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ABSTRACT

Correlation between Median Household Income andBSHstainable Site Criteria for
Public Transportation Access and a Regression Mealicting Appraised Unit Value
of Unimproved Parcels in Houston, Texas. (May 2010)
Qundi Ji, B.E., Civil Engineering, Zhejiang Univitys

Chair of Advisory Committee: Dr. Paul Woods

The Leadership in Energy and Environmental DesidfiEQ) Green Building Rating
System provides third-party verification for enwiroentally sustainable construction.
LEED certified buildings often provide healthier skand living environments, however,
it does not provide any direct economic incentiteethe owners and developers. An
early research suggested that there was a sigmiftcarrelation between appraised unit
value of a parcel and LEED sustainable site catéor public transportation access.
Moreover, the regression model for predicting afg@unit value of a parcel suggested
that the coefficient of Number of Light Rail Stat®was positive, while the coefficient
of Number of Bus Stops was negative. This resuitrealicted our original expectation
that both number of bus stops and light rail stetioould have a positive effect on the
appraised unit value. Hence it becomes importanbhaluct further research to explain

this phenomenon.



In this research, Pearson correlation was exantmddtermine whether there is a
significant correlation between median househotdine and the number of bus stops
and light rail stations for a given parcel that mdeED sustainable site criteria for
public transportation access. After confirming rgngicant correlation exists, multiple
regression analysis was applied to establish &ssgm model for predicting unit value
of a given parcel using number of bus stops ard hgjl stations for a given parcel that
meet LEED sustainable site criteria for public sjaortation access, median household

income and parcel area as the independent variables

Result of Pearson correlation indicated that tee no significant correlation exists
between median household income and the numbarso$tops and light rail stations for

a given parcel which met LEED sustainable siteegatfor public transportation access.

Findings of multiple regression analysis sugge#tatall independent variables were
significant predictors for unit value of a pard@ésides, this regression model had a
higher adjusted R- square value than that of theewhich was established by
Bhagyashri Joshi. It means that this regressionetnozlild better predict appraised unit

value of an unimproved parcel.
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CHAPTER |

INTRODUCTION

Problem Statement

In Leadership in Energy and Environmental DesigriNfew Construction (LEED-NC)
rating system, there is a particular credit forlmutsansportation access which states
how many bus stops or light rail stations shouldidoated within a certain distance of
the target building in detail. Bhagyashri Josh28@9) research suggested that there was
a significant correlation between appraised uniteaf a parcel and LEED sustainable
site criteria for public transportation access. &er, the regression model for
predicting appraised unit value of a parcel suggktiat the coefficient of Number of
Light Rail Stations was positive, while the coa#fict of Number of Bus Stops was
negative. This result contradicted our originalestation that both number of bus stops
and light rail stations could have a positive dff@t the appraised unit value. One
reasonable explanation might be that there wadempal link between economic status
and transportation mode. Hence, Median Househalonhe was used in this research to
represent economic status, while Number of Light &&ations and Number of Bus
Stops were used to represent transportation modeldition, area of a parcel was also

considered in this research because it might plyssittuence its unit value.

This thesis follows the style dfiternational Journal of Construction Education and
Research.



Research Objective

Determine whether there is a significant correlatbetween median household income
and the number of bus stops and light rail statfona given parcel that meet LEED

sustainable site criteria for public transportaimecess.

If there is a significant correlation, establisfegression model regarding median
household income as the dependent variable andnootiver of bus stops and light rail
stations that meet LEED sustainable site critargfiblic transportation access as the

independent variables.

If no significant correlation exists, establisheanpredicting model for unit value of a
given parcel using number of bus stops and lighstations for a given parcel that meet
LEED sustainable site criteria for public transptdn access, median household
income and parcel area as the independent varididdgefully, this new regression
model could have a higher adjusted R- square \thlre Bhagyashri Joshi’s (2009)
model, which means this new regression model coetter predict appraised unit value

of an unimproved parcel.



Research Hypotheses

Ho: There is a significant correlation between mediansehold income and the number
of bus stops and light rail stations that meet LEdtiStainable site criteria for public

transportation access for a parcel.

If there is a significant correlation, then test thypothesis:

Model: Median household incomefs + 3, (Number of bus stops for a given parcel that
meet LEED criteria) . (Number of light rail stations for a given partieht meet

LEED criteria) +¢, is statistically significant angh <0, 2> 0.

If no significant correlation exists, then test thypothesis:

Model: Appraised unit value of an unimproved parfgh 1 (Number of bus stops for
a given parcel that meet LEED criteriaps-(Number of light rail stations for a given
parcel that meet LEED criteria)ps (Median household incomeBa#(Area of a given

parcel) +e, is statistically significant.



Importance of Research

According to the findings of Bhagyashri Joshi’'s@2presearch, there was a significant
correlation between appraised unit value of a pance LEED sustainable site criteria
for public transportation access. Moreover, theegsgjon model for predicting appraised
unit value of a parcel suggested that the coefftadd Number of Rail Stations was
positive, while the coefficient of Number of Busof$ was negative. This means, an
increase in the number of light rail stations whieét LEED criteria for a given parcel
led to an increase in the appraised unit valueprael; whereas, number of bus stops

had completely opposite effect on the transformatwalue of that parcel.

This interesting result contradicted our origingbectation that both number of bus

stops and light rail stations could have a posiéffect on the appraised unit value.

Hence it becomes important to conduct further nese@ explain this phenomenon.

Assumptions

All data collected from public sources and usethia research are accurate and reliable.

Appraised value reasonably reflects the actualezalu



Median household income of a block group wherevargparcel was located is a proper

indicator to represent the actual average econoariditions of that parcel.

Median household income of different block groupsréased equally during the past
decade (from 1999 to 2009). Hence, median househodune data from census 2000

could truly indicate the present household econararaitions of each block group.

LEED-NC Sustainable Sites Credit 4.1-Alternativarisportation: Public
Transportation Access-is an effective rating systdence, number of bus stops and
light rail stations for a given parcel that mees thEED criteria could assess the actual

sustainability of public transit around parcels.

Definitions

Number of bus stops and light rail stations for a tyen parcel that meet LEED
sustainable site criteria for public transportation accessNumber of all public or

campus bus stops located within 1/4 mile of a givarcel.

Number of light rail stations for a given parcel that meet LEED sustainable site
criteria for public transportation access Number of all existing light rail stations

located within 1/2 mile of a given parcel.



Parcel A fundamental cadastral unit. A piece of landakircan be owned, sold, and

developed.

Appraised value The estimated value upon which property taxesal®ulated.

Appraised land value The appraised value merely assigned to the ldadyoren

parcel by the Appraisal District Office in US daBa

Appraised improvement value The appraised value assigned to a structureitahitg

by the Appraisal District Office in US dollars.

Unimproved parcel: The parcel with zero improvement value, which ntethere were

no buildings or structures constructed on it, ngmaelacant parcel.

Appraised unit value of an unimproved parcel It is defined as the unit value (in US
dollars per square foot) which is equal to apprhlaed value (in US dollars) of a given

parcel divided by area (in square feet) of the spareel.

Median income The amount which divides the income distributiioto two equal
groups, half having income above that amount, atidnhaving income below that

amount (U.S. Census Bureau, 2006).



