are home based.

However, it is reasonable to assume that majority of the work trips between 5:00 AM and

10:00 AM will be originating at home.

Figure 4 shows that the peak occurs at 7:00 AM during which 6.2 percent of the

total work trips in the entire day take place. However, the moving window method yields

a highest traffic volume in 15-minute interval between 7:15 AM and 7:30 AM. Due to

this reason we assume 7:30 AM as the peak instead of 7:00 AM, even though the

percentage of work trips occurring during the 5-minute interval ending at 7:30 AM is 5.9

percent as compared to the 6.2 percent at 7:00 AM.

St. Louis 2002

The 2002 St. Louis Region survey consists of an ‘origin place type’ variable and also

contains work and work-related trips as different categories in trip purpose. The

frequency distribution of trip departure times in Figure 4 shows that the peak occurs at

6:30 AM, though there are two other intervals where the traffic volumes are comparable.

On using the moving window method, it was found that the 15-minute period from 7:25
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AM to 7:40 AM yielded the highest volumes. Moreover, in the 15-minute interval, the 5-

minute interval from 7:25 AM to 7:30 AM registered the highest traffic and therefore, the

peak for this survey has been assumed as 7:30 AM. The interval carries 6.2 percent of all

the work and work-related trips.

Twin Cities

Twin Cities 1990

The Twin Cities 1990 Travel Behavior Inventory (TBI) contains a variable that

categorizes trips as home based work (HBW), home based other, non-home based work,

etc. This variable was used to separate the HBW trips from the rest. Figure 5 showing the

comparison between 1990 and 2000 shows that the peak for both 1990 and 2000 occurs

at 7:30 AM.

Twin Cities 2000

This survey had a variable for the origin place type and another variable for the

destination primary activity. Thus it was possible to extract work and work-related trips

from the dataset. Of the total 5,572 work and work-related trips during the day 6.7

percent occurred during the 5-minute interval between 7:25 AM and 7:30 AM.

Discussion

Using difference of means test (Table 3) we find that the z-statistic is greater than (+1.96)

or less than (-1.96) in 9 out of the 12 comparisons. This implies that we reject the null

hypothesis that there is no difference between the mean deviations of trip departure times

in the two years. Therefore, we conclude that peak-shifting is a phenomenon which is
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occurring in these regions. However this does not give us conclusive evidence about

peak-spreading, as in 2 of 5 regions, the left and right deviations are moving in the same

direction, and in only 1 significant case is the right deviation moving away from the peak

(and opposite in sign to left deviation).

From Table 3, we can also see that the difference in the mean deviations carries a

negative sign in 9 out of the 12 cases, except for the right side trips in Atlanta, St. Louis

and Twin Cities. Table 3 shows that the mean left side deviations for the recent years are

consistently greater in magnitude than the previous year. This implies that the trip

departure times for the trips to the left are shifting further away from the peak to the left.

Similarly, for the trips to the right of the peak, the magnitude of the mean

deviations for the recent years is less than in the earlier year for Puget Sound, and

Sacramento. This implies that the departure times for the trips to the right are moving to

the left which in this case means closer to the peak. In Atlanta and St. Louis the

difference between the mean deviations is positive which means that the trip departure

times are moving further away from the peak to the right.

Overall it can be observed that peak is spreading in both directions for Atlanta and

St. Louis, even though the shift to the right in St. Louis is not statistically significant. In

Sacramento and Puget Sound the peak is shifting towards the left though it is not known

whether the peak is merely shifting to the left or spreading and shifting to the left. In the

Twin Cities the peak is spreading towards the left as the left side trips are moving further

away from the peak to the left and the right side trips are not significantly moving either

to the left or to the right.
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Table 2: Time of peak for different regions

Region Type of Trip Period Peak (AM)
% of

travelers
Number of
Travelers

Atlanta 1991

HBW &
Work Related
Trips 0500 - 1000 7:30 10.20 2,423

Atlanta 2001

HBW &
Work Related
Trips 0500 - 1000 7:30 7.68 4,074

Puget Sound
1990 Work Trips 0500 - 1000 7:30 3.19 7,399
Puget Sound
2000

HBW &
Return Trips 0500 - 1000 7:00 3.12 4,007

Sacramento
1991

HBW &
Work Related
Trips 0500 - 1000 7:30 6.43 2,767

Sacramento
2000 HBW Trips 0500 - 1000 7:30 6.46 3,115
St. Louis
1990 Work Trips 0500 - 1000 7:30 8.05 1,367

St. Louis
2002

HBW &
Work Related
Trips 0500 - 1000 7:30 7.86 3,422

Twin Cities
1990

HBW &
Return trips 0000 - 2400 7:30 7.93 7,027

Twin Cities
2000

HBW &
Work Related
Trips 0500 - 1000 7:30 8.46 4,399
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Table 3: Departure times deviations and comparison of means test

* -  Significant at 95% confidence level

Region 
Mean Left

Deviation (min)
Standard
Deviation N

Mean Right
Deviation (min)

Standard
Deviation N

1991 -50.70 33.62 1,218 41.42 39.75 1,204
2001 -55.28 36.67 1,774 53.69 41.62 2,295
Difference in Mean -4.58 1.30 12.26 1.44

