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CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 

1.1 Background 

Significant socioeconomic changes in the past few decades have propelled 

researchers worldwide to study travel behavior. Greater female labor force participation 

has resulted in an increase in average travel times of the population on the whole (Gordon 

et. al 1989). A detailed study of the trends of activity time analysis by Levinson and 

Kumar (1995) emphasized the significant rise in travel over the past 20 years and the 

effect of the increasing number of working women on travel for work activities. The 

authors have also shown that commuting travel times have remained stable over the years 

(Levinson and Kumar) (1994) emphasizing that work and residence locations have been 

synchronized for a long period. A complicating factor is whether “time budgets” exist for 

work travel, all travel, or various activity categories.  These “time budgets”, perhaps just 

very inelastic preferences, have appeared as empirical regularities in long term 

examination of travel behavior.  For instance, Levinson and Kumar (1994) found that in 

Washington DC, commuting times from home to work averaged 28.5 minutes in 1958, 

1968, and 1988. This long-term stability occurred despite the construction of an urban 

freeway system and Metrorail. Similar results have been found in the Twin Cities of 

Minneapolis and St. Paul (Barnes and Davis 1999). Furthermore, major changes in 

metropolitan population, demographics, female labor force participation, and 

suburbanization, suggest that over the long term, individuals adjust location to maintain 

approximate constancy in their commute durations, but not necessarily their distances. 
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Examining all travel, Levinson and Kumar (1995) do not show the same kind of 

regularity.  First, the share of workers increased, so more individuals had to travel to and 

from work.  Second, the additional proportion of workers requires more non-work travel 

on the part of workers, who prior to the era of the two-adult household could off-load 

non-work activities on the homemaker.  Third, mobility and the near universal presence 

of a car for each licensed driver has changed the ability to perform non-work activities 

outside the home, and as the cost of a favorable activity declines, the amount demanded 

increases.   So while there may be a “commute travel budget” there is some evidence 

against a  “comprehensive travel budget”. Studies have been done with far reaching 

developments in this field of interest to determine the variables that influence such a 

change in the travel behavior. Chapin has studied the allocation of time by activity and by 

location, for demographic and socioeconomic classes (Chapin and Hightower 1965, 

Chapin 1968, 1974). Bhat and Misra (2001) developed a comprehensive continuous-time 

framework for representation and analysis of the activity-travel choices for examining 

daily activity and travel pattern of non-workers using the 1990 San Francisco Bay Area 

Travel Survey. Sakano and Benjamin (2000) using the Puget Sound Transportation 

Survey defined a structural model to examine the relationship between activities and 

mode choice and estimate the changes in travel behavior under revealed and stated 

travelers preferences. Kulkarni and McNally (2000) developed a micro-simulation 

approach to determine daily activity patterns for individuals based on empirical 

distributions of representative activity patterns.  

The objective of this thesis is to observe the nature of the changes in activity and 

travel patterns of individuals as a result of changes in highway capacity. There has been 
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recent interest in the impact of additional highway capacity.  New and faster roads may 

attract more traffic than is simply diverted from existing roads. This "induced demand" 

can be viewed as a boon or a bane. In the short term, highway expansion is expected to 

increase travel speeds. In the long run, the traffic congestion may approach its earlier 

levels. If the sole aim of capacity expansion were to reduce congestion, such expansions 

appear redundant, however road construction may increase accessibility and affect 

people's daily activity patterns.  By changing the number and nature of non-home 

opportunities (working, shopping, other), we expect individuals to alter their activities 

and thus their travel.  This ability to take advantage of new opportunities in the same 

travel time enables people to achieve greater satisfaction from consumption, change to a 

better job, or move to a larger house.  At a minimum, they should be no worse off.  

However, this additional travel may have negative environmental consequences, 

externalities that individuals do not consider in their travel decisions. 

Researchers are trying to identify the extent to which trips are induced, shifted, 

and lengthened due to capacity expansion. The literature on induced demand suggests the 

overall elasticities of vehicle miles of travel (VMT) with respect to lane miles of capacity 

between 0.5 and 1.0, indicating that a 1% increase in capacity will increase the demand 

for VMT by between 0.5% and 1.0%. Dunne (1982) used a representative individual 

approach to express aggregate demand but ignored the distribution of elasticities across 

the sample. He then determined point and arc elasticities, compared weighted elasticity 

and the elasticity of representative individuals. Goodwin (1996) conducted a study to 

verify the presence of induced traffic as a result of road capacity expansion.  Comparing 

the observed and forecast traffic flows, taking into account the traffic reduction on 
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alternative routes, he found the demand elasticity with respect to travel time based on 

short and long term as –0.5 and –1.0 respectively. McCarthy (1997) studied travelers’ 

responses and attitudes toward market-based road pricing, showing that capacity 

expansion attracted diverted traffic and increased traffic growth induced by improved 

travel conditions and found demand elasticity with respect to auto travel time using two 

different models for four primary modes of travel. He determined demand elasticities 

with respect to auto travel time for car using linear logic and linear captivity model as -

0.008 and -0.002 respectively. Dowling and Colman (1998) studied behavioral change, 

including mode switch, rescheduling, trip chaining, destination change and additional 

trips) responding to the travel time saving as a result of increased highway capacity for 

San Francisco and San Diego metropolitan areas. They found a 3% increase in daily trips 

per person with a five minutes saving in travel time and on average a 5% increase in daily 

trips per person. Hansen (1998) estimated induced traffic as a consequence of adding 

capacity over the short or long run.  At the area-wide county and metropolitan level, he 

found the elasticity of VMT with respect to lane miles of capacity as 0.62 and 0.94 for 

periods of two and four year respectively. On a long run of ten years, he estimated the 

elasticity between 0.3-0.4 on the highway-segment level. Noland (1999) studied 

relationships between lane miles of capacity and induced vehicle miles of travel by 

specific road types and estimated long and short-term elasticities using four different 

models. The results obtained corroborate the influence of induced travel, at the same time 

establishing a significant relation between lane miles of capacity and vehicle miles of 

travel. Induced travel was found to have varying influence by road type (interstates, 

arterials and collectors) and by region (urban and rural). He found that with the increase 
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in lane miles of capacity vehicle miles of travel grows annually from 0.79-1.73% over a 

period of 5 years. Using a distributed lag model, he also found that 28.7% of the vehicle 

miles of travel resulted from an increase in capacity expansion over a period of 5 years. 

The same model predicted that induced demand caused 23.7% of the increase in vehicle 

miles of travel. Noland et. al (2000) studied the impact of additional lane miles on vehicle 

miles traveled using urbanized land area as the instrumental variable for lane miles of 

capacity. They found that the impact of lane mile additions on vehicle miles traveled 

growth is greater in urbanized areas with larger percent increases in total capacity and 

showed that lane mile elasticities are smaller in the short run (0.284) as compared with 

the long run (0.904).  Barr (2000) studied Nationwide Personal Transportation Survey 

data to estimate relationships between average household travel time and vehicle-miles of 

travel and found that individuals would spend 30-50% of the time savings from 

additional capacity on travel. Fulton et. al (2000) studied county level data from 

Maryland, Virginia, North Carolina, and Washington, DC to estimate the impact of daily 

vehicle miles of travel to capacity. They found the elasticities of vehicle miles traveled 

with respect to lane miles of capacity as 0.1 to 0.4 in the short run and 0.5 to 0.8 in the 

long run. Marshall (2000) studied the Texas Transportation Institute’s urban congestion 

study data for 70 United States urban areas and found the elasticities for roadway demand 

relative to roadway supply as 0.85 for highways and 0.76 for principal arterials using 

simple regression techniques. 

Despite the questions about commute and comprehensive travel budgets, there is 

one type of budget that is inarguable, the daily budget.  The twenty-four hours in a day, 

along with constraints associated with daily maintenance activities (work, sleep, eating, 
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etc.), provide an upper limit on the possible amount of travel.  While the potential for 

induced demand may be large, it is not unlimited. The data used to approach the question 

of individual allocation to activities and travel with capacity expansion is determined 

using Nationwide Personal Transportation Survey (NPTS) and Highway Statistics series 

of the Federal Highway Administration (FHWA). The data is used to measure changes in 

activity patterns by individual, controlling for network changes in each state. Travel 

survey data is used to understand which types of activities and travel are being induced 

by capacity changes, and consequently, which activities and travel types are being 

reduced. The estimates for time spent in travel and at activities for major activity 

classifications (home, shop, work and other) for 1990 and 1995 are developed. 

Socioeconomic and demographic strata including gender, work-status, age, and income, 

as well as lifecycle categories, and population density affects are controlled in the 

analysis.  To examine the capacity changes the data from highway statistics series of 

FHWA is employed.   

1.2 Research Overview 

Subsequent chapters of this thesis detail work on the following aspects  

• Compare individual travel and activity patterns between 1990 and 1995 

• Define Induced demand and describe how it effects individual allocation to 

various activities with the constraints of daily time-budgets 

• Examine the measure of VMT and how congestion effects individuals travel 

behavior  

• Determine the data bias in measuring VMT per person using different data surveys. 
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Chapter Two provides a description of the data used in the analysis. 1990 and 

1995 Nationwide Personal Transportation survey data are used to compare the change in 

individual travel and activity patterns. 1990 and 1995 FHWA highway statistics data are 

used to determine the positive correlation between VMT and Lane Miles corroborating 

the presence of induced demand. Both NPTS and FHWA are merged together to examine 

how the capacity changes influence individual travel behavior. A brief summary of these 

survey data methodologies is also presented. Texas Transportation Institute (TTI) 1990 

and 1995 urban mobility study data for metropolitan states is also described, which is 

used to study the changes in individual's travel behavior due to congestion effects. 

Chapter Three compares individual travel times, activity durations and trip miles 

between 1990 and 1995 using NPTS data for workers and non-workers. Underlying 

hypotheses for the variation in travel and activity patterns are proposed and evaluated 

based on the results obtained. Also, the interaction between VMT and lane miles of 

capacity is examined using 1990 and 1995 FHWA by state after controlling for 

population, fuel prices, population density and income. 

Chapter Four examines the use of different statistical approaches (OLS, 

Instrument Variable Regression and Seemingly Unrelated Regression) to time use 

modeling. Different models are used to efficiently estimate time use, which are then 

compared with one another with the Hausman Test and standard errors of estimates. 

Chapter Five begins with a brief introduction on induced demand travel. The 

chapter defines the theory and model analysis used to examine the interaction between 

individual travel behavior and capacity expansion after controlling for demographic, 

spatial, temporal, and socioeconomic characteristics. A set of hypotheses concerning how 
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time use should change with increased capacity is proposed and later verified based on 

the model results.   

Chapter Six examines the data bias in measuring vehicle miles of travel per 

person at the state level using NPTS and Highway Statistics for the years 1990 and 1995 

and examines how this bias can lead to significant policy implications in modern 

transportation planning and highway infrastructure development.  

Chapter Seven puts forth a conceptual model to study the changes in travel 

behavior due to increase in VMT using TTI 1990 and 1995 urban mobility study data. A 

set of hypotheses describing how time use should change with increased VMT is 

suggested and later verified based on the model results. 
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CHAPTER 2 

DATA DESCRIPTION 

2.1 Introduction 

The database used in this analysis of this thesis comes from the following surveys 

• 1990/91 and 1995/96 Nationwide Personal Transportation Surveys (NPTS)  

• 1990 and 1995 Highway Statistics series published by the Federal Highway 

Administration 

The following sections of this chapter address the summary characteristics of the surveys 

mentioned above with a brief description of the methodology used in the data collection.   

2.2 Nationwide Personal Transportation Survey (NPTS) 

The NPTS was conducted as a nationwide telephone interview survey that 

collected data on household demographics, income, vehicle availability, location and all 

trips made on the survey day. The survey for the 1990 NPTS was conducted between 

March 1990 and March 1991 and consisted of almost 22,000 household interviews and 

over 47,000 persons making almost 160,000 trips. The 1995 NPTS was conducted 

between May 1995 and June 1996 and consisted of 42,000 household interviews and over 

95,360 persons making almost 390,000 trips. While the 1995 NPTS was conducted by 

giving the respondents a travel dairy in advance of their scheduled interview, the 1990 

NPTS survey was conducted over the telephone and hence it has more problems. The 

1990 NPTS data created difficulties identifying the origin and destination of trips. It is 

assumed that all tripmakers begin and end their day at home. Due to some improbably 



 10 

high shopping times, we also excluded travelers with a daily shopping time greater than 

420 minutes. Using these measures it is anticipated that the biased nature across both the 

datasets is minimized. The time spent at each activity (excluding travel) defined as that 

activity's duration was not reported directly in the NPTS. Only the times of the beginning 

and end of the travel portion of the trip were reported. The activity duration data is 

obtained by subtracting the destination time of a particular trip from the origin time of the 

next trip for the same individual. All the activity durations and travel times for an 

individual add up to the daily time budget of 1440 minutes. The activity duration for the 

final trip of an individual is obtained by subtracting the destination time of that particular 

trip from the origin time of the tripmaker's first trip and then adding 1440 minutes as 

shown in Table 2.1.  

Table 2.2 and 2.3 present travel behavior summary statistics using 1990 and 1995 

NPTS for travel, home, work, shop and other trips based on gender, work status, day of 

the week and life cycle characteristics. Table 2.4 shows a review of data analysis and 

constraints used to maintain similarity across the datasets.  

 To illustrate Table 2.2, a 1990 male on average spent 68 minutes in travel, 929 

minutes at home, 319 minutes at work and so on. There was a sample size of 1590 males 

in 1990 NPTS data. Table 2.3, which presents travel behavior of 1995 individuals, is 

interpreted in the same manner as Table 2.2. Table 2.4 shows the constraints applied to 

1990 and 1995 NPTS with the total number of error free data plots employed for 

modeling individual travel behavior in the coming chapters of this thesis. 
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PERSON ID ORIGIN DEST TT START TIME END TIME* TIME SPENT* 
       

1 H O 15 8:30 8:45 30 

1 O W 15 9:15 9:30 360 

1 W O 15 15:30 15:45 105 

1 O O 10 17:30 17:40 20 

1 O H 10 18:00 18:20 850 

2 H W 20 8:00 8:20 340 

2 W O 15 14:00 14:15  

 
END TIME = TT + START TIME 
TIME SPENT = DURATION = (START TIME)I+1 - (END TIME)I ('i' represents individual's serial trip number) 
 
 
Table 2.1: Activity Duration Calculation 
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Description Sample   Time spent at  
 Size Travel Home  Work  Shop  Other  
Gender       
              Male 1590 68 929 319 18 107 
              Female 1834 65 1004 217 28 125 
Work Status       
             Worker 2740 68 906 328 21 117 
             Non-worker 684 61 1225 0 31 124 
Day of Week       
             Weekend  1026 68 1114 114 30 115 
             Weekday 2398 66 907 329 21 117 
Lifecycle (# of Adults, Age 
of youngest child) 

      

1, No children 807 73 930 278 22 137 
2+, No children 915 65 935 309 21 111 
1, 0-5  88 53 1068 140 25 154 
2+, 0-5  524 62 975 282 26 95 
1, 6-15  184 76 934 235 26 169 
2+, 6-15  423 62 966 277 26 109 
1, 16-21  37 66 1020 227 25 102 
2+, 16-21 122 64 980 295 15 86 
1, retired, No children 55 70 1217 27 30 96 
2+ , retired, No children 269 61 1128 123 26 102 

 
Table 2.2: 1990 Individuals travel behavior by various characteristics 
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Description Sample   Time spent at   
 Size Travel Home  Work  Shop  Other  
Gender       
              Male 12687 72 917 333 15 103 
              Female 13532 65 994 245 28 108 
Work Status       
             Worker 21512 69 911 351 19 91 
             Non-worker 4707 63 1169 0 37 172 
Day of Week       
             Weekend  5914 63 1089 94 34 160 
             Weekday 20305 70 918 344 18 89 
Lifecycle (# of Adults, Age 
of youngest child) 

      

1, No children 2084 66 927 321 19 108 
2+, No children 8598 68 936 318 20 97 
1, 0-5  260 74 997 192 31 146 
2+, 0-5  5266 68 974 277 21 100 
1, 6-15  505 68 950 286 25 111 
2+, 6-15  5227 71 945 296 22 107 
1, 16-21  238 68 950 277 24 121 
2+, 16-21 1994 66 936 302 18 118 
1, retired, No children 157 64 1179 0 43 154 
2+ , retired, No children 1890 66 1073 145 33 123 

 
Table 2.3: 1995 Individuals travel behavior by various characteristics 
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Description 1990 1995 
Sample Size 159832 381388 
                  -  Invalid destination 3314 43 
                  -  Trip miles > 3699 23372 27455 
                  -  Travel minutes > 120 3015 5254 
                  -  Age > 65 years 9210 35399 
                  -  Age < 18 years 21470 63832 
                  -  Shop duration >  420  707 70 
Sub-total at Trip level 98744 249335 
Sub-total at Person level 15870 52341 
                  - Travel + Duration > 1440 7652 656 
                  - Travel + Duration < 1440 2643 17119 
                  -  Durations <0 654 2237 
Net total at Person level 4921 32329 

 
Table 2.4: Summary of data analysis adopted for 1990 and 1995 NPTS 

 
 

 

 

 

 

 

 

 

 

2.3 Federal Highway Administration Highway Statistics Data 

The highway data used in this thesis consists of roadway and state characteristics 

by state for the years 1990 and 1995. The data for vehicle miles traveled (VMT) and lane 
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miles have been obtained from the Highway Statistics series published by the Federal 

Highway Administration for each roadway type (arterials, collectors and interstates) by 

urban and rural region. We also use data on the population, per capita income and cost 

per energy unit (million BTUs) of gasoline by state for all the 50 states for the years 1990 

and 1995. The Highway Statistics series data for vehicle miles traveled (VMT) have been 

obtained for each roadway type (arterials, collectors and interstates) by urban and rural 

region. Table 2.5 shows the summary statistics of different variables used for analysis in 

the subsequent chapters. 