Household A household is defined as one or more peopladiwn a residence ( Social

Science Data Analysis Network, 2000).

Block group: A subdivision of a census tract (or, prior to @08 block numbering area),
a block group is the smallest geographic unit forolw the Census Bureau tabulates

sample data ( U.S. Census Bureau, 2006).

Household income A measure commonly used by the United Statesrgovent and
private institutions. That measure counts all ttewme of all residents over the age of
18 in each household, including not only all waged salaries, but such items as
unemployment insurance, disability payments, chilgport payments, regular rental
receipts, as well as any personal business, inesgirar other kinds of income received

routinely (U.S. Department of Housing and Urban &egment, 2009).

Median household incomeln this study, median household income is defiagthe

median of household income data in the year 1930kbdbck group where the given

parcel was located, and the data will be recordetlousands of US dollars.

Limitations

Only unimproved parcels, which were within a petienelescribed by a distance of 1

mile outside of Beltway 8 encircling and within ttigy limits of Houston, Texas, were



included in this research. Besides, these parbelsid not be exempted from tax as

defined by Harris County Appraisal District.

In this research, median household income datandstdarom Census 2000 data did not
precisely represent the specific household incoh@egiven parcel, but represented the
median household income of the block group whegegitien parcel was located. This is
because block group is the smallest geographidamithich the Census Bureau
tabulates sample data. Another reason is the gagcelified for this research were all
unimproved, which means there were no buildingstrarctures built on these parcels,
hence no individuals or families lived there eith®s a result, the specific household
income of a particular unimproved parcel could maningless, whereas median
household income of a block group where the givamcgl was located would be a

proper alternative value.

Harris County Appraisal District updates the Gl3dehdata quarterly on their website.
Data for this research, such as appraised lane\zaid parcel area, was obtained for the
first quarter of the year 2009. For parcels wha3@92data was not available, 2008 data

was used.

Only the existing light rail lines located in th@tston were used in this research.



This research concentrated only on LEED-NC Ver&@Sustainable Sites Credit 4.1-
Alternative Transportation: Public TransportatioocAss. This credit requires to
measure distance from the entrance of a buildirngvéver, there were no buildings on
unimproved parcels, so it becomes more rationeatculate the distance to bus stops or

light rail stations from the centroid of parcels.

Delimitations

Findings and regression models of this researcbrayeapplicable to unimproved
parcels in the Harris County Appraisal Districtdamill be inappropriate if applied to

other areas.

This research study focused only on LEED-NC SuatdaSites Credit 4.1-Alternative
Transportation: Public Transportation Access. Figdiand corresponding interpretation

could only be applied to this LEED credit.

The Decennial Census occurs every 10 years, irs yaling in zero. Median household
income data for this research is obtained from Ge2600 data on U.S. Census Bureau

website which is based on the data of the year.1999

In this research, only four independent variabisch were number of bus stops for a

given parcel that meet LEED criteria, number ofitigail stations for a given parcel that
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meet LEED criteria, median household income ofocglblgroup where the given parcel
was located and Area of a given parcel, were exagnamd analyzed. Many other

relevant variables were not considered, but coaldtbdied in future research.
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CHAPTER Il

LITERATURE REVIEW

Background

Buildings do have a significant impact on the eonment. In the United States
buildings account for 37% of the primary energy, d&¥6 of non-industrial solid waste,
12% of potable water use, 35% of carbon dioxidessimns, and 49% of sulphur dioxide
emissions. “Green building” evolved as a meangduoice this negative environmental

impact throughout the complete building life cy@®orbett & Muthulingam, 2007).

The Leadership in Energy and Environmental DesigiEQ) Green Building Rating
System, developed by the U.S. Green Building Cd§bkSGBC), provides third-party
verification that a building or community was desgd and built using strategies aimed
at improving performance including energy savinvggter efficiency, CQemissions
reduction, improved indoor environmental qualitydatewardship of resources and

sensitivity to their impacts (USGBC, 2009).

LEED certified buildings often provide healthier ska@and living environments, which
contribute to higher productivity and lower-thamhirstry-standard operational costs

(Wikipedia, 2009).
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However, LEED rating system is a voluntary systegrdpes not provide any direct
economic incentives, such as selling a house dingean office out at a higher price, to

the owners and developers.

The motivation for adoption of innovations, inclodivoluntary standards, may be
related to the quest for signaling, meaning thatatganization wishes to communicate
something about its practices to the outside wamlduding regulators, customers, the
public, etc. Alternatively, adoption may be driienthe quest for intrinsic benefits,
meaning that the organization expects actual ecanand/or environmental benefits
that are a direct result of the standard, regasddéperceptions in the outside world

(Corbett & Muthulingam, 2007).

To assess the effectiveness of an innovation gissential to ascertain not just the
breadth of adoption but also the depth of adopfitve depth of adoption is closely
related to whether adoption occurred only for sligigareasons, in which case the depth
will be the minimum required for the signal to b&setive, or due to the intrinsic
benefits of the standard, in which case adoption(bat need not) be deeper (Westphal,

Gulati, & Shortell, 1997).

Hence it is extremely important to find out therimsic benefits (like actual economic
and/or environmental benefits) of adopting LEEDngstandards, whereas site

selection is the first and essential step for estraction project. Especially for a LEED
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project, development of greenfield or previouslgewveloped sites consumes land.
Development projects must be sensitive to encrogobmn agricultural lands,
compromising existing wildlife habitat, and exaaarbg local and regional erosion. The
impacts of increased impervious surfaces to stoewanoff should be controlled to

mimic natural conditions and protect water qualityeceiving waters (USGBC, 2006).

This research will only study the LEED rating stara$ for public transportation access
in sustainable site part, because a building’stiooaalso affects ecosystems based on
the occupants’ options for travel to and from the. #According to the Federal Bureau of
Transportation Statistics, vehicle use in Ameriaa hearly tripled, from 1 to 2.85

trillion miles per year, between 1970 and 2002.i¢lels are responsible for
approximately 20% of U.S. greenhouse gas emissionsally (NRDC). Vehicle fuel
consumption and emissions contribute to climatengeasmog, and particulate pollution,
all of which have negative impacts on human hedlke infrastructure required to
support vehicle travel (parking and roadway suidaservice stations, fuel distribution
networks, etc.) increase the consumption of lartireanrenewable resources, alter

stormwater flow and absorb heat energy, exacedpaat island effect (USGBC, 2006).

If we could find out some obvious economic benddtsachieving LEED sustainable
site criteria for public transportation accesss thill provide encouragement for

investors to develop new construction projectshensites located closer to mass transit
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networks. This could evidently reduce the use bfgbe vehicles, and eventually reduce

the pollution caused by automobile use.

Introduction of LEED

The Leadership in Energy and Environmental DesigiEQ) Green Building Rating
System, developed by the U.S. Green Building Cd§biSGBC), provides a suite of
standards for environmentally sustainable congtmcSince its inception in 1998,
LEED has grown to encompass more than 14,000 pgsojethe United States and 30
countries covering 1.062 billion square feet (9%kai development area (Wikipedia,

2009).