Atlanta
z-stat

-3.53* 8.53*
1990 -49.03 41.27 1,716 64.47 50.66 2754

2000 -55.17 32.25 828 57.92 46.90 1,150
Difference in Mean -6.14 1.5 -6.55 1.69Puget Sound  (Peak

7:00 AM) z-stat -4.1* -3.88*
1990 -60.84 37.59 2,466 54.56 44.89 2,004
2000 -66.22 40.39 1169 48.2 45.97 809
Difference in Mean -5.38 1.4 -6.35 1.9Puget Sound

 (Peak 7:30 AM) z-stat -3.8* -3.34*
1991 -55.86 36.12 1,526 46.20 36.12 1,239
2000 -59.57 37.60 1,227 42.80 42.80 1,086
Difference in Mean -3.71 1.42 -3.4 1.66

Sacramento z-stat -2.62* -2.06*
1991 -55.98 55.98 735 46.43 39.68 632
2002 -60.16 36.97 1,912 49.77 40.11 1,508
Difference in Mean -4.18 -1.87 3.35 1.89

St. Louis z-stat -1.87 1.77
1990 -54.71 35.70 4,056 40.61 39.21 2,971
2000 -60.42 37.25 2,503 40.77 38.38 1,894
Difference in Mean -5.7 0.93 0.16 1.14

Twin Cities z-stat -6.12* 0.14
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Atlanta - Home based work & work related trips
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Figure 1: Atlanta – Departure time distribution (1991 & 2001)
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Puget Sound - Home based work & work related trips
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Figure 2: Puget Sound – Departure time distribution (1990 & 2000)
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Sacramento - Home based work & work related trips
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Figure 3: Sacramento – Departure time distribution (1991 & 2000)
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St. Louis - Home based work & work related trips
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Figure 4: St. Louis – Departure time distribution (1991 & 2002)
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Twin Cities - Home based work & work related trips
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Figure 5: Twin Cities – Departure time distribution (1990 & 2000)
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CHAPTER 5: MICROSCOPIC ANALYSIS

In the last chapter it was established that peak-shifting occurs by comparing departure

times in different metropolitan areas at two different points of time, and it was observed

that some places have peak-spreading. This chapter focuses on identifying the factors that

affect peak-spreading, either increasing or reducing the effect. This analysis which is

based at a microscopic or an intra-metropolitan region starts at the point where the

previous analysis ended. The regions used for this analysis are the same as those used in

the last chapter and consequently, the data used are also the same.

Methodology

The identification of factors affecting peak-spreading uses linear regression analysis. The

dependent variable for all the regions is the deviation of departure times from the peak.

Unlike the last analysis where the departure time deviations to the left of the peak were

analyzed separately from the deviations to the right, this analysis takes the absolute value

of the positive and negative deviations from the time of peak. Any independent variable

that has a positive coefficient in the regression analysis increases the magnitude of the

deviation. A higher magnitude of the deviation implies that the trips to the left of the peak

move further away to the left and those on the right move further away from the peak to

the right. Therefore, a greater magnitude of the deviation signifies peak-spreading.
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Hypotheses

Different independent variables are used in each of the regression models, depending on

the availability of that variable in the travel survey. As most of the surveys have been

administered differently, the independent variables for each model have been defined

according to the survey. The hypotheses and the supporting theories for some of the

common independent variables used in the study are explained as follows:

Age – Age of the respondent is one of the common variables in all the models. While

there is no evidence to date which enables us to compare peak-spreading across age

groups, we might suppose that older workers have more flexibility. All the cases

where the respondent refused to disclose the age were removed from the analysis.

According to the hypothesis we expect a positive coefficient for the variable.

H2: Older commuters depart farther from the peak.

Gender – There are conflicting theories over the impact of gender on peak-spreading.

On one hand because of household responsibilities, fewer females are likely to have

full-time jobs than males, which would imply that their dispersed work schedule is

likely to increase the peak-spreading effect. On the other hand literature suggests

(Zhang et al. (2002) and Gordon et al. (1989)) that females have less flexibility in

their schedules due to various household activities and consequently, they are less

likely to alter their departure times. Gender has been coded as a dummy variable with

a value ‘1’ for Male and ‘0’ for Female. Any record where gender was refused was

removed from the analysis. We expect a positive coefficient for males.

H3: Females depart nearer to the peak than males.
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Income – The literature review does not provide any reference to the behavior of

income with respect to peak-spreading, however, it is reasonable to assume that

employees with high income, rank higher in the organizational hierarchy and

therefore have that much more flexibility in altering their departure time to work. The

variable income in most of the surveys was categorized into 5-6 different slabs. For

instance, (less than 10,000 = 1), (10,000 to 20,000 = 2) and so on. In the all the

models the variable income was made continuous from the discrete form by taking

the center of the income category. For instance (for the category 10,000 – 20,000 we

use 15,000) and so on. At the higher end incomes greater than 100,000 or 150,000

were just coded as 100,000 or 150,000 respectively depending on the income slab

used in the survey. All the records with missing values for income were removed

from the analysis. According to our hypothesis we expect a positive coefficient for

the variable.