Description 1990  1995  
 Mean Deviation Mean Deviation 
VMT (Rural), 000 miles     
Interstates 4003 3051 4468 3231 
Arterials 6617 5153 7372 5602 
Collectors 4809 4032 4723 3822 
VMT (Urban), 000 miles     
Interstates 8109 14085 9844 15481 
Arterials 11399 14328 13236 16171 
Collectors 2119 2509 2532 3133 
LANE MILES (Rural), miles     
Interstates 2717 1666 2638 1612 
Arterials 10347 6943 10614 7258 
Collectors 29352 20696 28349 20247 
LANE MILES (Urban), miles     
Interstates 1926 2495 2230 2822 
Arterials 7284 8122 8091 9409 
Collectors 3349 3558 3695 4273 
POPULATION 4976716 5481800 5244167 5757267 
INCOME, $ 19480 3223 20678 3105 
DENSITY, veh / mile 167 235 172 237 

Table 2.5: Summary statistics of 1990 and 1995 Highway Statistics Data 

The analysis performed in the coming chapters of this thesis is based on the data surveys 

described in this chapter. The next chapter uses 1990 and 1995 NPTS data to study the 
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differences in individual's time allocation to various activities for workers and non-

workers. 
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CHAPTER 3 

COMPARISON OF 1990 & 1995 DATA  

3.1 Introduction 

 This chapter uses the 1990 and 1995 NPTS data to examine the changes in 

individual travel behavior for workers and non-workers. Also, a difference model is 

evaluated between VMT and lane miles of capacity using 1990 and 1995 Highway 

Statistics data to study the existence of induced travel. 

3.2 Time Use Comparison 

This research classifies activities into eight basic categories: time spent at and 

traveling to the activities of home, work, shop and other. The comparison of the results 

between 1990 and 1995, from the respective NPTS, is shown by sex and work status in 

Table 3.1.  

 
 HO ME  WO RK  SH OP  OT   HER  TRA VEL 
FEMALE               
Non-Worker               

1995 1172 (186) *    42 (64) * 166 (170) * 60 (44) 
1990 1220 (209)     35 (70)  127 (172)  58 (61) 

Worker               
1995 944 (226) * 313 (249) * 25 (49) * 93 (132) * 65 (44) 
1990 928 (357)  284 (357)  30 (69)  132 (191)  65 (64) 

MALE               
Non-Worker               

1995 1171 (200) *    30 (55)  177 (184) * 62 (46) 
1990 1222 (211)     29 (60)  130 (183)  59 (65) 

Worker               
1995 900 (233)  365 (262) * 15 (37) * 90 (136) * 70 (48) 
1990 903 (360)  338 (367)  20 (59)  110 (189)  69 (71) 

Note: * Denotes significance at 95% level by difference of means test between 1995 and 
1990 results. Standard Deviations are in parenthesis 
 

Table 3.1: Time Use Comparisons for 1990 and 1995 Data 
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To illustrate Table 3.1, the first row shows that the average female non-worker 

spent 1172 minutes at home, 42 minutes at shop, 166 minutes at other, and 60 minutes of 

travel per day. To test whether these respective activity durations and travel times for the 

years 1990 and 1995 differ for each of the categories, a difference of means (t-test) is 

performed. The following assumptions should hold to perform a t-test, these are as 

follows: 

 
• The two data samples follow random normal distributions. 

• The data samples are independent 

• The populations have the same variance 

So given the above assumptions hold, the following null and alternate hypothesis are 

tested: 

H
o
: E(X

1
) = E(X

2
)

H
a
: E(X

1
) ! E(X

2
)

 

The null hypothesis Ho  tests for the population means as equal where as the alternate 

hypothesis Ha tests for the population means as not equal. Based on the hypothesis 

above, t statistic is calculated to make an inference about whether two data samples are 

different from one another. It is defined as 

t =
E(X 

1
) ! E(X 

2
)

s
1

2

N
1

+
s
2

2

N
2

 

where, 

E(X 
1
) , E(X 

2
)   Expected mean's value of X1 and X2 for first and second data set  
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s
1 , s2    Sample variance of first and second sample set 

N1, N2   Number of observations in first and second sample set 

Then, the decision rule is to reject the null hypothesis Ho if t  is greater than 

1.96, the 95% confidence interval, and accept otherwise. The following rule is applied to 

all the coefficients to compare the change in time use of individuals between 1990 and 

1995. 

The time spent at home decreased for non-workers, remained essentially constant 

for male workers and rose for female workers. The time spent at work increased for both 

male and female workers, which is consistent with the recession in 1990 and expanding 

economy in 1995. For workers, particularly females, time at home in 1990 substituted for 

time at work in 1995. The time spent at shop decreased for male and female workers, 

while increasing for male and female non-workers.  Similarly, the time spent at other 

declined for workers while increasing for non-workers. Both are consistent with a 

strengthening economy in 1995, as workers choose to work more and non-workers to 

spend more in a good economy. The total travel time has either remained stable or 

slightly increased for all categories, as people in 1995 pursued more out of home 

activities. 

Although the change in activity durations (time spent at home, work, shop and 

other) is significant for almost all categories, travel times are interestingly, insignificant. 

This supports the "Rational Locator" hypothesis that people adjust their travel choices 

and relocate their homes and workplaces to maintain their travel commute over time 

(Levinson and Kumar 1994). 
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 The trip miles traveled classified by sex and work status are shown in Table 3.2. 

Due to smaller sample size, the trip mile coefficients in 1990 have higher standard 

deviations than 1995. The 1995 individuals traveled longer distances to work, shop and 

other, but appear to have traveled less to home. This is in agreement with the earlier 

hypothesis stating that 1995 individuals substituted their time at home to work and 

undertake other recreational activities. Non-workers spent more time shopping, worker 

spent more time working and spending at other. However with the larger standard 

deviation, these results must be treated with caution. 

             TRAVEL TO

      HOME        WORK          SHOP        OTHER SAMPLE

Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev SIZE

FEMALE

Non-Worker

1995 11.39 * 13.19 0 0 4.45 * 8.32 13.08 20.71 2300

1990 19.80 34.85 0 0 2.29 5.48 12.60 55.47 606

Worker

1995 12.86 * 12.84 9.00 * 12.83 3.10 * 7.38 9.02 15.01 9658

1990 22.02 84.04 6.75 10.25 1.98 6.23 8.97 22.51 1798

M A L E

Non-Worker

1995 12.34 * 14.16 0 0 3.61 7.87 13.11 * 16.93 1078

1990 19.17 38.88 0 0 2.82 6.93 7.80 14.78 208

Worker

1995 16.05 * 14.84 14.52 23.56 2.36 * 6.69 8.69 15.28 9550

1990 22.65 49.11 12.96 70.19 1.42 5.70 7.71 24.83 1812

 Note: * Denotes significance at 95% level by difference of means test between 1995 and 
1990 results. 
Table 3.2: Trip Miles Comparison Using 1990 and 1995 NPTS  

3.3 VMT and Lane Miles of Capacity Comparison for 1990 and 1995 NPTS  

 To empirically measure induced travel effects it is necessary to separate the 

influences of the various factors driving VMT growth. To isolate the impact of road 

supply measured in terms of lane miles, several models are formulated. The data is a 
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cross-sectional time series (panel data) of the 50 U.S. states for the years 1990 and 1995 

obtained from the FHWA Highway Statistics Series. The District of Columbia is omitted 

from the data set since it does not have the characteristics of a typical state. Delaware was 

omitted from the model since it did not have one category of road type (rural interstates). 

Other variables used in the model include state population, per capita income by state and 

the cost per energy unit (million BTUs) of gasoline (U.S. DOE, 1994 & 1997). State 

population is from U.S.DOC (1997a) and the per capita income in real dollars is from 

U.S.DOC (1997b). 

The theory of induced demand in vehicle miles of travel hypothesizes that 

highway capacity expansion attracts increased levels of traffic. There has been recent 

interest in the impact of additional highway capacity. There is sharp debate between 

supporters and opponents of the automobile highway system about to what extent 

highway expansion generates new (induced) traffic. The group supporting highway 

interests suggests that the induced traffic is a consequence of factors depending on the 

tripmaker's economic and demographic characteristics, and opine that road supply is 

adjusted to fulfil the need for fixed amount of demand. On the other side, the opponents 

suggest the induced demand and supply phenomenon by which capacity additions can 

generate new traffic (Hansen 1996). Also, researchers note that due to roadway 

expansions resulting in falling travel times, there is a modal shift from transit, which 

worsens the existing traffic situation, generating more demand than actual capacity, 

resulting in traffic congestion (Mogridge 1985). Transportation is often considered to be 

a derived demand, serving as an input to the pursuit of different activities. This implies 

that people seek transportation to fulfill economic needs rather than to seek pleasure.  
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The underlying theory of induced demand is based on the economics of supply 

and demand. A capacity expansion can be symbolized by an increase in supply, indicated 

by a rightward shift in the supply curve as shown in Figure 3.1.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

An increase in supply at constant levels of demand would reduce the price of 

travel. This in turn would result in higher quantities of travel (trips, VMT) demanded. In 

transportation terms this means, increasing capacity (supply) due to lane additions that 

lower in-vehicle travel times generates more demand as the cost of transportation falls. 
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S2 : Supply After 

D 

Price of 
Travel 

P2 

P1 
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Figure 3.1: Induced Demand 
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This resulting extra demand compared with the demand that would have existed without 

the expansion is termed Induced Demand. In this analysis, supply is measured in terms of 

lane miles of capacity whereas demand for travel is measured in terms of vehicle miles of 

travel (VMT). 

3.3.1 Hypothesis 

The growth in VMT is affected by many different factors. One is population 

growth, which drives total VMT to higher levels. Significant correlations are provided by 

previous data with the total VMT in the US grew by 3.2% annually between 1970 and 

1993 (DOE,1995) significantly more than the total population growth of about 0.9% 

annually within the same period. Other demographic and socio-economic factors, which 

have a positive impact on VMT are increase in employment levels, more participation of 

women in the labor force, increasing levels of income and smaller household sizes. 

Previous studies have established a strong negative correlation of VMT and increasing 

fuel prices (Goodwin 1992) suggesting that a drop in fuel price will propel VMT to 

higher levels, which is consistent with the economic theory of supply and demand. 

Spatial reorganization of urban areas and increased concentration of retail and 

entertainment related activities might also increase VMT. The 1995 NPTS suggests a 

significant presence of person miles resulting from non-commute trips, which might be a 

result of higher growth in automobile travel and decentralization of shopping and other 

activities. Higher levels of VMT can also be attributed to capacity expansion that has 

taken place over these years (Noland 1999). Some suggest that the positive gains in VMT 

may result from decreasing transit ridership, since with highway expansion in-vehicle 

times decline, making transit a lesser favorable option. The transit system, in order to 
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survive the declining ridership, will be forced to raise its fares, resulting in more auto use. 

This process will lead to more traffic congestion and may reduce the in-vehicle travel 

cost savings attained due to highway expansion. In the end, the traffic will attain 

equilibrium in-vehicle travel times at the point where the demand and supply are equal. 

Thus, the process that all the researchers are trying to disentangle is whether 

capacity expansion drives VMT or the VMT growth leads to capacity expansion? This is 

one question that remains unanswered. However, it is important to understand how these 

capacity changes influence individual travel and activity patterns within the constraints of 

daily time budgets. 

Ordinary Least Square (OLS) regression is used to study the effect of VMT and 

lane miles on one another. The set of state independent variables considered are namely 

population, income, fuel prices and density, with VMT or lane miles of capacity as the 

dependent variable. It is expected based on previous research, that the VMT and lane 

miles of capacity will be positively correlated with one another. It can be interpreted in 

two ways. Firstly, growth in VMT drives capacity expansion by government. Secondly, 

the greater the lane miles the lower the cost of travel, which in turn leads to more VMT.  

This supports the notion in economics that an increase in supply leads to more quantity 

demanded at a lower price. Also, it is expected that change in population levels will have 

a strong positive impact in driving VMT and lane miles of travel to higher levels. This is 

because the more people, the more the travel (and hence more VMT). This rise in travel 

demand would force government to spend more on transportation infrastructure, resulting 

in an increase in lane miles of capacity. Lastly, the change in population density may also 

have a significant positive relationship with vehicle miles of travel. 
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3.3.2 Methodology 

A difference model OLS estimation technique is used to study the change in VMT 

as a function of change in state lane miles of capacity, population, fuel prices, income and 

density. The model is described for different road classes (interstates, arterials and 

collectors) as follows: 

!VMT = f (!C,!P,!F,!I,!D)    (1) 
 
!C = f (!VMT ,!P,!F,!I,!D)    (2) 
 
where, 
 
ΔC  Denotes change in freeway lane miles between 1990 and 1995 

ΔVMT  Denotes change in VMT between 1990 and 1995 

ΔP  Denotes change in state population between 1990 and 1995 

ΔF  Denotes change in average state fuel prices between 1990 and 1995 

ΔI  Denotes change in state income averages between 1990 and 1995 

ΔD  Denotes change in state population density between 1990 and 1995 

3.3.3 Results 

The results from OLS show that the VMT and lane miles of capacity are inter-

related to one another positively, supporting the hypothesis of induced travel caused by 

increasing highway capacity. The population impact is also positively significant for most 

categories of road classes. The rural non-interstates cater to very low demand of travel 

and hence this category has no positively or negatively significant independent variable 

estimating change in VMT and lane miles of capacity. Also, the R-squared values, which 

provides the measure of variation explained by a given statistical model, for urban 
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interstates range with inclusion of lane miles or VMT as independent variable range 

between 0.8 to 0.9. The R-squared values are very low for rural interstates and rural non-

interstates due to lack to VMT growth as seen in urban areas. The fuel prices are 

negatively (but not in general significantly) related to VMT meaning the lower the fuel 

price the more the VMT, as the declining price of travel lures people to travel more.  