The first LEED Pilot Project Program, also refertecs LEED Version 1.0, was
launched at the USGBC Membership Summit in Aug@881 After extensive
modifications, the LEED Green Building Rating Syst¥ersion 2.0 was released in
March 2000. This rating system is now called th&DESreen Building Rating System
for New Commercial Construction and Major Renowvagicor LEED-NC (USGBC,

2006). On April 27, 2009, USGBC launched LEED v3@&BC, 2010).

There are many different LEED Rating Systems aligléor specific project types:
* LEED for New Construction: New construction and anagnovations (the

most commonly applied-for LEED certification).
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* LEED for Existing Buildings: Existing buildings déag LEED certification.

* LEED for Commercial Interiors: Commercial interidouts by tenants.

* LEED for Core and Shell: Core-and-shell projeatsa(t building minus tenant
fitouts).

* LEED for Homes: Homes.

* LEED for Neighborhood Development: Neighborhoodalepment.

* LEED for Schools: Recognizes the unique naturéefdesign and construction
of K-12 schools.

* LEED for Retail: Consists of two rating systems.ikipedia, 2009).

Among them, LEED for New Construction is the maspylar one, which provides a set
of performance standards for certifying the desigd construction phases of
commercial, institutional buildings, and high-rigsidential buildings. The intent of
LEED for New Construction is to assist in the ci@abf high performance, healthful,
durable, affordable and environmentally sound conecrakand institutional buildings

(USGBC, 2006).

This research only focuses on LEED-NC Version ®l@ich has seven categories of
various energy-efficient requirements:

* Sustainable Sites (26 points)

*  Water Efficiency (10 points)

* Energy & Atmosphere (35 points)
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Materials & Resources (14 points)
Indoor Environmental Quality (15 points)
Innovation in Design (6 points)

Regional Priority (4 points)

This version of LEED ratings are awarded accordintipe following scale:

Certified 40- 49 points
Silver 50- 59 points
Gold 60- 79 points

Platinum 80 points and above

The credit that will be applied to this researcBustainable Sites Credit 4.1-Alternative

Transportation: Public Transportation Access, whsctated in following pattern:

Intent
To reduce pollution and land development impaasfautomobile use.
Requirements
OPTION 1. Rail Station Proximity
Locate the project within 1/2-mile walking distar(ceeasured from a main
building entrance) of an existing or planned anttid commuter rail, light rail
or subway station.
OR

OPTION 2. Bus Stop Proximity
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Locate the project within 1/4-mile walking distar(oeeasured from a main
building entrance) of 1 or more stops for 2 or maublic, campus, or private bus
lines usable by building occupants.

* Potential Technologies & Strategies
Perform a transportation survey of future buildoggupants to identify

transportation needs. Locate the building near rrassit (USGBC, 2008).

Young Jun Park’s Research

The primary objectives of Young Jun Park’s (20@¥earch was to identify the relation
between LEED criteria regarding the sustainabke satection and the appraised values
of sites in Houston, Texas; and additionally tolgraeffects of detail components
which leverage the sustainable credits regardiagtiblic transportation access in terms

of economic issues.

The criteria regarding the sustainable site seladh this LEED metric are Sustainable
Site Credit (SSC) #1: Site Selection, SSC #3: Bifteleh and SSC #4.1: Public
Transportation Access. Linear regression methodused for the quantitative analysis
regarding economic profits as well as environmeptaservation. In this model, the unit
appraised value of land was used as dependenblat@reflect economic values of the
land and LEED sustainable site criteria were usecb#egorical independent variables

(Park, 2009).
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According to the results of statistical analydi® triteria, SSC #4.1 was highly
significant. Furthermore, the detail componentS8 #4.1 regarding the bus stops and
railroad stations were also significant. Thesetpasresults can lead to environmental
preservation while avoiding the development of larch is far from the public
transportation access as well as the future ecanorarits due to enhancing the

development density near the public transportadimoess (Park, 2009).

Bhagyashri Joshi’s Research

Bhagyashri Joshi (2009) did an efficient reseamtHireding out the economic benefits
by achieving LEED-NC Sustainable Sites Credit 4ltevhative Transportation: Public

Transportation Access.

The aim of Bhagyashri Joshi’'s (2009) study wasraalet the appraised values (in
dollars per square foot) of unimproved parcels auston, Texas based on the LEED
sustainable rating for Public Transportation Accdsg models were established in her
research, but our research just focuses on ModariModel 1the dependent variable
is Appraised Value/Area of a parcel; the independanables are Number of bus stops
for a given parcel that meet LEED criteria, Numbglight rail stations for a given

parcel that meet LEED criteria and Area of a giparcel
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She first used the account number of each paradt@in data concerning area and
appraised value of a given parcel from Harris Cpuégpraisal District website, then
applied ArcGIS software to obtain the data conecgymumber of bus stops and light rail
stations for a given parcel that meet LEED critana minimum distance of bus stops
and light rail stations within a certain distanoe & given parcel. Finally, a multiple

regression method was adopted to analyze the data.

The final format of Model 1 is:
Predicted Transformed Unit value = 1.873 -0.015 (Nu Bus Stops) + 0.426 (Num
Rail Stations) — 0.000002522 (area), where Predidt@ransformed Unit Value =

(Appraised Value/Area of a parcel)’

For this model ANOVA test p value was 0.000. Thisdel presented significant
relationship between the transformed unit valupastels and the measurements

required to earn LEED credit (Joshi, 2009).

According to results, an increase in the numbdigbt rail stations led to the increase in
the transformed appraised unit value of a parcélei#as, number of bus stops which
met LEED criteria for a given parcel had completgiyposite effect over the

transformed unit value of that parcel (Joshi, 2009)

These different effects might be explained a paé€hbk between socio-economic
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status and transportation mode. This could beitihe bus system has been
purposefully designed to transport people primdriyn economically disadvantaged

areas in the city (Joshi, 2009)

Summary

This research is designed to find out the sper#iasons. It is generally agreed that
transit services in disadvantaged neighborhood$aae potentially positive effects on
the accessibility of socially excluded or econoritjcanarginalized families (Thakuriah,
Sriraj, SO0t, & Liao, 1986). The highest qualitsrisit mode, such as the Metro/Subway,
may find its stations mostly surrounded by higmeome households; Light Rail transit
stations will be mostly surrounded by more moderrateme households; and lower
income households, located in the poorest arettgedfity, will be served only by the

City Bus (Nembhard, 2009).

Household income is a measure commonly used bytited States government and
private institutions. That measure counts all tteome of all residents over the age of
18 in each household, including not only all waged salaries, but such items as
unemployment insurance, disability payments, chudport payments, regular rental
receipts, as well as any personal business, inesgirar other kinds of income received
routinely (U.S. Department of Housing and Urban &epment, 2009). According to

the US Census Bureau, the median is "considerablgr than the average, and provides
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a more accurate representation.” (U.S. Census Bu?€83)

Hence, this research will use median householdecas the appropriate indicator of

socio-economic status to study its correlation hi number of bus stops and light rail

stations that meet LEED sustainable site critargpliblic transportation access for a
parcel, and also will be used as an independerdhlarin the regression model for
predicting unit value of unimproved parcels in Hous Texas. Figure 2.1 is Houston

Median Household Income Map of 2000.

