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ABSTRACT

This paper outlines a framework for identifying aassessing effective and economically viable
built environment improvement strategies that standously reduce auto travel and increase
biking and walking. The framework utilizes GIS wma major ways. First, a GIS software is used
together with spatial analysis and econometric rioglenethods to identify built environment
factors that would effectively result in trip makesubstituting their vehicular travel by non-
vehicular travel. Second, GIS is considered as afgsm for implementing a benefit-cost
analysis (BCA) tool that is capable of assessing #&tonomic return of promising built
environment improvement strategies. The core BCAlehtakes a prescribed built environment
investment as input, applies the underlying siatistmodel, and evaluates the economic
viability of the investment; while the GIS platforprovides a convenient interface for policy
makers to specify the prescribed built environmiemprovement and to visualize the BCA
results.

Our spatial and econometric analysis revealedititaeased prevalence of sidewalks within 1-
mile neighborhood buffers leads to substitutivevdta- more walking/biking and less driving.
Furthermore, the subsequent BCA results showed lilgain investment of around $450M that
makes sidewalks available to all the streets inedD@aunty (hypothetical scenario) in Wisconsin,
the combined benefits accrued from increased palyaiivity and reduced vehicular emissions
is estimated to be around $92M per year. The estuinaenefit-cost ratio of 1.74 over a ten year
life-cycle demonstrates sidewalk provision as at caffective investment. In addition, the
software application currently developed as a agskiased GIS tool provides a strong platform
for policy analysis by allowing users to view bdteeht different aggregation levels and across
various ethnic, social and demographic profiles.



1. INTRODUCTION

This paper addresses two major societal issuesatkabf alarming concern today. Firstly, the
rise in the emissions of greenhouse gases and b#rerful substances has sparked a global
climate change. Halting and reversing the damagffegts of this change is vitally important for
our planet’s future. Secondly, obesity levels a@ngng at an alarming rate in the United States.
Recent data from the 1999-2002 National HealthNungition Examination Survey (NHANES)
(1) show that almost 65% of the adult populationhi@ United States is overweight compared to
the 56% as reported in the 1988-1994 sundgy Qne of the causes for both of these societal
issues is the auto-dependent travel behavior atishahls. On the one hand, as people pursue
more motorized travel, air pollutants increase asenvehicle miles are driven. On the other
hand, as people do not take up sufficient non-nmedrmodes of transportation (e.g. biking and
walking), valuable opportunity for physical activit which could improve fithess and prevent
obesity — is lost. Hence, any strategy that cap hedluce auto dependency and increase biking
and walking is a win-win solution that helps in &sting better public health and cleaner air.

A potential candidate for such a win-win strateg\Built Environment (BE) design. This paper
builds on past studies of the relationships betw®Erndesign and individuals’ travel decisions
regarding the usage of motorized and non-motonmedes. Specifically, it investigates, how, if
any, BE design elements can be engineered to indeakhier travel behavior (i.e. increased
physical activity) and result in a more sustaina@®ironment (i.e. reduced air pollution and
greenhouse emissions). Furthermore, we monetizeasiseciated health and environmental
benefits to determine the economic return of suEkbBsed win-win investments.

Figure 1 shows the conceptual framework guiding wuek presented here. The framework
recognizes the three-way effects that a BE chaagepossibly have on an individual’'s amount
of motorized and non-motorized traveubstitutive complementanandsynergistic(2). The top

of Figure 1 illustrates theubstitutiveeffect, which refers to vehicular travel beinglesed (at
least in part) by biking/walking due to a BE chantjeeach person drives less than before, it
would clearly translate to reduced emissions, ngkire natural environment that we live in
more sustainable. Meanwhile, more biking/walkingigates that people undertake increased
level of physical activity than before, thus leading to improved overall pulhiealth. BE
investments that lead to such a substitutive effeatwin-win solution that we are seeking in this
paper. The complementary and synergistic effeasatso illustrated in the figure and can be
explained likewise.

! A potential research question to examine herebuincluded in this work would be if walking aniking result
in substituting for time spent in other physicallstivities like working out etc.
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Figure 1 Conceptual framework that guides the presa analysis

The specific objectives of this research efforttare-fold:

1. To develop an econometric model capable of wiffeating the substitutive,
complementary and synergistic impacts of various d@iaracteristics on amount of
motorized and non-motorized travel while contrallifor other land use and socio-
demographic variables.