INDEPENDENT VARIABLE IS CHANGE IN

DEPENDENT VARIABLE V M T Lanemi l es Popu lat ion Fuel Prices Income Dens i t y

V M T

URBAN INTERSTATES - 0.0045 * -102.42 0.31 48.48

URBAN NON-INTERSTATES - 0.0076 * -178.76 0.31 8.02

URBAN INTERSTATES 2.45 * 0.0020 * -129.68 0.22 33.11

URBAN NON-INTERSTATES 0.55 * 0.0043 * -79.45 0.77 * 19.80

RURAL INTERSTATES 1.14 * 0.0007 * -234.04 * 0.36 * -8.64

RURAL NON-INTERSTATES 0.08 0.0003 -901.04 * 0.78 -32.28

LANE MILES (LMI)

URBAN INTERSTATES - 0.0010 * 11.14 0.04 6.28

URBAN NON-INTERSTATES - 0.0061 * -180.67 -0.83 * -21.43

URBAN INTERSTATES 0.18 * 0.0002 29.09 -0.02 -2.21

URBAN NON-INTERSTATES 0.26 * 0.0042 * -134.88 -0.91 * -23.48

RURAL INTERSTATES 0.15 * -0.0003 * 43.68 -0.07 * 3.40

RURAL NON-INTERSTATES 0.52 -0.0005 1553.43 -0.29 33.57

Table 3.3: Coefficients from OLS Regression Model (*) denote significance at 90% 
confidence interval 

The overall robustness of the results established and presented as a part of this 

work using regression analysis corroborate the hypothesis of induced travel. The lane 

mile variables for some specific road variation are significant. While it is not possible to 

strictly justify the effect of induced demand, this additional increase in demand for travel 

should be considered by transportation planners at both regional and national level.   

The next chapter looks into various statistical approaches to model individuals 

time use. A brief methodology and description of different statistical techniques is 

presented and then the model results are compared with one another. For this purpose, 

1995 NPTS travel data is used for the analysis. 
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Figure 3.1: Induced Demand 
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CHAPTER 4 

STATISTICAL APPROACHES TO TIME USE MODELING 

4.1 Introduction 

Travel is defined as a derived demand. Thus time spent traveling depends on the 

time spent at an activity of interest. The objective is to instrument travel time and activity 

duration pairs with one another to efficiently estimate individual travel behavior. 

Efficient determination of these variables will help in understanding individual travel 

behavior better and its influence on activity patterns, land use characteristics and highway 

expansion, which are key requirements for urban and regional planning. 

This chapter examines how travel times and activity patterns can be estimated 

efficiently by applying different statistical techniques. Due to complex inter-relationships 

between activities and travel, and individual travel behavior influenced by many factors, 

the use of advanced statistical modeling techniques will yield efficient estimates. This 

chapter puts forth a study of variation in travel behavior examined by using ordinary least 

squares regression, instrumental variables and seemingly unrelated regression estimation 

models using the 1995 Nationwide Personal Transportation Survey (NPTS). The 

objective is to study how the individual share of time allocated to different primary 

activities: home, work, shop and other in terms of travel times and activity durations are 

inter-related to one another. 

Ordinary least squares (OLS) regression and instrumental variables (IV) with 

seemingly unrelated regression (SUR), is used to control for the large effects of 

unobserved significant variables while accounting for cross-error correlation across a 

system of multiple equations to determine efficient and unbiased estimates of travel 
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behavior variables. Their use in travel behavior modeling will correct for a variety of 

statistical problems like simultaneous equation bias and errors in measurement between 

time spent traveling and time spent at activities.  

4.2 Statistical Approaches to Time Use Modeling 

In the next sections, various statistical techniques are described, and the chapter 

concludes with a detailed comparison of the results obtained from these techniques.   

4.2.1 Ordinary Least Squares (OLS) Regression Model 

An ordinary least square regression expresses a dependent variable as a linear 

combination of independent variables. Thus, if y  is the dependent variable and 

x
1
,x
2
, x

3
,....x

n are the independent variables explaining its variation then for OLS the 

following holds: 

y = !
0
+ !

1
x
1
+ !

2
x
2
..... + !nxn + " = X! + "   (1) 

ˆ y = X!        (2) 

where, 

X!  Denotes the structural or systematic component of the model 

!  Denotes the random error term component 

ˆ y  Denotes the OLS predictor of y 

The regression coefficient β is the slope of the model denotes the average amount the 

dependent variable increases when a particular independent variable increases by one unit 

keeping other independents variables constant. Thus, weights of β determine the relative 

importance of the independent variables relative to the given model, as higher the β the 

more will be the influence of variation in independent variable to the variation in 

dependent variable.  
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Given the simplicity in the model formulation an OLS regression is subjected to a 

number of assumptions (Greene, 1997 Pg 170-71). These are  

(a) Linearity - The expected value of the response variable (y) is linearly related to the 

independent variable (x's) through the β parameters. Errors will result when there is a 

nonlinear relationship. 

(b) Independence - The independence of the x's and ε is assumed in order to identify the 

unknown β parameters without which it is not possible to solve for the β's 

(c) Residuals - The ε's are assumed to be independent and identically distributed (IID) 

which implies there should be no heteroskedasticity and auto-correlation among the 

residuals. Also, it is assumed that the error residuals are normally distributed. 

(d) Fixed - All the independent variables (x's) are assumed to be fixed and measured 

without any errors. 

4.2.2 Instrumental Variable (IV) Regression Model 

Ordinary Least Square (OLS) regression assumes that the independent variables 

are independent of the unknown error residuals of the model, which if not true produces 

inconsistent and biased results. The coefficient estimates obtained from such regressions 

are inefficient since the regressors are not independent, but rather are dependent variables 

of larger simultaneous systems. Such a problem of dependent variables is known as 

simultaneous equation bias. 

Suppose for example, let y1 and y2 be two dependent variables given by the following 

relation: 

y
1
= a

1
+ b

1
y
2
+ c

1
x
1
+ d

1
x
2
+ !     (3) 



 30 

y
2
= a

2
+ b

2
y
1
+ c

2
x
3
+ d

2
x
4
+!     (4) 

Thus, for equation (3) we have y1  as the dependent variable, while y2, x1, x2  are 

independent variables.  On the other, for equation (4) we have y2  as the dependent 

variable, while y1, x3,x4  are independent variables. So from (4), we have y2  is a 

function of y1 , which from (3) depends on x1,x2,!  and thus y2  is a function of all the 

variables of the system. Then by substituting values of y1  and y2  from (3) and (4) we 

have, 

y
1
= !

0
+ !

1
x
1
+ !

2
x
2
+!

3
x
3
+ !

4
x
4
+ "

1

y
2
= #

0
+ #

1
x
1
+ #

2
x
2
+ #

3
x
3
+ #

4
x
4
+ "

2

 } (5) 

This is an example of a simultaneous equation system in which y1  and y2  are dependent 

on all the variables in the system. Using, ordinary least squares (OLS) regression to 

estimate above equation produces biased estimates since y1  is not only dependent on 

y
2
, x
1
, x
2  but also on x3, x4 . One way to obtain unbiased and efficient estimates is by 

replacing actual values of y1  in equation (4) by its estimated value from equation (3) and 

similarly y2  in equation (3) by its estimated value from equation (4). A model estimator 

is efficient if the variance of the estimator is small, so that it will be as close as possible 

to the true value. This process of solving statistical equations dependent on one another is 

known as Instrumental Variable (IV) Regression Analysis. Then, using this argument we 

have the following equations 

1
y =

1a +
1b

2

ˆ y + 1c 1x +
1d 2x + !     (6) 

2
y =

2a +
2b ˆ y 1 +

2c 3x +
2d 4x + !     (7) 
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An instrumental variable regression is a regression of the dependent regressors on a set of 

instrumental variables, which can consist of any number of independent variables useful 

for estimating the dependent variables. In the example mentioned above, all equations are 

linear and the independent variables for the whole system are known. Thus, 

x
1
,x
2
, x

3 and x
4

can be used as instrumental variables for estimating y1  and y2 . This 

method is also known as two-stage least squares or 2SLS. 

 4.2.3 Seemingly Unrelated Regression (SUR) Model 

Seemingly unrelated regression estimation models (SUR) use asymptotically 

efficient, feasible generalized least squares estimation (Greene, 1997). Seemingly 

unrelated regression (SUR) or Zellner estimation, is a generalization of ordinary least 

squares (OLS) for multi-equation systems, but the residual errors in different equations 

are correlated rather than being independent as in the case of OLS. Although, SUR 

estimates the whole model as a system of equations rather than one by one as in OLS, it 

requires an initial OLS regression to determine the error residuals. These error residuals 

are used to estimate the variance covariance matrix for the system of equations.  

A model may contain a number of linear equations and thus it is highly unlikely 

that the error residuals of all equations would be independent of one another. A set of 

equations that has a non-zero cross error correlation among its equations is called a 

seemingly unrelated regression (SUR) system.  

In general, the following are true of a SUR estimation model: 

• It assumes there are no dependent regressors.  

• The off-diagonal elements of the variance-covariance error residual matrix are non-

zero and thus the error residuals for all equations are dependent on one another. 
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• SUR estimation is more efficient when the cross variance of error residuals are non 

zero otherwise it will produce results similar to the OLS. Thus, larger the cross 

variances of error residuals the larger the efficiency of using SUR. 

4.3 Theory 

Given the statistical advantages of OLS, IV and SUR models their use is 

considered for efficient estimation of an individual's travel behavior. The primary claim 

is that time spent traveling is the price of pursuing an activity or good. Thus, individuals 

balance their time at, and travel to, activities to maximize their ex-ante utility, acting to 

attain economies in activity consumption. The relationship between travel times and 

activity durations can be shown in the form of a production function subject to a 

constraint that all travel times and activity durations sum to 1440 minutes as shown in 

Figure 4.1. Every point on the feasibility set !  and fixed daily time budget line 

represents a particular allocation of travel and duration for the given individual. An 

individual's travel to an activity (home, work, shop and other) is denoted by ti and time 

spent at an activity is denoted by ai . Also, home, work, shop and other activities are 

labeled as 1,2,3 and 4 respectively for simplicity in defining the destination activities for 

an individual. Thus, there are eight equations (four each for travel to an activity and four 

each for time spent at an activity) for defining an individual's travel and activity pattern. 

From Figure 4.1, any given individual will allocate it  to travel to activities and 
ia  for 

time spent at different activities. Such a feasibility set !  can be represented 

mathematically in the form 
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! =
1t , 2t , 3t , 4t , 1a , 2a ,

3a ,
4a( ) : it +

ia( ) = 1440&
it " 0&

ia " 0
i=1

4

#
$ 
% 
& 

' & 

( 
) 
& 

* &  (8) 

Travel to and time spent at an activity can be substitutes or complements of one another. 

There will also be interactions within travel times and activity duration categories to 

determine travel behavior allocation in !  subjected to a daily time budget.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Due to diverse activity and travel patterns by work status as evident from the travel and 

activity duration analysis in Chapter 2, separate models are evaluated for workers and 
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FIGURE 4.1: Daily Travel and Activity Duration Production Function 
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non-workers. The total travel time to work and the time spent at work are zero for non 

workers, while they form a significant part of the daily time budget for workers, hence 

non-workers will use this time for travel or spend it at different activities.   

4.4 Methodology 

The database used in this analysis comes from the 1995/96 Nationwide Personal 

Transportation Surveys (NPTS).  Since, the sum of time spent at all activities and travel 

to all activities taken within the whole day for individual sums up to 1440, the final 

regression equation is determined using the mathematical constraint of daily time 

budgets. The daily budget constraint makes the co-variance matrix of residual errors 

singular, which cannot be determined directly by SUR models so we drop one equation 

and estimate the other seven equations simultaneously.  

The final dropped equation can then be calculated using the following 

mathematical constraint equation.  

it + ia( )
i=1

4

! =1440    (9) 

Thus, for all models described in this chapter, the time spent at other is determined using 

(9), while the other seven are estimated using SUR or OLS. 

First, the data at the trip level is aggregated to the person level using daily time 

budgets for all individuals. The study presented in this chapter only looks at adults aged 

between 18 and 65 years. All the models described in this chapter attempt to efficiently 

estimate individual travel behavior as a function of socio-economic, spatial and 

demographic characteristics at the person level using IV, SUR and OLS estimation 

techniques. 



 35 

MODEL 0: (OLS Regression) 

Each individual's time use is estimated using a OLS regression (Model 0) as a 

function of gender, household income, life cycle, state, day and month characteristics for 

each of the seven activities with the final activity determined by the constraint given by 

equation (9). In case of an OLS, individual's time use is modeled one activity at a time 

rather than as a system of equations as used in SUR models. Thus, an OLS model can be 

defined as  

it = f ( G,  H,  L, M,  S,  W) !i = 1,4     (10) 

ia = f ( G,  H,  L,  M,  S,  W) !i = 1,3     (11)                                   

The explanatory variables used above are described in Table 4.1. Dummy 

variables (0,1) have been employed for each of the characteristics.  The variables are 

entered linearly into the model. 

Variable Definition 
i Index of activities (home, work, shop and other) 
ti Time taken to travel to an activity 'i'  
ai Time spent at an activity 'i', also known as activity duration 
G Gender (Male =1 , Female =2) 
H Household Family Income (1,18) 
L Lifecycle category (1-10) 
M Month of year interview was conducted (1-12) 
S State specific variables 
W Day of week interview was conducted (1-7) 

 
TABLE 4.1: Definition of Explanatory Independent Variables 

 

The models for it  and 
ia  are estimated using OLS subjected to the individual 

daily time budget constraint of 1440 minutes. The equations for it  and 
ia  obtained from 
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the first stage (Model 0 OLS) are used to determine 
i

ˆ t  and 
iˆ a  (an estimate of the travel 

times and activity duration of all individuals) subject to the reported, socioeconomic, 

demographic, spatial, and temporal characteristics of each respondent. Thus, 
i

ˆ t  and 
iˆ a  

are just the estimated time use equation when applied to Model 0 using reported data for 

each individual.   

MODEL 1 (SUR model):  

Each individual's time use is estimated as a system of equations using SUR model 

(Model 1) as a function of gender, household income, life cycle, state, day and month 

characteristics. Thus, SUR model as a system of equations can be defined as  

it = f ( G,  H,  L, M,  S,  W) !i = 1,4     (11) 

ia = f ( G,  H,  L,  M,  S,  W) !i = 1,3     (12)  

Once again, the equations for it  and 
ia  obtained from Model 1 are used to determine 

i
ˆ t  

and 
iˆ a  (an estimate of the travel times and activity duration of all individuals) subject to 

the reported, socioeconomic, demographic, spatial, and temporal characteristics of each 

respondent. 

MODEL 2:  

Since travel to and time spent at an activity are inter related with one another, we use 

estimates of Model 1 (
i

ˆ t  and 
iˆ a ) to produce a more efficient second stage estimation of 

travel times and activity duration variables using instrumental variables (IV), along with 
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a function of their gender, household income, life cycle, day and month characteristics for 

each individual.  

The corresponding model can be described as follows: 

it = f (
iˆ a ,G,H, L, M,W ) !i = 1,4     (13) 

ia = f (
i

ˆ t ,G, H, L, M,W) !i = 1,3     (14)  

where, 

i
ˆ t  Estimated instrument variable for 

iˆ a  (if i
ˆ t  is time spent traveling to home then 

iˆ a  is time spent at home) obtained from Model 1 

 
iˆ a  Estimated instrument variable for 

i
ˆ t  (if 

iˆ a  is time spent at work then 
i

ˆ t  is time 

spent traveling to work) obtained from Model 1  

Model 2 gives us instrumental variable estimation of it  and 
ia  subjected to an 

instrumented variable of 
iˆ a  and 

i
ˆ t  with a function of individual socioeconomic, 

demographic, spatial, and temporal characteristics for each respondent. The equations for 

it  and 
ia  obtained from the second stage (Model 2) are used to determine 

i
ˆ ˆ t 

 and 
iˆ ˆ a  (an 

estimate of the travel times and activity duration of individuals for Model 2) for each 

individual. Thus, 
i

ˆ ˆ t 
 and 

iˆ ˆ a  are just the estimated time use of individuals when applied to 

Model 2 using data for each individual. The estimated travel times and activity durations 

from observed from Model 2 are then used to study the interaction between travel time 

and activity durations of individuals using SUR estimation.  
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MODEL 3:  

In order to test the influence of instrumental variable estimation at second stage of 

estimation, we run a SUR model on it  subjected to an instrumented variable
iˆ ˆ a with a 

function of individual socioeconomic, demographic, spatial, and temporal characteristics 

for each respondent. Thus, we have the following equations: 

it = f (
iˆ ˆ a ,G, H, L,M,W ) !i = 1,4     (15) 

    (16)  

where:  

 ‘
i

ˆ ˆ t 
 Estimated instrument variable for 

iˆ ˆ a  (if i
ˆ ˆ t 

 is time spent traveling to home then 

iˆ ˆ a  is time spent at home) obtained from Model 2 

iˆ ˆ a  Estimated instrument variable for 
i

ˆ ˆ t 
 (if 

iˆ ˆ a  is time spent at work then 
i

ˆ ˆ t 
 is time 

spent traveling to work) obtained from Model 2 

Once again, the estimated time use of individuals when applied to Model 3 using data for 

each individual is determined and the final dropped equation during SUR is obtained 

from the mathematical constraint.  