Median Household Income: 2000

[ ] Below Citywide Median ($36,616)
I Above Citywide Median ($36,616)

A
0 4 8 Miles
e

Figure 2.1: Houston Median Household Income MapG#fO

Source: (City of Houston Planning and Developmegp&tment, 2005)
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CHAPTER 1l

DATA COLLECTION

Population of Interest

Population is defined as all unimproved parcelsctviwvere within a perimeter

described by a distance of 1 mile outside of Beft®&ancircling and within the city

limits of Houston, Texas. Figure 3.1 is the GIS MdJ arget Area.

Beltway ¢

The perimeter 1 mile outside of Beltway §

Figure 3.1: GIS Map of Target Area
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Observational Unit

The observational unit for this research will bgualified parcel.

Sample Selection

150 parcels qualified for LEED Sustainable Sitese@ia of Public Transportation

Access will be randomly selected from the poputatio

Collection Method

Location of Target Area

Use ArcGIS open Harris County shape file which dmaded from Harris County

Appraisal District website. This shape file defirtédrris County boundary and

displayed this boundary visually. Figure 3.2 digpléhe boundary of Harris County.
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Harris County Boundary

Figure 3.2: Harris County Boundary

Project Harris County Highways shape file, whichvdtbaded from Harris County
Public Infrastructure Department website, on Habusinty boundary shape file using
ArcGIS. Then highlight Beltway 8 using appropri&eGIS function. Figure 3.3 shows

the location of Beltway 8.
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Beltway ¢

Figure 3.3: Beltway 8

Project Houston City boundary shape file, which dmaded from Harris County Public
Infrastructure Department website, on Harris Colnttyndary shape file using ArcGIS.

As displayed in figure 3.4, the orange area igd¢ggon of Houston.
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Region of
Houston, Texas

Figure 3.4: Houston City Boundary

Project parcels shape file downloaded from Harosr@@y Appraisal District website
using ArcGIS. Then create a new circumference &xtatmile outside Beltway 8 with
“Buffer” function in ArcGIS. Thus the target arefpmpulation was defined. Figure 3.5

presents the target area of population.
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Beltway ¢

Parcels located within the perimet
lying 1 mile outside Beltway 8.

The perimeter 1 mile outside of Beltway 8

Figure 3.5: Target Area of Population

I dentification of Population

All parcels along with their addresses and accauntbers located within the perimeter

lying 1 mile outside Beltway 8 were selected (sgert 3.5).
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Use the account numbers to retrieve appraised vdinelollars) and area (in square feet)
of all the parcels from Harris County Appraisal fiicd website. Table 3.1 and table 3.2

illustrate land area and a parcel with zero appdhisiprovement value obtained from

Harris County Appraisal District website respedive

Table 3.1: Land Area of a Parcel

State Cla=s Code Land U=e Code
CZ -- Real, Vacant Commercial 7300 -- Comm. Tabled WYacant Land
w Building Area Met Rentable Area Meighborhood
44,867 SF 0 0 5958.06

Table 3.2: A Parcel with Zero Appraised Improvemeéalue
e — |

Valuations
Value 3z of January 1, 2008 Value as of January 1, 2009
Market Appraised Market Appraised
Land 1,794,680 Land 1,794,680
Improvement 0 Improvement i
Total 1,794,680 1,794,680 |Total 1,794,680 1,794,680

All parcels with zero appraised improvement valenhen listed. This list formed the
population of all unimproved parcels. Meanwhilettbappraised land value(in dollars)

andland area(in square feet) of each parcel were recordedleTa8 shows the list of

population.



29

Table 3.3: List of Population

A B C
1 Account Number Land Area Appraised Land Vahie
> 0010020000001 5.000 375,000
2 0010020000003 18,120 1.064.721
4 0010020000004 9.060 532.360
s 0010020000024 9.060 532.360
6 0010050000020 5.000 187,500
7 0010060000010 45638 1,711,425
2 ‘0010070000013 25,482 955,575
s ‘0010070000014 43,007 1.612.763
10 /0010080000002 10,802 459,085
11 ‘0010080000014 741 27,788
12 /0010090000001 62,500 4,062,500
13 /0010100000006 22.500 1.462.500

Selection of Qualified Parcels

Transportation maps obtained from Houston-Galvestaa Council (HGAC) were
layered over the population map. Then the locatioall bus stops and light rail stations
were displayed on the population map. Figure 3dsvshocations of all bus stops and

light rail stations in Houston, Texas.
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Purple dots are bus stops, Yellow dots are light rail stations

Figure 3.6: Map of Bus Stops and Light Rail Stagion

Use “Buffer” function of ArcGIS to select parcelfieh were within 1/4 mile (measured

from centroid of each parcel) of any bus stop. Fegi7 illustrates these qualified

parcels.
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Bus stops Parcels located within 1/4 mile of any bus stop

Figure 3.7: Parcels Located within 1/4 Mile of ABys Stop

Use “Buffer” function of ArcGIS to select parcelfieh were within 1/2 mile (measured
from centroid of each parcel) of any light railtgia. Figure 3.8 illustrates these

qualified parcels.
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Parcels located within 1/2 mile of any light ra@tson Light rail stations

Figure 3.8: Parcels Located within 1/2 Mile of Anight Rail Station

During the process of selection, it was found thdy a few parcels were qualified for
both bus and light rail. That is both bus stops laght rail stations were located within

1/4 mile and 1/2 mile distance respectively from plarcel. While a majority of parcels
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only met either bus stop or light rail requirememtsnce, selecting three groups of

qualified parcels were more representative ancredse for data analysis.

The first group consisted of 50 parcels, which waralified for both bus stops and light
rail stations. A second group consisted of 50 paye¢hich were only qualified for bus
stop requirements. And the third group consistedlOgparcels, which were only

qualified for light rail station requirements. AI50 qualified parcels (50 parcels for each

group) were randomly selected and formed the saniptehis research study.

Collection of Public Transportation Points Data

Addresses of these 150 parcels were convertedtespmnding coordinates using the
website: http://www.gpsvisualizer.com/geocoder/eifluse these coordinates were used
to create an excel matrix model based on the sgidaw of cosines. This matrix will
calculate distances between each parcel and afigoatation points (bus stops and light

rail stations).

