


Introduction

Significance of Transportation Costs
and the Lack of Transparency

Today, the real estate market knows how to incorporate the value of
land into the price of the home—based on its location and proxim-
ity to jobs and amenities—but there is less clarity about how the
accompanying transportation costs also contribute to the desirability
of a location. In most cases, the very same features that make the
land and home more attractive, and likely more expensive per square
foot, also make the transportation costs lower. Being close to jobs
and commuter transit options reduces the expenses associated with
daily commuting. And being within walking distance of an urban or
suburban downtown or neighborhood shopping district allows a fam-
ily to replace some of their daily auto trips with more walking trips.
Walking, bicycling, taking transit, or using car sharing instead of
driving a private automobile reduces gasoline and auto maintenance

costs, and may even allow a family to get by with one less automobile.

By contrast, places where single-family homes are more “affordable”
or offer “more house for the money” are often found in outlying areas
where land is cheaper. However, the lack of amenities and access to
necessities common in these neighborhoods often results in house-
holds having transportation costs that are much higher and can often
outweigh the savings on housing costs. In many of the areas where
households “drive to qualify” for affordable housing, transportation
costs can exceed 32% of household income, making it, at times, a
greater burden than housing. Conversely, for some communities
where households benefit from less automobile dependency, trans-

portation can represent as little as 10% of median household income.*

4.Highandlowtransportation expenditure percentages calculated from the 337 metropolitan areas presented
onthe H+T Affordability Index website (http://htaindex.cnt.org).

This information gap on location efficiency, which is measured

here as the cost of transportation associated with each place,

leads to unexpected financial burdens and time constraints for
households, poor location decisions by developers, and missed and
misplaced opportunities for municipalities. Furthermore, it leads

to misinformed criticisms of the cost of building transit since these
critiques do not fully account for the benefits or take into account

the hidden costs associated with sprawl and auto dependency. Not
only are the high costs of transportation hidden, but so are the low
costs, and therefore so is the inherent value of more convenient
in-town urban, inner-suburban, and other urbanizing locations.
Consequently, many of these convenient but undervalued areas suffer
from disinvestment and lack the ability to attract new investment and

redevelopment.

Expanding the Definition
of AHfordability

From an affordability perspective, the lack of transparency in
transportation costs puts households at significant financial risk.
Traditionally, a home is deemed affordable if its costs consume no
more than 30% of a household’s income. This measure, however,
ignores transportation costs—typically a household’s second largest
expenditure’ —which are largely a function of the area in which a
household chooses to locate. This report proposes expanding the
definition of housing affordability to include transportation costs to
better reflect the true cost of households’ location choices. Based on
data from 337 metro areas, ranging from large cities with extensive
transit (such as the New York metro area) to small metro areas with
extremely limited transit options (such as Fort Wayne, IN), CNT
has found 15% of the Area Median Income (AMI) to be an attainable
goal for transportation affordability. By combining this 15% level
with the 30% housing affordability standard, this report recommends
a new view of affordability, one defined as H+T costs consuming

no more than 45% of household income.

5.Consumer Expenditure Survey fromthe Bureau of Labor Statistics, http://www.bls.gov/cex/home.htm
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FIGURE 17
Traditional view of affordability:
housing costs as a percentage
of AMI
<30%
H 30%+
Insufficient Data

FIGURE 18

New view of affordability:

H+T costs as a percentage of AMI
<45%

W 45% +
Insufficient Data

Considering housing and transportation costs in conjunction
changes the picture of affordability significantly. Many areas in
which low home prices make the area appear affordable are no longer
so attractive when transportation costs are added to the equation.
Conversely, areas in which housing prices may seem out of reach for
many households can actually become more affordable when high
levels of location efficiency allow households to experience signifi-

cantly lower transportation costs.
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The maps below present the two views of affordability: the
traditional definition showing where average housing costs are
deemed affordable for households earning the AMI (indicated by
the areas shaded in yellow in figure 17); and the new view in which
affordability is defined as average H+T costs consuming no more
than 45% of AMI (fig. 18).° Between the two maps, the shift in areas
from yellow to blue represents the change in areas with average costs
affordable to AMI-earning households when the measure of afford-
ability is expanded to include transportation costs.
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Manassas Park

Manassas™

6.Forthe purposesof thisresearch, avalue of $87,623 hasbeen utilized as AMI, representing the regional average
ofblock grouplevel household medianincomes. Because this value was constructed asan average medianfor
thestudyarea, itdiffersfromthe HUD-defined AMI{or afamily of four.
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Development of Body of Work:
Applications to Date

The Center for Neighborhood Technology (CN'T) has developed

a unique tool, the Housing + Transportation (H+T®) Affordability
Index, which has so far been applied to all 337 metro areas’ in the
United States. The key to creating true affordability in housing and
transportation choices is recognizing the relationship between urban
form, housing site selection, and transportation costs, and integrating
this way of thinking into the choices and decisions of homebuyers,
renters, elected officials, urban and transportation planners, employ-

ers, and developers.

