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ABSTRACT: High population, vehicles, and employment and high energy use could generate congestion that has been
considered as a result from diseconomies of agglomeration. However, congestion and energy use problem could be
mitigated in a compact city due to shorter commuting distance, efficient vehicular operation, etc. US government and local
state governments have been trying to redirect its energy use to address congestion and vehicular energy use. Household
vehicle use, and fuel consumption, and VMT have primarily have been considered as main factors of vehicular emission.
This paper analyzes NHTS 2001 combined with EIA augmentation data and Census data and to identify relationship
between energy use by car and greenhouse gas emission, in particular, related to residential density. Major factors and
variables are considered: VMT, vehicular energy use, urban density factor, household’s socioeconomic factor, household’s
demographic factor. Two MSAs in Florida such as Miami, and Orlando are compared based upon the factors. This paper
uses econometric methodology such as SEM (Structural Equation Model) to see complicated and causal relationship among
variables. The results show that Miami is more energy efficient than Orlando because of less VMT and energy use per
household unit. Furthermore, more vehicles, more drivers, more incomes, and more workers means high VMT and high

energy use, which implies that they are more sprawl. To deal with this problem, impact fee might be one of the solutions.
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1. INTRODUCTION maximum 25 percent as long as there is employment
Due to unstopped land development in suburban area and concentrations, public transit improvements, mixed uses.
centralized employment, contemporary cities generate high This is because distance to travel decreases and transit
population, many vehicles, and high energy use. As one mode is more efficient than one in sprawled local area if a
asserts, this concentrated human festival for the 21st city is more compact [13]. Therefore, trip can be reduced
century have brought urban problem: congestion. This by walking, biking, or using public transit so people
might result from diseconomies of agglomeration, which is commute more efficiently by using alternative transit mode.
side effect of benefits of agglomeration. However, Indeed, empirical study presents that people tend to be
congestion and energy use problem could be mitigated in a more likely to commute by car in lowest density of work
compact city due to shorter commuting distance, and fewer location but the closer work environment is, the less people
vehicles traveled miles [13]. use their car [8]. Also, Brownstone and Golob’s results
Increasing population and employment density in MSAs indicate that 1000 dwelling units per square mile decreases

could reduce vehicle travel, energy use, and CO2 emissions. household’s VMT by 1200 miles per year [1]. These
TRB (2009)’s literature review proposes that increasing researches imply that the more compact cities are, the less
residential density by twice throughout MSA might energy use and greenhouse gas (GHG) diverge. This might

decrease household VMT by approximately 5 through be explained by common assumption that an increasing
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population and land use development affect increasing
energy use.

In the mean time, there is statistically significant study
showing that transportation accounts for 40—60% of life-
cycle GHG emissions in residential development and
public transit accounts for 2—5% of total transportation
energy use [8]. Therefore, it seems that understanding the
relationship between energy use and residential density is
appeared to be important in this era.

However, there have been studies that density negatively
affects energy use [5]. Another study shows that there is no
direct association between land wuse density and
transportation energy consumption [10]. This indicates that
there are still ongoing arguments that higher residential
density causes cost and energy use and it is necessary to
study for the relationship between vehicular energy use and
residential density.

According to Monthly Energy Review released in March
2009 by U.S. Department of Energy, the growth of energy
use in transportation and other end-use sector has been
tracked for about 35 years from 1973 to 2008 [11]. This
represents that for 35 years residential energy use has been
top ranking out of four energy usage. In addition,
demographic statistics from 1969 to 2001 show that even if
persons per houschold decreases, vehicles per household,
workers per household, vehicles per worker, and vehicles
per licensed driver has been dramatically increased. This
implies that the vehicle density per every household has
been increased.

Therefore, this paper aims to show and analyze relationship
between energy use in transportation and vehicle miles
traveled, in particular, associated with residential density.
In other words, the objective of this research is to provide
evidence about the effects of residential density on
vehicular energy use pattern and VMT. To that end, two
questions will be addressed: What is the effect of
residential Density on VMT? What is the effect of
residential Density on Vehicular Energy Use?

The obtained data shows different mean, and standard
deviation. Including dependent variables such as energy
use and VMT, this dataset consist of several data groups:

socioeconomic data, demographic data, and Urban Density
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data based upon which SEM is constructed and developed.
To answer these questions in a comprehensive way,
different economic methods such as CART analysis, t-test,
correlation, collinearity analysis, factor score analysis and
SEM (Structure Equation Modeling) will be combined and
used. Specifically, socioeconomic data, urban density data,
demographic data are drawn from factor score analysis
combined with correlation and collinearity analysis. Only
one study used SEM with bootstrapping method to avoid
biased error. This paper only uses ML (maximum-
likelihood) to find whether the hypothesis is consistent
with the analysis results or not.