The result was that the number of bus stops amdfimber of light rail stations that met
LEED criteria for a parcel were counted. Tablei8.the table recording number of

gualified bus stops and light rail stations neathegaarcel.
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Table 3.4: Number of Qualified Bus Stops and Lighil Stations

Number of | Nmnber of Light
NO. | Account Number | Bus Stops Rail Stations
1 0250020230007 3 3
2 0010190000028 50 4
3 0250120000004 5 1
4 0250340000011 4 3
5 0370300000001 12 2
G 0370380000012 11 2
7 0010080000014 22 3
8 0152240000007 22 4
9 0010440000005 56 5
10 | 0132410000013 15 4
11 0021750000008 32 6

Collection of Median Household I ncome Data

Project coordinates of all 150 parcels on Harrisif@p shape file downloaded from
Census Bureau website. The coordinates represtr@exntroids of parcels. Figure 3.9

displays the locations of all 150 parcels.
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Figure 3.9: Locations of All 150 Parcels

This demographic shape file not only displays ba@upaf each census tract and each
block group (see figure 3.10), it also containgegponding tract number and block
group number in the attribute table of the shalee($iee figure 3.10). Figure 3.10 shows

boundary of census tracts and block groups, wabéet3.5 shows the attribute table.
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Figure 3.10: Boundary of Census Tracts and Bloaku@s
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Table 3.5: The Attribute Table Containing Tract Naers and Block Group Numbers

Tract number Block group number

T Attributes of t] 2009 4320 _bg00

FID | Shape | 5T| COU| TRACTCEOD| BLKGRPCED| BKGPIDFPOO
| 429 | Polygon | 48 | 201 | 210300 3 482012103005
430 | Polygon | 48 | 201 | 210300 4 482012103004
321 | Polygon | 48 | 201 | 210300 3 482012103003
522 | Polygon | 48 | 201 | 210300 2 482012103002
323 | Polygon | 48 | 201 | 210300 1 482012103001
1637 | Folygon | 48 | 201 | 210400 4 482012104004
1756 | Polygon | 48 | 201 | 210400 3 432012104003
1757 | Polygon | 48 | 209 | 210400 2 482012104002
1758 | Polygon | 48 | 201 | 210400 1 432012104001
1631 | Polygon | 48 | 201 | 210500 6 482012105006
16832 | Folygon | 48 | 201 | 210500 5 482012105005
1633 | Polygon |48 | 201 | 210500 4 482012105004
1634 | Folygon | 48 | 201 | 210500 3 482012105003

Record tract numbers and block group numbers df5liparcels using ArcGIS, then
use each tract number and block group number tievetmedian household income
data from Census Bureau website. Table 3.6 illtetrthe median household income for

Block Group 1, Census Tract 2208, where a pardeceted.

Table 3.6: Median Household Income for Block GrduyCensus Tract 2208

[ Texas
Median househaold income in 1999 27 95

IS, Census Bureau
Census 2000

Block Group 1, Cens us Tract 2208, Harris County, J
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Admissibility of Data

Data of all 150 sample parcels including appralaed value, parcel area, number of
bus stops, number of light rail stations and metiamsehold income are complete and

accurate. Hence all 150 data records are admissible

Any data whose absolute value of standardizedwatid greater than 3.0 will be regard

as an outlier.

Data Collected

Firstly, for the study on the correlation betweeedman household income and the
number of bus stops and light rail stations tha¢inh&ED sustainable site criteria for
public transportation access of a given parcelcawdd establish a regression model
with one dependent variable and two independeraivias:
* Dependent variable:Median Household Income.
* Independent variables:Number of bus stops for a given parcel that metREE
criteria and Number of light rail stations for agm parcel that met LEED

criteria.

Then the hypothesig; < 0, 32> 0 could be tested.
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If the result shows there was no significant catieh existing, the subsequent research
would try to establish a new regression model fedfting unit value of unimproved
parcels in Houston, Texas, by adding median houdehcome of a block group where
the given parcel was located as an independerdbtariFor this new model, variables
were:
* Dependent variable:Appraised unit value of an unimproved parcel, which
equals to appraised land value divided by paras.ar
* Independent variables:Number of bus stops for a given parcel that meéERE
criteria, Number of light rail stations for a givparcel that met LEED criteria,
Median household income of a block group wheregitien parcel was located

and Area of a given parcel.



CHAPTER IV

DATA ANALYSIS AND INTERPRETATION

Descriptive Statistics

Results

Table 4.1: Descriptive Statistics of Independert Bependent Variables

40

Descriptive Statistics

NumBus NumRail MedianHousehold |Area Unitvalue

N Statistic 150 150 150 150 150
Range Statistic 72 7 153.344 458210 174.9496344
Minimum Statistic |0 0 10.15 41 0.050365556
Maximum Statistic |72 7 163.494 458251 175

Statistic 8.133333333 |1.606666667 |39.08426 13535.81333 27.24717195
Mean Std. Error  |1.185054834 |0.140595304 |1.838879325 3665.622992  (2.250873198
Std. Deviation 14.5138983 |1.721933776 |22.52158022 44894.5296 27.56745405
Variance Statistic  [210.6532438 |(2.965055928 |(507.2215757 2015518788 759.9645229
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| nterpretation of Results

As shown in table 4.1, the independent variable biemof bus stops had a mean of
about 8. The lowest value was 0 and the higheseuwahs 72. The independent variable
Number of light rail stations had a mean of aboukl# lowest value was 0 and the
highest value was 7. The independent variable Meldoasehold income (in thousands
US dollars) had a mean of about 39.084 thousankimsioThe lowest value was 10.15
thousands dollars and the highest value was 163h#%ands dollars. The independent
variable Area (in square feet) had a mean of ab8b86 square feet. The lowest value

was 41 square feet and the highest value was 458fifre feet.

The dependent variable Unit value (in US dollansgupiare foot) had a mean of about
27.25 dollars per square foot. The lowest unit&alas about 0.05 dollars per square

foot and the highest was 175.00 dollars per sciomte(see table 4.1).



Scatterplots

Results
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Figure 4.1: Scatterplot of Median Household IncarmeNumber of Bus Stops
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| nterpretation of Results

Scatterplot for median household income versus mumbbus stops which met LEED
criteria indicated a weak positive relation betwésntwo variables, which means that
as number of bus stops which met LEED criteria given parcel increased, median
household income of the block group where a givecgl was located increased as well
(see figure 4.1). This positive relation was extegmwveak because R Square value is

only 0.025 and the slop seemed very gentle.

Scatterplot also indicated that number of bus stdpsh met LEED criteria for most
qualified parcels were less than 20; besides, tian household income for most

qualified parcels was less than 100,000 dollars figgire 4.1).
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Results
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Figure 4.2: Scatterplot of Median Household IncarseNumber of Light Rail Stations

| nterpretation of Results

Scatterplot for median household income versus rmumblight rail stations which met
LEED criteria indicated a weak positive relatiorivibeen the two variables, which
means that as number of light rail stations whiat hiEED criteria of a given parcel

increased, median household income of the blockmvehere a given parcel was
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located increased as well (see figure 4.2). Thsstpe relation was extremely weak

because R Square value is only 0.069 and the skaped very gentle.

Results
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Figure 4.3: Scatterplot of Unit Value vs. NumbeiBois Stops

| nterpretation of Results

Scatterplot for unit value versus number of bupstwhich met LEED criteria indicated

a positive relation between the two variables, Whieeans that as the number of bus
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stops that met LEED criteria of a given parcel @ased, unit value of this parcel
increased as well (see figure 4.3). Even if the sibthe line indicated the increment rate
is obvious, this positive relation was weak becd&isquare value is only 0.275 and
data points did not seem to line up apparentlytt8gaot also indicated that unit value

for most qualified parcels was less than 100 dekauare foot (see figure 4.3)

Results
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Figure 4.4: Scatterplot of Unit Value vs. NumbelLafht Rail Stations
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| nterpretation of Results

Scatterplot for unit value versus number of lighit stations which met LEED criteria
indicated a positive relation between the two \@es, which means that as the number
of light rail stations that met LEED criteria foigaven parcel increased, unit value of
this parcel increased as well (see figure 4.4)s Plisitive relation was still weak even if

R Square value, 0.461, was relatively higher tihan of previous figure (see figure 4.3).