H4: Higher income is associated with departure times farther from the peak

Employment Status – Full-time workers are more likely to leave for work during the

morning peak-period and it is difficult to alter these departure times compared to part-

time workers. Therefore, full-time working status is likely to reduce peak-spreading.

(Zhang et al. (2002)) In most of the surveys a new dummy variable was created that

took the value ‘1’ for a full-time working status and ‘0’ for part-time status. Some of

the surveys had other classifications in the employment status such as ‘looking for

employment’, ‘working without pay’ etc. All such records were removed from the

analysis. We expect a negative coefficient for the employment status variable.
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H5: Full-time employment status decreases travel away from the peak

Trip Duration / Trip Distance – A longer trip duration offers less flexibility in

altering the departure times to work. Similarly a longer distance to work decreases

departure time flexibility. Both these factors are likely to reduce the peak-spreading

effect. These variables have been used interchangeably in place of each other where

the other was not available in the survey. Where both were available, distance was

used to avoid co-linearity.

H6: A longer trip duration and or a longer distance to work decreases deviation from

the peak

Location – If a household resides in the core of the city, then the commute to work is

likely to be shorter, offering more flexibility in delaying the work trip departure time.

Though the relative locations of workplace and residence of a worker are likely to be

important factors for starting time work trips, most of the surveys did not have clear

information about locations. Generally, the specific variables related to locations are

deleted by the planning agency before releasing the data for public use. This analysis

uses a loose definition for the variable depending on the available information.

Typically, this variable was coded as a dummy variable taking the value ‘1’ if a

residence was in the county or the city containing the downtown. We expect a

positive coefficient for this variable.

H7: Residing in the core of the city increases travels farther from the peak

Carpool – All the modes of transportation to work are compared with respect to the

drive alone single occupancy vehicle (SOV) category. Carpooling is likely to entail a
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pick-up and /or a drop-off of the members at different locations, and consequently it

is likely to take longer to reach work than the drive alone option. Due to the longer

trip duration to work, the carpools offer that much less flexibility in departure time

schedules, thereby reducing peak-spreading. This variable was coded as a dummy

variable taking the value ‘1’ if carpooling and ‘0’ otherwise. We expect a negative

coefficient for the carpool dummy variable.

H8: Carpoolers are more likely to travel near the peak

Transit – The departure times for transit users depend on the frequency and timing of

the transit service. Additionally, even for the same starting time, transit may take

longer to reach the workplace than the SOV. Therefore, transit offers less flexibility

to alter trip timing. Similar to carpool, the transit variable has also been coded as a

dummy variable taking the value ‘1’ if using transit and ‘0’ otherwise. We expect a

negative coefficient for transit. Though the effects for bus and rail transit may differ,

we cannot distinguish those modes in this data, and bus serves far more commuters in

these cities than rail.

H9: Transit users are more likely to travel near the peak

Bike – It is reasonable to assume that bike users would be living to close to their

workplace, and therefore, a shorter commute offers the riders a greater flexibility in

choosing departure times. The variable bike has also been coded as a dummy

variable. We expect a positive coefficient for the bike dummy variable.

H10: Bike users are more likely to travel far from the peak
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In order to ensure that no other mode to work was included in the analysis, a

dummy variable was created which took the value ‘1’ for any other mode other than

carpool, transit, bike and drive alone. All the cases where this dummy variable took a

value of ‘1’ were removed from the analysis. By doing so it was ensured that carpool,

transit and the bike dummy variables were regressed against the drive alone option.

Households with children under 5: It is likely that if there are children under the age

of 5 years in a household, then the parent(s) would have a work schedule starting later

in the day (Zhang et al. (2002)). Parents may have to drop-off the child in a daycare

and therefore the actual work trip may not be during the peak-hour. The variable has

been coded as a dummy taking the value ‘1’ if there are children under the age of 5

and ‘0’ otherwise.

H11: The presence of children under the age of 5 years in a household is likely to

increase travel away from the peak.

Household Size: It seems likely that as the household size increases, especially as the

number of workers in a household increases, their work schedules are likely to be

more staggered. Literature suggests that two worker households (household size also

2) usually tend to have the least flexible work schedule. We hypothesize that as the

household size increases the peak-spreading also increases. We expect a positive sign

for the coefficient on household size.

H12: As the household size increases, travel away from the peak increases.

For all the models, any record with a missing value for any of the variables was

removed from the analysis. The next section discusses survey-specific definitions; the
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results of the regressions are tabulated in Table 5 and are discussed in the following

section.

Variable Description

Atlanta

Atlanta 1991

The variables used in the regression model are tabulated in Table 5. While most of the

variables have been explained earlier, the dummy variable ‘core” was defined by the

county in the region. Fulton County was considered as the core of the region and

households with their residence in this County took the value ‘1’ and ‘0’ for any other

County.

Atlanta 2001

The model for Atlanta 2001 had two different variables as compared to Atlanta 1991.