2. To demonstrate how such a model could be tuimeda GIS-based tool, thus providing
policy makers a user-friendly way to assess andalie the effectiveness of BE
investment decisions.

The primary focus of this paper is to illustratesh®IS is used to accomplish these research
objectives. The remainder of this paper is orgahiae follows. Section 2 provides an overview
of related research. Section 3 describes the duresearch design, including the role of GIS in
model estimation, SUR modeling framework and thta d@ed for model estimation. The model
estimation results are presented in Sections 4tidde& describes the benefit cost analysis
framework by applying the model to a hypothetice¢rgario and presents the mock-up of a
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desktop based GIS tool. Section 6 provides a sumuofaihe paper and concluding remarks on
directions for future research.

2. RELATED PAST RESEARCH

The literature relevant to the objectives of thep@r is voluminous and distributed across fields
of transportation, environmental science and madiciTwo groups of literature are most
relevant to the present study: those focusing okilg BE, travel behavior of individuals, air
qguality and public health and those studies thaluge a benefit cost analysis tool for built
environment studies.

2.1. Linking BE, Travel Behavior, Air Quality and Public Health

Several studies have summarized the existing fitezraon the relationship between travel
behavior and BE design around individuals’ resigeacwork place4-8). A number of studies
in literature have advocated that New Urbanistgtesicompact development with mixed land
use and pedestrian friendly neighborhoods) wouttlice the amount of driving. For example,
Ewing and Cervero/j provide a comprehensive review of such studiesglvith the elasticity
estimates for VMT travel with respect to local dgné0.05), land use mix (-0.05), street design
(-0.03) and regional accessibility (-0.2). There also studies reporting either no or only
marginal effect of different BE variables on moted and non-motorized traveéd-(4). These
mixed findings in the literature can be attributedhe fact that researchers have used a host of
different dependent variables to measure traveawieh and applied various model structures,
neighborhood definitions and proxy variables taespnt BE.

Many studies that focus on mode choice decisiom$ te use binomiall®) or multinomial logit
models 16). Studies that focus on trip frequency as dependanables adopt either ordered
(20) or linear regressionl{y) models. Among the studies that investigated Biec&f on trip
distances, linear regression is the typical stmectised. Some of these studies focus on VMT
(12, 13, 18) while others on MWBX9). A few recent studies examine both trip frequeany

trip distance using separate regression modelsdlyze BE impacts on alterative mode ua@, (
21). Due to their underlying assumptions and studgu$p these past studies do not
comprehensively account for the possibility of gitb8ve, complementary, and synergistic use
between motorized and non-motorized mod2s The mode choice modeling framework
precludes the possibility of any complementaryyoresgistic use of alternative modes; whereas
the trip frequency/distance-based analyses typieaddmine the impacts of the BE on a specific
mode use, but not on the possible substitution &&twmodes. In order to fully account for and
distinguish between substitutive, complementaryl synergistic effects of BE, joint modeling
frameworks are needed to simultaneously assessripacts of BE on motorizednd non-
motorized travel while allowing for unobserved abations.

To the author's knowledge, no previous study ha®rporated VMT and MWB in a joint

modeling framework. However, at least two studiesenfound to employ joint models for trip

frequency by mode2( 22. In Guo et al 2), a bivariate ordered probit model structure was
adopted to account for correlations between madriand non-motorized trip frequencies. The
bivariate structure was shown to outperform a paindependent ordered probit models. In Cao
et al. @2), trip frequencies of automobile, transit and walkwere regressed against BE and
other factors using a SUR model to account foreatations among the mode-specific linear
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regression. However, no test statistic was providdtat study to verify the model’s superiority
over independent regressions.

There is a fast growing body of literature thadsts the BE impacts on physical activity and the
Body Mass Index (BMI). Recent reviews of this lgtire can be found in Sallis et @By and
Frank and Engelke2@). The body of literature that extend the relatfopsbetween BE and
travel behavior to study emission impacts is alsiutéd. Stone et al26) set out to find if, at an
aggregate level, compact growth would increasejadlity. It was found that median elasticity
of vehicle travel with respect to density changerdume would be -0.35, that is, a 10 % increase
in population density to be associated with 3.5#uotion in household travel and emissions. At
a disaggregate level, Frank et ab) related households’ vehicular emissions to thel lase
characteristics of their place of residence. Bylypg linear regression models with household
emissions as dependent variable, the authors fausiginificant inverse relationship between
vehicle emissions and household and employmentitdeensand between vehicle emitted
Nitrogen Oxide (NG) and street connectivity. While such studies ptewiseful insight into the
environmental benefits of BE impacts, they do ritgérapt to monetize the benefits; nor do they
account for the potential health benefits assodiatiéh the BE changes of interest.