However, this relatively stronger positive relatipmobably did not reflect the real reason
for the high unit value of a parcel. Because tlveais only one light rail line in Houston
(see figure 3.9) which was located in downtown afeaa result, parcels were expensive
probably just because they were in downtown aretnbt because they were close to

the light rail line or had a lot of light rail stahs.
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Results
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Figure 4.5: Scatterplot of Unit Value vs. Medianudehold Income

| nterpretation of Results

Scatterplot for unit value versus median househmdme indicated a positive relation

between the two variables, which means that am#fdian household income of the

block group where a given parcel was located irsgeéaunit value of this parcel
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increased as well (see figure 4.5). Even if the sibthe line indicated the increment rate
is obvious, this positive relation was weak beca&iquare value is 0.121 and data

points did not seem to line up apparently.

Results
200.00
O
O
150.007
O
=
e
>
= — (e}
= 100.00
) o
O
(e}
(@
©
50.00 o o
(@)
R Sq Linear = 0.002

0 100000 200000 300000 400000 500000

l l Area
Point O Point 10000

Figure 4.6: Scatterplot of Unit Value vs. Area
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| nterpretation of Results

Scatterplot for unit value versus area indicategeak negative relation between the two
variables, which means that as the area of a giaetel increased, unit value of this
parcel decreased (see figure 4.6). This negatlador was extremely weak because R

Square value is only 0.002 and data points didseein to line up apparently.

As displayed in this scatterplot, only four datanp®fell on the right side of point 10000
of x-axis while most of data points were conceetilatear point O of x-axis, which
means only few of the parcels had large area whdheamajority of parcels were in

small size.

Also, as seen from figure 4.6, the unit value Fa parcels ranged from nearly 0 to
around 175. While the unit value for most of pasagére less than 100 dollars per

square foot.
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Correlation among Variables

Results
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Figure 4.7: Scatterplot Matrix of Variables
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Table 4.2: Pearson Correlation Results

Correlations
Median
Linitvalue MHUmBus MHUmBE ail Househaold Area
FPearson Correlation  Unitvalue 1.000 | _524' ETY | _348' -04a7
MumBus 524 1.000 745 187 -075
MumFail B74 m 1.000 263 025
MedianHousehold aas | [as7|| | 263 1.000 055
Area -047 -075 025 055 1.000

| nterpretation of Results

Scatterplot matrix (see figure 4.7), which contdiseatterplots for each pair of variables,
indicated a possible linear relation between Nunab&us Stops and Number of Light
Rail Stations. But it did not indicate any othezanl linear relations among the variables,
especially for the scatterplots of Median Househotme against Number of Bus

Stops and Median Household Income against Numbkigbt Rail Stations.

As shown in table 4.2, only correlations for Arggiast Unit value and Area against
Number of bus stops meeting LEED criteria were tboagative and extremely low,
which means both Unit value and Number of bus stopsdd decrease as the parcel area
increased. The reason probably was that largepsimeels were located farther from the
downtown area. Conversely, Number of bus stops, idumaf light rail stations and

Median household income had positive and relatinegper correlation.
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Furthermore, correlation for each pair of variables much less than 0.9, which means
all variables were not highly correlated, but itswaucial to notice that the correlation
between Number of bus stops and Number of lighstations which was 0.745 (see
table 4.2) had the highest value in Pearson Caiwal&esults. Hence, it was necessary
to confirm that they were not correlated by chegkimeir Variance Inflation Factors in
following sections. According to our first reseandbjective, correlations between
Median household income and both Number of bussstod Number of light rail
stations should be examined. From table 4.2, Melausehold income was not highly
correlated to both Number of bus stops and Numbkgl rail stations, because the
correlations were only 0.157 and 0.263 respectivieiyure 4.1 and figure 4.2 also

provided evidences which indicated they were nghllyi correlated.

Hence, there was no need to establish a regressdel regarding median household
income as the dependent variable and both numdmrso$tops and light rail stations

that meet LEED sustainable site criteria for pubttmsportation access as the
independent variables; and the following sectionsla merely focus on the
establishment of the regression model for predicéippraised unit value using number
of bus stops and light rail stations for a giverncpithat meet LEED sustainable site
criteria for public transportation access, mediangehold income and parcel area as the

independent variables.
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Regression Model for Predicting Appraised Unit Vale

Multiple Regression Analysisfor Original Data

Table 4.3: Adjusted R- Square for Original Model

Model Summany
Mode Adjusted R Std. Errar of
| F E Sguare Sguare the Estimate
1 TOR3 488 18.79940

Table 4.4: ANOVA Table for Original Model

a. Predictors: (Constant), Area, MumBRail, MedianHousehold, MumBus

ANOVAP
Sum of
Model SLares df Mean Squate F giq. |
1 Regression 86392.376 4 14098.094 35.963
Residual 5E842.338 145 392.016
Total 113234.714 149

a. Predictors: (Constant), Area, MumBail, MedianHousehold, MumBus

h. Dependent Yariable: Unitvalue

54
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Table 4.5: Coefficients of Original Model

Coefficients®
Standardized
Unstandardized Coefficients | Coefiicients 95% Confidence Interval farB | Callineatity Statistics
| iodel B Std. Error Beta t Sig. Lower Bound | Upper Bound | Tolerance WIF
1 (Constant) 21788 3.362 829 408 -3.887 9432
MNurmBus a3 169 044 481 24 -252 418 435 22949
MurnRail 95849 1.457 589 £.581 .naa 6,709 12,4649 418 2393
MedianHousehold 229 ik 187 3.058 o3 RIEY 377 A26 1.080
Area -4 218E-5 o0 - 068 -1.184 280 naon oo AT8 1.023

a. Dependent Variahle: Unitvalue

Interpretation of Results

All independent variables were entered to run rpldtregression analysis with original
data. The Adjusted R-Square of the model was O(g&4 table 4.3), while p value of the
model was 0.000 (see table 4.4) which proved tieahtodel was significant. As shown
in table 4.5, only two independent variables (nundfeight rail stations which met
LEED criteria and median household income of alblgroup where the given parcel
was located) appeared as significant predictorthi®model, because p value of these
two independent variables were 0.000 and 0.003ptisely (see table 4.5). The other
two independent variables were not significant foteds. However, it was necessary to
check for the existence of outliers and check wéretite assumptions underlying the

chosen model were valid before making a furthearpretation of the analysis results.
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Check for Existence of Outliers

Table 4.6: Outliers Diagnostics Results

Casewise Outliers Diagnostics®

56

Case Std. _ _ _
Murbet Fesidual | Unitvalue | Predicted Value Residual
/1 4 51849 147 .40 A4.7ATE | 10274241
15 -3.603 10.00 81.3379 | -71.33790
\31 4 7R3 176.00 g0 6978 H4 30221
a. Dependent Yariakle: Unitvalue
Table 4.7: List of Outliers
Median
householg
Number income in
Number | of Light 1999 | Appraised Unit
of Bus | Rall Block |(thousand| Value |Area| Value
NO. Account Stops | Stations| CensusTract| Group dollar) (dollar) | (sft) |(dollar/sft)
14 |03216500000q 22 4 4106 1 54.551 | 2633243 |16719 157.50
15 |03600300000Q1 72 6 1000 2 65.882| 14160 | 1414 10.00
31 /0010750000016 64 6 1000 2 65.882| 140000 | 800/ 175.00