 MODEL 4: 

To test for efficiently of using first stage instrumented variables compared with 

the estimated travel time and activity duration values, the following model is estimated 
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it = f
1

ˆ t ,
2

ˆ t ,
3

ˆ t ,
4

ˆ t ,
1ˆ a , 2ˆ a ,

3ˆ a ,
4ˆ a ( ) !i =1,4  (17) 

ia = f
1

ˆ t ,
2

ˆ t ,
3

ˆ t ,
4

ˆ t ,
1ˆ a , 2ˆ a ,

3ˆ a , 4ˆ a ( ) !i = 1,3  (18) 

The estimates of it  and 
ia  are calculated by applying data for each individual to Model 

4 as in the earlier models. 

MODEL 5: 

To test for efficiently of using second stage instrumented variables compared with the 

estimated travel time and activity duration values, the following model is estimated 

it = f
1

ˆ ˆ t ,
2

ˆ ˆ t ,
3

ˆ ˆ t ,
4

ˆ ˆ t ,
1ˆ ˆ a , 2ˆ ˆ a ,

3ˆ ˆ a ,
4ˆ ˆ a ( ) !i =1,4  (19) 

ia = f
1

ˆ ˆ t ,
2

ˆ ˆ t ,
3

ˆ ˆ t ,
4

ˆ ˆ t ,
1ˆ ˆ a , 2ˆ ˆ a ,

3ˆ ˆ a , 4ˆ ˆ a ( ) !i = 1,3  (20) 

The estimates of it  and 
ia  are calculated by applying data for each individual to Model 

5 as in the earlier models. 

4.5 Model Comparison 

 After the estimates of individual's time use are obtained from the five models 

described in the earlier sections, it is essential to use some statistical measures to compare 

the model estimates with one another. The different statistical measures for comparing 

models are as follows: 

a) R-squared Values 

b) Standard Deviation 

c) Hausman Test and Chi-squares  
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4.5.1 R-Squared Values 

The variation in the dependent variable as explained by the independent variables is 

determined by the value of R-squared. In mathematical terms, an R-squared is determined 

by  

R
2

= 1 !
SSE

SST

" 

# 
$ 

% 

& 
'       (21) 

where, 

SSE Denotes the error sum of squares (SSE = (yi

i=1

n

! " ˆ y i )
2 ) 

SST Denotes the total sum of squares (SST = (yi !
i=1

n

" y )
2 ) 

y  Denotes the mean or average of 'y' 

Thus, R-squared is a ratio measure of the number of errors made when using the 

regression model to guess the value of the dependent to the total errors made when using 

only the dependent's mean as the basis for estimating all cases. 

Travel behavior modeling is very complex and most of the models only explain 

very small percentage of the variation in the model as determined by a model's R-squared 

value. Thus, it is not a good measure to compare different models based on their R-

squared values.  

4.5.2 Estimated Variable Standard Error / Deviation 

The standard deviation is a statistical measure of volatility measuring the amount 

of variation or deviation that might be expected between the actual value and the 

estimated value. It is measured in terms of same units of the actual or estimate value. 

Estimates with higher standard deviation imply that the estimate can assume a wider 
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range of values. Similarly, low standard deviation values occur when the difference 

between actual and predicted value variation is less. Thus, standard deviation serves a 

good measure for comparing the certainty in estimates achieved from different models 

when compared with an actual model.  The smaller the standard deviation the less the 

uncertainty and hence better the estimates. The standard deviation of an estimate is 

measured from the estimated sample data rather than from the actual data. 

4.5.3 Hausman Test (m-statistic) 

The Hausman's specification error test is used to check whether a regressor is 

truly exogenous to the equation. Hausman's m-statistic can be used to determine if it is 

necessary to use instrumental variable (IV) regression over a OLS estimation. Hausman's 

specification test, or m-statistic, can be used to test hypotheses in terms of bias or 

inconsistency of an estimator. Wu (1973) proposed a Hausman's m-statistic with 

H
O

:
ˆ ! 

0
&

ˆ ! 
1 consistent but only 

ˆ ! 
0 is asymptotically efficient 

H
a
:

ˆ ! 
1 is efficient 

Given, the null and alternative hypothesis, the m-statistic is defined as  

m = q
!

( ˆ V 
1
" ˆ V 

0
)q     (22) 

q =
ˆ ! 

1
" ˆ ! 

0      (23) 

ˆ V 
1
& ˆ V 

0  denote the consistent estimates of the asymptotic covariance matrices of 

ˆ ! 
1

&
ˆ ! 

0 . The m-statistic is then distributed ! 2with k degrees of freedom, where k is 

the rank of the matrix ( ˆ V 
1
! ˆ V 

0
) . 
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4.5.4 Chi-square Test 

 Pearson's ! 2 (Chi-square) test is a common statistical test used to compare 

original observed data and expected data values. The following hypothesis is tested while 

using a ! 2  goodness of fit test: 

H
O
:No difference between observed and expected values  

            Ha
:Observed and expected values are different 

The Chi-square test statistic is then defined as  

 ! 2
=

(O " E)2

E
#      (24) 

where, 

 O  represents observed value 

 E  represents expected value 

Chi-square is used to determine the "goodness of fit" between an obtained set of 

frequencies in a random sample and what is expected under a given statistical hypothesis. 

To verify whether condition for whether a regressor is truly exogenous to the equation, p-

value for the obtained ! 2 is compared with α (0.05, 0.10 etc) at some level of 

significance and based on that reject or accept the null hypothesis Ho . Thus, assume if 

β=prob >! 2  for given degrees of freedom and if β > α then we fail to reject null 

hypothesis Ho and otherwise. 

4.6 Results 

 The Hausman test statistic is used to compare Models 1,2 and 3 since the 
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independent variables are similar across these models. Thus, Models 2 and 3 are 

compared with respect to benchmark Model 1. The results for worker and non-worker 

model are summarized in Table 4.2. 

WORKERS NON-WORKERS MODEL 

!
2  p-value Result !

2  p-value Result 

1 vs 2 30.51 0.92 Accept Null 46.28 0.38 Accept Null 

1 vs 3 11.51 0.98 Accept Null 5.89 1.00 Accept Null 

Table 4.2: Model comparisons using Hausman Test and Chi-squared 

For both workers and non-workers it is observed that the p-value corresponding to the 

!
2  significantly higher than that of the α = 0.1, which corresponds to 90% level of 

significance. Thus, it is not possible to reject the null hypothesis and hence the model 

estimates of 1-2 and 1-3 are not significantly different from one another.  

 Since Model 4 and Model 5 have no explanatory variables in common with that of 

Model 1, it is not possible to perform Hausman Test to compare these models. Instead, 

they can be compared using measure of standard deviation.  

Table 4.2 and 4.3 display the results of time use estimates obtained from all the 

five models for workers and non-workers along with their standard errors. The result 

shows that the standard error of time use estimates decreases compared to the "Actual" 

model when adding more information with out changing the estimate's coefficient. But 

the marginal gains from adding more variables after Model 1 are very small since the 

standard errors are similar. Most of the variation in individual time use due to lifecycle, 
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income, month, day etc. influences are already embedded into Model 1.  

 

  

  TIME SPENT AT     

Model Travel Home Work Shop Other 
 Mean Error Mean Error Mean Error Mean Error Mean Error 
Actual 60 36 935 228 337 256 18 38 91 137 
0 60 6 935 82 337 119 18 7 91 36 
1 60 6 935 81 337 117 18 7 91 36 
2 60 6 935 80 337 116 18 7 91 35 
3 60 6 935 80 337 117 18 7 91 36 
4 60 6 935 81 337 117 18 7 91 36 
5 60 6 935 80 337 116 18 7 91 35 

Table 4.3: Time use estimates using different statistical models for workers 

 

 

  TIME SPENT AT    

Model Travel Home Shop Other 
 Mean Error Mean Error Mean Error Mean Error 
Actual 55 37 1191 184 30 49 164 172 
0 55 8 1191 41 30 9 164 35 
1 55 8 1191 40 30 9 164 34 
2 55 7 1191 36 30 8 164 30 
3 55 7 1191 38 30 8 164 33 
4 55 8 1191 40 30 9 164 35 
5 55 7 1191 36 30 8 164 31 

 Table 4.4: Time use estimates using different statistical models for non-workers 
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Based on results from Tables 4.2, 4.3 and 4.4 it can concluded that even though efficient 

estimates are obtained using statistical techniques the gains are not that significant. Also, 

SUR model (Model 1) is also just marginally better than OLS (Model 0). It can be seen 

even though the estimates have different standard errors their means are similar. Thus, 

using SUR and IV yields estimates with more accuracy with lower standard errors. Using 

Table 4.3 and 4.4, it can be noted that estimates obtained using Model 5 have lower 

standard errors when compared with those obtained using Model 4, thus Model 5 is better 

than Model 4. 

Since, all the travel and activity duration are inter-related to one another, it makes 

more sense to use SUR model to estimate time use as a system of equations rather than 

estimating them individually using an OLS. Thus, Model 1 being a simple SUR 

regression estimation with time use estimates good as those obtained from other models, 

it is used for further analysis for examining influence of highway capacity expansion on 

individual time use in the next chapter.  
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CHAPTER 5 

TIME BUDGETS AND INDUCED TRAVEL  

5.1 Introduction 

New and faster roads may attract more traffic than is simply diverted from 

existing roads. This "induced demand" can be viewed as a boon or a bane. In the short 

term, highway expansion is expected to increase travel speeds. In the long run, the traffic 

congestion may approach its earlier levels. If the sole aim of capacity expansion were to 

reduce congestion, such expansions appear redundant, however road construction may 

increase accessibility and affect people's daily activity patterns.  By changing the number 

and nature of non-home opportunities (working, shopping, other), we expect individuals 

to alter their activities and thus their travel.  This ability to take advantage of new 

opportunities in the same travel time enables people to achieve greater satisfaction from 

consumption, change to a better job, or move to a larger house.  At a minimum, they 

should be no worse off.  However, this additional travel may have negative 

environmental consequences, externalities that individuals do not consider in their travel 

decisions. 

5.2 Theory of Time Budgets 

The time spent traveling to an activity is a function of the time spent at the 

activity and the frequency of trips. The time spent traveling is the cost (“price”) 

associated with pursuing an activity (“good”).    Thus, individuals balance time at 

activities and travel to activities to maximize their utility, acting to attain economies of 

scale in activity consumption. The relationship between travel times and activity 

durations can be shown in the form of a production function subjected to a constraint that 
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all travel times and activity durations sum to an individual’s daily time budget of 1440 

minutes as shown in Figure 5.1. The downward sloping fixed time budget line also acts 

as a fixed demand function. With an increase in supply (highway capacity) from S1 to S2, 

under a fixed constrained demand function, the travel times tS1 reduce to tS2 due to 

attaining higher speeds, leading to increase in (as1 to aS2 ) time is spent at activities.  

        

 

 Fixed Daily Time Budget

 “Demand” Line

 U

1440

Minutes

 Time Spent at Activities Increases

 tS1

 tS2

 Capacity Expansion

 S1         S2

 Utility U increases

 with Expansion

 TRAVEL

 TIME (t)

 Figure 5.1: Daily Travel and Activity Time Production Function

 Time Spent

 Traveling

 Decreases

 1440 Minutes aS1  aS2

 ACTIVITY

 DURATION

 (a)

 

Since, satisfaction from pursuing activities increases, individuals maximize utility 

(U). Thus, highway expansion is expected to reduce total time traveling and induce more 
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time at activities.  With increased supply, the timesavings from travel will enable 

individuals to pursue activities of self-interest enabling them to broaden their choices. 

This model implies individual’s utility increases with supply. 

Due to diverse activity and travel patterns by work status as evident from the 

travel time and activity duration analysis for the 1990 and 1995 travel data, separate 

models have been proposed for workers and non-workers. The total travel time to work 

and the time spent at work are zero for non-workers, while they form a significant part of 

the daily time budget for workers. 

5.3 Hypothesis for Workers 

The first concern is to determine the significance of additional capacity expansion 

on individual travel patterns for workers.  Due to increasing highway capacity, the cost of 

travel will go down, as drivers attain higher speeds and reliability, which enable 

individuals to travel longer distances in the same amount of time. Since work travel is 

something workers would prefer to avoid, we expect that every additional unit of 

highway capacity will decrease work trip travel times. With increased capacity and faster 

speeds, the time spent at work will decrease due to reduced peak spreading. Thus, 

workers will be able to arrive at their work place later in the morning and will leave 

earlier, closer to the peak, in the evening, no longer needing to escape the brunt of traffic 

congestion. 

Travel to shop decreases with highway expansion because of faster roadways.  

Less time is spent shopping due to fewer shopping trips at larger more comprehensive 

stores. Most highway capacity expansion in growing suburban neighborhoods generates a 

faster network, enabling retailers to attain economies of scale with larger and fewer 
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stores. So instead of many small stores, there are more new “big box” retail stores, which 

vend a wider variety of goods. Time at shopping may be more often restricted to one big 

store rather than many smaller stores, and thus should decline as shoppers also achieve 

economies of scale. 

Travel to other, as with travel to work and shop, decreases with capacity 

expansion because of timesavings from faster roadways. Capacity expansion, which is 

mostly in fast growing suburbs, leads to the establishment of new activity centers. Since 

the nature of "other" activities for workers tends to be pleasure and entertainment 

oriented, the time spent at these activities will increase with highway capacity. 

Since travel to home is the flip side of travel to work, it will similarly decrease 

with each unit increase in highway capacity. Workers are expected to spend part of the 

travel time saved at home. Travel is the cost associated for pursuing activities of interest 

and hence it can be considered the price (means) for undertaking activities (ends). Of the 

four activity durations (home, work, shop and other), work and shop are necessary to 

fulfill an individual's daily needs, and hence they are “constrained” activities while home 

and other are “unconstrained” activities.  

5.4 Hypothesis for Non-Workers 

In addition to the obvious difference regarding time spent at work, the major 

difference between the travel pattern of workers and non-workers is that non-workers 

spend more time at other activities (enabled by avoiding 300 minutes a day of work). 

This provides non-workers more time and flexibility to take additional trips than workers. 

The qualitative meaning of some activities differs for non-workers. In contrast to 

workers, for non-workers shopping is a much more recreational or "unconstrained" 
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activity.  On the other hand, other activities may be less discretionary for non-workers, as 

that population includes full-time students. School would be a primary activity, which 

can be considered similar to work for a worker. Hence, “other” is more of a “constrained” 

activity. Timesavings in transportation may relax the peak spreading for other activities 

for non-workers as it did for work activities for workers. 

As capacity increases, non-workers are expected to pursue more shopping related 

activities. Hence, the destination travel times for home and shop tend to increase with 

increasing capacity, while the travel time to other decreases due to travel time savings 

associated with attaining higher speeds.  As with workers, time spent at home is an 

“unconstrained” activity. Due to highway expansion the time spent at home is expected to 

increase.  