To the author's knowledge, there is only one stiadglate that tries to capture the relationship
between travel distances, BE, physical activity anassions. Frank et al27]) evaluated the
association between a single index of walkabilibatt incorporated land use mix, street
connectivity, net residential density and retaolofl areas, with health-related outcomes in King
County, Washington. For each census block growpalkability index is computed and clusters
of block groups are defined as neighborhoods framchv participants are recruited. Separate
linear regression equations were estimated to sthdyeffect of the walkability index on
dependent variables such as BMI, emissions, vemdks driven, and time spent doing physical
activity. It was found that a 5% increase in walkibwas associated with a per capita 32.1 %
increase in time spent in physically active travael).23 point reduction in body mass index,
6.5% fewer vehicle miles, 5.6% fewer grams of mj&o oxide (NQ) emitted, and 5.5% fewer
volatile organic compounds emitted. While Frankles analysis provides useful rates of health
and environment benefits due to a unit change dkatity, the use of a composite walkablity
index makes it difficult to translate the desirdédcge in walkablity back to tangible BE changes
for cost evaluation and project implementation.

2.2 Benefit Cost Analysis Framework of BE Investmets

Few studies have attempted to quantify the econmaige of BE impacts. Boarnet et dl9f
provided a framework for evaluating the communigalh benefits of walking. Based on a
regression model incorporating the variables afigctan individual’'s walking distance,
inferences were made about the size of health beref a hypothesized intervention, thereby
linking monetized health benefits to changes intbemvironment. The authors were able to
estimate, for example, the monetized health benefidifferent levels of changes in population
density in a census block group, employment density traffic analysis zone (TAZ), distance
from home to city hall, and number of intersectiovithin 2 mile of TAZ. The benefits were
found to range between $2 million and $24 milliofet the cost of implementing these BE
changes were not estimated or compared againdiethefits to assess the economic return on



these BE policies. The study is also limited inttlaly the health benefits, but not the
environmental impacts, of BE changes were accouoted the analysis.

A benefit cost analysis for biking facilities waswéloped by the Active Communities
Transportation Research group at university of Mswota 28). This online tool allows users to
estimate cost, demand and benefits of a partiduka path investment. For calculating dollar
benefits of a new bike investment, number of pdesiew bike users is estimated and for each
new bike user a dollar benefit of $128 per yearsed which is obtained from meta-analysis of
ten studies in the field of medicine. Similarlycreation benefit and benefit from decrease in
automobile use are estimated. However, the bermftsestimated at an aggregate level and do
not employ a model to predict the non motorized imodorized travel behavior at a disaggregate
level. The Urban Form Laboratory at the UniversityWashington's College of Architecture and
Urban Planning (Seattle, USA) has developed an AwVGIS 3.x extension2Q) for
guantifying objective measures of urban form thetehbeen useful in modeling preferences for
walking and cycling in different neighborhoods witlihe Seattle area. The WBC Analyst uses
standard buffer and network analyses as well asesbovel algorithms to generate these
guantitative measures. However, this tool doesimdtide any specific benefit cost analysis
framework for evaluating any new investments.

2.3Summary

The gaps in the existing literature are as followkere is no study that employed a joint
modeling framework to study the motorized and nartanzed trip distances that are critical to
the conceptual framework laid out in Section 1. Mafsthe studies employ independent models
to study the VMT and MWB and hence can only extdmadr analysis to include either physical
activity benefits or emission reduction but notthadilso, as described above, varying levels of
impact of BE on travel behavior have been reporsedgesting a need for further investigation.
There is no comprehensive study that links allgbssible effects of BE changes on air quality,
public health that can quantify the cost and bér#fa meaningful BE change. Also, no study
were found to evaluate the economic viability ofltbenvironment strategies at a disaggregate
level. Nor has such analysis method been develdpe@a GIS environment to provide
policymakers a powerful BE investment assessmeht to

3. RESEARCH DESIGN

The current research is designed to address theradeNmitations identified above in past
studies. Specifically, a SUR model is proposed dmtly model the motorized and non-
motorized trip distances as a function of BE faxtarhile controlling for a wide range of
additional variables. The model is then appliedtild a benefit-cost analysis framework by
estimating the monetary value of health and enwremtal benefits due to BE changes. This
framework is applied to a hypothetical scenario alsh used in a GIS tool for computing the
effectiveness of specific BE improvement projedtise remainder of this section describes our
study area and data sources, sample charactermstidsGIS applications employed and model
development process.