The transportation cost model, which was created as part of this
Index, was originally developed through an effort supported by

the Brookings Institution’s Metropolitan Policy Program’s Urban
Markets Initiative.® The methods for the transportation cost model
draw from peer-reviewed location efficiency research findings on the
factors that drive household transportation costs. CNT, a principal
partner in the location efficiency research conducted in Chicago,
Los Angeles, and San Francisco,’ led this model’s development.

The model has been reviewed by practitioners at the Metropolitan
Council in Minneapolis-St. Paul, fellows with the Brookings Institu-
tion, and other academics specializing in transportation modeling,
household travel behavior, and community indicators from the
University of Minnesota, Virginia Polytechnic, and Temple Univer-

sity, among others.

7.Metroareasanalyzedincludethe Metropolitan Statistical Areas and Primary Metropolitan Statistical Areas
asutilizedinthe 2000 Census.

8.See http://www.brookings.edu/reports/2006/01_atfordability_index.aspx

9.Holtzclaw, Clear, Dittmar, Goldsteinand Haas (2002). “Location Efficiency: Neighborhood and Socioeconomic
Characteristics Determine Auto Ownership and Use.” Transportation Planning and Technology, Vol. 25.

In April 2008, CNT launched a new interactive mapping website,
http://cnt.htaindex.org, to serve as a visual tool illustrating the H+T
Affordability Index. Here, users could examine any of the 52 metro
areas initially covered and view maps of the variables involved in the
transportation cost model, housing costs, and combined costs, down

to the Census block group level.

In March 2010, the H+T Index was expanded through support from
the Rockefeller Foundation. The Index, as a result of this work, now

covers all 337 metro areas in the United States.
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The H+T Index

FIGURE 19
Transportation cost model

6 NEIGHBORHOOD VARIABLES
Residential Density
Gross Density
Average Block Sizein Acres
Transit Connectivity Index
Job Density

Average Time Journey to Work

3 HOUSEHOLD VARIABLES
Household Income
Household Size

Commuters per Household

v

CAR OWNERSHIP
+ CAR USAGE
+ PUBLIC TRANSIT USAGE

v

TOTAL TRANSPORTATION COSTS

Methods

The transportation cost model (fig. 19),!° the T in the H+T Index,
uses six neighborhood characteristics (residential density, gross
density, average block size, transit connectivity, job density, and
average time for journey to work) and three household characteristics
(income, size, and number of commuters) as independent variables.
These variables predict three dependent variables—auto ownership,
auto use, and public transit usage—that determine total transporta-

tion costs at a neighborhood level.

The transportation cost model is based on a multidimensional
regression analysis, where formulae describe the relationships
between the dependent variables and the independent household and
local environment variables. To construct the regression equations,
independent variables are fit one at a time, starting with the one that
appears to have the strongest correlation with the given dependent
variable. After the first independent variable is fit, the remaining
independent variables are plotted with the resulting residual values.
The independent variable that appears to have the strongest correla-
tion with the residual values is added second. This process repeats for
all independent variables, and only those that improve the fit are kept

in the final formulae.

The resulting formulae (“the model”) are then used to predict, at

the Census block group level, average auto ownership (AO), average
auto use (AU), and average transit use (T'U). The predicted results
from each model are multiplied by the appropriate price for each
unit—autos, miles, and transit trips—to obtain the cost of that aspect

of transportation. This is summarized as:

Household T Costs =
[Cao™Fao (X + [C,*Fy , (X)) + [Cr*F (X))

Where C = cost factor (e.g., dollars per mile) and F = function of

the independent variables,!! X.

10.The methodsforthetransportation costmodel, are explained more thoroughlyinthe Detailed Methods section.

11.Independentvariables are explained more specificallyinthe Detailed Methods section.
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Because the model was constructed to estimate the three dependent
variables (auto ownership, auto use, and transit use) as functions

of independent variables, any set of independent variables can be
altered to see how the outputs are affected. As a way to focus on the
built environment, the independent household variables (income,
household size, and commuters per household) were set at fixed
values. This controlled for any variation in the dependent variables
that was a function of household characteristics, leaving the remain-
ing variation a sole function of the built environment. In other words,
by establishing and running the model for a “typical household,” any
variation observed in transportation costs is due to place and loca-

tion, not household characteristics.

To define the values on which these three parameters were fixed
(household income, household size, and commuters per household),
block group level values were averaged for the full region study area
($87,623, 2.65, and 1.37 respectively). Therefore, for the purposes
of this study, the reported “AMI” represents the regional average of

block group level household median income values.!?

CUSTOMIZING THE H+T INDEX

FOR THE WASHINGTON, DC AREA

This project utilized the H+T Index developed by CNT and custom-
ized and recalibrated it to estimate housing and transportation costs
in the Washington, DC, metropolitan area. Three main refinements
were made to customize the Index for the DC area (see Detailed
Methods for more detail).