5.5 Model 

Since the NPTS was not conducted as a panel survey, it is not possible to know 

how an individual in the 1995 survey would have behaved in 1990. In order to 

compensate for this, we engage in a two-stage procedure whereby we first estimate a 

model of 1990 individuals, and then apply that model to 1995 individuals.   This process 

helps in measuring changes in behavior, controlling for as much variability as possible in 

socioeconomic, demographic, spatial, and temporal variations. The model to estimate 

time at each of the eight activities for a 1990 individual is: 

90it = f ( G,  H,  L,  M,  S,  W) !i = 1, 4     (1) 

90ia = f ( G,  H,  L,  M,  S,  W) !i =1,3     (2)                                   

Subject to:  
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90it +
90ia( )

i=1

4

! = 1440                                 (3) 

where: 

90it  Time taken to travel to an activity 'i' in 1990 

90ia  Time spent at an activity 'i' also known as activity duration at 'i' in 1990 

i Index of activities (travel to and duration at home, work, shop and other)  

A Age 

D Local population Density  

G Gender 

H  Household Income levels  

L Family lifecycle characteristics  

M Month of year interview was conducted  

S State specific variables  

W Day of week interview was conducted  

Dummy variables (0,1) have been employed for each of the characteristics.  The 

variables are entered linearly into the model.  The final model for 
90it  and 

90ia  is 

estimated using Zellner’s seemingly unrelated regression subjected to the daily time 

budget constraint of 1440 minutes. Seemingly unrelated regression estimation models 

(SUR) use asymptotically efficient, feasible generalized least squares estimation (Greene, 

1997). The daily budget constraint makes the co-variance matrix of residual errors 



 52 

singular, which cannot be determined directly by SUR so drop one equation and estimate 

the other 7 equations simultaneously. The final dropped equation can then be calculated 

using the mathematical constraint equation, since the remaining coefficients and their 

sums are known. The SUR model is preferred over ordinary least squares (OLS) 

regression because it overrules the assumption that error residuals are not interrelated. 

SUR estimates the whole model as a system of equations rather than one by one as in 

OLS.  The coefficients from this model are shown in Appendix A. 

The equations for 
90it  and 

90ia   for 1990 obtained from the first stage are used to 

determine 
^

t 90i (an estimate of the travel times and activity duration that 1995 individuals 

had in 1990) subject to the reported, socioeconomic, demographic, spatial, and temporal 

characteristics of each 1995 respondent. Simply put, we took the estimated 1990 time use 

equations and applied them to the 1995 data.   

 
^

t 90i  is used to estimate a difference model of change in travel behavior between the 1995 

individuals reported (or computed) 1995 activity times and their best estimate of 1990 

behavior. Two different models are evaluated (one for workers, one for non-workers) in 

the form given below 

!t
i
 = ƒ (! C/C90 ,! F/F90

 , ! I/I90
 , ! P/P90

 , D95, G95, L95)      ∀ i= 1,4      (4) 

!a
i
 = ƒ (! C/C90 ,! F/F90

 , ! I/I90
 , ! P/P90

 , D95, G95, L95)      ∀ i= 1,3      (5) 

Subject to: 

i=1

8

! !
it + !

ia  =
i=1

8

! (
95it +

95 ia ) - (
^

t90i +
^

a90i 90i) = 0       (6) 

where:  
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!
it   Change in time traveling to activity "i" between 1995 (reported) and 1990 

(estimated)  

!
ia   Change in time spent at activity "i" between 1995 (reported) and 1990 (estimated) 

‘i’  Index of activities 

! C Difference in lane miles for all roadway types between 1995 and 1990  

C90 Sum of lane miles for all roadway type in 1990  

! F Difference in state average Fuel prices between 1995 and 1990 

F90 State average Fuel price 1990 

! I, Difference in state average per capita Income between 1995 and 1990 

I90 State level per capita Income in 1990 

! P, Difference in state Population between 1995 and 1990 

P90 State Population in 1990 

D95 Local population Density estimates in 1995 

G95 Individual’s sex in 1995 

L95 Family Lifecycle characteristics in 1995 

Since all the eight activities for each of years 1990 and 1995 are constrained by 

the individual daily time budget of 1440 minutes, their differences sum to zero minutes. 

A simultaneous seemingly unrelated regression estimation (SUR) is run on the above 

system of equations considering the !
it  and !

ia  (for each of eight activities (six for 

non-workers)) as dependent variables.  Again, all variables are entered linearly.  Since the 
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system of equations forms a singular error variance matrix, one of the equations is 

dropped and a SURE model is run on 7 equations for workers (5 equations for non-

workers) and the final dropped equation is obtained from the mathematical constraint. 

The full results are shown in Appendix B for Workers and Appendix C for Non-Workers. 

5.6 Results 

A summary of the final SURE results has been displayed in Table 2, which shows 

the elasticity of travel times and activity durations with respect to lane miles of capacity. 

The elasticity (η) of an independent variable (‘x’) with respect to its dependent variable 

(‘y’) is given by 

η= 
dy / y

dx / x
                                                                                     (7) 

To illustrate Table 5.1, for every 1% increase in capacity workers decrease their 

travel time to home by 0.000317% or 0.0108 minutes, travel time to work by 0.00706% 

or 0.123 minutes, and so on.  While the numbers may appear small, a one percent 

increase in capacity increases time spent at home by over 6 minutes and reduces time at 

work by 5 minutes.  As these numbers are estimated from state capacity data, it can be 

expected that local effects from a new or expanded roadway would be much greater. The 

results displayed in Table 5.1 are consistent with the underlying hypotheses for both 

workers and non-workers. The difference between worker and non-worker models is 

primarily due to the presence of an extra 300 minutes for non-workers to pursue more 

additional activities. It is found that non-workers, when given a faster network, prefer 

shopping while workers pursue other activities. This is due to the qualitative shift in 

behavior between shop and other for workers and non-workers which yields such travel 
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and activity behavioral patterns.  Thus it is important to model each category separately 

to determine its respective affect. Also, it is observed that with capacity expansion, 

individuals pursue more “unconstrained” activities (home and other for workers, home 

and shop for non-workers), which results in increasing their utility subject to a fixed time 

budget.  

                  Workers      Non-Workers 
Dependent variable:       
Change in: Elasticity Minutes Elasticity Minutes 
Travel time to       
Home -3.17E-04  -0.0108 1.48E-02 * 0.528 
Work -7.06E-03 * -0.123 -  - 
Shop -4.71E-02 * -0.190 3.39E-02 * 0.235 
Other -9.80E-03 * -0.160 -2.91E-02 * -0.606 
       
Activity duration at         
Home 7.27E-03 * 6.56 2.19E-03 * 2.60 
Work -1.80E-02 * -5.66 -  - 
Shop -3.44E-02 * -.767 2.54E-02 * 1.19 
Other 2.72E-03  .349 -2.83E-02 * -3.95 
Note: * Denotes Significance of the variable at 95% Level 

 
Table 5.1: Elasticity of Time With Respect To Capacity 

5.7 Conclusions  

The research chapter brings to fore how the travel times and activity durations are 

affected by increasing highway capacity using a simultaneous estimation difference 

model approach. It is observed that increases in highway capacity bring about small but 

significant changes in individual daily travel behavior. Workers use the capacity 

expansion to spend more time at home and other activities, and spend less time at work.  

Non-workers choose to use the faster network both for activities at home and for 

shopping.  Also, it is observed that overall travel times have remained statistically 

unchanged between 1990 and 1995, while a significant change is observed in activity 

durations, both of which are in agreement with previous analyses. Linking a panel of 
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highway data for the first time with time series travel behavior data suggests that while 

VMT may increase with capacity, the time spent traveling remains stable. Furthermore, 

the effect on workers and non-workers are different. While there is clearly induced travel, 

we now have a better understanding of which travel and activities are induced with 

capacity, and which are reduced. 

 The next chapter examines the data bias in measuring trip miles per person using 

1995 NPTS, Highway Statistics data and Department of Energy and how this bias 

influence transportation policy and highway infrastructure development decisions. 
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CHAPTER 6 

COMPARISON OF VMT / PERSON USING VARIOUS SURVEYS 

6.1 Introduction 

The objective of this chapter is to examine differences in measurement of vehicle 

miles of travel per person at the state level using data from the NPTS, Highway Statistics 

series and the Department of Energy for 1995. Accurate measurement of vehicle miles of 

travel variable is essential since it significantly influences policy decisions regarding 

environmental safety along with in modern transportation planning and highway 

infrastructure development. First, a brief methodology on how to measure vehicle miles 

of travel per person for different data surveys is presented and then the results are 

compared. 

6.2 NPTS ( A and B Measure) 

The 1995 NPTS was conducted over a period from May 1995 to July 1996 with 

travel data collected for all seven days of the week, including all holidays. These 

telephone interview surveys collected data on household demographics, income, vehicle 

availability, location and all trips made on the survey day. The 1995 NPTS consisted of 

42,000 household interviews and over 95,360 persons making almost 409,000 trips. Due 

to lack of insight into initial and final origin and destination, it is assumed that all 

tripmakers begin and end their day at home. In the NPTS data, VMT is reported directly 

by the tripmakers in the survey questionnaire in the form of total trip miles they traveled 

for each activity. Problems related to intrinsic data irregularities within NPTS have to be 

addressed before its results can be compared with other data surveys. Among these, the 

significant and important that affect the VMT are as follows: 
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• Vehicle Trips: The reported vehicle trips are independent of the number of 

passengers making a particular trip. Thus, four passengers traveling together 

in one vehicle will be considered as one single vehicle trip. Hence, carpooling 

trips are coded as single passenger trips. 

• POV Trips: A trip is considered a vehicle trip only if it is made in a privately 

operated vehicle (POV), namely a household-based car, van, sport utility 

vehicle, pickup truck, other truck, recreational vehicle, motorcycle or other 

POV. Thus, this data does not take into account the VMT generated by trucks 

or commercial heavy vehicles. 

• Bus Transit: We do not consider vehicle trips made by buses as it is not 

possible to accurately measure VMT due to movement of the bus fleet 

throughout the day. 

• Trip Measure: NPTS is a daily trip based measure data relying on travelers 

information on trip miles and does not take long trips into consideration. 

In order to address the issues mentioned above with regards to NPTS, the following 

assumptions are involved: 

• Since the tripmakers do not report the number of members on a particular trip 

the auto occupancy is obtained from the post analysis of the NPTS 1995 

report published by the FHWA after the completion of the survey. Using the 

post survey results, the auto occupancies for home, work, shop and other 

based trips were assumed to be 1.59, 1.14, 1.79 and 2.17 respectively. Then 

the net vehicle miles traveled by a tripmaker is the sum obtained by 

discounting the trip miles for all the trips using these numbers corresponding 
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to each destination trip. Thus, if a tripmaker travels 10, 15, 20 and 25 miles 

corresponding to home, work, shop and other based trips in a day then the 

tripmaker's vehicle miles of travel is given by 

VMT = 10/1.59 + 15/1.14+20/1.79 + 25/2.17 = 42.14 miles 

The similar procedure is applied to all tripmakers to determine their net 

vehicle miles of travel. This procedure will be referred to as NPTS A method. 

Another method to determine vehicle miles of travel directly is to discount the 

trip miles of all trips by number of household members on a particular trip. 

But this measure would lead an upward bias since summary results show that 

62% of the total trips are single user household trips, which is very high 

compared to the auto occupancy estimates obtained by the post NPTS 

analysis. This shows that a significant number of trips are taken by people 

from different households and hence using this measure would lead to over-

estimating the net vehicle miles of travel per person. This procedure will be 

referred as NPTS B method. 

• Since vehicle miles of travel do not consider travel generated from non- 

privately owned vehicles (POV), individuals taking trips using non-POV 

modes have been dropped from the analysis. These include trips taken by bus, 

walk, rail etc. 

• Due to age restrictions or driver licenses, all tripmakers below the age of 16 

years are assumed to have zero vehicle miles of travel. 

• The overall state vehicle miles of travel is determined by summing up the 

individuals vehicle miles of travel within that particular state. In order to 
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obtain a realistic estimate of vehicle miles of travel for a state, all individual 

trip miles are classified within a particular age category (like 0-16, 17-20, 21-

25 yrs etc.). The sample sizes corresponding to various age categories within 

are multiplied by their corresponding factors in order to obtain the state's 1995 

population for that age category. Then, the net vehicle mile of travel for a 

given state is obtained as a weighted average of the product of net state's 

vehicle miles of travel and population age factors.  

6.3 Highway Statistics (HWY Measure) 

The FHWA data for vehicle miles traveled (VMT) have been obtained from the 

Highway Statistics series for each roadway type (arterials, collectors and interstates) by 

urban and rural region. The FHWA 1995 highway statistic data is based on the Highway 

Performance Monitoring System (HPMS). The HPMS contains a combination of sample 

data based on the condition, use, performance and physical characteristics of facilities. 

These are functionally classified as arterials and collectors, which can be further sub-

divided based on urban or rural area composition for each state. This data is reported by 

the all states on an annual basis. An urban area indicates a population of 5,000 or more 

with an urbanized area as an area with 50,000 or more persons that contains the land area, 

i.e within the appropriate population density specifications defined by the Bureau of the 

Census. Study based on recent year's growth in highway capacity show that the annual 

increases in total road and street mileage by construction are very small with most of the 

construction for improvement purposes of existing transportation infrastructure. In 

contrast to NPTS, Highway Statistics takes VMT measure based on all highway modes 
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(including trucks and buses) and it is an area-based measure. Since it not a daily trip 

measure, it takes into consideration the long trips that are not absorbed by the NPTS data. 

The data for the Highway Statistics series, including the HPMS (Highway 

Performance Monitoring System) is obtained with the help of various administrative 

agencies within the 50 States, over 30,000 units of local government, the FHWA, other 

Federal agencies, and the five U.S. territories. The state and local administrations update 

their existing data every year in accordance with the legislatively required reports to 

Congress.  Due to its dependence on data, the Highway Statistic's accuracy relies on the 

methodology of data collection followed by different sources at the State, local and 

metropolitan area levels. 

Thus, the quality and consistency of the data is compromised due to the absence 

of a central benchmark and single supervisory authority. Even though, the states are 

provided with guidelines to collect and report consistent data, at times these are adjusted 

to improve uniformity among different states by the FHWA, without any direct 

knowledge of the local situation.  

The data and reporting processes of HPMS employ both physical characteristics 

(number of lanes, capacity, etc), and usage characteristics (volumes, access, etc.) to 

estimate annual VMT. The data is reported for all highway sections by functional system, 

jurisdiction, and geographical location.  

Since Highway Statistics series takes into account VMT by trucks and 

commercial vehicles, which NPTS does not, a review of the total VMT data over past 15 

years (Highway Statistics Series) showed on average trucks VMT accounted for 6.97% of 

the total VMT which is discounted uniformly for all states. The VMT per person is then 
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determined by taking the ratio of the discounted VMT by its population for each state and 

then the results are compared with one another. 

But the significant approximation which casts a dark cloud over HPMS data and 

reporting collection is that it does not sample VMT on local streets, and travel models do 

not normally include specific network links representing local roads and streets (and 

sometimes even collectors). Such an approximation leads to under estimation of the 

measure and may lead to a significant bias.     

6.4 Gasoline Consumption (DOE Measure)  

This section determines a measure of vehicle miles of travel based on automobile 

gasoline consumption values obtained from State Energy Data Report 1995, published by 

the Energy Information Administration, December 1997. The gasoline consumption for 

each state is given in terms of trillions of BTUs (British Thermal Units). Since one gallon 

of gasoline is equivalent to 140,000 BTUs, these consumption values for each are 

converted into equivalent number of gallons of gasoline. In order to compare the vehicle 

miles of travel obtained from this measure with the 1995 NPTS data, the travel due to 

commercial vehicles and trucks should be excluded. Using data for Transportation 

Energy consumption by mode for 1995, the privately owned vehicles contributed to 

56.35% of the total gasoline consumption. Thus, the overall gasoline consumption is 

discounted taking using this assumption. Using data from US DOE (1995), a gas mileage 

for passenger cars of 21.1 miles per gallon is used to convert the gasoline consumption in 

gallons to equivalent miles for all states. The vehicle miles per person for each state is 

determined by taking the ratio of net discounted vehicle miles to its corresponding 

population. 
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The highway statistics does not consider vehicle miles of travel on local streets 

and collectors resulting in under-estimation of net VMT per person within a state. In this 

respect the DOE measure is more accurate than Highway Statistics measure of VMT 

since it considers the overall state consumption of gasoline.  

6.5 Hypothesis 

Given, the methodologies adopted by various surveys the following hypothesis 

are expected to hold: 

• The DOE estimation of VMT per person is expected to be more than HWY since it 

does not consider traffic on local streets and collectors. 

• The NPTS A method estimation of VMT per person is expected to be less than NPTS 

B method since it considers inter-household trips in assuming trip auto occupancy 

• The difference between VMT per person between NPTS A method and DOE estimate 

will be less than the difference between NPTS B method and DOE method 

• The state population and lane miles of capacity are expected to be significant in 

explaining difference in VMT per person estimation between different surveys. The 

more the population, the more will be bias since the variation in over all vehicle miles 

of travel increases with higher population. Also, more the lane miles of capacity 

within a state the less would be VMT bias. 