3.1. Study Area and Data Sources

Dane county, located in the southeastern part @gc@visin, is chosen as the study area for this
paper as shown in Figure 2. Dane county include<itly of Madison — which is the state capital
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of Wisconsin and home to the University of WiscorBladison — several surrounding satellite
cities, towns, and villages. Our primary sourcdra¥el data is the Wisconsin add-on sample of
the 2001 National Household Travel Survey (NHTS)e Dane county portion of the sample
contains data from 2899 households and a totad60 Sndividuals.
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Figure 2 Study area, Dane County, Wisconsin

3.2 Role of GIS in Model Development

The NHTS data contains all the trips made by membéeach sampled household on a single
day. Each household’s residential location as waslthe trip origins and destinations of each
recorded trip are geo-coded, allowing for a higlsohation spatial analysis. Distances of
observed trips are estimated based on the shqétiss on the network. For each automobile
trip, distance is divided by the occupancy rateyitee the equivalent person vehicular miles
traveled (PVMT). The PVMT are subsequently summgedau each individual to give the daily

VMT. Similarly, the distances of all biking and Wadg trips made by the same individual are
summed up to give that individual’'s daily MWB. TMMT and MWB form the dependent

variables for our subsequent analysis.



For the objectives laid out in section 1, it is e&sary to extract the built environment
characteristics within the neighborhood of each @ath household. To achieve this, the
following applications steps are performed usingtem codes on GISDK (TransCAD):

Step 1: The household is snapped to the nearest pnoithe network layer consisting. The
network layer includes all the major roads in D&uinty, Wisconsin.

Step 2: For each household, network buffers of @#B and 1 mile are constructed. Figure 3
shows an example of a neighborhood derived inf#skion. Two buffer sizes are considered in
this study based on our hypothesis that the spextitnt of built environment influence may
differ for different modes. The smaller, 1/4 milefier is conceived to be suitable when
walking/biking is being considered; whereas thgéar 1 mile buffer may be more relevant for
motorized travel. The relative suitability of theiseo buffer sizes will be determined during the
model estimation process.

Step 3: A number of additional data sources ard tseapture the social and built environment
characteristics of sampled households’ resideme&ghborhoods at the time of the survey.
Urban/rural status, retail accessibility and empient accessibilifyare available at the Traffic
Analysis Zone (TAZ) level. US Census 2000 datalatk and block group level is used to
derive socio-demographic distributions. Land udepércel level) and street network data are
obtained from the City of Madison. Also, weathetadfor each day in year 2000-2001 is
obtained from National Climatic Data Center (NCDThe census, land use, and street network
data are overlaid onto these network buffers t@ioban array of neighborhood measures as
shown in Figure 4.

2 Retail accessibility is computed for each Ty using the formuIaA " 1, R whereR is the number of retail
4N d

j=1 ]

employment in the TAZd; is the distance between zarendj. Employment accessibility is calculated similarly

using total number of employment per zone.
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Figure 3 Neighborhood definition of a household

Figure 4 Overlay different layers to obtain BE measres
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In sum, using these GIS methods, three categofiegighborhood measures are derived: (1)
social-demographic measures (including househatdpmpulation densities, income, and racial
distribution); (2) land use measures (including cpatage of residential, commercial,
recreational and vacant area, as well as an entrmasure of land use nijx (3) transportation
network measures (including street density, intdrse density, length of road with sidewalk,
and length of available bike lane).

3.3Model Development
This study adopts the seemingly unrelated regresgsJR) model. It is a system of linear
equations allowing for correlation of error termifie SUR structure is applied here to jointly
model the respective distances traveled by an idha@l using motorized and non-motorized
modes. Specifically, our model is specified to unld the following two equations for each
observed individuat, t =1 T:

o K L 8 i s Equation 1

Ot T Y Y it Equation 2

where f, is the daily miles walked/biked by persan g, is daily vehicle miles traveled by
persont; X, and Y, are vectors of regressors that describe the #gvakighborhood, and
travel day characteristics;,and , are the corresponding vectors of model parametetse
estimated;e and v, are the disturbance terms. The reader should tefiterature (3031) for
details regarding model estimation and are excluiced this paper.