Last but not least, the research process flow is initially
established in figure 1. This paper utilizes correlation,
factor score analysis, and collinearity analysis to set up and
obtain fundamental data with SAS 9.1 and SPSS 15.0. To
develop SEM, it uses Lisrel (ver 8.51).
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Fig. 1  Research Process Flow Chart
2. Data

To collect data, several questions about premises and
hypothesis of obtained data should be addressed.

What are main determinants of VMT and energy use?

How do we obtain disaggregate dataset?

How much coefficient should be large enough?

How do we solve self-selection problem?

This paper uses 2001 NHTS conducted by USDOT which
includes household based data, and random sample from
USA. In 2004 EIA released augmented data of NHTS in
2004. This data contain explicated energy use data and
VMT so two dataset combined and mingled to analyze.

First, it uses the 2001 NHTS data in order to get vehicle
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usage and fuel use data at a household level. The NHTS is
the nation’s tract storage of daily and long-distance travel.
It includes demographic data such as the number of people,
age, household, etc. The 2008 NHTS will be released to the
public by next January. It’ll be good to use the up-to-date
dataset but 2001 NHTS data is the best dataset to be
analyzed at this point. The three major factors can be
pooled from this dataset: socioeconomic factor (household
income, number of licensed drivers, the number of the
employed, and the number of vehicles owned etc.),
demographic factor (number of family member, number of
adults etc) and energy use by transportation factor (annual
fuel consumption, annual average vehicle mileage traveled
etc.).

Second, this article uses Census tract dataset which allows
comparing and clustering the datasets based upon the
region, which indicates that, Miami, Orlando will be
compared based on established factors. This part compares
overall presences of residential characteristics in both two
MSAs to make an assumption about residential behavior
and transportation energy use. one major factor can be
drawn in the dataset: urban density factor (housing units,
the number of population, the number of household etc).

In order to stimulate land use factor, density, clustering,
and mix factors can be used. As Todd Litman states that
land use patterns can be evaluated based on several
attributes including those three variables [12].

However, it takes long time to disaggregate the data on a
spatial basis with addresses. Even though several studies
show that economic characteristics such as income,
gasoline price is not primarily important [6, 7], those
factors should be considered in that they generally generate
urban sprawl [4].

By using the structural equation model (SEM), this paper
examines the impact of residential density on energy use.
Normal distribution test, correlation analysis, and
collinearity analysis are conducted before using SEM.
SEM requires endogenous variables and exogenous
variables to calculate estimates of the model. Three major
endogenous variables are mainly considered in this paper:
density variables, VMT, and Energy Use. To use SEM,

research hypothesis primarily should be established so as
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to compare itself with analysis results. The three research
hypotheses are setup as seen in the table 1. As literature
review stated above, the hypothesis is that compact
development decreases VMT and energy use. As density
grows in central city, population increases, the number of
employers increase and thus total income is higher than
suburban area. Therefore, the six hypotheses describe the
relationship among the factor variables.

Table 1. Research Hypothesis

No Description of research hypothesis
1 Socioeconomic factor positively related to VMT (+)
2 Socioeconomic factor positively related to Energy Use (+)
3 Demographic factor positively related to VMT (+)
4 Demographic factor positively related to Energy Use (+)
5 Urban Density positively related to VMT (+)
6 Urban Density factor positively related to Energy Use (+)
|
3. Analysis

Descriptive Statistics (Table 2, p4) shows that higher
density MSA represents less VMT and Energy Use.
Maximum energy use in Miami presents 4263.84 gallon
along with 87608.7 miles over 6,000 units per square miles
whereas Orlando illustrates 4920.83 gallon, and 97462
miles in an area of 4,000 units per square miles.

Even though CHAID analysis is useful for multiple
grouping, it provides F-test results for testing null
hypothesis “there is no association between two groups.”
The results provide evidence that single house and row
house (low density household) differ from apartment and
condominium group (high density group) in based on
regressed total energy use. Average of low density
household’s energy use is approximately 1109.04 gallons
whereas; the average energy use of high density group
shows just 687.45 gallons. This implies that low density
household spread throughout suburban area rather than
central city area. Further group analysis will not be
conducted because only Miami is segmented into two
density groups. Fig 2 below shows the result of CHAID

analysis
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Table 2 Descriptive Statistics