12.Thevalue of $87,623 utilized as AMl was constructed as an average median for the study area;
thisvalue thus differsfromthe HUD-defined AMIfor afamily offour.

Updated Data

The H+T Index has so far been developed to calculate combined
housing and transportation costs using primarily 2000 US Census
data. The data required to calculate H+T costs at the neighborhood
level is currently only available at the Census block group level for
the year 2000. The American Community Survey (ACS) data, while
available for more recent years, is currently not available at the block
group level. Therefore, a combination of the block group level 2000
Census data and the 2006-2008 American Community Survey
data at the Public Use Microdata Area (PUMA) level was utilized,
preserving the block group level variation while updating the data to
the 2006—2008 time period.

Local Data

It has been found that the addition of detailed local datasets as inde-
pendent variables can help improve the fit, and therefore accuracy,
of the regression analyses. To further expand existing H+T work in
the DC region, the regression analyses were refined through the use
of detailed datasets (described below in the Development of Two
Transportation Models section) obtained from local agencies and
organizations along with national datasets to serve as independent

variables in the customized transportation model.

Market Rate Housing Costs

Another significant aspect to the customization of the Index was

the incorporation of market rate housing costs. The original Index
utilizes Selected Monthly Owner Costs and Gross Rent, both from
the US Census, to estimate housing costs. However, because Selected
Monthly Owner Costs represent the average costs for all households
with a mortgage, regardless of the age of the mortgage, these values
can diminish recent housing trends. To capture more recent trends
in the housing market, multiple listing service (MLS) sales data were
utilized to calculate average ownership costs. Updated values (using
the 2000 Census and the 2006-2008 ACS) for Gross Rent were

utilized to capture renting costs.

©2011CENTER FORNEIGHBORHOOD TECHNOLOGY

33



DEVELOPMENT OF TWO TRANSPORTATION MODELS

As discussed above, it has been found that the addition of detailed
local datasets as independent variables can help improve the fit, and
therefore accuracy, of the regression analyses. However, because
these data were obtained from various local agencies, geographic
coverage of the datasets varied. Therefore, two separate sets of
regression analyses were constructed: the General, Full Region
model (the General Model) for the full study area,® fit utilizing the
standard independent variables; and the Refined, Small Region
model (the Refined Model) for a smaller geography,!* refined through
the incorporation of local datasets. The General Model is used
throughout this report, while the Refined Model is only addressed
when explicitly discussing the differences between the two models.

The primary local data collected for this research included land use
data. Land use data, in the most accurate and detailed form available,
was collected for all jurisdictions in the Refined Model study area.
These data were incorporated in various independent variables,
including a refined measure of residential density, land use diversity
measures, and in more robust measures of transit access.

Residential Density

In the original H+T Index, as well as in the General Model, residen-
tial density is calculated considering total households in residential
blocks. Using Census data and block boundaries, blocks are deemed
“residential” only when containing at least one household per acre.
The count of households and the total land acreage contained within
these residential blocks are then aggregated to the Census block
groups, at which level residential density is calculated. However,

the incorporation of land use data enabled a more refined means

by which to define residential land, and therefore, a more accurate

13.The General Model’s 23-jurisdiction study areacomprises the District of Columbia; Calvert, Charles, Frederick,
Montgomery,and Prince George's counties, MD; Arlington, Clarke, Culpeper, Fairfax, Fauquier, King George, Loudoun,
Prince William, Spotsylvania, Stafford,and Warren counties, VA; and the cities of Alexandria, Fairfax, Falls Church,
Fredericksburg, Manassas,and Manassas Park, VA.

14.The Refined Model’s 8-jurisdiction study areacomprises the District of Columbia; Montgomery and Prince George’s
counties,MD; Arlingtonand Fairfax counties, VA; and the cities of Alexandria, Fairfax, and Falls Church, VA. Jurisdictions were

chosenbasedonthe geographic extentof DC'stransit network analysis.

measure of residential density. Using the local land use data for the
Refined Model, any land use classification that could contain hous-
ing (e.g., mixed use) was identified as residential, and the acreage
was aggregated to the block group level. Total households in a block
group, divided by this measure of residential acres, produced the

estimated value for block group refined residential density.

Land Use Diversity

A significant development in this research was the incorporation of

a measure of land use diversity. It has been found that the level of
land use mix, or diversity, shows a significant correlation with auto
ownership, auto use, and transit use. To test this, various measures of

land use diversity were constructed and tested.

Utilizing the local land use data, three basic forms of land use
diversity measures were considered: percentage residential; Herfind-
ahl-Hirschman indices; and entropy indices.!” These measures were
considered both directly within each block group as well as using a
gravity measure to compensate for diverse land uses that are nearby
but not directly in the given block group.