Table 4.8: List of Land Use Code for Outliers

Account

Land Use Code

0321650000003(4300 -- General Commercial Vacant

0360030000001|4400 -- Vacant Industrial Land

31 [0010750000016|4300 -- General Commercial Vacant
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Interpretation of Results

There were 3 outliers whose absolute value of sta@tizked residual was greater than 3,
which were parcel No. 14, No. 15 and No. 31 (sb&t4.6). Their account numbers
were 0321650000003, 0360030000001 and 001075000@8pm6ctively (see table 4.7).
After check the admissibility of these three pascélwas found that all of them had
zero improvement value and met LEED criteria oflmutbansportation access. In
addition, it was also found that they were not epd from tax. Hence, these three
outliers should not be deleted from the dataset.réason why these three parcels had
high standardized residuals might be that, mostgbain the sample were intended for
residential use while parcel No. 14 and No. 31 vieiended for general commercial use
and No. 15 was intended for industrial use (seke #8). Usually, general commercial
land is much more expensive than residential laindreas industrial land is much

cheaper than residential land.
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Diagnostics

Collinearity between Independent Variables

Results

Table 4.9: Variance Inflation Factors for Indepamidéariables

Coefficients®
Standardized
Unstandardized Coefficients | Coefiicients 95% Confidence Interval farB | Callineatity Statistics
| iodel B Std. Error Beta t Sig. Lower Bound | Upper Bound | Tolerance WIF
1 (Constant) 21788 3.362 829 408 -3.887 9432
MNurmBus a3 169 044 481 24 -252 418 435 2.2949
MurnRail 95849 1.457 589 £.581 .naa 6,709 12,4649 418 2393
MedianHousehold 229 ik 187 3.058 Rilik] RIEY 377 A26 1.080
Area -4 218E-5 o0 - 068 -1.184 280 naon oo AT8 1.023

a. Dependent Variahle: Unitvalue

Interpretation of Results

Variance inflation factors were used to diagnosedbilinearity between independent
variables. As shown in table 4.9, variance inflatiactors (VIF) for all four

independent variables were much less than 10 arsé ¢b 1. Hence we could conclude
that there was no strong evidence of collineaniypag these four independent variables.
This conclusion could also be reinforced by theilltssnterpreted in “Correlation among

Variables” section (see table 4.2).



Normality of Residuals

Results
Histogram
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Figure 4.8: Histogram for Standardized Residuals
Table 4.10: Tests of Normality Results
Tests of Normality
Kolmogorow-Smirnoyd Shapira-Wilk
Statistic f Sid. Statistic of Sig.
Standardized Residual 141 150 [Co0m] 44 150 .00

a. Lilliefors Significance Correction



60

Interpretation of Results

Histogram of standardized residuals was presentédure 4.8 which intuitively
indicated the non-normal distribution of residué&reover, Kolmogorov-Smirnov test
had been used to check the normality of residuatethe sample size of this model
was larger than 50. The results showed that p waas20.000 (see table 4.10). Hence,

normality assumption was failed.

Constant Variance of Residuals

Results

Scatterplot
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Figure 4.9: Scatterplot of Standardized Residuabt@ndardized Predicted Value
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Interpretation of Results

As shown in figure 4.9, the spread in the standadiresiduals were generally
increasing with the magnitudes of the standardpredicted value of dependent variable.
This type of pattern suggested nonconstant variahttee standardized residual. Hence

the constant variance assumption was not met either

Transformation of Dependent Variable

Method

Since two basic assumptions for this model, nametynality of residuals and constant
variance of residuals, were not met, it was necgdsedind the appropriate
transformation for the original model. Box-Cox tsémrmation was applied in this

research.
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Figure 4.10: Plot for Box-Cox Transformation Result
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Table 4.11: List for Box-Cox Transformation Results

| larnbda | rrnse |
28 0.30 26.54
29 020 2066
0 010 16.97
31 0.00 14.69
32| 0.10 13.33
3 0.20 12.59
S el 0.30 12.31
35 | 040 12.38 ]
s 0.50 12.75
7 0.60 13.42
s 0.70 14.38
39 0.80 15.68
40 0.90 17.35
4 100 19.47
42 1.10 22.11
43 1.20 2538

Table 4.12: Original and Transformed Dependentalde

Linitvalue

Transfarmed Unitvalue

34.00
19.05
10.00
40.00
13.12
10.00
37.a0
56.25
85.00
40.00
40.00
100.00
40.00

2.08
2.42
2.00
3.02
216
2.00
297
3.35
379
3.02
3.02
3.95
3.02

63
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Interpretation of Results

In both figure 4.10 and table 4.11, “rmse” wasabéreviation for “root-mean-square
error”. As shown in table 4.11, the root-mean-squaror had its minimum value when
A = 0.30, which suggested an appropriate transfoom#&br the dependent variable. The
black dot graphically presented thisalue (see figure 4.10). Hence, following
transformation was used for dependent variable:

Transformed Unit Value = (Original Unit Valu®}

And following transformation was used for the anigi model:

Transformed appraised unit value of an unimprovedgl=p, + 1 (Number of bus
stops for a given parcel that meet LEED criteri@y Number of light rail stations for a
given parcel that meet LEED criteria+(Median household incomep#(Area of a

given parcel)

Table 4.12 listed both original and transformediealof dependent variable (Appraised

unit value of an unimproved parcel).



Results

Multiple Regression Analysisfor Transformed Data

Table 4.13: Backward Elimination Method for Transied Model

Variables Entered Removed®

Areg @

ioge] Yariahles Entered Yariables Removed | Method
1 FMumBus, MumRail,
MedianHousehaold, Enter

a. All reguested variables entered.

b DependentVariable: Transformed_LUnitvalue

Table 4.14: Adjusted R- Square for Transformed Mode
Model Summany®
Maode Adjusted R Std. Errar of
| R F Sguare Sguare the Estimate
1 Fa14 534 A ATT42
a. Fredictars: (Constant), Area, MumRail, MedianHousehald, MumBus
h. Dependent Wariable: Transformed_Unitvalue
Table 4.15: ANOVA Table for Transformed Model
ANOWA®
Surm aof
fodel Souares df Mean Sguare F _Sig.__|
1 Regression 55.439 4 13.860 41.569
Residual 48,346 1445 333
Total 103.785 149

a. Predictors: (Constant), Area, MumRail, MedianHousehold, HumBus

h. Dependent WYariahle: Transformed_Unitvalue

65
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Interpretation of Results

Backward elimination method was used to selectpeddent variables for the
transformed model. As seen from table 4.13, akpwmhdent variables entered into the

model. None of them was removed by this method.