. Miami Olando
Description " -
N Min Max Mean Std. N Min Max Mean Std.
Energy Use total gallon used 171 0.33 | 4263.84 968.51 808.02 96 | 8.59 4920.83 1076.00 950.27
VMT total miles traveled 171 5.32 87608.7 20074.04 17092.42 96 105 97462.37 21956.21 18364.59
Residential Density Housing units per sq mile-Tract 171 25 6000 2576.75 1592.026 96 25 4000 1399.22 991.92
Urban Density Employment Density | Workers per square mile living in Tract 171 -9 5000 2656.51 1365.3 96 25 5000 1469.01 1133.86
Population Density Population in tract 171 50 30000 7130.99 4885.88 96 50 7000 3231.77 2376.21
H # drivers Number of Drivers 171 1 5 1.87 0.79 96 1 4 1.75 0.70
O Socioeconomic # workers Number of Workers 171 0 4 1.39 0.92 96 0 4 1.19 0.81
u Income Annual Income level (1-9) 171 -9 9 5.23 5.29 96 -9 9 6.07 3.39
S # vehicles Number of Vehicles owned 171 1 7 1.92 1.03 96 1 6 1.83 0.89
k£ # Adults Number of adults 171 1 6 1.94 0.81 96 1 4 1.80 0.64
H Household Size Number of household member 171 1 8 2.57 1.38 96 1 6 2.33 1.25
o Demographic
L Age The first respondent's age 171 20 88 49.64 16.67 96 19 88 48.67 16.02
D

TOTGALS

Node 0

Mean 968.510
Std. Dev. 808.023 TDTGALS
n 171
% 100.0
Predicted 968.510 Node O
‘ =
Hometype Mean 1075999
Adj. P-value=0.008, F=10.950,
it it Std. Dev. 950.270
n 96
Detached single house;  Apartment, condominium; % 100.0
Rowhouse uIr townhouse Duplex Predicted 1075999
Node 1 Node 2
Mean 1109.040 Mean 687 .451
Std. Dev. 796.978 Std. Dev. 761.396
n 14 n 57
% 667 % 333
Predicted 1109.040 Predicted 687 451
Miami Orlando
Fig.2  CHAID analysis

Conventional wisdom illustrates that energy use increases

as travel behavior becomes growing. Correlation analysis

present reasonable evidence that VMT 1is positively

correlated with energy use by approximately 96 % and that

residential density is negatively correlated with energy use
by 26 %. As shown Table 3 and 4, Both correlation results

for Miami and Orlando present similar coefficient that

requires further analysis to find out the difference between

Miami and Orlando.

Table 3 Correlation analysis (Miami)

The growing number of residential density would reduce
vehicular energy use because people tend to use public
transportation or walk to destination in highly dense area
like MSA according to the established assumption in this
paper. However, this result might stem from the VMT
calculation process conducted by EIA. The Energy
Information Administration tried to make up for missing
values that household respondents didn’t provide or fault
information in 2001 NHTS dataset. They insert and
compose the 2001 NHTS data to create VMT and fuel use
data.

Other density indicators like employment density and
population density show also negative relationship with
energy use. Lindsey et al. confirms the density relation
with energy use which supports the correlation of this
paper [2]. Specifically, suburban density development has
more energy use and GHG per capita by a factor of 2.0-2.5
than highly dense CBD. Ewing & Cevero has done
extensive literature review and analyzes density, VMT, and
energy use by simply relying on elasticity values [2]. The
result also articulates that energy use and VMT increase

when density increase.

Workers

Housing . Number | Number Number | Number | Number
Miami Erlljesregy VMT | units per g Iile;re P(]))pethl:ittlon of of Income of o of house | Age
sq mile ?nil a y Drivers | Workers vehicles Adults member
Energy Use 1.00
VMT 0.96 1.00
Residential
Delnsity -0.26 -0.24 1.00
Employment
Density -0.05 -0.01 0.44 1.00
Population
Desiier -0.14 -0.11 0.78 0.51 1.00
# drivers 0.45 0.46 -0.31 0.04 -0.18 1.00
# workers 0.48 0.47 -0.24 0.01 -0.11 0.66 1.00
Income 0.09 0.09 -0.1T -0.01 -0.21 0.17 0.19 1.00
# vehicles 0.57 0.51 -0.26 -0.01 -0.18 0.66 0.59 0.09 1.00
# Adults 0.38 0.39 -0.20 0.11 -0.11 0.86 0.64 0.13 0.61 1.00
DR T 041 | 041 | -027 -0.08 0.18 0.63 0.54 0.18 047 0.66 1.00
Age -0.32 -0.29 0.27 0.22 0.17 -0.19 -0.44 -0.14 -0.22 -0.17 -0.36 1.00
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Table 4 Correlation analysis (Orlando)