6.6 Results 
 

The difference in VMT per person measure between different surveys is shown in 

Table 6.1.  The results are consistent with the hypothesis mentioned in the earlier section.  
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State DOE NPTS 
A 

NPTS
B 

HWY DIFFA DIFFB DIFFH Sample 

 (i) (ii) (iii) (iv) (ii)-(i) (iii)-(i) (iv)-(i) NPTS 
Alabama 15.91 15.94 21.93 11.05 0.03 6.02 -4.86 206 
Arizona 13.38 14.32 17.54 8.56 0.94 4.16 -4.82 167 
Arkansas 15.83 20.36 28.57 9.99 4.53 12.74 -5.83 143 
California 12.14 16.34 22.57 8.15 4.20 10.43 -3.99 1747 
Colorado 13.51 18.76 24.94 8.72 5.25 11.43 -4.79 233 
Connecticut 11.45 15.48 22.17 7.99 4.04 10.73 -3.46 176 
Florida 13.59 15.24 21.64 8.38 1.65 8.05 -5.20 797 
Georgia 16.60 17.88 26.35 11.04 1.28 9.75 -5.55 453 
Illinois 11.52 14.80 21.63 7.43 3.28 10.11 -4.10 807 
Indiana 14.80 16.14 21.67 10.38 1.34 6.87 -4.43 379 
Iowa 14.81 15.63 22.10 8.51 0.82 7.29 -6.30 129 
Kansas 13.99 17.78 25.12 9.11 3.79 11.14 -4.88 138 
Kentucky 15.25 18.25 25.03 9.91 3.00 9.78 -5.33 166 
Louisiana 13.34 16.63 25.76 8.31 3.29 12.42 -5.04 233 
Maryland 12.51 17.99 24.99 8.30 5.48 12.47 -4.21 425 
Massachusetts 11.85 18.13 25.85 7.38 6.28 14.00 -4.48 5891 
Michigan 13.99 18.98 27.11 8.26 4.98 13.12 -5.74 572 
Minnesota 14.41 15.27 23.15 8.90 0.87 8.74 -5.51 302 
Mississippi 15.45 15.82 20.61 10.22 0.37 5.16 -5.23 123 
Missouri 15.82 15.24 21.35 10.37 -0.59 5.53 -5.45 317 
New Jersey 12.65 16.21 22.72 7.13 3.56 10.07 -5.51 458 
New York 8.93 15.25 22.26 5.90 6.31 13.33 -3.03 7109 
North Carolina 14.70 18.13 24.76 9.84 3.43 10.06 -4.85 532 
Ohio 12.76 15.74 21.85 8.42 2.98 9.09 -4.34 788 
Oklahoma 15.83 16.12 22.77 10.94 0.28 6.93 -4.89 2945 
Oregon 13.23 14.68 20.26 8.89 1.44 7.03 -4.34 305 
Pennsylvania 11.39 14.49 21.15 7.30 3.10 9.76 -4.09 904 
South Carolina 15.59 16.74 21.88 9.78 1.16 6.29 -5.81 232 
Tennessee 15.13 17.20 24.94 9.99 2.06 9.81 -5.14 341 
Texas 13.92 16.85 23.33 8.99 2.93 9.41 -4.93 1001 
Virginia 14.60 17.34 24.38 9.84 2.75 9.79 -4.76 505 
Washington 13.23 16.45 21.91 8.43 3.22 8.68 -4.80 667 
Wisconsin 13.16 14.42 20.65 9.35 1.26 7.49 -3.81 412 
 
Table 6.1: Differences in VMT/Person Measures (Miles/Person) 
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To illustrate Table 6.1, for Alabama, the VMT per person using DOE, NPTS A, 

NPTS B and HWY method were found to be 15.91, 15.94, 21.93 and 11.05 miles / person 

respectively. DIFFA, DIFFB and DIFFH represents the value obtained by subtracting 

VMT/ person using NPTS A, NPTS B and HWY method with DOE method which are 

0.03, 6.02 and -4.86 miles / person respectively. The final column, sample NPTS, 

represents the sample size of number of persons within a particular state in the NPTS 

1995 data. Thus, there were in total 206 adults who were interviewed in Alabama for 

NPTS 1995.  

Overall it is observed that the VMT per person measure from NPTS (Methods A 

and B) is higher than HWY and DOE measure and if DOE measure is assumed to be 

correct this means that people are over estimating VMT. One reason for this could be due 

to inconsistency in data reporting of trip miles variable and various other approximations. 

It can be seen, for most states the difference between DOE and HWY method is uniform 

and in the range of 4-5 miles since it includes VMT generated on local streets and 

arterials, which is difficult to estimate and is not accounted in the HWY method. 

As mentioned earlier, it is expected that state's lane miles of capacity and 

population will be good attributes in explaining the variation in VMT per person across 

various surveys. A linear OLS regression is used with lane miles of capacity and 

population as independent variables to explain the dependent change in VMT per person. 

Such a relation is expressed using (1) and the subsequent results are shown in Table 6.2. 

DIFF
i
= !

0
+ !

1
P + !

2
C + "   (1) 

where, 

i  Index for state 
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DIFF  Difference in VMT per person between different surveys 

P  State 1995 Population 

C  Statewide Lane Miles of capacity 

DEPENDENT VARIABLE INDEPENDENT VARIABLES    

Diff Capacity (C)  Population (P)  

(A-DOE) -8.86E-06 ** 1.88E-07 *** 

(B-DOE) -8.33E-06  1.86E-07 ** 

(HWY-DOE) -2.60E-06 * 7.28E-08 *** 

 

 

 

Table 6.2 shows that both lane miles of capacity and population are significant in 

explaining the difference in VMT per person measure obtained from various surveys. 

6.7 Conclusions 

Summarizing the results obtained from Table 6.1 and Table 6.2, the DOE method 

of VMT/person seems accurate since it is based on gasoline consumption, which is an 

actual measure of supply causing the demand for travel. VMT / person using Highway 

Statistics series HWY method is underestimated since it does not measure VMT on local 

streets and collectors. NPTS A is more accurate than NPTS B method since it is based on 

auto occupancy measure obtained from the post NPTS analysis. Furthermore, population 

and lane miles have significant effect on explaining the bias in VMT/person measured 

using different methods. In the end it is essential to measure the demand for travel in 

*,**,*** denotes 90%, 95%, 99% level of significance 
 
Table 6.2: Variation of Difference in VMT per person with C and P 
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terms of VMT accurately as it influences transportation policy, effects environmental 

concern and efficient transportation infrastructure planning. 

The next chapter of this thesis attempts to examine how highway VMT is related 

to individual time use using NPTS and Texas Transportation Institute (TTI) urban 

mobility data for 1995. 
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CHAPTER 7 

HOW VMT EFFECTS TRAVEL BEHAVIOR 

7.1 Introduction 

Recurring highway congestion vexes cities worldwide. A recent 2001 urban 

mobility study for 68 US metropolitan areas by Texas Transportation Institute (TTI) 

observed that the congestion is increasing significantly over the years, with average 

annual delay per person increasing from 11 hours in 1982 to 36 hours in 1999.  These 

excessive delays have wasted 6.8 billion gallons of fuel (TTI Urban Mobility Study, 

1999).  The report also supports the notion of induced demand suggesting that additional 

highway expansion will only make us better off in the short run, with the traffic 

congestion approaching its earlier levels in the long run. The environment also suffers 

from vehicle emissions and pollution caused by delays due to increasing highway 

congestion. 

Noland (1999) studied relationships between lane miles of capacity and induced 

vehicle miles of travel by specific road types and estimated long and short-term 

elasticities using four different models. The results obtained corroborate the influence of 

induced travel, at the same time establishing a significant relation between lane miles of 

capacity and vehicle miles of travel. Because the amount of new capacity that can be built 

is limited and the significant presence of induced demand dilutes the benefits of highway 

expansion towards relieving congestion, researchers have suggested different proposals to 

tackle congestion. One such proposal is to efficiently manage the operations of the 

existing transportation system using new technologies (e.g. ramp meters) and policies 

(e.g. congestion pricing). These solutions though potentially instrumental in retrieving 
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congestion have sparked criticism. Another suggestion is to study the individuals travel 

behavior and land-use characteristics to better plan for the development of transportation 

and land use. Travel is often referred to as derived demand as it is a result of individuals 

participating in different activities and travel. Since the travel demand is due to 

individuals taking trips, a key element in tackling the problem of congestion is to 

determine the effects of congestion on individuals travel behavior. Thus, it is imperative 

to know to what extent individual activity and travel patterns will be influenced by an 

increase in highway congestion. Thus, additional highway congestion caused by 

increasing VMT, affects the individual share of time within a 24-hour budget allocated to 

various activities (time spent at and traveling to home, shop, work and other), resulting in 

higher travel times and less time spent at activities. The objective of this chapter is to 

examine the effects of increasing VMT on individual's time use to various activities using 

NPTS and TTI urban mobility study for 1990 and 1995.  

7.2 Data 

The database used in this analysis comes from the 1990/91 and 1995/96 

Nationwide Personal Transportation Surveys (NPTS) as described in Chapter 2. The 

congestion data used in the formulation consists of roadway and metropolitan area 

characteristics by metropolitan area for the years 1990 and 1995. The data for vehicle 

miles traveled (VMT) and lane miles have been obtained from the Texas Transportation 

Institute mobility study for different roadway type (arterials and freeways). Census data 

on the metropolitan area population for all the 68 metropolitan areas for the years 1990 

and 1995 is also used. 
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TTI obtained data from the Highway Performance Monitoring System (HPMS) 

database, which included information on state and local agency maintained roadway 

systems, compiled by the Federal Highway Administration (FHWA) from the data 

submitted by State Department of Transportation (DOTs). For providing local review of 

the TTI statistics, data was also obtained from local planning, transportation agencies and 

state departments of transportation (DOT). Also, locally developed planning data were 

used for providing information on urban roadway systems. 

7.3 Theory 

 The time spent traveling is the price of pursuing an activity or good. Thus, 

individuals balance time at and travel to activities to maximize their utility, acting to 

attain economies in activity consumption. It is assumed that individuals only travel if the 

utility they attain from travel and time at an activity exceeds that of some other activity / 

travel bundle. We intend to look for changes in individual's travel behavior with increase 

in metropolitan area travel demand (measured in terms of vehicle miles of travel) and 

aggregate lane miles of highway supply.  

But due to an 83% correlation between change in lane miles of capacity and 

vehicle miles of travel between 1990 and 1995, it is not possible to treat both of them as 

explanatory variables together in estimating changes in individual travel behavior. This is 

because of a multi-collinearity problem. Thus, there is a need to determine a third 

variable which is correlated with both VMT and lane miles so that a combined surrogate 

measure can be captured using that variable instead of using the two together in a single 

equation. Figure 7.1 posits that VMT, Lane miles (C) and Population (P) are all 

positively correlated with one another. 
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Figure 7.1: Relation between VMT, Lane miles and Population 

From our induced demand analysis, we know VMT and Lane miles have 

positively relationship. With an increase in population there will be more vehicle miles of 

travel and also an increased need for additional transportation infrastructure, which 

explains the triangular relationship.  Also significant correlations were found between the 

change in VMT, Lane miles and Population between the years 1990 and 1995. The 

analysis is presented in Table 7.1. 

Interaction Pearson Correlation Coefficient 
ΔVMT, ΔP 57% 
ΔC, ΔP 64% 
ΔVMT, ΔC 83% 

Table 7.1: Correlation between change in VMT, Lane miles (C) and Population (P) 

Let D1 , S1 , D2 , S2 each represent Lane miles and VMT estimates for 1990 and 

1995 respectively and since their change between 1990 and 1995 is positive, we can 

represent this relationship between these two years using Figure 7.2. It can be observed 

that with increase in VMT (D1 to D2) and Lane miles (S1 to S2), the individual's aggregate 

demand and price for goods will increase as the highways are more congested, which 

would result in higher travel times. Thus, with increases in highway capacity and 

metropolitan VMT we anticipate that the commute travel times will be higher. One 

POP 

VMT LNM 
+ve 

+ve 

+ve 

+ve 
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reason is that the demand for travel is also influenced by capacity expansion, which will 

not be able to accommodate this additional VMT in the long run, and as a result it will 

lead to higher travel times. This increase in travel times will force workers and non-

workers to spend less time at different activities in order to compensate for the loss of 

time traveling. Due to diverse activity and travel patterns by work status as evident from 

the travel time and activity duration analysis for the 1990 and 1995 travel data, separate 

models for workers and non-workers are evaluated. 

 

 

 

 

 

 

 

 

 

 

7.4 Hypothesis 

Based on additional increase in VMT we expect 

• Increase in commute travel times to various activities 

• Decrease in time spent at various activities due to daily time budget constraints 

Based on additional increase in lane miles of capacity we expect 

• Decrease in commute travel times to various activities 

S1 

S2 

D2 

D1 

VMT 

Q1 Q2 

t2 

t1 

Figure 7.2: Relation between VMT and Lane miles 

t 
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• Increase in time spent at various activities due to daily time budget constraints 

7.5 Model 

 The model to estimate time use for 1990 individuals is based on the model 

described in Chapter 5 for examining the influence of induced demand. This model 

estimates time use for a 1990 individual controlling for as much variability as possible in 

socioeconomic, demographic, spatial, and temporal variations. The model used for 

estimating time use for 1995 individuals is also derived from Chapter 5. 

As mentioned in the earlier sections of this chapter that since VMT and Lane 

miles are positively correlated to each other we can not use these two together in one 

model. Since population is related with VMT and Lane miles, we used the following 

equation to determine an estimate of population as a function of VMT and Lane miles at 

the metropolitan area level: 

!P = "
0
+ "

1
(!VMT) + "

2
(!C) + #        (1) 

where, 

ΔP   Change in Population between 1990 and 1995 

ΔVMT   Change in Vehicle Miles of Travel 

The results obtained using model (1) for 1995 individuals are summarized in Table 7.2. 

The dependent variable is ΔP, which denotes the change in Population between 1990 and 

1995. Both change in lane miles of capacity and VMT are significantly positively 

correlated with positive elasticities to the change in population as suggested in the 

hypothesis section.  
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DEPENDENT VARIABLE IS INDEPENDENT VARIABLES 

ΔP ΔVMT ΔC  Constant 

Coefficient 1.52E-02 0.477 * 53.633 

Elasticity 0.262 0.415 * - 

• Denotes significance at 95% confidence interval 

Table 7.2: Model (1) Regression Results  

The results obtained from Table 7.2 above are used to determine an estimate of !P
^

 

subject to the mean values of ΔVMT and ΔC and merged with the person level time use 

1990 and 1995 NPTS.  

 The estimate of !P
^

 is used to evaluate two different models (one for workers, 

one for non-workers) in the form given below 

!
iT  = ƒ (!P

^

, S95, I95, D95, L95, M95)                                            (2) 

Subject to: 

i=1

8

! !
iT  = 0                                                           (3) 

where:  

!
iT  =

95T i - 
^

T 90i ( as derived in Chapter 5) 

‘i’  Index of activities 

!
iT   Change in time at activity "i" between 1995 (reported) and 1990 (estimated)  
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 S95 State variables in 1995 

I95 Household income in 1995 

L95 Family Lifecycle characteristics in 1995 

D95 Day of the week the trip was taken in 1995 

M95 Month of the year the trip was taken in 1995 

 Once again, as in the earlier chapters, all the eight activities for each of years 

1990 and 1995 are constrained by the individual daily time budget of 1440 minutes, their 

differences sum to zero minutes. A simultaneous seemingly unrelated regression 

estimation (SURE) is run on the above system of equations considering the !
iT  (for 

each of eight activities (six for non-workers)) as dependent variables.  Again, all 

variables are entered linearly. The full results are shown in Appendix 7.1 for Workers and 

Appendix 7.2 for Non-Workers. 

7.6 Results 

It can be seen that with 1% increase in ΔVMT and ΔC, ΔP is increased 

proportionally by 0.01!
i
x 

i
.  In order to determine, elasticity of change in time use with 

respect to ΔVMT and ΔC, we need to proceed as follows: 

• First, we determine the change in time use with 1% change in ΔP and get the 

elasticities 

• Second, we determine the change in  ΔP with 1% in ΔVMT and ΔC and get the 

elasticities 

• Third, we multiply the elasticities we get from the first and second stage to get a 
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combined measure of elasticity of change in time use with respect to ΔVMT and 

ΔC. 