Instead, of travel time, trip distance was included as a variable. The variable ‘children

under 5’ was also not available for this model. A new dummy variable indicating if the

employer permitted flexible working hours was included in the model. Clearly, we would

expect a positive coefficient for this variable as an increased flexibility in working hours

is likely to spread the peak. The variable location was defined slightly differently for this

model as compared to the 1991 model. In this model the ‘core’ was classified by the city

and households with their residences in Atlanta city were coded as ‘1’. Households in any

other city around Atlanta were coded as ‘0’.
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Puget Sound

Puget Sound 1990

The independent variables used for Puget Sound 1990 included Age, Gender, Income,

Household Size, Residence Location, Travel Time, Travel Distance, Children Under 5

flag, Carpool, Transit and Bike. The survey did not have any variable for the full-time or

part-time employment status of the respondent. The residential location variable was

defined using the county of residence and the county of work as reference. The location

variable was coded as a dummy which took the value ‘1’ if the respondent worked and

lived in the same county and ‘0’ otherwise.

Puget Sound 2000

The independent variables used in the model for Puget Sound 2000 include Age, Gender,

Income, Employment Status, Household Size, Travel Distance, Children under 5 flag,

Carpool, Transit and Bike.

Sacramento

Sacramento 1991

All the independent variables used in the model have been explained earlier. The survey

dataset did not contain any variable that allowed creating a location- based variable.

Sacramento 2000

The survey included a variable for the destination location county. An appropriate

program was written such that a new dummy variable was created which took the value

‘1’ if the residence was located in Sacramento county and ‘0’ otherwise. The other
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counties included Placer, Yolo, El Dorado, Sutter and Yuba. It is hypothesized that a

household residing in Sacramento is likely to have higher flexibility with respect to their

schedules. The underlying assumption for this hypothesis is that most of the jobs are

located in Sacramento and therefore, household residing in Sacramento should be able to

shift their departure times to avoid congestion. The other new variable is the flag for

‘flexible work schedule’ that takes a value ‘1’ if the employer allows flexible working

hours and ‘0’ otherwise.

St. Louis

St. Louis 1991

This dataset included a dummy which took the value ‘1’ if a household had a child under

the age of 5 years. The other variables in the model and their associated hypotheses have

been explained earlier.

St. Louis 2002

Apart from the usual variables, the regression model for St. Louis 2002 included the

location variable. The dummy variable took the value ‘1’ if a household had its residence

in St. Louis City. Residences in other counties took the value ‘0’.

Twin Cities

Twin Cities 1990

The model for Twin Cities did not include any ‘location’ related variable. The survey

also did not include a variable for the employment status of the worker; instead, it

included a variable for the number of jobs held by the worker. The new variable is used
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in place of employment status as it can be hypothesized that more the number of jobs a

worker has, lesser would be his/her flexibility to alter trip timings, thereby reducing the

peak-spread. This dataset included variables for both the trip duration and trip distance

and therefore, both appear in the regression model.

Twin Cities 2000

The location variable for the 2000 model was defined as ‘1’ for households with their

residences in Minneapolis or St. Paul. Households with residences in other cities were

recorded as ‘0’. It was observed that the variables that have been used in the regression

model had too many missing values as their survey responses. Since all the records with a

missing value for any of the variables were removed, the sample size for Twin Cities

2000 survey was considerably reduced. The results of the model are tabulated in Table 6

discussed in the following section.

Results

The results of all the regression models are tabulated in Table 4 and are explained as

below:

Age
The assumed hypothesis for age was that as the age increases the duration of the peak

will also increase. It can be observed from Table 5 that all the models, with the exception

of Twin Cities 2000, have a positive coefficient for age. The variable emerged significant

for five of the models. As the variable emerges significant in five out of the ten

regression models, with none of the other models suggesting a significant value with a
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negative sign,  we do not reject our null hypothesis that deviation from the peak increases

as age increases.

Gender
Conflicting theories were found in the literature with respect to the behavior of gender

towards peak-spreading. However, Table 4 gives unambiguous results with the variable

bearing a positive coefficient in all the models. Also, the variable emerges significant in

all the models, with the exception of Twin Cities 2000. Therefore, we do not reject the

hypothesis that females travel closer to the peak.

Income
Table 5 suggests that the results for the annual income of the household are anomalous to

the assumed null hypothesis. All the models have a negative coefficient for income. The

variable emerges significant with the anticipated sign of coefficient in six out of the ten

models. For Atlanta 1991, Puget Sound 1990, St. Louis 1991 and Twin Cities 2000, the

variable is not significant though the coefficients are consistent with the other models.

Therefore, based on our findings we reject our hypothesis that increasing household

income leads to an increase in travel away from the peak.