DC OP’s Transit Network Analysis

Another measure utilizing these local land use data, here to evaluate
transit accessibility, was provided and modeled by the DC Office of
Planning (OP). A transit network analysis model has been developed
to model the distance that can be traveled in 30 minutes through
walking and transit. Using this model in conjunction with the land
use data, OP estimated the total acreage of each land use type acces-
sible by transit and walking from the center of each block group in
the Small Region study area. These modeled results were utilized to
create two distinct measures of accessibility: the total acreage of each
land use type as well as the sum of all accessible types; and of the total

accessible acreage, the fraction of each land use type.

15.Songand Rodriguez, 2004.“The Measurement of the Level of Mixed Land Use: A Synthetic Approach.”
Carolina Transportation Program White Paper Series. From http://planningandactivity.unc.edu/RP3.htm
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The independent variables tested in developing the Refined Model
are explained in greater depth in the Detailed Methods. As with
the overall regression methods, the measures that correlated best
and provided the greatest marginal improvement to the overall fits

were included.

Transportation Model Findings

INDEPENDENT VARIABLES' SIGNIFICANCE

As discussed above, the three dependent variables used to measure
transportation costs are autos per household, percent transit use for
journey to work, and vehicle miles traveled. Independent variables
were used to explain the variation observed in these dependent
variables. As discussed in the Methods section, independent
variables were fit one at a time, starting with the one that appeared
to have the strongest correlation with the given dependent variable.
After the first independent variable was fit, the remaining indepen-
dent variables were plotted with the resulting residual values. The
independent variable that appeared to have the strongest correlation
with the residual values was added second. This process was repeated
with all independent variables, and only those that improved the fit
were kept in the final fit.

However, many of the independent variables are strongly correlated
with each other. As planners tend to locate dense residential zones
near dense commercial zones, retail locates near concentrations of
people, and transit best serves dense areas, it is difficult to isolate the
impacts of just one independent variable. Therefore, as additional
variables were incorporated in the analysis, the marginal improve-
ments to the fit diminished. To test the significance of each inde-
pendent variable in explaining each dependent variable, a regression
analysis was constructed fitting each independent variable with each
dependent variable, one at a time. This analysis provided a clearer
picture of the most significant determinants of each dependent

variable, and therefore, overall transportation costs.

BICYCLIST CROSSING

Photo by Cesar Lujan

The following section shows maps (figs. 20-24) of the modeled
outputs controlled for the “AMI-earning household” (when all
appropriate independent variables were included), tables of the
independent variables’ significance in explaining each dependent
variable (tables 3—7), and the overall R-squared values obtained in
each regression analysis. Results are shown from both the General
Model and the Refined Model.

In the following tables (tables 3—7), the tan rows indicate the house-
hold characteristics which are fixed and controlled for in the final
model runs (the “AMI-earning household”). The dots indicate the
independent variables used in the final fit of the regression analyses,
and the “total variation described” is for the final fit of the model.
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GeneralModel Autos per Household
FullRegion R-SQUARED
TABLE 3 - Residential Density ° 0.62
Independent variable significance,
i:[“‘: lljcrh"““h“ld’ General Transit Connectivity Index o 0.58
ode
Gross Density J 0.58
Median Income U 0.52
Job Gravity o 0.47
FIGURE 20 (RIGHT)
Average autos per household, as Average Household Size ° 0_39
modeled for the AMI-earning
household, General Model Average Block Size ° 0.36
<14 Average Commuters per HH o 0.36
1.4to 1.6
1.6 to 1.8 Average Journey to Work: Transit 0.23
181019 Average Journey to Work: Non-transit 0.14
M 19to2.0
B 20to02.1 Average Journey to Work 0.06
2.1t02.2 i .
u ° Total Variation Described 0.89
W 22to23
W 23to25 Tan rows indicate the household characteristics that are fixed and controlled for in the final model runs
H 25+ (the ’AMI-earning household”). The dots indicate the independent variables used in the final fit of

Insufficient Data

the regression analyses.

Table 3, showing the significance of each independent variable in the
autos per household regression analysis, indicates that residential
density explained the greatest variation (62 %) as observed in autos
per household. However, as previously mentioned, because the
independent variables are so highly correlated with each other, this
variation is not likely due to density alone. Areas with high residential
density attract businesses, bringing jobs, amenities and services to
the area, as well as transit service. All of these factors likely contribute
to the significant correlation between residential density and autos

per household.

In this study area, gross density explained only slightly less (58%).

In the General Model, the Transit Connectivity Index was found to
be the second largest determinant of autos per household. Household
Income, while ultimately controlled for in the final model run (as rep-
resented in the mapped autos per household in figure 20), explained

52% of the variation seen in autos per household.

The final autos per household model (incorporating the independent
variables labeled with dots) was fit to explain 89% of the variation
observed. Interestingly, while it might be assumed that household
characteristics play the largest role in determining how many auto-
mobiles a household will own, it is shown here that both density and

transit access were more significant than any household variable.