To test the statistical significance of error ctatien betweene andv, one can use the
following test statistic to test the null hypottest: § = 0:

22

/ :T>¢2:TXW .....................................................................
SxS

Equation 3
99

where the variance estimatés ,$ 2 are the usual ones from OLS estimation of equatioasd

.
2; the estimated covariance is given ;{)y:% &V, ; and/ is ¢y, distributed with 1 degree
t=1
of freedonf. If the null hypothesis can be rejected, then®S estimator for the SUR model

are more efficient than individual OLS estimatofequations 1 and 2.

3Land use mix= 1 *

* LN(p)wherepi is the fraction of land use typeThe resulting value ranges between 0
LN(4) i '

P

and 1.
* The degrees of freedom are p*(p-1)/2 where pasiitmber of equations in SURE model. In this cpse.
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4. ESTIMATION RESULTS

Two empirical models were specified and estimatsidgithe Dane County data described in
Section 3.1. The first model considers Equatiorend 2 as independent regression equations
while the second model follows the conventional S&tRicture. Based on the statistical test
described in Section 3.3, the error covariancefaasd to be statistically significant (see section
4.3), suggesting that the SUR model is the mor¢alsiei structure. The best SUR model
specification is reported in Table 1. The paramestimates are not discussed in this paper and
are described in detail in another paper co-authbne this author (30 However, the salient
results are:

With increasing retail accessibility, people aieely to drive less and walk/bike more
which is consistent with the findings in literatuf, 17). This result is in favor of the
New Urbanist approach, reinforcing the fact thatigg destinations (in this case retalil
shops) closer to households would have win-win fisné.e. the substitutive effect
explained in Figure 1) — decrease driving and iaseewvalking/biking.

The results suggest that people who live in neigidads with higher percentage of high
income households drive more and walk less. Thigdcbe a manifestation of the social
network effect that is independent from the impa¢t8E design.

Three measures of the transportation network anaddo have consistent, across the
board impacts on individuals’ distance traveled.

o0 As sidewalk becomes less prevalent in an individualeighborhood, the
individual's MWB decreases while VMT increases.obher words, the provision
of sidewalks represents a perfect example of thewin strategy for improving
public health and environmental sustainabilityhat $ame time.

o It is found that increased length of bike lane witks mile of an individual's
residence has a significantly positive impact on-nwtorized travel, leading to
increased level of physical activity and therefiirgess.

0 As the number of intersections per acre (used @so&y measure for street
connectivity in the immediate neighborhood) incesasndividuals are also found
to walk/bike more.

5. MODEL APPLICATION
5.1 Hypothetical Scenario

The model estimation results provided the empirgsédlence to support that BE change through
altering the transportation network characteristiihin individuals’ neighborhoods may lead to

substantial changes in VMT and/or MWB. In particulacreased sidewalk prevalence is found
to be a win-win strategy that improves public Hedthrough increased physical activities) and
enhances environmental sustainability (through ceduvehicular emissions). This section

describes our analysis of the economic return déwalk improvement. The analysis entails
estimating the construction costs and valuing tbalth/environmental benefits attainable from
increasing sidewalk provision in our study arean®&ounty, Wisconsin.
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Specifically, the scenario that all roadways in B&vounty were fitted with sidewalks at least on
one side is considered. While this hypothetic sgenia practically unlikely due to existing
roadway geometry, right-of-way and resource comgathe scenario represents an upper
bound on the potential benefits attainable fromhsaBE change. Our cost/benefit estimation
draws from recent literature in the fields of emgining, public health and environmental
research. All quantities and rates used for theutation represent year 2001-2002 conditions
and dollar values. Again, the estimation process lma referred in the previous worR8) and
only the results are reported below.

The health benefit of such an investment is catedldo be around $86.02M and air pollution
benefit is found to be $5.97M and they yield a corabt benefit value of $91.99M for year 2002
alone. Based on a conservative service life estimétlO years and an annual discount rate of
3%, the total benefit of the county-wide sidewatinstruction across the 10-year life cycle is
$784.69M in 2002 dollars. Dividing the total benefby the total construction cost of $450.8M
gives a benefit-to-cost ratio (BCR) of 1.74, inding significant returns of investment. It should
be noted that our BCR calculation has accountedofdy the direct health and air pollution
benefits. Increased MWB and reduced VMT may havgaitts also on, for example, accident
rates, property values, noise, and travel timegethat not all forms of possible benefits were
accounted for in the above analysis, out estim&€iR of 1.74 is most probably on the
conservative side.