Employment Status
The null hypothesis for this variable was that a full-time working status is likely to

decrease travel away from the peak. It is evident from Table 4 that signs on all the

coefficients are in accordance to those suggested by our hypothesis. The variable emerges

significant in six of the nine models with the coefficients bearing anticipated sign in all

the models. Thus, we do not reject null-hypothesis that full time workers travel nearer the

peak.
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Travel Time and Travel Distance
The results obtained for travel time seem to vary from one model to another. In three of

the nine models (Atlanta 1991, Sacramento 1991 and Twin Cities 1990) the variable

assumes a negative coefficient with two of these models being significant. The remaining

five models have positive coefficient with two of them (Sacramento 2000 and St. Louis

2002) yielding significant values for the variable. Longer trip duration offers the traveler

lesser flexibility in altering the trip departure time and hence our hypothesis that the

peak-spreading decreases with increasing trip duration. However, with the results

obtained we are inconclusive of the impact of the trip duration on peak-spreading. The

sign of the coefficient for travel distance is positive in all the three models including this

variable and significant for Atlanta 2001 and Twin Cities 1990. Therefore, we do not

reject the null hypothesis that the travel near the peak increases as the travel distance of

the trip increases, although we cannot conclude anything for the trip duration.

Household Size
Table 4 shows that there is an even split between the models producing a positive or

negative coefficient for the variable. The variable is significant in only three of the

models (Sacramento 2000, St. Louis 2002, and Twin Cities 1990) and in all these models

the coefficient is positive, as expected from our hypothesis. We do not reject, but cannot

corroborate, the null hypothesis that travel away from the peak increases with increasing

household size.

Residence Location
It was mentioned earlier in the Chapter that in the absence of sufficient information, this

variable was defined loosely and differently for all the models, according to the available
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information. We obtained ambiguous results for this variable. Out of the ten models six

models included the variable in its analysis, of which five of the models (Atlanta 1991,

Puget Sound 1990, Sacramento 2000, St. Louis 2002 and Twin Cities 2000), had negative

signs, opposite to that suggested by our hypothesis. However, the variable was significant

only for Puget Sound 1990. The only model (Atlanta 2001) suggesting positive

coefficient for the variable was found significant. It is felt that more information is

required for doing a more comprehensive analysis of the variable.

Modes of Transportation
The variable carpool does not emerge significant in any of the models except Twin Cities

1990. Moreover, the models do not maintain a consistency in their signs. While six of the

models produce a positive coefficient, the remaining four have a negative coefficient with

one of them being significant. Due to inconsistency in the sign of the coefficients for the

variable, we remain inconclusive about the variable’s impact on carpooling.

We also remain inconclusive about the transit mode. Atlanta 2001 and St. Louis

2002 have this variable significant with positive coefficient, but Puget Sound 1990 &

2000, Sacramento 2000, and Twin Cities 1990 report a negative significant coefficient.

Children Under 5
This variable was used in only 5 of the models (Table 4). The only model reporting a

positive coefficient (as expected from hypothesis) was also the only model with that

variable as significant.

Flexible Work Hours
This variable is likely to have a direct impact on peak-spreading, however, it is difficult

to obtain data about this variable. The question was asked in only two of the ten surveys
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analyzed. Both the models using the variable yielded anticipated sign for the variable,

though neither of the model had the variable as significant. It is therefore difficult to

reject or not reject the hypothesis.

Of the 13 independent variables tested in different regression models age, gender

(male), travel distance and household size increase travel away from the peak, while

higher income and a full time working status is likely to decrease travel away from the

peak.

From the several regression models it is observed that the R-squared value for all

the models was very low (less than 0.1). This implies that there are other factors which

affect the trip departure times and peak-spreading, which were not included in the travel

survey. At the outset of this study, the R-squared values for the models were expected to

be low and the emphasis was on finding significant independent factors across different

metropolitan regions.



` 50

Table 4: Microscopic Analysis – Regression Results
Dependent
variable -
Absolute Dev.

Expected
Sign

Atlanta
1991

Atlanta
2001

PS 1990 PS  2000 Sacramento
1991

Sacramento
2000

St. Louis
1991

St. Louis
2002

TC 1990 TC 2000

Age (+)
0.20

(1.61)
0.24

(2.09)*
0.29

(3.02)*
0.004
(0.03)

0.58
(4.50)*

0.31
(2.35)*

0.17
(0.95)

0.16
(1.64)

0.33
(7.40)*

-0.18
(-0.44)

Gender (+)
18.14

(6.61)*
7.15

(2.59)*
15.66

(7.29)*
6.30

(2.14)*
11.18

(3.94)*
12.53

(4.07)*
20.12

(5.26)*
14.49

(6.18)*
7.25

(4.43)*
3.66

(0.37)

Income (in
thousands)

(+)
-0.1

(-1.76)
-0.19

(-4.31)*
-0.03

(-0.96)
-0.2

(-2.32)*
-0.28

(-5.29)*
- 0.19

(-3.95)*
-0.11

(-0.95)
-0.16

(-3.52)*
-0.48

(-10.30)*
-0.23

(-1.80)

Employment
Status (-)

-42.03
(-7.27)*

-25.29
(-4.66)* X

-30.31
(-7.53)*

-21.87
(-3.84)*

-6.79
(-1.63)

-13.00
(-1.83)

-16.99
(-3.87)*

-6.47
(-2.25)*

-7.45
(-0.9)

Travel Time (+)
-0.007
(-0.12) X

0.09
(1.50) X

0.27
(-3.42)*

0.2
(2.28)*

0.004
(0.12)

0.19
(3.09)* X

0.01
(0.41)