Table 7.3 below presents the elasticities and change in time use estimates for 

workers.  

Dependent Variable   ΔP  ΔVMT  ΔC  

Change in  EP CP EV CV EC CC 

Travel to Home * -0.47 1.54 -0.12 0.41 -0.19 0.64 

Travel to Work * 0.67 3.63 0.17 0.95 0.28 1.51 

Travel to Shop  0.11 0.38 0.03 0.10 0.05 0.16 

Travel to Other * 0.34 1.72 0.09 0.45 0.14 0.72 

Time Spent at Home * 0.51 -11.68 0.13 -3.07 0.21 -4.85 

Time Spent at Work * -0.52 -10.64 -0.14 -2.79 -0.22 -4.42 

Time Spent at Shop  0.30 1.51 0.08 0.40 0.12 0.63 

Time Spent at Other * -1.03 13.52 -0.27 3.55 -0.43 5.61 

• Represents a particular activity is significant at 95% confidence interval 
• EI and CI denote elasticities and net change w.r.t an independent variable 'i' 

Table 7.3: Elasticities and Change in Dependent Variable for Workers 

As an example to illustrate Table 7.3, for every 1% increase in the change in 

population (ΔP) workers decreased their change in travel time to home by 0.47% or 

increased by 1.54 minutes, change in travel time to work increased by 0.67% or increased 

by 3.63 minutes, and so on. Interestingly, it can be seen that even though the elasticity of 
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change in travel to home for all categories is negative, but net change is positive, this is 

so because the average change in travel to home decreased from 1990 to 1995. Thus, 

even though the elasticity is negative, net change is positive. Thus, with increase in 

change in ΔVMT, the time spent traveling increases due to highway congestion, which is 

consistent with our hypothesis. 

Table 7.4 below presents the elasticities and change in time use estimates for  non-

workers. 

Dependent Variable   ΔP  ΔVMT  ΔC  

Change in  EP CP EV CV EC CC 

Travel to Home * -0.35 2.77 -0.09 0.73 -0.15 1.15 

Travel to Shop  -0.12 -0.49 -0.03 -0.13 -0.05 -0.20 

Travel to Other * 0.30 3.71 0.08 0.97 0.12 1.54 

Time Spent at Home * 0.34 -16.91 0.09 -4.44 0.14 -7.02 

Time Spent at Shop  0.10 0.66 0.03 0.17 0.04 0.27 

Time Spent at Other  0.29 10.25 0.08 2.69 0.12 4.26 

• Represents a particular activity is significant at 95% confidence interval 
• EI and CI denote elasticities and net change w.r.t an independent variable 'i' 

Table 7.4: Elasticities and Change in Dependent Variable for Non-Workers 

For workers travel to home, work and other and time spent at home, work and other were 

found to be significant. For non-workers only travel to home and other and time spent at 

home were found to be significant. Both travel to and time spent at shop were not found 
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to be significant for both workers and non-workers. 

7.7 Conclusions 

Based on the results presented for workers and non-workers in Table 7.3 and Table 

7.4 respectively, it can be concluded that with an increase in highway VMT individuals 

spend more time traveling to activites. In order to make up for the loss of time traveling 

individuals spend less time at activities since they are constrained by theory of daily time 

budgets. It was expected that workers would spend less time at work with an additional 

increase in the change in VMT due to peak spreading associated with congestion, but the 

results were both conflicting and significant. The same issue is faced with "other" activity 

in case of non-workers, who the model suggests spend more time at other due to an 

additional increase in the change in VMT. Also, no hypothesis could be formed as to why 

workers spend a comparatively higher time at other activities with an additional increase 

in the change in VMT or lane miles. The elasticities of change in time use with respect to 

change in lane miles is also positive which implies that with capacity expansion 

individuals will undertake more travel related activities while controlling for the change 

in VMT.   

Overall, it can be observed that an additional increase in the change in VMT will 

cause individuals to take more time traveling and spending less time at home. This is very 

significant as it influences individual's travel behavior and forces them to re-allocate their 

1440 minutes a day to different activities and travel. 
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APPENDIX A 
 
Coefficients from Estimated Model of 1990 Time Use Behavior.  
 
 
    WORK ERS        NON- WO RKERS   
Independent  TRAV EL TO    TIME AT   TRA VEL TO  TIME AT  
Variables Home Work Shop  Other  Home Work Shop  Other  Home Shop  Other  Home Shop  Other 
                  
STATES                  
Alabama 4.08 8.22 0.10 -1.58  7.49 -10.65 -17.26 9.59  -7.75 -0.93 1.24  -42.54 0.73 49.26 
Arizona 4.64 10.25 -0.61 -2.52  -69.08 63.95 -6.98 0.35  16.00 -0.07 4.02  -89.63 37.90 31.79 
Arkansas -4.45 -2.56 -0.69 -0.37  -13.45 -35.20 -11.95 68.67  -18.51 3.22 -5.88  37.64 -7.03 -9.44 
California 5.79 3.78 0.53 -0.42  -28.74 -10.22 4.51 24.76  -7.19 -1.34 2.01  -5.71 2.82 9.41 
Colorado  5.30 6.01 0.87 -5.15  -6.26 8.85 -3.93 -5.68  2.58 -2.96 -2.07  36.56 -11.58 -22.53 
Connecticut 2.35 0.70 0.33 -0.18  -16.61 20.37 -5.23 -1.72  -6.72 -3.79 -4.30  53.85 -7.43 -31.59 
Florida 0.89 2.53 -0.49 -1.97  -20.05 -3.71 -2.76 25.56  -9.10 -0.93 -4.40  15.50 -1.56 0.49 
Georgia 0.24 3.63 -0.88 2.15  -62.20 59.71 -4.79 2.14  1.73 0.86 -1.21  20.93 -1.92 -20.39 
Illinois 1.84 4.87 -1.73 -1.97  -52.87 49.98 -7.78 7.66  10.16 -1.49 2.50  -11.40 -5.59 5.83 
Indiana 4.83 3.37 -0.85 -0.59  -52.60 22.70 -3.18 26.32  -0.14 -1.54 -2.74  31.41 -1.26 -25.73 
Iowa 3.36 1.32 -0.66 -5.49  -9.14 -2.51 -13.13 26.25  -18.58 6.09 0.83  -26.06 38.96 -1.24 
Kansas -8.43 -5.48 -1.63 -1.33  117.28 -125.98 13.72 11.86  13.82 3.45 -7.14  -84.28 3.32 70.83 
Kentucky 7.09 3.51 -2.77 4.33  -64.75 54.95 -16.49 14.13  -11.54 -0.88 18.34  30.37 -1.80 -34.49 
Louisiana -3.32 1.50 -1.20 5.07  -25.95 21.57 -12.05 14.38  -12.03 -3.46 -6.17  66.76 -4.13 -40.98 
Maryland 8.23 7.90 -0.51 0.64  -74.10 14.91 -7.21 50.14  -9.23 -2.13 -4.82  41.47 -13.44 -11.84 
Massachusetts 6.62 0.50 0.12 -0.98  25.53 -46.75 -8.60 23.56  -1.91 0.68 -10.04  73.53 5.18 -67.44 
Michigan 11.67 0.42 0.09 -2.36  -55.63 -4.24 1.22 48.83  -9.94 -0.45 -8.35  46.06 20.95 -48.27 
Minnesota 0.50 2.24 0.74 -3.68  -9.41 -12.18 1.80 20.00  8.83 -0.63 -8.08  -3.43 12.58 -9.27 
Mississippi -4.26 8.99 2.64 7.87  -81.30 16.14 6.07 43.85  -1.91 0.53 5.17  -4.10 0.22 0.10 
Missouri -2.06 8.29 -1.75 -4.17  -65.69 126.57 -18.81 -42.38  -2.26 6.54 -14.02  62.68 63.93 -116.87 
New Jersey 8.14 10.02 -0.30 -2.09  -43.83 32.02 -11.02 7.05  -2.99 -1.45 -11.13  66.98 -12.07 -39.33 
New York 8.02 6.24 2.40 -0.44  -49.95 33.45 -4.57 4.84  0.52 -2.25 -2.80  32.44 -2.72 -25.18 
North Carolina -5.12 3.69 -1.32 1.60  -42.68 70.62 -10.94 -15.85  -14.83 -2.01 3.39  41.56 -2.76 -25.36 
Ohio 3.18 -1.02 1.69 1.14  -8.93 -22.73 -3.32 29.99  -7.08 -0.73 -4.04  0.37 1.38 10.10 
Oklahoma -5.36 0.89 -2.39 -2.00  62.88 -60.23 -14.28 20.50  1.03 0.53 -6.75  33.20 13.43 -41.44 
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Oregon -5.24 0.00 -1.45 -3.67  -54.69 80.52 -6.32 -9.14  -18.90 7.77 -4.72  33.24 40.54 -57.93 
Pennsylvania -0.24 2.15 -1.06 -1.74  -33.18 35.11 -13.03 11.99  2.43 0.01 -4.46  28.57 9.22 -35.77 
South Carolina -2.81 -0.49 0.88 -4.82  -8.06 48.09 -12.18 -20.60  -14.55 -2.64 -10.12  46.80 2.35 -21.84 
Tennessee -5.19 0.52 0.44 -3.31  -26.33 41.12 -3.67 -3.58  -13.07 -0.69 -8.02  55.22 -6.33 -27.11 
Texas 5.88 2.28 0.22 1.06  -16.49 -5.60 -7.20 19.86  -7.20 -1.02 -2.70  42.42 -10.12 -21.39 
Virginia  2.76 1.86 -0.25 -2.52  2.10 -1.84 -1.96 -0.16  -12.43 -0.27 -9.36  37.95 -5.82 -10.08 
Washington 4.94 7.82 3.79 1.12  -60.56 20.67 -7.39 29.61  0.00 -0.34 4.04  1.87 -14.80 9.22 

                  
POPULATION DENSITY                 
(Persons per Square Mile)                 
0-99 6.27 1.50 0.69 -11.13  51.64 11.52 -1.56 -58.92  0.72 -3.20 -4.80  99.93 -42.69 -49.96 
100-249 3.21 1.53 1.53 -12.05  45.45 14.39 4.31 -58.37  3.42 -3.04 -2.63  67.04 -36.60 -28.20 
250-499 2.63 2.17 0.65 -11.81  46.23 12.74 6.19 -58.78  -8.99 -2.23 -7.62  80.54 -32.35 -29.35 
500-749 4.82 1.11 0.32 -11.29  57.90 16.56 2.26 -71.68  4.48 -1.85 -0.66  55.25 -21.79 -35.42 
750-999 -3.02 -0.59 2.03 -11.10  52.86 8.84 12.68 -61.70  2.15 1.89 3.94  35.78 -26.67 -17.09 
1000-1999  0.68 1.91 0.29 -9.60  60.44 3.11 1.46 -58.29  -4.60 0.57 -1.34  54.86 -32.11 -17.38 
2000-2999 1.28 0.09 0.91 -11.37  82.81 -26.88 6.13 -52.98  -9.63 -1.92 -2.55  78.60 -37.71 -26.78 
3000-3999 2.66 1.27 0.26 -13.74  33.88 28.64 1.30 -54.27  1.07 -3.07 -7.54  54.27 -30.42 -14.30 
4000-4999  0.37 2.26 1.17 -11.23  33.87 17.89 8.71 -53.04  -13.85 -1.35 -11.32  113.92 -31.33 -56.06 
5000-7499 1.62 4.86 0.56 -10.17  56.93 -2.72 0.21 -51.29  -4.59 -1.51 -0.92  39.32 -21.93 -10.37 
7500-9999  -1.39 2.42 1.45 -8.35  106.74 -41.52 1.81 -61.17  1.72 -1.70 -6.95  101.79 -38.47 -56.39 
10000-49999  9.31 6.42 -0.18 -12.91  86.64 -8.91 2.29 -82.66  -5.14 0.92 -4.45  71.79 -24.54 -38.58 
50000+  4.63 18.45 -0.58 -12.53  36.88 24.46 12.18 -83.48  -6.63 1.17 3.17  124.52 -7.43 -114.80 

                  
HOUSEHOLD INCOME                 
Less than $5000 -1.21 -1.40 0.32 0.11  100.80 -103.15 6.70 -2.18  -7.77 0.46 -5.61  38.15 8.01 -33.25 
$5000-$9999 -8.08 -0.65 0.29 1.74  -1.09 15.02 10.49 -17.71  -2.33 0.19 -4.55  20.55 -0.63 -13.23 
$10000-$14999 -5.47 -0.58 0.28 1.65  18.65 -21.63 -1.09 8.19  1.33 -0.06 -1.43  22.08 2.00 -23.92 
$15000-$19999 -5.34 0.04 0.70 0.54  25.48 -34.85 0.07 13.37  -1.81 1.31 -1.72  34.05 -0.97 -30.85 
$20000-$24999 -3.89 -1.66 0.17 1.93  6.71 -27.35 2.27 21.82  0.09 1.49 -1.11  16.15 11.32 -27.93 
$25000-$29999 -2.77 -1.12 0.64 5.19  -4.72 -36.87 7.87 31.78  1.42 2.66 8.55  -19.02 8.42 -2.03 
$30000-$34999 -0.14 -2.00 1.44 4.14  -14.58 -42.35 10.77 42.72  -0.64 1.44 0.70  29.57 8.16 -39.23 
$35000-$39999 -2.11 -0.21 1.10 4.05  -17.21 -17.94 8.11 24.19  1.57 0.38 2.28  -4.00 9.01 -9.24 
$40000-$44999 2.50 1.98 0.22 4.30  -14.24 -22.04 -0.96 28.24  -2.42 2.19 2.53  -52.43 27.00 23.14 
$45000-$49999 7.20 1.07 2.70 11.24  6.25 -83.07 10.01 44.59  3.26 2.19 1.43  -11.87 7.10 -2.12 
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$50000-$54999 4.36 2.83 1.43 3.62  0.70 -52.36 7.90 31.51  2.89 0.51 2.77  5.16 15.48 -26.80 
$55000-$59999 7.30 3.82 1.14 6.85  15.51 -67.76 16.44 16.70  14.92 6.70 -0.12  -71.95 41.57 8.88 
$60000-$64999 9.76 3.41 0.52 4.90  -21.25 -86.72 7.32 82.07  -10.14 2.45 -3.75  4.34 15.16 -8.06 
$65000-$69999 3.87 -2.12 1.08 10.39  -32.03 -46.54 10.28 55.08  -3.01 -2.18 2.57  -20.73 24.28 -0.93 
$70000-$74999 9.78 5.23 6.73 9.01  -49.11 -71.92 26.28 64.00  0.21 -3.20 9.88  -38.62 22.65 9.09 
$75000-$79999 -2.96 0.35 -0.53 9.32  27.93 -83.91 -1.98 51.77  -20.04 1.91 -9.29  96.07 28.85 -97.50 
$80000+ 6.39 2.63 0.78 8.88  -1.96 -67.55 -0.92 51.76  10.31 3.01 16.78  -37.46 1.29 6.06 

                  
LIFE-CYCLE                  
(Adults, Youngest Child Age)                
1, NA -62.98 2.41 3.90 -34.23  22.65 74.38 -29.52 23.39  -10.53 -3.93 -9.25  7.20 -28.25 44.77 
2+, NA -68.04 4.03 2.70 -38.88  9.27 133.11 -37.27 -4.91  -5.88 -2.32 -8.54  12.26 -27.58 32.05 
1, 0-5 -65.13 0.85 3.79 -33.00  36.75 31.22 -39.53 65.05  -12.46 -5.12 -11.00  35.16 -26.74 20.15 
2+, 0-5 -69.53 6.55 2.68 -39.59  39.76 105.05 -36.00 -8.93  -15.23 -3.37 -11.76  39.04 -28.63 19.96 
1, 6-15 -59.88 3.43 2.74 -33.36  13.98 59.15 -33.00 46.94  -11.05 -2.05 0.34  -78.44 -21.88 113.08 
2+, 6-15 -66.99 3.07 2.81 -40.53  41.95 105.62 -35.33 -10.60  -8.21 -1.68 -10.14  -15.78 -20.75 56.56 
1, 16-21 -66.99 3.03 2.81 -37.59  97.23 38.36 -37.64 0.78  -4.59 -3.07 -20.35  63.81 -31.67 -4.12 
2+, 16-21 -67.34 -0.64 2.04 -39.22  45.49 109.62 -40.56 -9.40  -4.06 -3.63 -9.81  -34.44 -31.49 83.43 
1, retired, NA -35.88 -7.34 -0.11 -18.44  222.12 -77.56 -59.52 -23.28  -6.24 -2.62 -8.33  17.80 -26.21 25.58 
2+ , retired NA -64.05 4.55 1.92 -38.51  55.79 78.88 -37.43 -1.14  -8.44 -2.21 -16.74  61.69 -25.69 -8.59 