To showcase the potential of the SUR model predeabmve and apply the research to real
world built environment investments, a software leggpion is designed which is explained
below. In this paper, only a mock-up of the applarais shown. This application is currently
developed as a desktop based GIS tool that candessed by users having ESRI's ArcMap on
their system. In this section, the framework of thedel application using this GIS tool is
presented and then, screenshots of the currenbmektool are explained.

5.2 GIS-based BCA Framework
Figure 5 represents the overall framework for thedeh application as explained in the steps

below. The elements included in the green boxleebmponents of the proposed GIS tool. The
following are the steps involved in applying theRSbhodel to the population of Dane County:
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Table 1 SUR results with VMT and walk/bike distami@e/eled as dependent variables

Miles Walked/Biked

Vehicle Miles Traveled

Explanatory Variables (MWB) (VMT)
Parameter z-stat Parameter z-stat
Person/Household/Trip Day Characteristics
Person is employed 0.1670 2.990** 14.3202 9.474**
Person is young (17 to 30 years old) 0.2249 2.928** - --
Person is Caucasian 0.2727 2.760** - -
Person holds a driving license -- -- 11.5629 12+871
Person has a degree (Bachelor’s or higher) -- = 4317 3.726**
Number of bicycles owned by household 1481 8.317** -- --
Household has no car 0.3501 1.780 -- --
Family income per year (in $10,000) - - 0.3065 .35P*
Number of cell phones in household -- -- 0.8234 726
Housing type is either an apartment or a dormitory 0.1698 1.978* 2.4229 2.748**
Lowest temperature on travel day 0.0072 4.81Q* -- --
Travel day is on a weekend -- -- -7.3009 -2.493*
Built Environment Characteristics
Regional factors
Rural setting -- -- 1.7691 2.056*
Retail accessibility 0.0401 3.357** -0.8915 -4.206**
interacted with individual’s work status - - -808 -5.509**
Neighborhood socio-demographic composition
% high income households in neighborhood — 1 miliéel -0.9331 -3.891** 10.1011 3.660**
Household density (per acre) -- -- 0.9883 3.382**
Neighborhood land use characteristics
Land use mix — 1 mile buffer -0.5713 -3.4231* -6401  -2.865**
interacted with vehicles per person in householg -- -- 4.7632 4.375*
interacted with travel day being on a weekend -- -- 8.8444 1.943
Neighborhood transportation network characteristics
Length of roadway with no sidewalk — 1 mile buffer -0.0482 -3.282** 0.4685 2.825**
Length of roadway with bike lane — ¥ mile buffer 2011 2.235* -- --
Number of intersections (per acre) — ¥4 mile buffer 0.0493 2.214* -- --

** indicates significance at 99% level, * indicatgignificance at 95% level

All other variables are significant at 90% level
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Figure 5 Model application framework

The current model is estimated based on a sampl®6f households in Dane County,
WI. However, to apply the model, we would need ttaracteristics of the whole
population. Such micro level population data canob&ined from existing sources or
can be synthesized.

For each person in the population, neighborhoodseagenerated using GIS methods as
explained in section 3.2. This layer will be ussdrapulation neighborhood layer for the
model application.

In the GIS environment, a user interface is cre&edhe user to input the proposed BE
changes. For example, a MPO planner might be stiedlein evaluating a particular
investment such as sidewalk construction in a rmgiood. The user can click the “Add
a Sidewalk” button and start editing the map byngsihe drawing tools. This user
interface is developed in ArcGIS using VBA andhewn in Figure 6.