Travel Distance (+) X
0.25

(2.12)* X
0.06

(0.45) X X X X
0.436
(4.0)* X

Household size (+)
0.91

(0.82)
-1.44

(-1.10)
-0.01

(-0.15)
-1.09

(-0.89)
2.20

(1.83)
5.91

(5.00)*
1.73

(1.14)
2.86

(2.36)*
2.66

(4.37)*
-7.45
(-0.9)

Residence
Location (-)

-5.01
(-1.35)

11.5
(3.97)*

-8.41
(-3.59)* X X

-0.68
(-0.22) X

-6.07
(-1.74) X

-20.30
(-1.39)

Carpool (-)
-4.96

(-0.73)
10.75
(1.75)

0.79
(0.25)

1.16
(0.25)

-0.52
(-0.09)

-5.42
(-0.89)

1.38
(0.17)

5.92
(1.14)

-6.72
(-2.46)*

2.28
(0.22)

Transit (-)
6.54

(0.60)
17.74

(2.29)*
-10.69

(-3.53)*
-14.33

(-2.83)*
-15.02
(-1.72)

-16.3
(-2.01)*

-15.42
(-1.14)

24.12
(2.48)*

-12.1
(-2.36)*

-0.33
(-0.01)

Bike (+)
-43.5

(-1.70)
-8.71

(-0.51)
-12.88
(-1.48)

-22.80
(-1.59)

4.07
(0.40)

-6.33
(-0.26)

-9.10
(-0.41)

1.98
(0.22)

0.01
(0.41)

Flexible Work (+) X
0.17

(0.05) X X X
4.26

(1.31) X X X X
Children under
5 (+)

-3.21
(-0.82) X

-6.82
(-1.83)

13.45
(2.59)*

-5.23
(-1.30) X

-6.71
(-1.26) X X X

R-square 0.055 0.0350 0.0249 0.035 0.0403 0.0348 0.0257 0.0274 0.027 0.0457

Adj. R-square 0.0502 0.0306 0.0227 0.0311 0.0361 0.0295 0.0187 0.0244 0.026 (-0.0043)

Sample size 2,246 2,390 4,455 2,486 2,108 2,009 1,397 3,287 6,536 202
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CHAPTER 6 MACROSCOPIC ANALYSIS

The final analysis of this study examines peak-spreading at a macroscopic level. The

previous analysis included factors that varied from one individual to another. Models

were developed for different regions and the common factors affecting travelers across

the regions were identified to explain peak-spreading. The sample points used in these

analyses were the records corresponding to the trips made by individuals in a region. In

this analysis the sample points for the analysis are regions themselves. The characteristics

of a region are used as variables for analysis in this section.

In the next section the methodology to be adopted for the analysis is explained.

This is followed by identifying variables to be used in the analysis and the data source for

obtaining the same. Hypotheses are proposed about the possible impact of the factors on

peak-spreading. Finally the results and conclusions from the findings of the analysis are

explained.

Methodology

The methodology used in this analysis is similar to the one used in the last analysis. The

analysis uses ordinary least squares regression to explain the relationship between

different variables and peak-spreading. The mean of absolute deviations of the trips from

the peak is used as the dependent variable for the analysis. The mean deviations are

obtained from the travel surveys available for the region. In addition, two other models

for trips to the left and right side of the peak are also tested. The dependent variables used

in the two models were the mean of deviations of departure times for the trips to the left
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and to the right of the peak respectively. The dependent variable for trips to the left of the

peak has all negative values and therefore, in the regression model the coefficients of

independent variables are expected to be of opposite signs as compared to the other two

models.

One of the main problems in conducting this analysis was data requirements. As

each city at a given point of time forms just one point in the sample space, several cities

or metropolitan regions were required to develop the database. A total of 28 different

points consisting of a combination of different regions and different points of time were

used in the analysis. As it was not possible to obtain consistent data for 30 different cities,

some of the cities were repeated in the analysis with data at different points of time.

Table 1 gives a list of all the surveys used in this analysis all of which were obtained

from the MTSA project.

Variables and Hypotheses

The independent variables used in this analysis are physical factors characteristic to each

city. All the data for this analysis (except deviations) are obtained from Texas

Transportation Institute (TTI) (Table 5). The independent variables used in this study are

as follows:

Population Density: This variable is defined as number of persons per square mile.

One of the reasons for long commutes to work is that people travel to their work from

suburbs where they are able to own single-family houses in lower density areas. The

density is closely linked to land use decisions. In the last chapter it was established

that as the travel distance or the trip duration increases, deviation from the peak
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decreases. Therefore, if density were to increase people are likely to live closer in

distance to their workplace. A shorter commute to work is then likely to offer workers

greater flexibility in deciding their departure times. Hence, higher population density

is likely to increase peak-spreading. No evidence was found in the literature that

linked the variable to peak-spreading was found.

H1: As the population density increases, peak-spreading increases.

Centerline Miles: Zhang et al. (2002) studied the effect of roadway supply on peak

narrowing and found that more road capacity narrows the peak. The additional lane

miles induce new additional demand from those travelers who might have earlier

avoided the road due to congestion. It also offers workers an opportunity to leave for

work closer to their preferred work schedule. Therefore, as the centerline miles

increase, the peak-spreading is likely to decrease.