MARYLAND

WEST; VIRGINIA

VIRGINIA
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FIGURE 21

Average autos per household, as " 1

modeled for the AMI-earning DR  Montgomeny
household, Refined Model ‘

<14

1.4t0 1.6
1.6to 1.7
1.7t0 1.8
1.8t01.9
1.9to0 2.0
2.0to 2.1
21t02.2
22to2.3
2.3 +
Insufficient Data

MARYLAND:

VIRGINIA

Table 4, like table 3, shows the significance of each independent
variable in explaining the variation observed in autos per household,
but in this case for the Refined Model. Notable here is the significant
role that the land use data played. Residential density, as defined
simply using Census blocks, obtained an R-squared value of 67%.
However, when this measure was refined through the incorporation
of land use data, the R-squared value increased to 71%. The other
measures utilizing land use data incorporated here include the gravity
Herfindahl-Hirschman 4 measure (representing land use diversity),
explaining 33% of the variation in autos per household; the sum of
total acres as measured in OP’s transit network analysis, with an
R-squared value of 32%; and the fraction of commercial acres from

the transit network analysis, with an R-squared value of 26%.

TABLE 4
Independent variable significance,
autos per household, Refined

Model
RefinedModel Autos per Household
SmallRegion R-SQUARED

Residential Density (using land use data) o 0.71

Residential Density 0.67
Median Income o 0.60
Transit Connectivity Index o 0.58
Gross Density (using land use data) 0.57
Gross Density 0.56
Job Gravity o 0.43
Average Commuters per HH J 0.37
Average Household Size J 0.35
Gravity Herfindahl-Hirschman 4 o 0.33
Sum of Total Acres from Transit o 0.32
Network Analysis

Average Block Size 0.29
Fraction Commercial Acres o 0.26

from Transit Network Analysis

Average Journey to Work: Transit 0.19
Average Journey to Work: Non-Transit 0.06
Average Journey to Work 0.03
Total Variation Described 0.90

Tan rows indicate the household characteristics that are fixed and controlled for in the final model runs
(the ’AMI-earning household™”). The dots indicate the independent variables used in the final fit of
the regression analyses.
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GeneralModel Percent Transitfor Journey

FullRegion toWorkR-SQUARED
TABLE 5 o Transit Connectivity Index . 0.60
Independent variable significance,
percentage transit for journey to Job Gravity ° 0.49
work, General Model
Gross Density 0.38
Residential Density o 0.35
Average Block Size 0.34
Average Journey to Work: Transit o 0.32
Median Income o 0.27
Average Commuters per HH . 0.19
Average Household Size 0.15
Average Journey to Work: Non-Transit o 0.08
Average Journey to Work o 0.01
Total Variation Described 0.75

Tan rows indicate the household characteristics that are fixed and controlled for in the final model runs
(the ’AMI-earning household”). The dots indicate the independent variables used in the final fit of
the regression analyses.

Together, the independent variables in the autos per household
Refined Model explained 90% of the variation observed. When
compared to the General Model, this indicates that while the incor-
poration of land use data identified significant independent variables,
these variables were so highly correlated with the other independent
variables that there was only a modest marginal improvement in the

overall model fit.

Table 5 shows the significance of each independent variable with
respect to transit use for journey to work for the General Model.
Here, built environment factors showed significantly more influence
than household characteristics. Transit access, with an R-squared
value of 60%, showed the greatest significance, with job access (49 %)
and density (38% for gross and 35% for residential) making up the

largest determinants.

The final fit, considering the independent variables in conjunction,

had an R-squared value of 75%.

FIGURE 22

Average percentage journey to
work by transit, as modeled for
the AMI-earning household,
General Model

<1%
1to 4%
410 7%
7 to 9%
9to11%
11 to 14%
14 to 18%
18 to 24%
2410 33%
33 % +
Insufficient Data
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As seen in table 6, for transit journey to work in the Refined Model,
transit access was again the most significant independent variable,
with an R-squared value of 52%. It is interesting to note that in the
Refined Model, median income was a more significant determinant,
explaining 38% of the variation observed in transit use, than in the

General Model, where only 27% was explained by income.

FIGURE 23

Average percentage journey to
work by transit, as modeled for
the AMI-earning household,
Refined Model

Montgomery

<1%
1to 4%
4t0 7%
7 to 9%
9to 11%
11 to 14%
14 to 18%
18 to 24%
24 to 33%
33 % +
Insufficient Data

MARYLAND

Fairfax Co.

Prince George's

VIRGINIA

Transit use in the Refined Model, considering the independent
variables together, had an R-squared value of 74%, a value slightly
lower than that obtained in the General Model. While this difference
is so slight that it is not likely explained by any real phenomenon, it

is interesting to note that the refinements using land use data did not

actually improve the fit of the model here.