Housing | Workers Number
Energy DTS ver Population Number | Number Number | Number off
Orlando Use VMT o RS Densit of of Income of o fenE Age
pmﬂ eq ?nil 3 y Drivers | Workers vehicles Adults e
Energy Use 1.00
VMT 0.96 1.00
Residential
Density -0.18 -0.20 1.00
Employment
Derisity -0.10 -0.11 0.79 1.00
Population
Density -0.14 -0.17 0.77 0.91 1.00
# drivers 0.45 0.42 -0.14 -0.11 -0.18 1.00
# workers 0.34 0.35 0.20 0.23 0.17 0.53 1.00
Income 0.32 0.33 -0.10 -0.08 -0.11 0.24 0.25 1.00
# vehicles 0.59 0.58 -0.22 -0.17 -0.25 0.76 0.45 0.30 1.00
# Adults 0.43 0.40 -0.18 -0.14 -0.19 0.85 0.48 0.20 0.71 1.00
Household Size 0.30 0.30 0.03 -0.01 -0.12 0.66 0.45 0.19 0.50 0.66 1.00
Age -0.27 -0.31 -0.03 -0.08 -0.04 -0.09 -0.34 -0.11 -0.14 -0.01 -0.33 1.00

Table5 shows that there is little collinearity among
independent variables when dependent variable is energy
use.

Table5 Collinearity Analysis

Miami Orlando
Variable Tolerance VIF Tolerance VIF
VMT 0.65 1.53 0.57 1.76
Residential Density 033 3.04 0.32 3.11
Employment Density 0.67 1.50 0.14 7.30
Population Density 0.32 3.11 0.14 7.10
# drivers 0.21 4.82 0.20 4.97
# workers 0.41 2.47 0.52 1.92
Income 0.88 1.14 0.85 1.18
# vehicles 0.48 2.10 0.31 3.18
# Adults 0.22 4.58 0.21 4.73
Household Size 0.47 2.13 0.39 2.58
Age 0.67 1.49 0.64 1.55

As shown in Table 6, to eliminate and reduce collinearity,
factor score analysis is conducted to find some facts that
urban density factor shows that the highest cumulative
percentage but socioeconomic factor and demographic
factor have weak explicability. In addition, Fig. 3 and Fig.

4 show the result of SEM analysis for each area.

Table 6 Factor Score Analysis

Miami Orlando
Item . factor culmulative factor culmulative
variable "
(Miami) score percentage score A
. # drivers 0.889 0.884
Socioecon
# workers 0.859 0.741
omic Income 0.295 S8.151 0.499 58.365
factor # vehicles 0.844 0.869
D # Adults 0.834 0.836
emograp Honsehold
ouseho
hic Size 0.907 61.104 0.930 58.102
factor Age 0.561 -0.423
Rcsndc?tla] 0.888 0.904
Density
Urban Empl t
miploymen 0.735 72.262 0.961 88.374
Densi Density
ensity —
oputation 0.916 0.954
Density

Fig.4  Result of SEM analysis (Orlando)
With the three compressed factors, energy use and VMT
variables are inserted, combined and analyzed by SEM.
Analysis result for Miami are different than research
hypothesis that socioeconomic, demographic factor, and
urban density positively affect VMT and energy use. As
demographic factor and urban density increases, VMT
decreases. In contrast, the results for Orlando provide
different fact that even though demographic coefficient is
close to zero and urban density negatively influences VMT,
only demographic show negative relationship with energy

use.

4. Conclusion
This paper analyzes NHTS 2001 combined with EIA

augmentation data and Census data and to identify



S1-5

relationship between energy use by car and greenhouse gas
emission, in particular, related to residential density. The
results prove that Miami and Orlando are different in terms
of urban compactness and energy use. Descriptive statistics

presents evidence that Miami is denser than Orlando and

that density factor in Miami is stronger than one in Orlando.

This indicates some inference that is related to urban
sprawl and compact development. More vehicles, more
drivers, more incomes, and more workers means high
VMT and high energy use, which implies that they are
more sprawl. This is also supported by CHAID analysis.
Low density housing development demonstrates about
doubling Energy Use of high density housing development.
So what results provide beneficial implication for policy?
Do we have to control urban sprawl in order to reduce
energy use and VMT? Should we direct urban policy
toward compact development? If one suggests, impact fee
is one of the best alternative that make it possible to control
sprawl and related externalities. Couple of studies shows
that impact fee increase urban density [14]. However,
ongoing arguments create a lot of research work focusing
on disadvantage of impact fee. Therefore, the study for
impact fee and energy use would be reservation for the

next research topic.
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