                  
SEX                  
Male 2.40 3.26 -1.02 -2.04  -22.61 49.63 -10.63 -18.99  1.78 0.18 -1.04  3.78 -7.38 2.68 

                  
MONTH                   
January -0.30 -1.60 -1.43 -1.34  27.78 -15.43 -5.34 -2.34  -3.35 -0.44 -3.75  42.06 -16.66 -17.86 
February 2.36 -0.29 -0.82 1.96  15.83 -34.58 -3.85 19.38  0.27 -0.45 -0.15  14.47 -13.59 -0.54 
March 1.28 0.33 -0.30 2.64  -42.50 34.04 -5.88 10.41  -2.56 -1.96 4.78  -28.12 -16.65 44.50 
April 3.53 1.08 -1.42 3.96  -13.38 -14.46 -7.68 28.39  2.41 -0.11 5.04  -16.04 -14.99 23.69 
May 2.36 2.36 -0.41 6.00  2.09 -40.57 -4.75 32.92  -0.14 -0.16 5.11  -12.94 -16.69 24.83 
June 3.16 0.14 -0.89 3.50  -13.64 -10.26 -5.48 23.49  1.31 0.17 12.74  -58.21 -17.13 61.11 
July 10.68 2.91 -1.10 6.49  -21.10 -0.21 -8.28 10.61  0.78 -0.99 1.36  12.20 -8.08 -5.28 
August 5.12 -0.10 -0.60 1.02  -7.21 -6.00 -7.60 15.36  -4.25 -0.17 -0.27  45.86 -13.86 -27.30 
September 1.19 1.65 0.24 3.47  -20.52 1.06 -4.44 17.36  -3.20 -1.35 -1.21  53.01 -22.83 -24.42 
October 0.67 0.44 -0.61 1.99  16.52 -7.91 -7.46 -3.64  2.55 -1.39 -2.73  27.57 -12.20 -13.80 
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November 4.12 -0.63 -0.34 1.78  15.82 -24.39 -0.62 4.25  -0.61 -0.20 1.21  -14.53 -6.24 20.37 
                  

DAY OF WEEK                  
Sunday -0.48 -3.09 -2.10 -0.54  50.90 -40.69 -12.02 8.03  -6.11 -0.95 1.38  -1.75 -23.43 30.87 
Monday -8.48 12.15 -3.59 -8.98  -200.82 234.13 -17.30 -7.11  -2.22 -2.26 5.25  3.52 -27.37 23.08 
Tuesday -8.18 11.57 -3.26 -6.96  -223.99 254.35 -19.95 -3.57  -8.32 -0.51 0.48  -17.42 -16.67 42.43 
Wednesday -11.29 15.46 -3.89 -7.59  -239.79 257.03 -20.48 10.54  -5.51 0.49 4.45  -52.39 -11.03 63.99 
Thursday -8.82 12.22 -3.79 -7.57  -238.03 268.90 -16.65 -6.27  -12.26 0.81 -0.97  -11.81 -14.50 38.73 
Friday -5.59 12.29 -2.93 -4.75  -228.55 235.15 -21.02 15.41  -12.21 0.29 1.42  -15.73 -6.47 32.71 

                  
CONSTANT 95.33 -4.48 3.10 64.60  1023.01 41.81 82.25 134.38  55.96 10.77 33.67  1103.21 118.11 118.27 
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APPENDIX B 
 
Model for Change in Time Use Between 1990 and 1995 for Workers 
 
 
    TRAVEL   TO       TIME AT    

Independent  HOME  WORK  SHOP  OTHER   HOME  WORK  SHOP  OTHER 
Variables COEFF t COEFF t COEFF t COEFF t  COEFF t COEFF t COEFF t COEFF 

                 
% CHANGE IN                  
 LANE MILES -1.08 -0.23 -12.34 -2.16 -18.96 -6.47 -16.05 -2.83  656.17 12.63 -566.04 -10.27 -76.65 -6.96 34.95 
 POPULATION 25.37 4.40 -0.58 -0.08 19.88 5.65 21.28 3.12  -105.22 -1.69 34.92 0.53 32.40 2.45 -28.06 
 INCOME 5.64 0.89 6.22 0.83 -13.81 -3.59 -9.66 -1.30  653.33 9.57 -688.50 -9.50 -17.95 -1.24 64.72 
 GASPRICES -44.33 -14.99 -7.53 -2.14 -20.39 -11.29 -15.38 -4.39  504.62 15.76 -354.00 -10.41 -26.57 -3.91 -36.43 
                 
SEX                 
Male 0.75 2.90 4.22 13.59 -0.96 -6.06 0.01 0.05  -31.83 -11.28 11.84 3.96 -0.84 -1.41 16.80 
                 
LIFE CYCLE                 
(Adults, Youngest Child Age)               
1,NA -5.10 -3.36 0.57 0.35 -0.20 -0.24 -4.24 -2.64  1.30 0.08 7.79 0.45 -6.45 -2.07 6.34 
2+, NA -0.39 -0.27 -0.69 -0.44 0.51 0.64 -2.35 -1.53  30.98 1.95 -46.06 -2.72 1.59 0.53 16.42 
2+,0-5 0.32 0.22 -4.61 -2.94 0.01 0.01 1.33 0.85  22.09 1.37 -38.10 -2.23 0.43 0.14 18.53 
1,6-15 -5.55 -3.25 0.90 0.48 0.10 0.10 -1.61 -0.87  12.70 0.69 6.07 0.31 -1.69 -0.47 -10.92 
2+,6-15 -1.03 -0.70 -0.88 -0.56 0.38 0.48 2.10 1.35  4.39 0.27 -33.21 -1.95 1.40 0.47 26.86 
2+,16-21 -3.34 -2.18 0.88 0.54 0.90 1.08 -0.78 -0.48  -14.16 -0.85 -28.85 -1.64 3.29 1.05 42.06 
2+, retired,NA -3.22 -2.03 -3.87 -2.27 1.52 1.75 -0.90 -0.53  4.34 0.25 -31.25 -1.72 3.53 1.08 29.86 
                 
MONTH                  
January -0.28 -0.41 4.11 5.05 -2.10 -5.05 0.73 0.91  -24.83 -3.36 32.55 4.15 -5.70 -3.64 -4.48 
February -2.05 -3.34 2.20 3.01 -1.18 -3.14 -0.84 -1.16  -32.95 -4.96 65.12 9.23 -8.43 -5.98 -21.89 
March -0.93 -1.62 2.61 3.83 -1.41 -4.03 -2.43 -3.59  18.94 3.05 5.35 0.81 -5.60 -4.26 -16.53 
April -3.96 -6.43 0.88 1.20 -0.65 -1.72 -2.96 -4.06  -9.67 -1.45 49.56 7.00 -4.44 -3.14 -28.76 
May -2.33 -3.96 -1.46 -2.08 -1.06 -2.95 -5.84 -8.39  -11.04 -1.73 58.26 8.61 -4.03 -2.99 -32.50 
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June -2.09 -3.34 1.64 2.21 -0.39 -1.03 -1.98 -2.67  -17.08 -2.52 42.83 5.96 -2.70 -1.88 -20.24 
July -9.54 -14.57 -2.34 -3.00 0.22 0.56 -3.95 -5.10  4.67 0.66 1.69 0.23 0.55 0.37 8.70 
August -2.55 -3.65 1.65 1.98 0.19 0.44 0.86 1.03  -16.40 -2.17 27.15 3.38 0.73 0.46 -11.62 
September 0.51 0.78 -0.02 -0.03 -2.13 -5.28 -2.40 -3.08  6.33 0.89 15.29 2.02 -6.87 -4.54 -10.71 
October 0.66 1.05 2.57 3.44 -1.05 -2.75 -0.91 -1.23  -44.24 -6.52 44.26 6.14 -2.96 -2.06 1.68 
November -3.42 -5.51 2.57 3.47 -0.39 -1.03 -1.98 -2.69  -35.80 -5.32 56.17 7.87 -4.68 -3.28 -12.46 
                 
DAY OF WEEK                 
Sunday -2.86 -5.55 -1.24 -2.02 -1.64 -5.23 1.74 2.86  10.65 1.91 -21.55 -3.65 -3.60 -3.05 18.49 
Monday 8.19 17.68 3.31 6.00 -2.46 -8.70 0.63 1.16  39.87 7.95 25.56 4.80 -10.93 -10.28 -64.17 
Tuesday 8.39 18.19 5.85 10.65 -2.54 -9.03 -1.34 -2.46  35.40 7.09 33.43 6.31 -7.48 -7.07 -71.70 
Wednesday 11.09 23.79 1.91 3.45 -2.33 -8.19 -0.30 -0.54  46.79 9.27 33.28 6.21 -7.95 -7.43 -82.50 
Thursday 15.40 2.19 5.54 0.66 -3.18 -0.74 -3.41 -0.41  -217.37 -2.86 97.46 1.21 -13.11 -0.81 118.67 
Friday 7.46 15.96 3.64 6.53 -2.12 -7.42 -0.99 -1.79  36.42 7.20 32.67 6.08 -1.49 -1.39 -75.59 
                 
POPULATION DENSITY                
250-499 -3.30 -6.69 -2.04 -3.46 -0.51 -1.69 11.84 20.23  -48.88 -9.14 -7.49 -1.32 -4.16 -3.67 54.55 
750-999 1.33 2.34 1.17 1.72 -1.92 -5.50 10.86 16.06  -57.47 -9.29 -7.14 -1.09 -8.39 -6.40 61.55 
1000-1999 -3.77 -7.01 -2.59 -4.05 -0.60 -1.83 8.82 13.87  -61.71 -10.61 3.11 0.50 0.94 0.77 55.79 
3000-3999 -6.28 -12.41 -2.32 -3.85 -0.80 -2.60 12.37 20.64  -32.56 -5.94 -18.75 -3.22 1.88 1.62 46.47 
5000-7499 -4.45 -9.28 -5.43 -9.50 -1.04 -3.54 9.21 16.22  -67.05 -12.91 18.07 3.28 3.40 3.09 47.29 
                 
CONSTANT -13.95 -8.50 -1.62 -0.91 3.42 3.77 -8.09 -4.59  92.41 5.20 -24.44 -1.30 4.96 1.45 -52.69 
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APPENDIX C 
 
Model for Change in Time Use Between 1990 and 1995 for Non-Workers 
 
 
   TRAVEL  TO      TIME  AT  
Independent  HOME  SHOP  OTHER   HOME  SHOP  OTHER 
Variables COEFF t COEFF t COEFF t  COEFF t COEFF t COEFF 
             
% CHANGE IN              
 LANE MILES 52.79 6.01 23.55 3.65 -60.64 -5.09  260.35 3.14 119.27 4.46 -395.32 
 POPULATION 2.11 0.20 -17.46 -2.28 -5.13 -0.36  196.09 1.99 -64.83 -2.04 -110.78 
 INCOME 65.41 5.98 6.52 0.81 -20.29 -1.37  -60.35 -0.59 118.18 3.55 -109.47 
 GASPRICES 6.06 1.25 8.06 2.26 -29.14 -4.43  41.98 0.92 55.71 3.77 -82.66 
             
SEX             
Male 0.94 1.76 -2.33 -5.91 3.81 5.25  -28.94 -5.72 -6.92 -4.23 33.42 
             
LIFE CYCLE             
(Adults, Youngest Child Age)           
1,NA 4.40 1.52 -3.66 -2.47 -12.35 -3.15  87.62 4.60 -9.35 -1.52 -66.65 
2+, NA -2.41 -0.88 -5.67 -4.28 -16.36 -4.40  80.81 4.74 -9.34 -1.70 -47.03 
2+,0-5 6.33 2.30 -5.35 -4.03 -12.54 -3.36  82.08 4.81 -13.17 -2.39 -57.34 
1,6-15 6.28 1.97 -8.07 -4.53 -16.24 -3.75  130.03 5.69 -16.19 -2.19 -95.81 
2+,6-15 0.95 0.34 -7.15 -5.27 -14.15 -3.77  117.73 6.76 -20.66 -3.67 -76.72 
2+,16-21 -3.66 -1.28 -5.12 -3.51 -13.64 -3.52  111.32 5.96 -9.37 -1.55 -79.54 
2+, retired,NA 0.89 0.32 -2.97 -2.22 -9.14 -2.46  68.39 3.98 -5.38 -0.97 -51.80 
             
MONTH              
January 2.09 1.60 -3.10 -3.23 5.48 3.09  -38.16 -3.10 -4.55 -1.14 38.24 
February 0.51 0.44 -2.45 -2.86 5.16 3.26  -31.89 -2.89 -1.18 -0.33 29.85 
March 3.11 2.81 -1.06 -1.31 -0.70 -0.47  14.21 1.36 -2.00 -0.59 -13.55 
April -1.66 -1.43 -2.97 -3.50 1.52 0.97  -11.80 -1.08 -4.74 -1.34 19.64 
May 0.57 0.52 -2.31 -2.87 -0.93 -0.63  -0.61 -0.06 1.25 0.38 2.04 
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June 0.71 0.61 -3.25 -3.76 -6.34 -3.97  39.81 3.58 -0.70 -0.19 -30.24 
July 0.71 0.58 -2.50 -2.77 3.65 2.19  -26.39 -2.28 -11.87 -3.17 36.39 
August 5.27 4.00 -1.54 -1.59 5.35 2.99  -46.88 -3.77 0.14 0.04 37.67 
September 3.94 3.16 -1.64 -1.80 5.60 3.31  -81.20 -6.90 7.61 2.00 65.70 
October 0.46 0.39 -0.50 -0.57 8.38 5.22  -13.61 -1.22 -4.23 -1.17 9.49 
November 1.17 0.99 -1.73 -1.99 1.91 1.19  -6.88 -0.62 -1.46 -0.41 6.99 
             
DAY OF WEEK             
Sunday 4.39 4.66 -3.20 -4.62 -2.54 -1.99  12.43 1.40 3.84 1.34 -14.91 
Monday -0.49 -0.53 -1.14 -1.68 -5.45 -4.37  19.28 2.22 11.36 4.05 -23.57 
Tuesday 7.63 8.38 -2.41 -3.60 1.17 0.95  28.65 3.33 1.48 0.53 -36.53 
Wednesday 5.93 6.48 -2.44 -3.64 -3.77 -3.04  63.25 7.33 3.24 1.16 -66.20 
Thursday 11.82 12.73 -2.92 -4.27 2.27 1.80  20.50 2.34 1.90 0.67 -33.58 
Friday 12.88 13.89 -0.59 -0.87 0.70 0.56  15.87 1.81 0.86 0.30 -29.72 
             
POPULATION DENSITY            
250-499 7.85 8.70 1.62 2.45 7.41 6.05  -78.93 -9.26 35.54 12.91 26.50 
750-999 -5.04 -4.79 -2.10 -2.72 -7.81 -5.48  -25.28 -2.55 34.69 10.83 5.53 
1000-1999 1.39 1.43 -1.91 -2.69 -0.71 -0.54  -50.09 -5.48 39.74 13.46 11.58 
3000-3999 -5.20 -5.75 0.92 1.39 5.09 4.15  -60.48 -7.08 32.82 11.90 26.85 
5000-7499 0.66 0.79 -0.23 -0.38 -0.76 -0.66  -40.22 -5.06 28.89 11.24 11.66 
7500-9999 4.15 4.40 -2.06 -2.96 5.17 4.04  -92.32 -10.36 34.55 12.00 50.50 
             
CONSTANT -23.79 -7.81 14.23 8.62 13.13 3.18  -56.75 -2.68 -22.63 -3.31 75.81 
 
 
 