TABLE 6

Independent variable significance,
percentage transit for journey to
work, Refined Model

RefinedModel PercentTransitfor Journey
SmallRegion to WorkR-SQUARED
Transit Connectivity Index o 0.52

Median Income o 0.38
Residential Density 0.38
Residential Density (using land use data) o 0.36

Job Gravity o 0.35

Gross Density (using land use data) o 0.33

Gross Density 0.33

Sum of Total Acres from Transit o 0.32

Network Analysis

Average Block Size 0.28

Gravity Herfindahl-Hirschman 4 o 0.23

Average Journey to Work: Transit o 0.20

Fraction Commercial Acres J 0.20

from Transit Network Analysis

Average Commuters per HH 0.19
Average Household Size o 0.14
Average Journey to Work:Non-Transit o 0.05
Average Journey to Work o 0.04
Total Variation Described 0.74

Tan rows indicate the household characteristics that are fixed and controlled for in the final model runs
(the ’AMI-earning household™). The dots indicate the independent variables used in the final fit of
the regression analyses.
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Massachusetts Model VMTR-SQUARED
TABLE?7 o Gross Density ° 0.67
Independent variable significance,
vehicle miles traveled, Residential Density . 0.58
Massachusetts model
Average Block Size o 0.58
Job Gravity o 0.55
Transit Connectivity Index o 0.55
Median Income o 0.28
Average Commuters per HH . 0.23
Average Household Size o 0.22
Per Capita Income o 0.21
Average Journey to Work Time J 0.05
Total Variation Described 0.84

FIGURE 24

Average annual vehicle miles
traveled, as modeled for the AMI-
earning household, Massachusetts

model

<14,100

14,100 to 15,900
15,900 to 17,300
17,300 to 18,500
18,500 to 19,800
19,800 to 21,300
21,300 to 22,700
22,700 to 26,100
26,100 to 34,800
34,800 +

Insufficient Data

Tan rows indicate the household characteristics that are fixed and controlled for in the final model runs
(the ’AMI-earning household”). The dots indicate the independent variables used in the final fit of
the regression analyses.
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As discussed in the Detailed Methods, the best measured data for
vehicle use—odometer readings—have only been obtained for the
state of Massachusetts. Thus the model was fit, and the independent
variable significance could only be tested, for Massachusetts. In turn,
the values in table 7 do not directly represent the greater DC area.
But for the purposes of this research, it is assumed that the correla-

tion and trends hold true outside of Massachusetts.

Here, similar to the percent journey to work by transit model, built
environment factors showed a much stronger significance in explain-
ing vehicle miles traveled than did household characteristics. While
gross density, residential density, average block size, job access,

and transit access each explained more than 50% of the variation
observed, household income, commuters per household, and house-

hold size each explained less than 30% of the variation.

Largely a function of the built environment, an R-squared value of

84% was obtained in the final model of vehicle miles traveled.

DIFFERENCES BETWEEN THE TWO MODELS

As shown in table 4, the incorporation of land use data provided for a
better fit of autos per household overall, and therefore created a more
accurate model. Access to mixed land uses, both in the land diversity
measures and transit network analyses, proved to be significantly
correlated with both auto ownership and transit use. However,

the marginal improvement between the two models indicated that
these variables are so highly correlated with the other neighborhood
characteristics (e.g., density, job access, block size) that in conjunc-

tion, their impact had largely been accounted for.

It is interesting to note that the measure of residential density that
incorporated land use data to define residential acres provided a
significantly greater fit than residential density without land use data.
However, because the land use data utilized were not uniform or

detailed in all jurisdictions, this led to some anomalous results.
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For example, in figure 25, showing transportation costs from the
Refined Model, the area around the Crystal City Metro station is
modeled to have significantly higher transportation costs than the
surrounding area. It was found that the model actually overpredicted
auto ownership in this area. Upon further inspection into the cause
of this overestimate, it was determined that the residential density

measure utilizing the land use data (as shown in figure 26) had values

of zero in this area, causing the model to predict high auto ownership.

The cause of this was the fact that this area was identified as com-
mercial in the land use data, but from the Census, it was determined
that there were a small number of households located here. Having
households in an area with zero residential acres caused the residen-
tial density value to be zero, and therefore, reduced the accuracy

of the model.

Therefore, while the addition of land use data only marginally
improved the fit of the model, this could largely be a function of
anomalous results such as these. With more detailed and consistent
land use data, there is the potential that a refined measure of residen-
tial density and measures of access to mixed land uses could more
significantly improve the accuracy of estimating auto ownership

and transit use.
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FIGURE 25 FIGURE 26

Average monthly transportation Residential density using land

costs, Refined Model use data, households per
residential acre
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DETERMINING FACTORS:

Montgomery County
|-270/RedLine WHAT DRIVES TRANSPORTATION COSTS?
Corridor Arlington County FullRegion . . A .
Focusing on the General Model, the built environment or neighbor-
TABLE 8 ) o Average Monthly $1,177 $975 $1|246 .. : : :
Comparative statistics in Transportation Costs hood characteristics were found to be the most significant determi-
Montgomery and Arlington
counties Average Residential Density 4.2 7.6 39 nants of transportation costs. Because auto ownership costs typically
(HHs/Res. Acre) make up the largest component of overall transportation costs, it can
?l_‘l'a“;‘l’_e Gﬁ“D)e"S"y 19 5.8 0.5 be assumed that residential density is the most significant factor in
s/Lan cre,
ermining transportation . Transit a as measur
Average BlockSize 224 5.4 75.5 det g transportation costs sit access, as measured by
(Acres) the Transit Connectivity Index, job access, gross density, average
Average Transit 1,199 3,529 1,420 block size, and average time for journey to work proved to be the most
ConnectivityIndex important factors after residential density.
Average Job Access 51,754 120,881 54,052
(Gravity Index) Table 8 and the following series of seven maps (figs. 27-33) highlight
AverageTime or Journey 3141 26.2 3341 this with an example comparing the Montgomery County I-270/Red

to Work (Mins.)
e Line corridor with Arlington County. While Montgomery County

has been effective at focusing development along the I-270/Red Line

FIGURE 27

Average monthly transportation
costs, as modeled for the AMI-
earning household

corridor and protecting the surrounding farmland, average transpor-

tation costs are higher than they are in Arlington County.
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In aggregate, the comparative examples of the Montgomery County
1-270/Red Line corridor and Arlington County show the importance
of all six highlighted neighborhood characteristics on transportation
costs. However, considering the maps provides an added level of

detail. For example, areas can be identified where residential density

is nearly the same in Arlington and in the I-270/Red Line corridor,
yet the transportation costs in Arlington are lower. Even in areas
where transit access is lower in Arlington, transportation costs are
still lower. Focusing on such areas reveals the significance of the
other neighborhood characteristics. The one measure consistently
higher in Arlington than in the I-270/Red Line corridor is Job
Access, indicating its likely importance in the difference in transpor-

tation costs between the two areas.
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FIGURE 28 FIGURE 29

Residential density Gross density
households per residential acre households per land acre
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FIGURE 30 FIGURE 31
Average block size in acres Transit Connectivity Index
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FIGURE 32
Job access
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FIGURE 33
Average time for journey
to work in minutes
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Model Outputs and Results

DISCUSSION OF COSTS

The following three maps show the average costs throughout the
region: average monthly housing costs (fig. 34); average monthly
transportation costs (fig. 35); and average monthly H+T costs
combined (fig. 36).

Housing Costs

As the DC area is known for having a strong housing market, it is not
surprising that average monthly housing costs are high throughout
the region. These costs are highest, averaging over $5,200 monthly,
in the northwest areas of the District and spreading northwest into
Fairfax and Montgomery counties. Costs are lowest in the eastern
portion of the District where average monthly costs less than $1,200
can be found. Also, the farthest reaching areas of the region, such as
Warren and Culpeper counties, contain areas with average monthly

housing costs in the less than $1,200 range.

Transportation Costs

Transportation costs, however, present a near mirror image to
housing costs. Average transportation costs are lowest in the District
of Columbia, where households have convenient access to jobs and
amenities. Households here, on average, own fewer cars and drive
them less because they are largely able to walk, bike, and use transit
to meet their daily needs. Areas of compact, mixed-use development
outside of the District, such as in Arlington and Fairfax counties,
the I-270/Red Line corridor extending out through Montgomery
County, in the center of Frederick County, and in Fredericksburg,
also have development patterns that enable their residents to have

lower transportation costs.

Average transportation costs are highest in the dispersed, auto depen-
dent areas of the region. Residents in the furthest reaching counties

of the region, such as Clarke, Warren, Calvert, and Charles, must rely
on automobiles and drive long distances, creating high transportation

expenditures.

H+T Costs

Combining the two costs, both housing and transportation, gives a
much more complete picture of the costs associated with the location
a household chooses. The areas in the northwest of the District and
extending northwest into Montgomery and Fairfax counties, where
housing costs are high, also have some of the highest H+T costs in
the region. Here, housing costs are so high that they likely overwhelm
any savings these households may experience from being in location-
efficient areas with low transportation costs. However, in areas in

the District of Columbia, Arlington County, and Alexandria, low
transportation costs help keep overall H+T costs low. The outlying
counties that present some of the lowest housing costs in the region
look much different when considered through the lens of combined
H+T costs. High average transportation costs in these areas erode
the perceived savings on housing, and these areas become some of the

more expensive places to live in the region.
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FIGURE 34
Average monthly housing costs
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FIGURE 35

Average monthly transportation
costs, as modeled for the AMI-
earning household
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FIGURE 36

Average monthly H+T costs, with
transportation costs modeled for
the AMI-earning household
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DISCUSSION OF AFFORDABILITY

The following three maps show the average costs throughout the
region as a percentage of AMI,' or the burden experienced by the
typical household: average housing burden (fig. 37), average trans-

portation burden (fig. 38), and average H+T burden (fig. 39).