4) The next step of model application is creating & metwork layer including this new
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5)

6)

7)

proposed investment. This network layer is ovediage the population neighborhood
layer generated in step 2 to extract new BE vagmbin this case, if a user is adding a
sidewalk, the length of sidewalk in the correspagdneighborhood increases which is
extracted by overlaying the two layers.
With these new variables, SUR model can be eagfiplied to estimate the overall
increase in walking and biking and simultaneousucédn in driving for the whole
population.
To perform the benefit cost analysis, users camtirgertain properties allowing for
flexibility in the cost benefit calculations:
a. Aggregate measures (Figure 7)
Users can choose to aggregate the benefits ofntresstiment at three different
levels: census blocks, census block groups oreaCtiunty level. This flexibility
provides the users with additional insight into tweerall benefits at different
spatial analysis units for a particular BE investime
b. Cost and benefit calculation options (Figure 8)
The options required for benefit cost analysisakion can be given by the user.
The default values based on the literature stuaBaadicated in section 5 are used
for current calculations. The user can also chdaosaclude the type of benefits
(environment, health or both).
c. Social equity measures (Figure 9)
Finally, the tool also provides an option for thaigy makers to include certain
social equity measures. This is a particularly abla way to visualize benefits to
ensure equity in investments based on various ctearstics like income, vehicle
availability, gender, and ethnicity. For examplaséd on the aggregation levels
chosen by the user, the model can predict theasere walking or biking of zero
vehicle households by a particular sidewalk comsion. If a census block is
chosen as an aggregate measure, a before-aftgsianal distance walked and
distance driven by low income households within ttensus block can be
displayed.
Finally, the results are displayed in an excel agsbeet showing the options chosen by
the user and the final benefit to cost ratio ofitheestment.

In summary, the proposed model application usiegGIS tool can accomplish the following:

1)
2)
3)
4)

5)

Perform a benefit cost analysis of real world Bizestments such as building bike lanes
and sidewalks.

Provide an easy graphic user interface (GUI) foersis(such as MPO planners) to
evaluate the proposed investments.

Results can be aggregated by census block, blamkpgor county level allowing for
three different levels of spatial analysis of ticeraed benefits.

Include health and environment benefits and profieability in estimating costs of the
construction by allowing users to input parameters.

This tool can be used to predict the social equityasures of BE investments by
examining the change in travel behavior of grougseld on income, vehicle availability
and ethnicity. Hence, investment decisions andcdican be made based on these
equity measures.
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Figure 6 User Interface for adding a sidewalk

Figure 7 Options - Aggregation levels
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Figure 8 Options - Benefit/Cost options

Figure 9 Social equity measures
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6. CONCLUSIONS

Most of the existing literature links the BE chasge travel behavior through different types of
guantitative models but only a few have extendad timkage to health and environment
benefits. The current study effort is directed tm¥gashowcasing the potential of BE changes to
improve air quality and community health and thgreiveate sustainable communities. In
addition, the mock up of the GIS tool presents asyeplatform for policy evaluation of BE
investments. By using data from Dane County, Wistgnthis paper has quantitatively
estimated the benefits to community health andrenwment by an aggressive, but meaningful
BE change.

The salient contributions of this paper are asofed. First a conceptual framework
differentiating three possible BE effects on maed and non-motorized travel is presented. The
recognition of the substitutive, complementary gnesgistic effects of BE on travel behavior
points to the need for a joint analysis of motatizd non-motorized travel to gauge the net
societal benefits of any particular BE change. 8dco order to support the joint analysis, a
SUR model capable of accounting for inter-errormteorrelation is applied. Our analysis result
shows the statistical merit of accounting for sgohnrelation, which many previous studies on
the subject did not verify or account for. Thitdro win-win BE related strategies were found to
simultaneously increase an individual's level ofikireg/biking and reduce distance traveled by
vehicular modes. One is increased regional retedessibility and the other is increased
prevalence of sidewalks within 1 mile neighborhdmdfers. Fourth our benefit-cost analysis
showed that, by making sidewalks available to la#l tesidents in Dane County, the combined
benefits from increased physical activity and regliemissions is estimated to be around $92M
per year. The estimated BCR of 1.74 shows the gunaneffectiveness of such BE improvement
project. Fifth,a GIS-based BCA tool is presented that can be tsegply the model and the
benefit cost analysis framework and provides thexr ugth an easy to use GUI to evaluate new
BE projects.

This work has a number of limitations. Our modelingmework does not account for the

possibility of residential move in response to BlRamges. Accounting for residential self-

selection in our analysis framework is a directionfuture research. Another limitation of the

present study is related to our monetary estimaitégalth and environmental benefits. It should
be recognized that our calculation inherits theeutainty underlying the unit cost and benefit
rates drawn from existing publications. Neverthglesir estimates provide some insights into,
and a quantitative assessment of, the societafibeoEBE intervention strategies.
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