The Adjusted R-Square of the transformed model®a21 (see table 4.14), which
means 52.1% variability in transformed unit valdi@arcels could be explained by these
four independent variables. P value of the tramséal model was 0.000 (see table 4.15)
which proved that the model was significant. Alafter transformation of the dependent
variable, p values of all four independent variallecame much less than 0.05, which
were 0.004, 0.000, 0.002 and 0.014 respectively t@ae 4.16). This means all
independent variables were significant for thegfarmed model. This result was
interesting, because only two independent variafplesber of light rail stations which
met LEED criteria and median household income loibak group where the given
parcel was located) appeared as significant pradi¢or the original model. Even if
Adjusted R-Square of transformed model was highen that of the original model
which was 0.484 and all independent variables wig@ficant predictors in the
transformed model, the transformed model was noepiul. Because other than these
four independent variables, there was still 47.%¥ability was explained by some

other relevant variables.
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Results

Table 4.16: Coefficients of Transformed Model

Coefficients®
Standardized
Lnstandardized Coefficients Coeflicients Caollinearity Statistics
o] 5] Std. Errar Beta 1 Sid. Tolerance *F
1 (Constant) 1.648 098 16815 ooo
MurmBu s 014 .005 -.251 -2.816 004 435 2.299
Murnkail 398 042 820 9,355 Aoaa A18 2.393
WedianHousehold oar ooz 184 3118 ooz 926 1.080
Area -3 FAYE-H .ong -143 -2 446 014 478 1.023

3. Dependent Wariable: Transformed_Linitvalue

Interpretation of Results

Since variance inflation factors (VIF) for all foundependent variables in the
transformed model were much less than 10 and ttosdsee table 4.16), we could
conclude that there was no strong evidence ofrality among these four independent

variables.

Estimated coefficients of the transformed modeleastrown in table 4.1¢,= -0.014
means that as the number of bus stops for a giaerejpwhich met LEED criteria

increased by 1 unit, transformed unit value of ffatel decreased by 0.014 unit.

B2=0.398 means that as the number of light railatatfor a given parcel which met
LEED criteria increased by 1 unit, transformed waiue of that parcel increased by

0.398 unit.
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B3=0.007 means that as the median household incomélock group where the given
parcel was located increased by 1 unit, transforaméidvalue of that parcel increased by

0.007 unit.

B4=-0.000002659 means that as the area of a giveelpacreased by 1 unit,

transformed unit value of that parcel decrease@d.0§0002659 unit.

The corresponding predictive model was as follows:

Transformed appraised unit value of an unimproved @rcel= 1.648 - 0.014
(Number of bus stops for a given parcel that meetEED criteria) + 0.398 (Number
of light rail stations for a given parcel that meetLEED criteria) + 0.007 (Median

household income) - 0.0000026%8rea of a given parcel)

This model could be further switched to the follog/format:

Predicted appraised unit value of an unimproved pacel=[1.648 - 0.014 (Number of
bus stops for a given parcel that meet LEED critea) + 0.398 (Number of light rail
stations for a given parcel that meet LEED criterig + 0.007(Median household

income) - 0.00000265@rea of a given parcel)]*°?
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CHAPTER V

CONCLUSION

For Correlation between Median Household Income andNumber of Bus Stops and

Light Rail Stations

According to the results of previous research anetation among variables, the
research hypothesis: There is a significant caroeidetween median household
income and the number of bus stops and light tafians that met LEED sustainable
site criteria for public transportation accessdararcel, was rejected. Because, Pearson
correlation for Median Household Income against Idanof Bus Stops and Median
Household Income against Number of Light Rail $tadiwere only 0.157 and 0.263
respectively (see table 4.2), both of which werelmless than 0.9. This weak
correlation could also be confirmed by the scattesgfor Median Household Income
versus Number of Bus Stops (see figure 4.1) andidnddousehold Income versus

Number of Light Rail Stations (see figure 4.2) Bcatterplots” section.

Besides, it was important to notice that NumbeBa$ Stops had a positive correlation
against Median Household Income, which means tloaé fous stops which met LEED
criteria a given parcel had, the greater the meldarsehold income of a block group

where the given parcel was located would be. Ev#nd positive correlation was very

weak, this interesting result still contradicted otiginal expectation that as median
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household income increased, number of bus stopshwhet LEED criteria went down.
Hence, based on this result, the phenomenon, nmextim Bhagyashri Joshi’'s (2009)
study, that an increase in the number of bus dempt the decrease in the transformed
appraised unit value of a parcel, could not beaealsly explained by saying that the bus
systems were purposefully designed to transponplpgmimarily from economically
disadvantaged areas in the city. One possible nefasahis result could be that, the
median household income data was collected aboujetars ago whereas the
transportation data and land value data were lostthé year 2009, there could be a
great change in median household income amongdiffélock groups in Houston

during ten years. This difference led to the inaacy of the model.

For Regression Model for Predicting Appraised UnitValue

After done with multiple regression analysis foe thansformed data, a significant
predicting model was established, which was:

Predicted appraised unit value of an unimproved pacel=[1.648 - 0.014 (Number of
bus stops for a given parcel that meet LEED critea) + 0.398 (Number of light rail
stations for a given parcel that meet LEED criterig + 0.007(Median household

income) - 0.00000265@Area of a given parcel)]+0-2,

The p value for this model was very encouragingtaedAdjusted R-Square of this

model was higher than that of Bhagyashri Josh®@ model, of which Adjusted R-
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Square was 0.493. This result achieved the obgeciithis research. Further more, the
analysis results also indicated that the indepengiarable, median household income,

was a significant variable for predicting the apged unit value of a given parcel.

However, this model was not powerful enough, beeaumy 52.1% variability of the
model could be explained by these four independaiables, while the rest 47.9%

variability was explained by some other relevantaldes.

An interesting finding for the predicting model what the independent variable,
number of bus stops which met LEED criteria foiaeg parcel, still had a negative
coefficient. This means that an increase in thelramof bus stops led to the decrease in
transformed unit value of parcel. However, a pdestaplanation for this phenomenon
that there might be a potential link between s@tonomic status and transportation
mode was not supported by the results of the dathsis. Hence it would be necessary

to find out the reasonable explanations for thisr@menon from other aspects.

In addition, both number of light rail stations amédian household income had positive
coefficients, which means more light rail statieviich met LEED criteria a given

parcel had and higher median household incomebtidck group where the given parcel

was located was, the higher the appraised unievalthis parcel would be. This finding

was valuable, because it suggested investorseotgsrcels which were close to light
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rail stations and located in economically develogexh and eventually reduce both the

use of private vehicles and damages of undevell@mebresources.

Recommendations for Future Research

Since the Adjusted R-Square of this model was aaasisfactory, it will be meaningful
to find out other possible variables to formulateetter regression model in future
research. For example, other LEED criteria butsiiigainable sites criteria might be a

possible factor to predict the unit land value.

The entire research only focused on the City ofstiao So, similar research could be

conducted in other cities.

Because of the hardness for obtaining reliable angment value data, only unimproved
parcels and appraised land values were considethiasiresearch. It will be meritorious
if future researchers could extend to their scopgeproved parcels and collect data for

both land value and improvement value.

Median household income data were merely for tbekogroup where a given parcel
was located, not for a specifically given parcednie, it will be quite necessary to
obtain median household income data for a bloakven a parcel in future research.

Besides, the median household income data wastadl@bout ten years ago and a new
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census is just about to start around 2010. If #weest median household income data

could be gained, future research will be much meliable.

Second order models, such as squared number stdjs and non-linear models could

be examined.
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