Housing Burden

Using the standard measure of “affordability” defined as housing
costs consuming no more than 30% of income, average housing costs
throughout much of the inner region (i.e., the District, Montgomery
and Arlington counties, Alexandria, and Fairfax County) are largely
out of reach for the typical household. Average costs easily exceed
40% of AMI through much of this area. Counties farther from the
District, such as Frederick, Clark, Warren, Culpeper, King George,
and Charles present a much different picture of housing affordability.
In these areas, average housing costs are, by and large, affordable for

the typical household.

Transportation Burden

Transportation burdens, again, present a very different picture than
housing burdens. The inner areas of the region have average trans-
portation costs that rarely consume more than 20% of AMI. In many
areas here, especially in the District, average transportation costs

can consume less than 15% of AMI. However, the outer counties
described above as providing the most affordable housing options
also present the least affordable transportation costs. Areas in Clarke,
Culpeper, and Spotsylvania counties, for example, present average

transportation costs that can consume more than 24% of AMI.

16.Avalue of $87,623 hasbeen utilized as AMI, representing the regional average of block group level

household medianincomes.

H+T Burden

As a means to weigh these tradeoffs, such as low housing costs and
high transportation costs, average H+T costs as a percentage of AMI
enables a more complete understanding of affordability. Through
this lens, it becomes apparent that “affordable” housing in the
farthest reaches of the region is much less so when transportation
costs are considered. Average H+T burdens in Spotsylvania, Charles,
and Calvert counties are largely over 45% of AMI, and even exceed
55% of AMI in areas. Conversely, the District of Columbia, Prince
George’s and Arlington counties, and Alexandria present some of the
most affordable areas in the region. Here, even where housing costs
are relatively high, average H+T burdens are largely less than 45% of
AMI, a threshold established by CN'T as affordable.
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FIGURE 37
Average housing costs as
a percentage of AMI
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FIGURE 38
Average transportation costs
as a percentage of AMI
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FIGURE 39
Average H+T costs as
a percentage of AMI
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Location Efficiency
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FIGURE 40
H+T cost burdens
by commute distance
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Impact of Varying Transportation
Costs on the Cost of Living

This analysis shows that, to have a more complete understanding of
their cost of living, households must understand their transportation
costs and how these costs are intrinsically connected to location.
Without full transparency of transportation costs, households can
unexpectedly and unknowingly be putting themselves in a position of
financial risk. By illuminating the full cost of location decisions, this

work helps to put households in financial control.

Previous research on H+T costs in the greater Washington, DC,
area!” illustrates just how significant a burden transportation costs
can be. As figure 40 shows, at an average commute distance of
approximately 15—18 miles, average household transportation costs
can actually exceed housing costs. At an average cost of nearly
$5,600 per year, auto ownership is, by and large, the most significant
component of these transportation costs. Areas far from job centers,
with low density and little access to goods, services, or transit, leave
residents largely dependent on automobiles to meet their daily needs.
On the other hand, location-efficient neighborhoods, or compact,
mixed-use communities in which residents can walk, bike, or use
transit, enable households to get by with fewer automobiles and

therefore experience significantly lower transportation costs.

17.Beltway Burden: The Combined Cost of Housing and Transportation in the Greater Washington, DC, Metropolitan Area,
UrbanLand Institute Terwilliger Centerfor Workforce Housing, 2009.
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Photo by DC Office of Planning

Implications for Future Growth

Future growth must be planned strategically. By taking into con-
sideration H+T and the factors that impact transportation costs,
communities have the potential to grow in a way that is both more
location efficient and more affordable for their residents. Com-
munities can increase affordability by targeting growth in location-
efficient areas where households are not auto dependent. At the same
time, considering the factors that make for location-efficient areas
and expanding these characteristics elsewhere can also increase the

number of affordable areas.

The District of Columbia can and should serve as a good example
of this. While average housing costs are quite high in much of the
District, and seemingly out of reach for many households, high
location efficiency and low transportation costs can actually offset
this expense in places, in terms of H+T costs. Expanding the defini-
tion of housing affordability to include the transportation costs of a
given location will also be helpful to those coming to the region from

other areas. First and foremost, the results of this study will help

households understand that there is more to housing affordability

than “drive ‘til you qualify.” This study helps them understand
that transportation costs have a significant impact on their budget
and will enable them to consider a broader range of housing choices
to better suit their needs. Second, it provides actual estimates of
transportation costs by neighborhood and an understanding of

the neighborhood characteristics that affect transportation costs

the most.

Finally, this report, combined with the knowledge that transporta-
tion costs in auto-dependent neighborhoods will only worsen with
rising energy prices, reemphasizes the point that location efficiency
of urban walkable neighborhoods (like many in the District), does
not just reduce household costs now. The location efficiency of these
neighborhoods also provides economic resilience to those households
that live in them, enabling them to better accumulate wealth or
weather future adversity—from a temporary rise in household costs

(e.g., to assist an aging parent) to a nationwide recession.
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