H2: As the centerline miles increase, peak-spreading decreases

Hours of Congestion: This variable is defined as the annual hours of delay per peak

traveler. Clearly, as the hours of congestion increase for each traveler, they are likely

to avoid the more congested times of travel and therefore spread the peak-period

congestion.

H3: With increasing hours of congestion per peak traveler, peak-spreading increases.

Gas Price: As congestion increases the travel time is also likely to increase which

would increase the consumption of gas. As the gas prices go up, the cost of driving

during peak-period is also likely to go up.
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H4: As gas prices increase, peak-spreading increases.

Table 6 summarizes the expected sign of the coefficient for all the variables used

in this analysis.

Results

Three different models are developed in the analysis. In the first model the independent

variable used is the left deviations, the second model uses the right deviations and the

third model takes the absolute value of left and right side deviations. The results of the

regression are summarized in Table 6.

As the second (trips to the right of the peak) and third (absolute deviation) models

use positive values for deviations, the results obtained are similar to each other. A

positive coefficient for an independent variable implies that the deviation of departure

time is increasing which implies that the peak is spreading. For the third model (trips to

the left of the peak), a positive coefficient implies that the value of the dependent variable

is increasing. However, as the dependent variable assumes only negative values, an

increase in value brings it closer to the peak, signifying a decrease in peak spread.

Therefore, for the first model, a positive coefficient signifies decreasing peak-spread.

Results of the regression and the expected direction of coefficients is tabulated in Table

6.

Table 6 shows that the variables centerline miles and hours of congestion per peak

traveler yield coefficients that have signs in the anticipated direction. Moreover, both

these variables emerge significant in the first and the third model. A negative and positive

coefficient for the ‘hours of congestion’ in the first and third model respectively, implies
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that as the congestion per peak traveler increases, peak-spreading increases. The second

model also yields the coefficient in the expected direction, although the value is not

statistically significant.

We therefore do not reject the hypothesis that peak-spreading increases with

increasing congestion.

A positive coefficient of the first model and a negative coefficient for the third

model for the variable centerline miles implies that increasing lane miles decreases

deviations and consequently the peak-spread.  We therefore, do not reject the hypothesis

that as the centerline miles increase, peak-spreading decreases.

The variables density, and gas prices yield results that are anomalous to the

assumed hypotheses. However, as neither of these variables emerge significant in any of

the three models, we remain inconclusive about the behavior of these variables.

For the identification of additional macroscopic factors affecting the peak-spread

and for a more comprehensive and conclusive analysis, more data is required.
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Table 5: Macroscopic Analysis - Data for regression models
Dependent variables Independent variables

Model 1 Model 2 Model 3 Included in all models

Regions
Observed
peak-AM

Mean left
deviation

Mean
right

deviation

Mean
Absolute
Deviation

Population
Density

Centerline
Miles

Annual Delay
per Peak
traveler

Gas
Price

Anchorage 2002 7:55 -59.6 72.07 65.835 1385 1230 5 43
Atlanta 1991 7:30 -55.28 41.42 48.35 1318 9815 25 132
Atlanta 2001 7:30 -50.7 53.69 52.195 1637 13280 62 506
Boston 1991 7:30 -46.2 56.55 51.375 2142 12800 33 196
Cincinnati 1995 7:30 -52.3368 52.18 52.2584 1926 5195 23 157
DC 1988 8:00 -63.3 34 48.65 3497 9255 52 348
DC1994 7:30 -61.37 44.01 52.69 3663 8350 36 197
Detroit 1994 7:30 -63.29 42.26 52.775 3088 12850 62 367
Miami-Dade 2000 7:00 -47.53 58.42 52.975 2934 13875 48 407
Phoenix 2002 7:30 -69.67 50.3 59.985 2566 10400 51 421
Portland 1994 8:00 -59 37.41 48.205 2933 4660 33 196
Spokane 1990 7:30 -60.84 54.56 57.7 1813 1655 5 26
Spokane 1994 7:30 -66.77 47.32 57.045 1909 1690 12 75
Spokane 1996 7:30 -62.34 71.42 66.88 1939 1700 9 62
Spokane 2000 7:00 -55.17 57.92 56.545 1886 1735 11 87
SACOG 1991 7:30 -55.86 46.2 51.03 3192 3625 31 177
SACOG 2000 7:30 -59.57 42.8 51.185 3476 4370 35 298
Salt Lake 1993 7:30 -57.93 41.9 49.915 2132 2885 14 88
Los Angeles 1991 700 -55.12 55.26 55.19 5382 25190 117 645
Los Angeles 2000 730 -62.82 49.31 56.065 5453 26950 103 839
San Francisco 1990 750 -95.44 70.55 82.995 3341 9010 86 444
San Francisco 1996 800 -59.04 50.48 54.76 3163 9445 66 442
San Francisco 2000 800 -55.6 41.35 48.475 3215 9460 74 581
St. Louis 1990 730 -55.98 46.43 51.205 2579 7165 21 115
St. Louis 2002 730 -55.98 49.77 52.875 1811 9600 38 340
TC 1982 730 -50.77 39.91 45.34 2108 8355 3 13
TC 1990 730 -54.71 40.61 47.66 1933 8950 19 101
TC 2000 730 -60.42 40.77 50.595 1935 10920 43 352
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Table 6: Macroscopic Analysis - Regression Results
Dependent variable

Model 1 Model 2 Model 3
Independent
variables

Expected
sign

Left
Deviation

Right
Deviation

Absolute
Deviation

Population
Density (-)/(+)

0.00012
(0.05)

-0.0036
(-1.16)

-0.0019
(-0.89)

Centerline Miles (+)/(-)
0.0013
(3.11)*

-0.00037
(-0.64)

-0.00083
(-2.14)*

Annual delay /
peak traveler (-)/(+)

-0.495
(-2.78)*

0.31
(1.23)

0.403
(2.39)*

Gas Prices (-)/(+)
0.027
(1.17)

-0.02
(-0.65)

-0.024
(-1.11)

R-square 0.414 0.09 0.28
Adj. R-square 0.312 0.15
N 28 28 28
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CHAPTER 7 SUMMARY AND CONCLUSIONS

The phenomenon of peak-spreading was examined at three different levels in this study.

In the first part five different metropolitan areas were chosen and peak-spreading was

observed for each across two different points of time. Using a comparison of means

statistical test, it was established that peak-spreading was occurring systematically rather

than by chance. Moreover, there was suggestive evidence of peak-shifting earlier in the

morning. The shift was observed in Sacramento, Puget Sound and Twin Cities region. It

is intuitive to think that the travelers would start their trips earlier to reach on-time while

avoiding the peak-hour congestion. However, this first test cannot determine if the peak

is merely shifting to the left or spreading to the left. The latter is associated with a

reduction in the number of trips in the peak-hour (flattening of the curve), while the

former may be just an adjustment of schedules by all travelers. There was some evidence

of the peak-shifting observed in Puget Sound area. The observed peak in 1990 was at

7:30 AM and in 2000 the peak had shifted to 7:00 AM. It is not known if there exists a

systematic shift in Puget Sound region with respect peak-hour or if the observed result

was due to some noise in the dataset. In two of the other cases with Atlanta and St. Louis,

the peak seemed to be spreading in both the directions.

The second part of the study focused on identifying individual traveler

characteristics that affected peak-spreading. It was found that age, gender, household

income, full-time or part-time working status, travel time and distance to work and

household size had statistically significant relationships with departure time relative to

the peak. Age, being male, full-time working status, greater travel distance, bigger
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household size tend to increase the distance between the peak and departure time; these

factors reduce the flexibility of workers to alter their departure times to work. On the

other hand a bigger household and higher household income tend to decrease the distance

between the peak and departure time. The results for transit mode, presence of children

under the age of 5 years did not yield consistent results and therefore, their impact on

peak-spreading remains inconclusive. One of the factors likely to spread the peak is the

flexibility offered by employers to their employees with respect to working hours.

Unfortunately, not enough data was available to analyze the behavior of the factor.

Another variable that can have an impact on peak-spreading is the type of industry a

person works in, for instance, manufacturing job schedules are likely to be more rigid that

a software job, thereby reducing the peak-spreading effect. Again, this variable could not

be included in the study for lack of available data. The assumptions for hypothesis for

most of the variables were adopted from the literature, wherever it was available. Overall

it is felt that the results obtained from the study were in conformation with those

mentioned in the literature review.

Having established the occurrence of peak-spreading and the microscopic factors

that affect it, the last part of this study analyzed the peak-spreading at a macroscopic level

across different regions. It was difficult to conduct this study as it requires data for

different regions. Even though a rich archive of data was available for this study, many of

the surveys belonged to the same region. The sample space for the study included 28

different data points across 16 different cities.

The variables tested in this analysis were all related to roadways and travel times,

though there are likely to be several other socio-economic factors. On the basis of
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available data, it was found that increasing congestion per peak traveler tended to spread

the peak. On the other hand increasing centerline miles tended to decrease the peak-

spreading. However, it is felt that more data is required for a more comprehensive and

detailed analysis.

Peak-spreading may be understood as a response from the travelers to increasing

congestion. Some of the policy related measures adopted to reduce congestion include

use of reversible lanes and high occupancy vehicle lanes. Though it was found in the

study that carpooling tends to decrease peak-spreading, an increase in carpools is likely to

reduce the number of vehicles on the road and consequently fewer vehicles traveling at

the same time is likely to produce less congestion.

Several employers have started offering their employees more flexibility in

schedules so that the timing of the work trips get staggered. There has been some

research (Sundo and Fujii (2005)) on a compressed workweek where the employees work

for longer hours on fewer days of the week. This avoids traveling during the typical peak-

hour and also reduces work trips on some days of the week.

This study solely focuses on work and work-related trips in the morning peak-

period. As work trips form only a small proportion of total trips, it is important to study

the relation between non-work trips and peak-spreading. Also, it would be important to

determine if the shift of travel trips to left of the peak is merely a shift of the peak or

whether it is the effect of peak-spreading. More data is required to strengthen the

macroscopic analysis of peak-spreading.
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